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Temperature induced effects in the Raman spectra of III-V semiconductors are 

presented in this thesis. The III-V semiconductors investigated in this present study are the 

binary GaP , the anion substituted ternary alloy GaAsi _ xPx  and the cation substituted ternary 

alloy InxGal _ xAs. For GaP and InxGa l  _xAs , the off-resonant Raman spectra are presented 

whereas for GaAsi _ xPx  , the off-resonant as well as the resonant Raman spectra are 

presented. The major advantage of semiconductor alloys over binary semiconductors is that 

the semiconductor alloys extend the opto-electronic properties in the spectral region 

intermediate to two constituent binary semiconductors. In substitutional alloys, disorder arises 

due to break down of translation symmetry, referred as structural disorder or due to changes 

in the masses and force constants because of the random distribution of the constituent atoms, 

referred as structural disorder. The degree of disorder is much smaller compared to totally 

disordered semiconductors and in this context, an alloy can be considered as an intermediate 

case between perfectly ordered systems and fully disordered systems. 

OFF-RESONANT RAMAN STUDIES 

Room temperature as well as temperature dependent off-resonant Raman experiments 

of various phonon modes were carried out in GaP, GaAsi _ xPx  and InxGal _ xAs 

semiconductors. The room temperature Raman spectra of GaAs, _ xPx  (x =0.90, 0.65, 0.59) 

reveal a two-mode behaviour of disorder, one corresponding to the GaAs-like LO-phonon 

mode and the other corresponding to the GaP -like LO -phonon mode for 0< x <1 . The line 

position of the GaAs-like first-order LO-phonon mode is observed to shift towards higher 

frequency region and its linewidth decreases whereas the line position of the GaP -like first-

order LO-phonon mode is found to shift towards lower frequency region and its linewidth 

increases with the decreasing x. Also, the asymmetry parameter for the GaP-like LO-

phonon mode is found to increase whereas it is found to decrease for the GaAs-like LO-

phonon with the decreasing x . In InxGa i _ xAs (x =0.05, 0.12, 0.19, 0.24, 0.53 ), which 

exhibits partially two-mode behaviour, two-modes (GaAs-like, InAs-like) in indium rich 



samples and one-mode (GaAs-like) in gallium rich samples, the line centre of the GaAs-like 

first-order LO-phonon mode is found to shift towards lower frequency region and its line 

width increases with the increasing x . It is also observed that the asymmetry parameter for 

this mode increases with the increasing x . These changes are explained by incorporating a 

finite correlation region for phonon propagation beyond which, the phonon gets scattered 

anharmonically. The finite correlation region arises due to the substitutional disorder in alloy 

semiconductors. 

A decrease in the linewidth and a shift in the line centre towards higher frequency 

region of the first-order optical phonon modes are observed in the Raman spectra of GaP , GaAsi _ xPx  

and In.Gai _ xAs with the decreasing temperature. These changes are attributed to 

anharmonicity in the materials due to change in temperature. Disorder and temperature are 

found to be the main mechanisms of introducing anharmonicity in alloy semiconductors and 

due to which, an optical mode can interchange energy with other lattice modes and in this 

way maintains thermal equilibrium energy content. This leads to the decay of a strongly 

interacting optic phonon into weakly interacting acoustic phonons giving rise to a shift in 

frequency and a change in linewidth of the optic phonon modes in Raman spectrum. A two-

mode behaviour of anharmonicity, due to the two-mode behaviour of disorder, is observed 

in GaAsl _ xPx  . The degree of anharmonicity of the GaP -like mode increases while that of the 

GaAs-like mode decreases with the decreasing x. The degree of anharmonicity of the GaP-

like mode is found to have higher value than that of the GaAs-like mode inGaAsi _yx  

samples. The appearance of GaP-like TO-mode in GaAs01P09  sample, which is forbidden 

with (100) face in the back scattering geometry configuration, is attributed to disorder 

induced effect. This mode is also found to have strong temperature dependence as it becomes 

sharp at low temperatures. Also in GaAsc, 1 P09. the GaP-like LO-mode is found to have 

greater degree of anharmonicity than that of the GaP -like TO-mode indicating the different 

degree of anharmonicity for different modes of vibrations. In inxGai _ xAs , the degree of 

anharmonicity of GaAs-like LO-phonon mode is found to increase with the increasing x. 

