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Abstract. IR photodetectors based on GaAs/Al0.25 Ga0.75 As multiquantum wells (QWIP) grown by molecular beam epitaxy (MBE) are studied. The envelop function formalism is used to determine the theoretical
intersubband transition energies. The electronic states are calculated in both parabolic and non parabolic
cases. IR spectroscopy transmission is used as the experimental technique to evaluate the optical absorption. The measures are made at 77 K for incidence at both 45◦ and Brewster angles geometries. The
last experimental results compare well with the theoretical ones and correspond to 10–12 μm operating
wavelength.
PACS. 78.67.De Quantum wells

1 Introduction

using δ-doping method. The corresponding parameters are
reported in Table 1.

The QWIPs are cooled quantum detectors well adapted
to military, medical and imaging applications [1–3]. These
low dimension hetero-systems has been developed more
over the last ten years and now reaches an high level of
maturity [4–7]. The IR detection in the GaAs/AlGaAs
structure is governed by intersubband transitions in the
conduction band. The wavelength spectral response is adjusted while varying both the Al composition and the well
thickness.
In Section 2 we give the growth parameters of the studied samples. In Section 3 we give a brief description of the
theoretical approach used for the electronic states and energy transition calculations. In Section 4 we present the
optical absorption measurements and related modeling.

2 Sample parameters
Two samples were grown using MBE technique. Sample (A) is constituted by 50 periods while sample (B)
contains only 8 periods. The structures were grown on
GaAs (100) semi-insulating substrate. The growth temperature was kept between 560 and 600 ◦ C. The Al composition was ﬁxed to 25% in both samples while the well
thickness was varied. The thickness was determined by
X-ray diﬀraction and conﬁrmed by transmission electron
microscopy (TEM) probes. The wells were Silicon doped
a
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3 Operating wavelength calculations
The electron motion in the envelop function approximation is described by the following Schrodinger equation:

−
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2m∗ ∂z 2

(1)

where En and χn (z)are respectively the eigenenergy and
envelop eigenfunction of the nth subband. V (z) is the conduction band oﬀset. The limit conditions of the wavefunction and its mass pondered derivative speciﬁc to
superlattices lead to the dispersion equation [8–10]:
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cos(qd) = cos(kw Lw ) cos(kb Lb ) −
−ξ +
2
ξ
× sin(kw Lw ) sin(kb Lb ) = F (E).

(2)

The calculations were made in both parabolic and
non-parabolic cases. Nonparabolicity eﬀects have been
introduced following Nelson’s approach [11] where the
energy-dependent eﬀective masses are given by:


(Vb − E)
m∗w (E) = m∗w (1 + E/Ew ) and m∗b (E) = m∗b 1 −
Eb
(3)
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Table 1. Structural parameters of studied samples.
Samples

Structure

A
B

Al0.25 Ga0.75 As
Al0.25 Ga0.75 As

Well
Doping (cm−2 ) Thickness (Å)
4 ×1011
40
11
5.5 ×10
50

Barrier
thickness (Å)
500
500

Number of
periods
50
8

Table 2. Calculated energy levels and wavelength of corresponding transitions.
Sample

x (%)

Lw (Å)

Lb (Å)

A
B

25
25

50
40

500
500

E0 (mev)
Parab N. parab
68.2
66.5
85
82.8

where Ew and Eb are the eﬀective energy gaps between
the conduction and light-hole valence band respectively in
the well and barrier.
Only one level was found to be conﬁned in the well.
The transitions are then bound to continuum. The results
are reported in Table 2 where E1 is the ﬁrst quasi-level
located in the continuum.
For both samples the nonparabolicity eﬀect implies a
reduction of the conﬁnement energy. This is an expected
result when considering usual boundary conditions [12].
The shift of ground state is more important in sample B
since it goes higher up in the conduction band.
However, the nonparabolicity eﬀect is small on the E1
quasi-level. We believe this results from the continuum
character of this level.
In all cases and for the two samples the operating wavelength is situated in the long wavelength infrared domain.

4 Absorption measurements
The intersubband transitions in QWIPs are governed by
selection rules that appear in the absorption coeﬃcient
given by [8,13]:
2
πe2 cos2 θ  ωif
αp (ω) =
μ2 [f (Ef ) − f (Ei )]
ncε0
ω if
Γ
×
·
(Ef − Ei − ω)2 + (Γ )2

E1 (mev)
Parab N. parab
191.22
190.52
191.62
191.52

λ (μm)
Parab N. parab
10.14
10
11.63
11.4

Fig. 1. Light coupling geometries: (a) 45◦ polissed face;
(b) Brewster angle; (c) wave guide multipass.

The total absorption depends also on the refraction
angle r and the absorbance is given by:
A = N αp

sin2 r
,
cos r

(5)

N is the number of wells in the structure and αp is the
absorption related to one well.
The absorbance is deduced from the transmission measurements following the relation:
Absorbance = log10 (T )

(6)

where T is the transmission of the detector related to the
absorption coeﬃcient and its geometry by:
T (1 − R)2 e−αL ∼
= e−αN LP

(7)

(4)

Only the transverse magnetic (TM) polarization of electromagnetic wave leads to intense interssuband transitions
because the strong coupling of light and carriers. Then,
the design of QWIPs is mainly based on this consideration. Two major ways are used to maximise the absorption [14–16]. The ﬁrst one is based on simple pass of light
(Figs. 1a and 1b), while the second is based on multipass
of light using wave guide technique (Fig. 1c).
In our case, we have used the simple pass technique in
two geometrical conﬁgurations of light coupling: incidence
normally to the 45◦ polished face (Fig. 1a) and incidence
at the Brewster angle (Fig. 1b).

where LP = Lw + Lb .
FTIR spectrometer was used for measurements. GlowBar black-body covering the whole mid-infrared spectrum
was used as a source of radiation. Measurements were
made at 77 K for both cited geometries.
Figures 2 and 3 show an example of interssuband absorption spectra for both samples. Bold curve represents
experimental results while the ﬁne curve represents the
Lorentzian modeling corresponding to equation (4).
The obtained spectra are broad and of weak intensity.
This is a manifestation of the bound to continuum character of these transitions. The full width at half maximum
(FWHM) of the peaks are about 25 meV for both samples
leading to relaxation time value of about 0.08 ps. This is
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5 Conclusion
We have grown IR photodetector based on GaAs/AlGaAs
multiquantum well by MBE. The measured operating wavelengths lay in the third atmospheric windows
(8–12 μm). They were found to agree well with the calculated ones determined upon the envelop function framework and to be reduced by the nonparabolicity eﬀect.
A small relaxation time value was obtained in concordance with bound-continuum transitions.

Fig. 2. (Color online) 77 K absorption spectrum of sample A.
Bold curve: experiment; fine curve: modeling.

Fig. 3. (Color online) 77 K absorption spectrum of sample B.
Bold curve: experiment; fine curve: modeling.
Table 3. Measured operating wavelength.
Sample
A
B
A

Brewster Incidence
λp (μm)
10.24
12.5
Incidence at 45◦
10.2

a small value comparing to the one corresponding to
bound to bound transitions [17]. This is probably due to
the fact that the corresponding oscillator strength is distributed over the extended states of the continuum.
The operating wavelengths obtained from these spectra are reported in Table 3. Quite good agreement is found
between the measured and calculated values.
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