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Fig. 1.1 Schematic presentation of a .telUp for Raman experiments (a), the 

basic principle of scattering of photons hy piloflons (b), and the (ype of 

spectrum ()htained (c). 



gives an elementary introduction to the spectroscopic methods used in this work. 

In section 1.3, the subjects treated in this thesis are briefly dcscribed. 

1.2 Spectroscopic techniques used in this work 

Of the spectroscopic techniques used in this work, Raman scattering and 

photoluminescence are well established standard techniques. Optically detected 

magnetic resonance, though certainly not new, is much less common. A brief in

troduction to each of these techniques is given below for the benefit of those un· 

familiar with them. 

A. Raman scattering 

The inelastic scattering of light by molecular vibrations is named after the first 

scientist to report this phenomenon, C.V. Raman [I]. We will restrict ourselves to 

the scattering by lattice vibrations in semiconductor crystals. An excellent overview 

of the modern research in the field of light scattering in solids can be found in the 

series edited by Cardona [Z]. For OUt purposes a brief explanation of the princi

ples of Raman scattering is sufficient. 

In figure 1.1 a, a Raman setup is presented schematicallY. Monochromatic 

light from a laser IS scattered in the semiconductor crystal. The scattered light is 

collected, and analysed using a monochromator. Photons may be inelastically 

scattered by lattice vibrations (figure l.1b), resulting in weak components shifted 

in energy (Le. wavelength) with respect to the light scattered elastically. The 

scattering process is subject to ene,gy and momentum conservation. Creation of 

a phonon results in a red-shift of the photon, annihilation of a phonon results in 

a blue-shift. These are referred to as the Stokes and anti-Stokes component'> of the 

Raman spectrum, respectively, and appear in the spectrum as weak peaks on either 

side of the elastic scattering line (figure I. Ic). Momentum conservation restrict'> 

the wave vectors of the phonons that can participate in the scattering process to 

the centre of the Brillouin zone for normal crystals. For superlattices, however, the 

Brillouin zone is smaller du, to the larger period in the superlattice direction, and 

the phonon wave veclor may not be negligible. 

To obtain an accuracy in the phonon energy of I em-I, the shift in wavelength 

of the Raman peak must be determined with an accuracy of 0.025 nm for a typical 
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Fig_ 1.2 Schematic presentation of a setup jor photoiwninescence 

experiments (a), the basic principle of photoluminescence in a semI-conduc

tor (b), and the type ajspectrum obtained (c). 
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of the magnetic field. The ODMR spectrum is recorded by monitoring these in

tensities as a function of the magnetic field (figure 1.3c). The relative change in 

intensity observed is generally bctween 10-' and 10-2
• Hence, sensitive detection 

of the signals is again essential. 

A problem in ODMR is tha.t the Ufe time of the excited state, fOT example in 

direct semiconductors, rnay be very short. To obtain a considerable change in the 

population of t.he Zeeman Icveh; in this short time then requires a lot of microwave 

power. The average microwave power one can send into the cavity, however, is 

limited to typically 2 W (or else the liquid helium will start to boil). This js gen

erally regarded as the main cause of failure in ODMR experiments. A way a.round 

this problem might be to compress the microwave energy in short pulses with a low 

duty cycle. 

\.3 Outline 

The materials investigated in this work can be divided into two categorie.s: 

bulk materials and layered structures. This is also a division in the study of unde

sirable and desirable energy levels, or of non-ideal and ideal behaviour. The 

understanding of the physics of bulk materials has already reached weh a level 

that. onc of the main subject.s of research nowadays is the study of impurity levels, 

usually with the purpose to get rid of thetn- In the case of layered struct.ures such 

as quantum wells and supcrlattices, the formation of new energy levels is the main 

purpose of the structure, and these levels are themselves the subject of research. 

The last two chapt.er of this thesis are devoted to bulk materials. Chapter 4 

describes an ODMR and photoluminescence study of fundamental properties of 

the effective mass donor system of AlxGa,_xAs. The motive for a large research 

effort in this field over the last decade is the problem of the DX-centre, a deep 

donor level which appears as an undesirable side-effect of the n-type doping of 

AlxGa1_ xAs, and has an unfavourable effect on its electrical behaviour. Though 

the understanding nf the effective masS donor system has much improved, the DX 

problem hie; unfortunately still not been solved. 

Chapter.') describes a photoluminescence study ofp-typc doping of InP by the 

diffusion of Zn. This diffusion trllatment is found to result in spurious donor levels 
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The spectrum of the sample grown with a prolonged growth interrupt, pre

sented in figure 2.9a, shows multiple lines corresponding to 1.5 A well width 

variations. TEM showed that the interfaces of these samples were indeed much 

worse. This explains the appearance of more discrete lines in the spectrum than 

usual: the constrictions in the quantum well hinder the diffusion of excitons 

through the well, which enables radiative recombination in thinner regions which 

are energetically less attractive for the excitons. 

The spectrum of the sample grown with no growth interrupt, presented in 

figure 2.9b, also shows multiple lines, now corresponding to 3 A (ao/2) well width 

variations. TEM showed that the interfaces of this sample are not dented. The fact 

Fig. 2.8 Cross-section TEM micrograph of an Ino.57Gao.43Aso.92Po.o8/ InP 

multiple quantum well structure. 
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tallle 2.2 Parameters used in the calculations for strained InxGaJ_xAs 

quantum wells. Datafrom references 1,18. 

GaAs InAs InP 

Eg 4K (eV) 1.5192 0.4105 1.425 

Ee 293 K (eV) 1.43 0.35 \.35 
6,., (eV) 0.343 0.381 0.11 

mJmo 0.0665 0.023 0.08 

muJmo 0.094 0.025 0.12 

mhh/mO 0.34 OAI 0.56 

p2/mo (eV) 25 22 21 

ao 4K (A) 5.651 6.057 5.867 

ao 293 K (A) 5.653 6.058 5.869 

a (eV) -7 -6 
b (eV) -1.8 -1.8 

Sl2 -0.454 -0.535 
Sll + Sn 

well. The crOSS-Over between light and hcavy holes shifts to lower x-valucs as the 

confinement energy increases. For high x, the distance between the light and heavy 

hole levels is further increased. 

The use of linear interpolation to estimate the material parameters for the 

InxGaj_XAs alloy may introduce small errorS in the results. The main sources of 

possible errors are the uncertainties in the values of the deformation potentials, 

which are not accurate!y known. 
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