A comparative study of GaP, GaASi  ,P, and In,Ga i _ xAs reveals that the degree of 

anharmonicity increases with the increasing disorder. The GaAs-like first-order LO-phonon 

mode in GaASI  _ xPx  and InxGa i _ xAs alloy semiconductors is found to have different degree 

of anharmonicity indicating that the degree of anharmonicity is. not only dependent on 



disorder, but also on isoelectronic substitution. The total anharmonicity in ternary alloy 

semiconductors is found to have two parts, one due to disorder and the other due to 

temperature. In GaP, temperature dependence of the 2TO(L) mode is investigated. This 

mode is found to have a shift in the frequency twice that of the first-order optical mode and 

a change as same that of the first-order optical mode with the decreasing temperature. The 

oscillator strength of the 2TA(X) mode in GaP is found to decrease with the decreasing 

temperature while that mode in GaAs0.1P0,9  is found to be independent of temperature. The 

presence of compositional disorder in GaAs0.1P0.9  is observed to compensate the effect of the 

temperature. 

RESONANT RAMAN STUDIES 

Resonance effect is observed whenever the incident energy is cloSe to the fundamental 

band gap of a semiconductor. When the incident energy is close to the band gap, incoming 

resonance, and when the scattered energy is close to the band gap, outgoing resonance is 

observed. When the incident energy is close Eg  + nt,w(LO) , where Eg  is the band gap 

energy, f, W (LO) is the phonon energy and n is the order of the spectrum, then n `-order 

outgoing resonance is observed. The compositional disorder in alloy semiconductors affects, 

not only the vibrational properties, but also the electronic band structure and the effect of 

disorder on the electronic band structure is reflected in resonant Raman spectroscopy. The 

temperature tuned resonant Raman experiments of GaAsi _ xPx  (x =0.90, 0.65), near Eo  

fundamental band gap, were carried out in order to observe the changes in the intermediate 

states involved in the scattering process due to compositional disorder. The effect of disorder 

is to either smear out the bad edge or to create localized states in the forbidden band gap. 

The former leads to broadening of the resonance curve while the latter gives rise to a sharp 

resonance feature. In GaAs0.1P0.9  , incoming resonance as well as first and second-order 

outgoing resonances are observed whereas in GaAs0.35130,65  , first, second and third-order 

outgoing resonances are observed. The results show the appearance of a replica of the first-

order Raman modes energy shifted to high frequency region (750 cm-1  to 810 cm-1) near 

resonance. This type of replica is observed only in alloy semiconductors. Also, anomalous 

enhancement in the intensity of the second-order mode compared to the first-order mode is 



observed. Furthermore in GaAso 35P0.65  , the oscillator strength for the 2L0 -phonon mode 

near resonance is found to be greater than that of the ILO -phonon mode. Sharp third-order 

outgoing resonances at two different temperatures with two different laser energies are 

observed in GaAs0 35P0.65 

It is found from the sharp resonance features that the compositional disorder 

introduces localized states in the forbidden gap of GaAsi _yx  alloy semiconductors. 

Concentration fluctuations can also localize excitons. It is proposed that a large enhancement 

in the intensity of the second-order mode is possible when the localized exciton couples 

strongly to the most energetic LO-phonon to form an exciton-LO phonon complex. 

Anomalous enhancement in the second-order oscillator strength and the replica of the first-

order Raman modes shifted to high frequency region are attributed to the localized exciton-

LO phonon complex. This localized exciton-LO phonon complex is found to act as an 

intermediate state in the scattering process. Substitutional disorder is the main mechanism of 

localizing excitons in these alloy semiconductors. Increasing disorder is found to increase the 

localization of exciton, which is evident from the increase in excitonic life time, its binding 

energy and the decrease in excitonic linewidth. Furthermore, the first-order resonance is 

found to have contributions from both band to band transition as well as localized excitons, 

while the second-order, third-order resonances are found to have a contribution only from 

localized excitons. 



CONTENTS 	  

CHAPTER 1. 

CHAPTER 2. 

2.1 

2.2 

2.3 

2.4 

Page No. 

