Brazilian Journal of Physics

BRAZILIAN JOURMAL OF

> ISSN: 0103-9733
luizno.bjp@gmail.com
Sociedade Brasileira de Fisica
Brasil

Oliveira, R.F.; Henriques, A.B.; Lamas, T.E.; Quivy, A.A.; Pires, M.P.; Souza, P.L.; Yavich, B.;
Abramof, E.
Luminescence from Miniband States in Heavily Doped Superlattices
Brazilian Journal of Physics, vol. 34, num. 2B, june, 2004, pp. 650-652
Sociedade Brasileira de Fisica
Sao Paulo, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=46434431

How to cite é} //._‘-

.
p .

Complete issue o .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org/articulo.oa?id=46434431
http://www.redalyc.org/comocitar.oa?id=46434431
http://www.redalyc.org/fasciculo.oa?id=464&numero=3789
http://www.redalyc.org/articulo.oa?id=46434431
http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org

650 Brazilian Journal of Physics, vol. 34, no. 2B, June, 2\

Luminescence from Miniband States in Heavily Doped Superlattice

R.F. Oliveira, A.B. Henriques T.E. Lamas, A.A. Quivy*, M.P. Pires,
P.L. Souzé, B. Yavich, and E. Abramof
*Instituto de Fsica da Universidade ded® Paulo, Caixa Postal 66318, 05315-97@o%aulo, Brazil
fCentro de Estudos em Telecomunites, Pontiicia Universidade Caitlica,
Rua Marqiés de 8o Vicente, 225, 22453-900, Rio de Janeiro, Brazil
** Instituto Nacional de Pesquisas Espaciais, LAS, Caixa Postal 515, 121418008 dos Campos, SP, Brazil

Received on 31 March, 2003

We have studied doped superlattices of GaAs/AlGaAs composition. When the doping atoms are introduced into
the barriers surrounding the superlattice, as well as to the inner ones, but with half of the concentration, the pho-
toluminescence due to interband transitions from extended superlattice states is detected. This is demonstrated
by a study of the sample’s photoluminescence in a magnetic field, whose intensity oscillates in concomitance
with the SdH spectrum of electrons confined in the miniband.

1 Introduction 2 Experimental

The AlGaAs/GaAs superlattices were grown by moleci
The determination of the characteristic parameters of low di- beam epitaxy (MBE) and consisted of 20 GaAs quan
mensional semiconductor systems requires an experimentalvells of 50 A width, separated by 19 Ab;Ga 7oAs in-
technique sensitive enough to detect the singularities in thener barriers of thickness B0 The thickness of the layer
electronic density of states [1-4]. In superlattices, optical in the structures were determined by X-ray reflectivity m
detection of the van Hove singularities associated with elec-surements. The density of Si in each AlGaAs inner |z
tronic minibands has been accomplished by measuring thewas1.9 x 102 cm~2 in both samples (one of the sampl
absorption spectrum due to intraband transitions, in the farwas also doped in the outer AlGaAs layers, with half of
infrared wavelength range [5]. Interband optical methods, concentration contained in the inner AlGaAs layers). -
however, could not be used successfully, due to the forma-Shubnikov-de Haas (SdH) measurements of in-plane
tion of excitons at the edges of the van-Hove singularities ductivity were made on approximately square samples,
[1]. In heavily doped superlattices, exciton formation is sup- contacts in the corners, using currents«@&00-400uA. PL
pressed, due to Coulomb screening and phase-space fillingmeasurements were done in the Faraday geometry, usir
and it should be possible to detect miniband singularities tical fibers andn situ miniature focusing optics. All mee
by using interband photoluminescence (PL) spectroscopy,surements were done at 2K.
which is the subject of the present investigation. One draw-
back, however, is that often the PL of doped superlattices
is completely dominated by transitions between localized ; ;
Tamm states, precluding the detection of interband transi-3 Results and Discussion
tions associated with extended miniband states [6]. When
the doping atoms are located in the inner barrier layers of
the superlattice, the spatial separation between the electroni
charge and the ionized donors gives rise to a strong bend
ing of the band-edges at the boundaries of the superlattice L .
which causes a shift of the outer wells from resonance with lended miniband states). For sample 2268 (doped both

the inner ones, and Tamm states are formed (for a survey of'@ly @nd externally) the Tamm peak was absent, and p
Tamm states in superlattices see Ref.[7]). were detected at 25T and 34T, due to electrons in exte

miniband states. The arrows indicate the association o

By solving the Schroedinger and Poisson equations, wepeaks with either Tamm states (T) or miniband stafe |
found that the band-bending that causes the formation ofand;), based on the peak’s displacements as a functic
Tamm states can be avoided if, in addition to the inner bar-the tilt angle between the magnetic field and the axis of
riers, doping atoms are also added to the outer layers of thesuperlattice, as described in Ref.[8]. PL measurements
superlattice, with an areal concentration about half the valuedone as a function of the magnetic field, in the range 0O-:
used for the inner ones. Superlattices with such a dopingfor both samples. It was observed that the magnetic -
profile are investigated in the present report. causes modifications in the PL spectrum, due to the for

