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Strained In"Ga, ,,,,As/GaAs multiple quantum well (MQW) structure grown by metal-organic
vapour phase epitaxy (MOVPE) has been investigated by photoreflectance (PR) spectroscopy.
Both, the heavy and light hole related confined transitions have been observed. On the basis of
theoretical calculations, in the envelope function formalism, including strain effects and exciton
binding energy we have found that the existence of type Il light hole exciton in our type | MQW
system has to be considered. The temperature dependence (92—300 K) of heavy hole (direct) and
light hole (indirect) transition has been discussed in terms of semiempirical Varshni and
Bose-Einstein expressions.

1. Introduction

The lattice constant of In*Ga”"™As does not match that of GaAs. If the thickness is
below a critical value, lattice mismatch can be accommodated by elastic strain and
thus the growth of dislocation-free structures can be achieved. For thin layers grown
pseudomorphically, the strain induces a significant change in the electronic band
structure. The strain shifts the edges of conduction and valence bands. As a result,
the positions of the subband in the quantum well are affected, so do the energies of
the optical transitions between the conduction and valence subbands. The electrons
and heavy holes are confined in the InxGal_xAs layers forming a type | heterostruc-
ture, and because of the strain, the light holes may be confined in the IndGal_[As or
GaAs layers, giving respectively a type | [1], [2] or type Il [3] —[7] system
depending on the band offset ratio.

Modulation spectroscopy, particularly photoreflectance, has become a very
powerful technique to study a large number of quantized states in a MQW structure.
In the PR (contactless form of electromodulation) modulation of the built-in electric
field in the sample is caused by photoexcited electron-hole pairs created by a pump
source (laser or other light source) which is chopped at frequency fm This pro-
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cedure results in sharp derivative-like spectral features in the region of intersub-
band transitions [8], [9]. In general, the normalized change in the reflectivity
measured in the PR experiment is related to the modulated dielectric function
f= El+is2 by [10]

a(eLE2As1+ /i(si,e2)As2 (1)

where a and p are the Seraphin coefficients. The quantities Af* and Ae2 are the
changes in the real and imaginary parts of the dielectric function, respectively,
induced by the periodic modulating electric field created by the pump beam. It has
been shown that for bound states such as excitons or the confined states of
a quantum well, the change of the dielectric function Af exhibits a first-derivative
spectrum. For excitons the dielectric function will have either a Lorentzian or
Gaussian profile depending on whether the broadening is homogeneous or
inhomogeneous, respectively. Moreover, there is strong experimental evidence for
the excitonic character, even at room temperature, of the transitions associated
with carrier quantum confinement [11], [12] and for a Gaussian broadening, more
appropriate than a Lorentzian one, of such transitions at high temperatures
(T > 77 K), [9], [13].

2. Experimental

The In0 115G a0 88SAs/GaAs MQW sample was grown by MOVPE technique on
(100) oriented, semi-insulating GaAs substrate. The growth was performed under
atmospheric pressure and at 670 °C temperature of the substrate in the system
equipped with AIX-200 R&D horizontal Aixtron reactor. The structure consisted
of 300 nm thick buffer followed by five periods of In01i5Ga0 88SAs/GaAs layers
and capped with 80 nm thick undoped GaAs layer. The In0A15Ga0885As and
GaAs layer thicknesses were 10 and 80 nm, respectively.

The PR measurements at near-normal incidence were performed in the 1.3 —
1.6 eV range with energy step and spectral resolution below 1 meV. The standard
experimental apparatus [14], [15] (see Fig. 1) consisted of a 150 W halogen lamp
filtered by a double-grating GDM1000 monochromator as a probe source. The
modulating beam came from a 15 mW He-Ne laser (2 = 632.8 nm) mechanically
chopped at frequency of 120 Hz. The laser intensity was reduced to about
1 mW/cm2 by using a neutral density filter to avoid a photovoltaic effect and
heating of the sample. The reflected light was detected by a Si photodiode whose
output was fed into a Stanford SR530 lock-in amplifier. Both ac and dc outputs
were digitized and stored in a PC microcomputer which also controlled the
monochromator step. The sample was mounted on the cold finger of a con-
tinuous-flow refrigerator coupled with a programmable temperature controller,
allowing measurements in the 80—300 K temperature range.
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Fig. 1. Scheme of the set-up for photoreflectance measurements.

3. Results and discussion

Figure 2 shows the room temperature PR spectrum of the investigated MQW. Three
transitions are observed. The feature near the energy of 1.42 eV is related to the band
gap transition in GaAs material. The other two features are related to transitions
involving confined states in MQW. The transitions are interpreted as 11H and 11L,
where notation mnH(L) means the transition between m-th conduction and n-th
valence subbands. The experimental energies were obtained from the fitting
procedure for the first derivative of Gaussian lineshape, the most appropriate form
of PR resonance for excitonic transitions in quantum wells [9]. In order to interpret
the transitions obtained, theoretical calculations were performed on the basis of
the envelope function approximation including strain effects [16], [17]. In the
Ino.iisG a0 88sAs/GaAs system, the thickness of In0usGa0 8385As layer should be
smaller than 180 A to obtain good quality layers [18], where the lattice mismatch is
totally accommodated by elastic strain. In this limit, for our structure, only the
Ino.iis”™ ao.ees”™s layers are strained and the GaAs layers can be taken to be
unstrained. Because of the thick GaAs barriers (800 A) also any miniband dispersion
effects (superlattice effects) were neglected. The valence band offset (Qy) was treated as
a parameter and was estimated from the best agreement between experiment and
theory for 11H transition, including exciton binding energy of 8 meV [3], [19]. The
value of Qy was determined to be 0.33, being a very well acceptable value in the
literature [4], [5], [20], [21]. This value implies that the light hole transition has to
be of type Il, which was reported previously for this structure [6], and gives the light
hole exciton binding energy of 3 meV, being in good agreement with that reported
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Fig. 2. Room temperature PR spectrum of In0, 15Ga0 BS5As/GaAs MQW. Open circles — experiment,
solid line — fit according to the first derivative of Gaussian lineshape.