INTRODUCTION 

THEORETICAL BACKGROUND 12 

Structural Properties of III-V Semiconductors 12 

2.1.1 	III-V Binary Semiconductors 12 

2.1.2 	III-V Ternary Alloy Semiconductors 12 

Electronic Band Structure of III-V Semiconductors 15 

2.2.1 	III-V Binary Semiconductors 15 

2.2.2 	III-V Ternary Alloy Semiconductors 17 

2.2.2.1 	Band Structure of GaAsi,P, Alloy 19 

Vibrational Properties of III-V Semiconductors 27 

2.3.1 	Lattice Vibration of III-V Semiconductors 27 

2.3.2 	Lattice Vibration of III-.V Ternary Alloy 

Semiconductors 27 

2.3.3 	Criteria for Prediction of Mode-Behaviour 32 

Raman Scattering in III-V Semiconductors 34 

2.4.1 	Introduction 34 

2.4.2 	First-Order Raman Scattering 36 

2.4.2.1 	Electron Radiation-Interaction 40 

2.4.2.2 	Electron-Phonon Interaction 40 

(a) 	Deformation Potential Interaction 41 

(b) 	Frohlich Interaction 41 

2.4.3 	Second-order Scattering 43 

2.4.4 	Temperature Induced Effects of the Raman Spectrum 45 

2.4.5 	Resonance Raman Scattering in Semiconductors 48 

2.4.5.1 	Introduction 48 



	

2.4.5.2 	Resonant Raman Scattering at Eo  Gap 

(a) Loudon Model 

(b) Ganguly and Birman Model 

(c) Modified Loudon Model 

	

2.4.5.3 	Resonant Raman Scattering in III-V 

Ternary Alloy Semiconductors 

(a) Introduction 

(b) Exciton Localization 

CHAPTER 3. 	EXPERIMENTAL TECHNIQUE 

	

3.1 	Introduction 

	

3.2 	Description of Laser Raman Spectroscopy Setup 

3.2.1 Light Source 	 5 

3.2.2 Spectrometer 

	

3.2.2.1 	Sample Compartment 	 6 

	

3.2.2.1 	Double Monochromator 	 6 

3.2.3 Detection and Recording Systems 	 6 

3.2.4 Low Temperature System 	 6 

	

3.3 	Measurement of Spectra 	 6 

3.3. 1 Introduction 	 6 

3.3.2 Resonant Raman Scattering 	 6 

	

3.3.2.1 	Intensity Measurements 	 6 

	

3.3.2.2 	Response of Spectrometer 	 6 

	

3.3.2.3 	Absorption Correction 	 6 

	

3.3.2.4 	Deconvolution Procedure 	 6 

	

3.4 	Description of Samples 	 7 

CHAPTER 4. 	OFF-RESONANT RAMAN STUDIES 	 7 

	

4.1 	Introduction 	 7:  

	

4.2 	Room Temperature Raman Studies of III-V Semiconductors 	7,  

4.2.1 Room Temperature Raman Spectra of GaP 	 7, 



4.2.2 Room Temperature Raman Spectra of GaAsi..„Px  

Alloy Semiconductors 
	 76 

4.2.3 Room Temperature Raman Spectra of In.Gai _,,As 

Alloy Semiconductors 	 81 

4.2.4 Concentration Dependent Raman Studies of III-V 

Alloy Semiconductors 	 83 

4.2.4.1 
	

GaAsl _x13, 	 83 

4.2.4.2 
	

InxGal _xAs 
	 85 

4.2.5 Concentration Dependence of Line-Profile in 

III-V Alloy Semiconductors 	 87 

4.2.5.1 	Introduction 	 87 

4.2.5.2 	Spatial Correlation Model 	 87 

4.2.5.3 	GaAsi _xP„ 	 89 

4.2.5.4 	In,,Gai _xAs 	 92 

4.3 	Temperature Dependent Raman Studies of III-V 

Semiconductors 	 92 

4.3.1 Introduction 	 92 

4.3.2 The Anharmonic Effects 	 94 

4.3.3 Temperature Dependent Raman Studies of 

GaP 	 97 

4.3.3.1 	Temperature Dependence of 

First-order LO-Phonon 	 97 

4.3.3.2 	Temperature Dependence of 

Second-order 2T0(L)-Phonon Mode 	99 

4.3.3.3 	Temperature Dependence of 

Second-Order TA(X)-Phonon Mode 	107 

4.3.3.4 	Temperature Dependence of 

Line-Centre and Line-Width of 

First-Order LO-Phonon in GaP 	110 



4.3.4 Temperature Dependent Raman Studies of GaAso,,P09 
	113 

	