Figure 1 shows the Fourier transform of the SdH oscillati
{for the samples studied. For sample 2434 (doped only i
nally) we observe a peak at 14T (due to electrons in a Te
state) and two peaks at 35T and 44T (due to electrons il
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tion of Landau levels. For the samples with both internal and

external doping the Landau level structure developed was ]
weaker than in the sample containing dopants in the internal o

barriers only. This observation fits well into the assump- 3.6x10°q 1632ev
tion that the in the latter type of sample, PL is dominated 1

by electron-hole recombination in Tamm states, whereas in ~ 9

w
o
bl
-
o
1

the former type samples, the PL is due to the recombination
of electron-hole pairs in extended miniband states. This is
because the quantum lifetime of electrons occupying mini-

band states is about 50% shorter than of electrons in Tamm %
states, and therefore will be described by a weaker Landau 1
level structure (the quantum lifetime at the Fermi energy for 1.8x10°4 ——j\%//\//

[

PL (arb.un.)

Tamm and extended superlattice states was estimated from
the SdH spectrum; SdH oscillations associated with Tamm

and superlattice states as in Fig. 1 were isolated from the rest 1.2x10°
of the SdH spectrum, using a Fourier bandpass filter, and the ——— e LX) |
guantum lifetime was determined from the magnetic field 0 2 4 6 8 10 12 14 16 18
dependence of the amplitude of the SdH oscillations). magnetic field (B)
2.0 Figure 2. Magneto-oscillatory PL intensity for sample 2268 at
fixed photon energies.
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frequency (T) Figure 3. (@) MOPL afw = 1.632 eV and SdH spectrum for

sample 2268; (b) Fourier transform of the MOPL and of the SdH
Figure 1. Fourier transform of the oscillations of SdH spectra of spectrum.
samples 2434 and 2268.
persion. Taking into account the crystal momentum conser
T blish th f the Landau level vation [9], the energy of the photons emitted when electron:
N es_ta IS the nature of the Landau eve st_ructun_a ONtransit between conduction band and valence band Landz
more solid evidence we measured the PL intensity at fixed . :
. h T .~ “levels will be given by
photon energies as a function of the magnetic field. Fig-

ure 2 shows the output of such an experiment for sample hy — E N 1\ heB

2268. In order to demonstrate that the origin of the magneto- v=>~ot + 2/ o

oscillatory PL (MOPL) shown in Fig. 2 is the optical re- or 1)
combination of photoexcited holes and electrons belonging I\ heB

to extended miniband states, the MOPL was Fourier trans- hv=Ey+ A+ A, + (N + 5) M ,

formed, and the resulting spectrum was compared to the
Fourier transform of the SdH oscillations. For all photon en- for transitions at the Van Hove singularitiéd, and M,
ergies, the MOPL showed a doublet structure in the Fourierrespectively, whereN = 0,1,... and E, is the zero-
transform. field bandgapA. and A, are the conduction and valence
Figure 3 shows the Fourier transform of the MOPL de- miniband energy widths, and is the reduced mass of the
tected at a photon energy bf = 1.632 eV, and the Fourier  electron-hole pair.
transform of the SdH oscillations. The two spectra are re-  If the magnetic field is increased from zero and the PL
markably similar. In order to understand the relation be- is detected at a fixed energy, the PL intensity should un
tween the two spectra, we assume a parabolic in-plane dis- dergo maxima whenever the detection energy coincides wit|
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one of the energies given by (1). For photon detection atthe SdH oscillations due to carriers confined in an electr
the Fermi level, i.e.hv = Er = Ey + ¢., Wwhere Ep miniband. Thus, the PL seen can be associated with i
is the Fermi level and. is the energy difference between band transitions between miniband states.

the Fermi level and the bottom of the conduction miniband, This work was supported by FAPESP (Grants |
the magnetic fieldsB, at which the maxima occur willbe  99/10359-7 and No. 01/00150-5) and CNPq (Grant
given by 306335/88-3 ). The authors thank Professor Nei F. Oliv
Jr. for allowing us the use of the 17T magnet.
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therefore the Fourier transform of the MOPL will be char-
acterized by a doublet at the frequencies

, 2
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