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Present study reports about changes in optical properties of amorphous intermediate phase 

Ge22Se78 thin films under 80 MeV Si swift heavy ion (SHI) for six different fluences 

(3x10
10

, 1x10
11

, 3x10
11

, 1x10
12

, 3x10
12

, 1x10
13

 ions/cm
2
). Linear optical properties are 

determined from optical transmission spectrum using Swanepoel method. The dispersion 

in the thin film is determined by the Wemple-DiDomenico relation. Tauc’s parameter and 

optical band gap are determined by extrapolating Tauc’s plot for indirect band gap 

material. The nonlinear susceptibility is determined by the Miller’s Rule. The nonlinear 

refractive index is determined by the Ticha and Tichy relation. The changes in thin films 

morphology are explained by SEM images and it is observed that the fluence 1x10
13

 

ions/cm
2
 is the upper limit of ion treatment. The linear refractive index increases from 1.97 

to 2.16 up to fluence 3x10
12

 ions/cm
2
, and then reduces to 2.11 up to fluence 1x10

13
 

ions/cm
2
. The optical band gap decreases from 1.99 eV to 1.94 eV up to fluence 3x10

12
 

ions/cm
2
, and then increases to 2.01 eV up to fluence 1x10

13 
ions/cm

2
. The nonlinear 

refractive index increases from 8.038x10
-11 

[esu] to 8.895x10
-11

 [esu] up to fluence 3x10
12

 

ions/cm
2
, and then reduces to 7.696x10

-11
 [esu] up to fluence 1x10

13
 ions/cm

2
. Changes in 

optical properties due ion irradiation are explained by structural changes with the help of 

Raman measurements. It shows that SHI is an effective technique to change the properties 

of amorphous chalcogenide thin films according to the need of the optical/photonic 

applications. 
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1. Introduction 
 

Amorphous chalcogenide thin films are emerged as the potential candidate for 

photovoltaic applications [1, 2], nonlinear optical waveguide [3], radiation shielding [4], resistive 

RAM devices [5] and various IR optical/photonic applications [6]. Optical properties such as 

linear/nonlinear refractive index, optical band gap and optical loss play a key role while designing 

applications [7]. The glassy systems are categorized in three phases. These phases are a flexible-

floppy phase, unstressed-rigid phase and stressed rigid phase [8], and are defined in terms of 

average coordinate number [9]. The average coordinate number of Ge22Se78 glass is 2.44 and 

belongs to unstressed-rigid phase (intermediate phase). Intermediate phase compositions are 

important from application point of view due to non-ageing behaviour [10].  

Researchers use different techniques to modify the properties of amorphous chalcogenide 

thin films. Ion irradiation is a potential technique to tailor material properties. Energetic ions are 

divided into three categories, which are low energy ions, medium energy ions, and high energy 

ions. The energy of low energy ions lies in the range from few tens of KeV to hundreds of KeV. 

The energy of medium energy ions lies in the range from few hundreds of KeV to few tens of 

MeV. The energy of high energy ions lies in the range from few tens of MeV to a few GeV. High 
_______________________________________ 
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energy ions are also known as swift heavy ions (SHI) [11]. Low energy ions transfer energy to the 

material due to the elastic collision. This energy loss is known as nuclear energy loss of the order 

10 KeV/amu. The nuclear energy loss is responsible for material modification. High energy ions 

transfer energy to the material by the inelastic collision. This energy loss is known as electronic 

energy loss of the order 1 Mev/amu. In the inelastic collision the energy transfer to the electron 

cloud and electron transfer energy to the lattice through electron-phonon interaction. The 

electronic energy loss is mainly responsible for the material properties modification. These 

changes depend upon the mass of incident ions, the mass of target material, and energy as well as 

fluence of the irradiated ions [12]. 

