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The interband absorption of strained InGaAs/GaAs multiple quantum
well was studied at room temperature for pressures up to 5.5 GPa. Three
absorption lines were attributed to the excitonic transitions hhl—el, lie
and hh2—e2. They were visible until pressure of about 5 GPa which is above
the Γ-Χ crossover for this system. Pressure coefficients of the observed lines
were compared with the literature data. The origin of broadening of the lines
above Γ-Χ crossover is discussed.
PACS numbers: 73.20.Dx

1.

Introduction

InGaAs based quantum wells (QW) have been extensively studied because of
their potential applications in telecommunications. In contrast to GaAs/GaAIAs
structures there is a substantial 1attice mismatch between the InGaAs well and
GaAs barrier. This leads to the biaxial strain in InGaAs layers which causes large
splitting of the heavy and light-holes states. For this reason the hydrostatic and
uniaxial deformation potentials are crucial for the determination of the electronic
states of this system.
The interband absorption of InGaAs/GaAs QW contains distinct excitonic
lines even at room temperature. These lines occur below the GaAs substrate absorption edge and therefore the QW absorption can be measured without the
necessity of etching the substrate away. This allows for the study of the ground
and excited states of the system which is an advantage over photoluminescence
experiments [1-3].
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2. Samples

Our samples were grown by molecular beam epitaxy (MBE) on Si-doped (n =
10 18 cm -3 ) GaAs substrate. After a buffer layer of undoped GaAs the multiple
QW was grown with 50 repetitions of In0.14Ga0.86As wells (nominal width 104 A)
and GaAs barriers (nominal width 200 Å). Finally, a 1000 Å layer of p+ (Be doped)
GaAs cap was grown. Thus, the multiple QW stucture is in the insulating region
of a n-i-p diode and the wells are subject to a weak electric field of a few kV/cm.
This field is too weak to cause appreciable shifts of the lowest levels but it can
lead to the appearance of some forbidden transitions.
For high-pressure experiments in the diamond anvil cell the substrate was
thinned down to 40 μm.
3. Experimental

Diamond anvil cell was used to generate pressure up to 6 GPa. Methanol—
ethanol mixture was used as a pressure transmitting medium. Pressure was measured by determining the position of absorption edge of the substrate (GaAs) using
the equation: Εg = Εg(0) - 16p- 3p 2 [4]. Here p is expressed in GPa and energy
in meV. This method is much more accurate than the calibration with the ruby
gauge and works even above the Γ-Χ crossover in GaAs.
The light from a halogen lamp was passed through a 100 μm pinhole and was
focused on the sample. Transmitted light was analysed by Spex 500M monochromator with cooled GaAs photomultiplier and photon counting system. Absorption
(optical density) was determined from the logarithm of the ratio of intensity of
light passing through the sample and by the sample.
+
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4. Results

We observe three absorption lines in the spectrum of the sample. The line
denoted A is the transition from the first heavy-hole state to the first electron
state, i.e. hh1-el. Line B is attributed to the similar transition from the light-hole
state (lh1-e1) and line C to the transition hh2-e2. This tentative assignment is
based on the literature data for similar samples [5, 6].
In Fig. 1 we show the absorption spectra at various pressures. Up to about
4 GPa absorption spectra are blue shifted without any noticeable change in their
shape. Between 4.8 and 5.2 GPa absorption lines abruptly disappear and we observe only smooth absorption spectum dominated by the substrate absorption
edge. We followed the position of all three states (see Fig. 2) and we determined
the pressure coefficient of the ground state which can be described by equation:
Εg = Εg(0) 112p - 2p 2 which is very close to the value characteristic of bulk
GaAs gap. We determine the pressure coefficient of the higher states by plotting
the energy separation of the B and C peaks from the A peak at each pressure
(Fig. 3).
We can observe that the higher levels have slightly higher pressure coefficients, it means that linear coefficient for B is 114 meV/GPa and for
C 117 meV/GPa.
+
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5. Discussion

We would like to point out the following results:
1. Pressure coefficient of line A (112 meV/GPa) is very close to that of bulk
GaAs (116 meV/GPa). This is in excellent agreement with results of Ref. [7] but
substantially higher than the values reported in Refs. [1] and [3]. This is partly
due to the fact that the data in Refs. [1] and [3] were fitted with a straight line
while we clearly see a sublinear behaviour, similarly to Ref. [7]. Our values seem to
contradict the strong indium-composition dependence of the pressure coefficient
proposed in Ref. [1]. It has to be stressed, though, that our results (as well as those
of Ref. [7]) were obtained at 300 K while the luminescence data from Refs. [1] and
[3] were obtained at 80 K and at 20 K.
2. Small increase in the distance between the ground and excited state can
be explained by increase in the barrier heights with pressure, in agreement with
the findings of Ref. [3].
3. Disappearance of the excitonic absorption above the crossover pressure
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has a different origin than the disappearance of the luminescence signal. The latter
occurs mainly because of the depopulation of the Γ levels while the former is due
to the resonant Fano effect. Above the crossover pressure the Γ levels become
degenerate with the Χ continuum. In GaAs quantum wells the Χ continuum is
lower in the barriers while in InGaAs wells the lowest Χ states seem to be in
the well layers (see Ref. [8]). The mixing of Γ and Χ states which leads to the
broadening of the Γ absorption line occurs mainly due to the interaction with
zone-edge optical phonons [9, 10]. In the case of GaAs wells the mixing is mainly
due to the presence of the interface which destroys the translational symmetry
along the growth direction [4]. The temperature dependence of these two mixing
mechanisms should be very different and we plan to investigate this point by performing low-temperature measurements. The Γ Χ mixing through phonons and
through the interface is very important in the double-barrier resonant tunnelling
stuctures which are based on GaAs or on InGaAs quantum wells.
–
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