in [3], The values of transition energies for the case of room temperature are
presented in Tab. 1. The material parameters used in the calculations have been
taken after Adachi [22], [23] and are summarized in Tab. 2. For the ternary alloy
InjGaj”™As they were linearly interpolated between the corresponding values of the
binary compounds.

Table 1. The comparison of experimental and theoretical transition energies for room temperature.
In parenthesis, the values of exciton binding energies taken in the calculations are shown.

Transition Experimental transition energy Theoretical transition energy
[eV] [eV]

11H 1.328 1.327(8)

11L 1.371 1.371(3)

Table 2. Values of the material parameters used in the calculations. — elastic stiffness constants,

a, h — deformation potentials.

Material Band gap Lattice Ci. cl2 a h
[eV] constant [A] [10"dyn/cm2] [10"dyn/cm2] [eV] [eV]
InAs 0.354 6.0584 8.33 2.53 —5.80 -1.80

GaAs 1.424 5.6533 11.88 5.32 -9.80 -1.76
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Fig. 3. PR spectra of In0 usGa0 S85As/GaAs MQW as a function of temperature in the range 92 —300 K.

In Figure 3, the temperature dependence of PR spectrum of the investigated
MQW is shown, in the temperature range 92 —300 K. With the temperature increase
a natural decrease of PR amplitude and the red shift of energy are observed for all
features. For analysing the temperature dependence of energy of transitions in
MQW, a plot of transition energy versus temperature is also presented in Fig. 4.
This temperature dependence was analysed in terms of semi-empirical Varshni and
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Bose-Einstein expressions. The solid lines are least-squares fits to the Varshni
relation (after [9])

E(T) = EOQ—aT2(R+ T). )]

Table 3. Values of the parameters of E(T) dependence from Egs. (2) and (3).

Transition  Eo(0) [eV] a [10~*eV/K] R [10~4eV/K] Eb [eV] aB [meV] o, [K]
11H 1.423 5.7 195 1.469 49 203
11 1471 6.0 181 1519 53 206

The values of £ 0(0), a and (i obtained for both confined transitions are listed in
Tab. 3. The values of a and fi for our sample were found to be similar to those for
bulk GaAs [24] and InjtGal”™As with various x [24], [25]. This shows that the main
influence of the temperature on the energy of the confined transitions in MQW
(direct 11H as well as indirect 11L) is through the temperature dependence of the
band gap of the constituent material in the well.

Fig. 4. Temperature dependence of energy of 11H (rectangles) and 11L (triangles) transitions. Solid line
— fit according to the Varshni expression (Eq. (2)), dashed line — fit according to the Bose-Einstein
expression (Eq. (3)).

The data were also fit to Bose-Einstein expression (dashed lines in Fig. 4)
proposed by Lautenschlager et al. [26]

E(T) = EB—aB{l + 2/[exp(0BT)—1] (3)
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where aB represents the strength of the electron-average phonon (optical and
acoustical) interaction and 0 Bcorresponds to the average phonon temperature. Our
numbers for EB aBand 0 Bare given in Tab. 3. The parameters obtained by us are
again similar to those of GaAs [24], InxGal_ xAs layers [24], [25] and quantum
wells [27] for different indium content. Such a result confirms also that the
temperature dependence of confined transitions is mainly through the temperature
dependence of the energy gap of the quantum well material for both direct (11H) and
indirect (11L) transitions. There is no influence of the confinement on the character
of the temperature dependence of the given transition. One would also expect
a difference in the temperature dependence of a direct and indirect exciton, but
unfortunately this was not confirmed in our case, probably because of too small
difference between temperature coefficients of GaAs barrier and I1n0 115G a0 885As
well materials.

4. Conclusions

In this work, the In0IlsGa0 885As/GaAs MQW structure was investigated by using
photoreflectance spectroscopy. There was found clear evidence for type Il of light
hole exciton in our type | (for heavy holes) MQW structure. We also obtained the
valence band offset value of 0.33, which agrees very well with the previous reports.
From the temperature dependence of 11H and 11L transitions some fundamental
constants of electron-phonon coupling were derived. The parameters from tem-
perature dependence appeared to be very similar to those of GaAs and In*Ga™"As
for different x values. No significant influence has been found of the carrier
confinement and spatial character of the transition on the character of the
temperature dependence. This study of the temperature variation of these excitonic
transition energies shows that the main influence of temperature on quantized
transitions is through the temperature dependence of the band gap of the quantum
well material.
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