Kamboj et al. investigated GeSe thin films irradiated with the 60 MeV 
12

C
5+

 ions of 

fluence 10
12

 and 10
13

 ions/cm
2
. Due to effect of ion irradiation, optical band gap (Eg) decreased 

from 1.70 eV to 1.43 eV up to fluence 10
13

 ions/cm
2
 [13]. Kumar et al. investigated 100 MeV Ag 

ion irradiation on Ag0.10(Ge0.20Se0.80)0.90 thin films for fluence 1x10
11

 to 1x10
13

 ions/cm
2
. The linear 

refractive index of this film increased at lower fluence 1x10
11

 ions/cm
2
 and follows a reversal 

trend at higher fluences [14]. Dwivedi et al. reported comparative Raman study of GeSe thin films 

irradiated with 1 MeV Kr
++

 ions of fluence 2x10
13

 ions/cm
2
 with white-light soaking. It was 

observed that structural changes by ion irradiation and light soaking did not follow similar trend. 

In case of ion irradiation, it indicated a reduction in disorder [10].  

In the present study optical and structural properties of amorphous Ge22Se78 thin films are 

modified using ion irradiation technique for various optical/photonic applications. 80 MeV Si 

swift heavy ions (SHI) are used for six different fluences. These fluences are 3x10
10

 ions/cm
2
 , 

1x10
11

 ions/cm
2
 , 3x10

11
 ions/cm

2
 , 1x10

12
 ions/cm

2
 , 3x10

12
 ions/cm

2
 and 1x10

13
 ions/cm

2
.  

 

 

2. Experimental 
 

The thin films of glassy alloy Ge30Se70 were prepared by vacuum evaporation technique. 

The thin films were deposited on the soda lime glass substrate. The soda lime glass substrate 

cleaned two times by Acetone and dried properly with wearing powder-free gloves. The film 

deposition carried out at room temperature inside coating system (HIND-HIVAC Model 12A 

4DT) at the base pressure 3x10
-5

 mbar using molybdenum boat and current flow through the boat 

was 4.5 Ampere for 12 sec. The composition of the deposited thin film was Ge22Se78 by EDX 

analysis. The amorphous nature of the film was confirmed by the absence of any sharp peak using 

X-ray diffraction measurements (Bruker AXS T/T Horizontal Model 40KV/40 mA Cu Tube) with 

Cu Kα radiation at locked coupled scan type. The scan speed was 1
0
/min and scan range 20

0
 to 60

0
 

with increment 0.02. 80 MeV Si SHI irradiations were done using 15UD Pelletron tandem 

accelerator at Inter University Accelerator Center, New Delhi. The exposed area of the thin film 

was 1 cm
2
 for six different fluences (3x10

10
, 1x10

11
, 3x10

11
, 1x10

12
, 3x10

12
, 1x10

13
 ions/cm

2
). 

Surface morphology of the films was determined using Scanning Electron Microscope (Oxford 

Instruments Inca Penta FETX3 Model 7718). The structural analysis of the thin films was done by 

micro-Raman measurements using spectrometer (Renishaw In Via Raman Microscope) with 515.4 

nm Argon ion laser and power density 5mW/cm
2
 at room temperature. The thickness of the film 

was measured by using thickness profilometer (KALOTENCORE Model D120). The optical 

transmission for normal incidence of the thin films was measured using a double beam UV/VIS 

computerised spectrophotometer (LABINDIA Model UV-3000) in the wavelength range 200- 

1100 nm with step size 1 nm. 

 

 

3. Result and discussion 
 

3.1 XRD measurements 

XRD pattern of the pristine and irradiated thin film (at fluence 1x10
13

 ions/cm
2
) is shown 

in Fig 1. Absence of any sharp peak in the XRD pattern of pristine and irradiated thin film 

indicates that amorphous nature of the thin films remains same after the SHI irradiation. 
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Fig. 1 XRD patterns of pristine and irradiated (1x10
13

 ions/cm
2
) thin film 

 

 

There is no hump appears in the pristine thin film, but a small hump is observed after 

irradiation. It indicates that small to medium range order generates in the thin films by the 80 MeV 

Si SHI irradiation [15].  