4.3.4.1 	Temperature Dependence of GaAs-like 

First-Order LO-Phonon Mode 	 115 

	

4.3.4.2 	Temperature Dependence of GaP-like 

First-Order LO-Phonon Mode 	 120 

	

4.3.4.3 	Temperature Dependence of Line-Centre 

and Line-Width of GaP-like First-Order 

LO-Phonon Mode 	 124 

	

4.3.4.4 	Temperature Dependence of GaP-like 

First-Order TO-Phonon Mode 	 124 

	

4.3.4.5 	Temperature Dependence of Line-Centre 

and Line-Width of GaP-like First-Order 

TO-Phonon Mode 	 131 

	

4.3.4.6 	Temperature Dependence of Second-Order 

TA(X)-Phonon Mode 	 131 

4.3.5 Temperature Dependent Raman Studies of GaAs0.35P0.65 133  

	

4.3.5.1 	Temperature Dependence of GaAs-like 

First-Order LO-Phonon Mode 	 135 

	

4.3.5.2 	Temperature Dependence of Line-Centre 

and Line-Width of GaAs-like First-Order 

LO-Phonon Mode 	 135 

	

4.3.5.3 	Temperature Dependence of First-Order 

GaP-like LO-Phonon Mode 	 139 

	

4.3.5.4 	Temperature Dependence of Line-Centre 

and Line-Width of GaP-like First-Order 

LO-Phonon Mode 	 143 

4.3.6 Temperature Dependent Raman Studies of GaAso 41130 59  143 

	

4.3.6.1 	Temperature Dependence of First-Order 

GaAs-like LO-Phonon Mode 	 145 

	

4.3.6.2 	Temperature Dependence of Line-Centre 

and Line-Width of First-Order GaAs-like 

LO-Phonon Mode 	 149 



4.3.6.3 	Temperature Dependence of GaP-like 

First-Order LO-Phonon Mode 	 149 

4.3.6.4 	Temperature Dependence of Line-Centre 

and Line-Width of First-Order GaP-like 

LO-Phonon Mode 	 150 

4.3.7 Temperature Dependent Raman Studies of In„Gal _xAs 

Alloy Semiconductors 	 155 

4.3.8 A comparative Study of Temperature Dependent 

Off-Resonant Raman Studies From III-V Binary and 

Ternary Alloy Semiconductors 	 166 

CHAPTER 5. RESONANT RAMAN STUDIES OF GaAs1_,P, ALLOY 

SEMICONDUCTORS 	 170 

	

5.1 	Introduction 	 170 

	

5.2 	Resonant Raman Studies at Eo  Gap in GaAs0.1P0.9  

Alloy Semiconductor 	 171 

5.2.1 Experimental Results 	 171 

5.2.2 First-Order Resonant Raman Scattering 

in GaAs01P0  9 Alloy Semiconductor 	 175 

5.2.3 Second-Order Resonant Raman Scattering 

in GaAs0.1P0  9 Alloy Semiconductor 	 178 

	

5.3 	Resonant Raman Studies at Eo  Gap in GaAs0.35P 0.65 

Alloy Semiconductor 	 182 

5.3.1 Experimental Results 	 182 

5.3.2 First-Order Resonant Raman Scattering 

in GaAs035P - 0.65 Alloy Semiconductor 	 186 

5.3.3 Second-Order Resonant Raman Scattering 

in GaAs0.35P0.65  Alloy Semiconductor 	 188 

5.3.4 Third-Order Resonant Raman Scattering 

in GaAS0.35P0.65 Alloy Semiconductor 	 192 

5.4 	Replica Effect in GaAsi _„Px  Alloy Semiconductors 	 198 



5.5 	A Comparative Study of Resonance in GaAs01P09  and 

GaAs0.35130.65  Alloy Semiconductors 	 201 

CHAPTER 6. 	CONCLUSIONS 
	

205 

REFERENCES 
	

214 

LIST OF PUBLICATIONS 
	

219 