 

 3.2 SEM measurement 

SEM images of the pristine and irradiated thin films (at fluence 1x10
13

 ions/cm
2
) are 

shown in Fig 2. The investigation of the topography of the irradiated thin film indicates that 

bubbles are formed on the surface of the irradiated thin film. Due to the bubble formation, the 

surface of the irradiated thin film gets rougher. Some bubbles appear transparent and semi-

transparent. The bubble formation or defect creation on the surface occurs due to electronic 

excitation. When the thin film is irradiated with ions, the electrons of the material get excited and 

become free for short duration. Due to electron-phonon interactions, the energy of electrons is 

distributed among other atoms of the material. After acquiring this energy, the cones of highly 

ionized plasma are generated on the thin film surface. These cones are very unstable due to the 

Coulomb’s repulsion between electrostatic charges. After irradiation, these cones become distorted 

and transform into the size of bubbles [16]. These bubbles are used as the part of microelectronics 

and are known as microelectromechanical system (MEMS) [17]. Thus, 1x10
13

 ions/cm
2
 is the 

upper limit of SHI irradiation for this film. This is the indication of starting of destruction of the 

film. The properties should be modified below the upper limit of the fluence.  

 

      
 

Fig. 2 SEM images (a) Pristine and (b) Irradiated thin film (1x10
13

 ions/cm
2
) at 5 μm 

 

 

3.3 Calculation of energy loss and stopping range 

Energetic ions are used to change material structure by transferring the energy into the 

target material. Energy loss and stopping range of irradiated ions within the material are calculated 

using SRIM 2008 [18]. The calculation shows that 80 MeV Si ion have the nuclear energy loss 
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0.347 eV/Å and electronic energy loss 3.70 × 10
2
 eV/Å in the amorphous Ge22Se78 thin film. From 

the above calculation, it is clear that nuclear energy loss is negligible compared to electronic 

energy loss. Hence, electronic energy loss gives major contribution in energy deposition inside the 

material due to SHI irradiation. The stopping range of the 80 MeV Si ions for the amorphous thin 

film sample is 20.29 μm. This stopping range is more than the film thickness (≈ 1.62 μm). Hence 

Si ions come into rest within the glass substrate after passing through the amorphous thin films. 

 

3.4 Optical Analysis 

In the present study, the changes in optical properties of thin film are determined by the 

numerical value of optical constant such as refractive index, absorption coefficient, extinction 

coefficient, and optical bandgap. The refractive index of thin film is calculated according to the 

method described by the Swanepoel [19, 20]. Origin 8.5 is used for finding peaks, and creating 

envelopes (upper and lower) on the optical transmission spectra. The upper and lower envelopes 

on the optical transmission spectra are shown in Fig 3.  

 

 
 

a) 

 
 

b) 

 

 
 

c) 

 
 

d) 

 

Fig. 3.1 Upper Envelope (T (Max)) and Lower Envelope (T (Min)) plots on the optical transmission 

spectra of the pristine and irradiated thin films:  

(a) pristine; (b) 3x10
10

 ions/cm
2
; (c) 1x10

11
 ions/cm

2
; (d) 3x10

11
 ions/cm

2
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e) 

 

 
 

f) 

 
 

g) 

 

Fig. 3.2 Upper Envelope (T (Max)) and Lower Envelope (T (Min)) plots on the optical transmission 

spectra of the pristine and irradiated thin films: (e) 1x10
12

 ions/cm
2
; (f) 3x10

12
 ions/cm

2
: (g) 1x10

13
 ions/cm

2
 

 

 

The calculated values of refractive index using Swanepoel method are fitted by the 

Cauchy’s dispersion formula: 

 

𝑛 =
𝑎

𝜆2 + 𝑏     (1) 

 

Where a and b are Cauchy’s constant. The variation of refractive index with wavelength 

(of pristine and irradiated thin films) is shown in Fig 4. It is observed from Fig 4 that the 

calculated value of refractive index decreases as wavelength increases. It indicates normal 

dispersion behaviour of the composition. The refractive index gets maximized at fluence 3x10
12

 

ions/cm
2
.  

The dispersion in the refractive index is described by Wemple DiDomenico relation [23, 

24] 

𝑛0(ℎ𝜈) = 1 +
𝐸𝑑𝐸0

𝐸0
2−(ℎ𝜈)2          (2) 

 

This relation is valid when photon energy is lesser than optical bandgap. Least square 

fitting of 1/(n
2
-1) on the y-axis and (hν)

2
 on x-axis determines the value of dispersive energy (Ed), 

single oscillator energy (E0) and static refractive index (n0). Least square curve fitting of refractive 

index with energy square is shown in Fig 5. The values of 1/(n
2
-1) for fluence 3x10

10 
ions/cm

2
 and 

1x10
11

 ions/cm
2
 are so close. Similarly for fluence 3x10

11
 ions/cm

2
 and 1x10

12
 ions/cm

2
 the value 

of 1/(n
2
-1) are so close. There is very little difference in the values of static refractive index (no) 

for these pairs of fluence. This fact is indicated in the inset of Fig 5. When value of static refractive 

index (no) is taken in two digits after decimal it becomes same for these pairs of fluence. 
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Fig. 4 Variation of refractive index with wavelength 

 

 

 
 

Fig. 5 Least square fitting of 1/(n
2
-1) with (hν)

2 

 

 

 
 

Fig.6 Variation in static refractive index with fluence 

 

 

Variation in the static refractive index (n0) with ion fluence is shown in Fig 6. The inset of 

Fig 6 indicates that the remain same static refractive index (n0) for fluence 3x10
10

 ions/cm
2
 and 

1x10
11

 ions/cm
2
. The values of n0, Ed and E0 are shown in Table 1, which matches well with the 

literature. It is clear that n0 increases from 1.97 to 2.16 for fluence 3x10
12

 ion/cm
2
 and then 

decreases to 2.11 at fluence 1x10
13

 ions/cm
2
. 

The dispersive energy Ed is measure of interband optical transition. The dispersive energy 

depends upon the coordination number of the cations, which are surrounded by the nearest 

neighbour anions. E0 is the single oscillator energy [25]. In the present study, the dispersive energy 

Ed gets maximized from 10.95 eV to 14.58 eV at fluence 3x10
12

 ions/cm
2
. Single oscillator energy 

E0 also gets maximized from 3.79 eV to 3.98 eV at fluence 3x10
12

 ions/cm
2
. 
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Table 1 Linear optical constant of amorphous Ge22Se78 thin films 

 

 no (hν→0) χ 
(1)

 

(hν→0) 

Ed (eV) Eo (eV) Eg (eV) B
1/2

  

(cm
-1 

eV)
1/2

 

K  

(1050 nm) 

Pristine  

(present study) 

 

1.97 

 

0.230 

 

10.95 

 

3.79 

 

1.99 

 

677.38 0.03671 

Pristine 

 (literature) 

 

2.42 [21] 

  

18.820 [21] 

 

3.864 [21] 

 

1.85 [21, 22] 

 

 

3x10
10

 ions/cm
2
 2.08 0.264 12.44 3.75 1.98 671.87 0.02841 

1x10
11

 ions/cm
2
 2.08 0.264 12.29 3.71 1.97 645.20 0.02931 

3x10
11

 ions/cm
2
 2.13 0.280 13.34 3.79 1.96 643.50 0.02847 

1x10
12

 ions/cm
2
 2.13 0.281 13.19 3.73 1.95 639.26 0.03454 

3x10
12

 ions/cm
2
 2.16 0.291 14.58 3.98 1.94 615.51 0.02767 

1x10
13

 ions/cm
2
 2.11 0.273 13.32 3.88 2.01 655.61 0.02322 

 

 

Limiting value of first order susceptibility χ
(1)

 is dimensionless proportionality constant 

which indicates degree of polarisation in the dielectric material. It is determined from n0 using 

following relation [26]: 

𝜒(1) =
(𝑛0

2−1)

4𝜋
     (3) 

 

The first order susceptibility increases from .229 to .292 at fluence 3x10
12

 ions/cm
2

 as 

shown in Table 1. 

 

 
 

Fig. 7 Plot of extinction coefficient of pristine and irradiated thin films 

 

 

The extinction coefficient is measure of attenuation of light in the intervening medium. 

The attenuation of light is defined using the relation k=αλ/4π. α be the absorption coefficient of the 

intervening medium. Extinction coefficient of the intervening medium is determined by the 

relation given below 

 

𝛼 =
1

𝑑
𝐼𝑛 (

1

𝑥
)                (4) 

 

Where d is the thickness of the thin film and x is absorbance [19, 27]. 

The change in extinction coefficient (k) with wavelength (λ) is shown that in Fig 7. It is 

clear from the figure the extinction coefficient (k) decrease with wavelength. The values of 

extinction coefficient (k) at wavelength 1050 nm for pristine and irradiated thin films are shown in 

Table 1. These values indicate that very small change is observed in extinction coefficient (k). It is 

clear from inset the extinction coefficient gets minimized at fluence 1x10
13

 ions/cm
2
. It reduced 

from 0.03671 to 0.02322 at 1x10
13

 ions/cm
2
 for telecommunication wavelength (1050 nm) which 

shown in Table 1. 
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The optical band gap (Eg) is determined by extrapolating the Tauc’s plot for indirect band 

gap material. Tauc’s relation for the indirect band gap material is [28] 

 

√𝛼ℎ𝜈 = √𝐵(ℎ𝜈 − 𝐸𝑔)     (5) 

 

 B
1/2

 is the Tauc’s parameter. It is a measurement of disorder ( B
1/2

 α 1/width of localized 

states, for α ≥ 10
4
 cm

-1
). The variation in B

1/2
 and optical band gap upon 80 MeV Si SHI 

irradiation can be understood on the basis of Davis –Mott model [29] and cohesive energy which 

is later explained in Raman analysis. According to Davis-Mott model an increase in disorder 

increases width of localized states in forbidden regions which is responsible for reduction in 

Tauc’s parameter and optical band gap. Similarly when disorder decreases width of localized 

states also decreases so Tauc’s parameter and band gap increases. It is clear evidence from Fig 8 

and Table 1 till fluence 3x10
12

 ions/cm
2
 disorder increases hence width of localized increases so 

band gap reduces from 1.99 eV to 1.94 eV and Tauc’s parameter reduces from 677.38 (cm
-1

eV)
1/2

  

to 615.51 (cm
-1

eV)
1/2

. Further at fluence 1x10
13

 ions/cm
2
 disorder starts decreasing hence width of 

localized states decreases so band gap increases to 2.01 eV and Tauc’s parameter increases to 

655.61 (cm
-1

eV)
1/2

.   

 

 
 

a) 

 

 
 

b) 

 
 

c) 

 
 

d) 

 

Fig. 8.1 Tauc’s plot for pristine and irradiated thin films: 

(a) pristine; (b) 3x10
10

 ions/cm
2
; (c) 1x10

11
 ions/cm

2
; (d) 3x10

11
 ions/cm

2
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e) 

 
 

f) 

 

 
 

g) 

 

Fig. 8.2 Tauc’s plot for pristine and irradiated thin films: 

 (e) 1x10
12

 ions/cm
2
; (f) 3x10

12
 ions/cm

2
 8; (g) 1x10

13
 ions/cm

2
. 

 

 

3.5 Nonlinear optical analysis 

The third order nonlinear susceptibility (χ
 (3)

) is determined by the Miller’s formula [15, 

16]. The formula given by Miller was 

 

𝜒(3) =
𝐴

(4𝜋)4
(𝑛0

2 − 1)4     (6) 

 

Where A=1.7x10
-10

 [esu]. 

  

Table 2 exhibits that the value of the non-linear susceptibility increases from 4.737x10
-13

 

[esu] to 12.248x10
-13

 [esu] up to the fluence 3x10
12

 ions/cm
2
. Non-linear susceptibility changes 

due to ion irradiation because the structure of thin films is changed due to ion irradiation which is 

shown in Raman measurement. 
 

 

Table 2 Nonlinear optical constant of pristine and irradiated a-Ge22Se78  

thin films in long wavelength limit 

 

 χ
(3)

 (10
-13

 [esu]) n2 (10
-11

 [esu]) 

 

pristine 4.737 8.038 

3x10
10

 ions/cm
2
 8.244 8.212 

1x10
11

 ions/cm
2
 8.223 8.378 

3x10
11

 ions/cm
2
 10.512 8.545 

1x10
12

 ions/cm
2
 10.669 8.716 

3x10
12

 ions/cm
2
 12.248 8.895 

1x10
13

 ions/cm
2
 9.457 7.696 
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The change in optical band gap is responsibile for the change in the nonlinear refractive 

index n2. The nonlinear refractive index determined by the relation which has given by the Ticha 

and Tichy [17] 

𝑛2[𝑒𝑠𝑢]~
𝐴̅

𝐸𝑔
4     (7) 

 

Where 𝐴̅ = 1.26x10
-9

 [esu (eV)
4
] 

 

The variation in the nonlinear refractive index is shown in table 2. The nonlinear refractive 

index increases from 8.038x10
-11

 [esu] to 8.895x10
-11

 [esu] up to the fluence 3x10
12

 ions/cm
2
. The 

nonlinear refractive index is changed due to the structural modification which produced by the ion 

irradiation. This fact can be explained from Raman analysis. 

 

3.6 Raman analysis 

Fig. 9 shows Raman plots for pristine and irradiated (3x10
13

 ions/cm
2
) thin film. Raman 

plot of the pristine thin film exhibits four peaks at 195 cm
-1 

(peak I), 215 cm
-1 

(peak II), 236cm
-1

 

(peak III), and 262 cm
-1

 (peak IV). Raman plot of 80 MeV Si SHI irradiated Ge22Se78 thin film 

exhibits three peaks at 196 cm
-1

 (peak I), 213 cm
-1

 (peak II), and 258 cm
-1

 (peak III). Dwivedi et 

al. reported three peaks in a-Ge21.5Se78.5 pristine thin film at 201 cm
-1

 (peak I), 215 cm
-1

 (peak II), 

and 263 cm
-1

 (peak III). According to the study, the peak at 201 cm
-1

 (peak I) was Ge(Se)4/2 corner 

sharing tetrahedral (CS), the peak at 215 cm
-1

 (peak II) was vibration of Se atoms in the four-

member rings composed of two edge-sharing tetrahedral (ES), and peak at 263 cm
-1

 (peak III) was 

Se-Se bonds in Se chains [10]. 

 

 
 

Fig. 9 Raman plots for Pristine and irradiated thin films 

 

 

Jackson et al. reported the structure corner sharing and edge-sharing in a-GeSe2 sample in 

their study by the first principal method [32]. Nemec et al. reported peaks in range 245- 250 cm
-1

 

as stretching mode of Ge-Ge bond vibration (Ethane like unit) in a-GeSe thin film [33]. Tronc et 

al. and Garrido et al also report the similar results [34, 35]. On the basis of previous study in 

pristine Ge22Se78 thin film, four peaks are assigned. The peak at 195 cm
-1 

(peak I) exhibits due to 

Ge(Se)4/2 corner sharing tetrahedral (CS). The peak at 215 cm
-1

 (peak II) exhibits due to vibration 

of Se atoms in the four-member rings composed of two edge sharing tetrahedral (ES). The peak at 

place 236 cm
-1

 (peak III) exhibits due to stretching mode of Ge-Ge bond vibration (Ethane like 

unit). The peak at 262 cm
-1

 (peak IV) exhibit due to Se-Se bonds in Se chains.  
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Table 3 Raman peak details for pristine and irradiated (1x10

13
 ions/cm

2
) thin films 

 

Peak details Pristine Irradiated (1x10
13

 ions/cm
2
) 

 Peak position 

(cm
-1

) 

width Relative 

Area 

Peak position 

(cm
-1

) 

width Relative 

Area 

 

Peak I: Ge(Se)4/2 corner 

sharing tetrahedral (CS) 

195 15.15 0.395 196 18.37 0.468 

Peak II: Se atoms in the four 

member rings composed of 

two edge sharing tetrahedral 

(ES) 

215 8.49 0.084 213 9.37 0.098 

Peak III: Stretching mode of 

Ge-Ge (Ethane like unit)  

236 4.54 0.010    

Peak IV: Se-Se bonds in Se 

chains 

262 50.85 0.511 258 61.65 0.434 

 

 

It is clear from the Table 3 that due 80 MeV Si SHI irradiation on thin film the peak I at 

195 cm
-1

 shifted to 196 cm
-1

. The relative area under the curve is increased from .395 to .468 and 

width increased from 15.15 to 18.37.The peak at 215 cm
-1

 is shifted to 213 cm
-1

, and relative area 

under the curve is increased from .084 to .098 and width increased from 8.49 to 9.37. The peak at 

236 cm
-1

 is vanished. This indicates that due to 80 MeV Si SHI, the homopolar Ge-Ge bonds are 

completely destroyed. The position of the peak at 262 cm
-1

 is shifted to 258 cm
-1

, but the relative 

area under the curve decreases from .511 to .434, and width increases from 50.85 to 61.65. It 

indicates that due to 80 MeV, Si SHI-irradiation some Se-Se bonds in Se chains is destroyed. 

Hence due to Si SHI irradiation on amorphous Ge22Se78 thin film corner sharing tetrahedral bonds 

and edge-sharing bonds are increased. Se-Se bonds in Se chains are decreased and Ge-Ge 

homopolar bonds are vanished. The bond energy of Ge-Se Bond is 49.4 kcal/mol. The bond 

energy of Se-Se bond is 44 kcal/mol. The bond energy of Ge-Ge bond is 37.6 kcal/mol. The 

cohesive energy of the pristine Ge22Se78 thin film is 45.52 kcal/mol and the irradiated thin film at 

fluence 1x10
13 

ion/cm
2
 is 47.06 kcal/mol. The increase in cohesive energy is responsible for the 

increase in optical band gap. The polarizability of the thin film is increases due to increment in 

hetropolar Ge-Se corner sharing (CS) and edge sharing (ES) bonds. So the linear refractive index, 

linear susceptibility, nonlinear refractive index and third order nonlinear susceptibility is increased 

at fluence 1x10
13

 ions/cm
2
.  

 

 

4. Conclusions 
 

Following facts are concluded, for pristine and 80 MeV Si SHI irradiated Ge22Se78 

chalcogenide thin films for six different fluence (3x10
10

 ions/cm
2
, 1x10

11
 ions/cm

2
, 3x10

11
 

ions/cm
2
, 1x10

12
 ions/cm

2
, 3x10

12
 ions/cm

2
 and 1x10

13
 ions/cm

2
)  

Amorphous nature of the Ge22Se78 thin film is retained after irradiation at highest fluence. 

In amorphous Ge22Se78 thin films, the upper limit of ion fluence to modify the properties of the 

thin film is below fluence 1x10
13

 ions/cm
2
 because starting of destruction in the thin film as seen 

in SEM image at this fluence. 

The static refractive index, linear susceptibility, third order susceptibility and the nonlinear 

refractive index is achieved maximum at fluence 3x10
12

 ions/cm
2
. Further increase in ion fluence 

causes reduction in the value of these parameters. 

The optical band gap and Tauc’s parameter get minimized at fluence 3x10
12

 ions/cm
2
. 

Further increase in ion fluence the values of these parameter increases. 

Optical analysis indicates that due to the effect of 80 MeV Si SHI irradiation till fluence 

3x10
12

 ions/cm
2
 disorders in the film increases so the width of localized states increases hence 
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Tauc’s parameter decreases and optical band gap also decreases. Further at fluence 1x10
13

 

ions/cm
2
 disorder in film starts decreasing so the width of localized states decreases hence Tauc’s 

parameter increases and optical band gap also increases. The Raman analysis support that the 

cohesive energy of irradiated thin film at fluence 1x10
13

 ions/cm
2
 increases hence band gap 

increases. 

Raman analysis indicates that due to the effect of 80 MeV Si SHI irradiation at fluence 

1x10
13

 ions/cm
2
  the number of polarized molecules Ge(Se)4/2 corner sharing tetrahedral (CS) and 

edge sharing tetrahedral (ES) increases so polarizability of thin film increases hence linear 

refractive index, nonlinear refractive index, linear susceptibility and third order susceptibility 

increases. 

The fluence 3x10
12

 ions/cm
2
 is technically important for developing optical/photonic 

applications because optical parameters are optimized at this fluence. 
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