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Early manifestation of localization effects in diluted Ga (AsN)
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The electron effective massn,, and extent of exciton wave functiomg,., were derived in

GaAs N, (y=0.043%-0.5%) from magnetophotoluminescence measurements. With an increase
in nitrogen concentration, we find tham, and r,. undergo a rapid increase and squeezing,
respectively, even foy=~0.1%. This quite early manifestation of nitrogen-induced localization
effects imposes important constraints on existing theoretical model20@ American Institute of
Physics. [DOI: 10.1063/1.1586787

Of all the isoelectronic impurities nitrogen has recently (e,C) and of free exciton recombination was performed. It
attracted much attention for the peculiar effects it has on thallowed us(i) to measure directly the electron effective mass,
electronic properties of GaAsAt the very early stage of N m,, which sharply increases fogr>0.043% before showing
incorporation into GaAs(N concentration,y, less than a tendency to saturate at0.13m;, for y~0.1% (mg is the
0.001%, narrow recombination lines appear in the emissionelectron mass in vacuum(ii) to get an estimate of the varia-
spectra at energies below the GaAs band giphese lines tion with y of the free exciton wave function size.
are attributed to carrier recombination from electronic levels ~ The samples studied are four GaAgN, /GaAs epilay-
due to N pairs and/or clusters. As the nitrogen concentratioers (y=0.043%, 0.095%, 0.21%, and 0.5%rown by met-
is increased furthefup to y~0.1%), the band gap starts alorganic vapor phase epita%y* A N-free GaAs sample was
redshifting very rapidly, coexisting with and taking in levels studied for comparison. Nitrogen concentrations were deter-
associated with N complexes, whose energies remain pinnadined by high-resolution x-ray diffraction measurements.
upon varyingy.*~® Eventually at higher concentratiofelloy ~ PhotoluminescencePL) was obtained by exciting the
limit, y>0.1%) the GaAg_yN, band gap keeps redshifting samples with the 532 nm line of a vanadate-YAG laser. The
and reaches values of interest for fiber optical communicatuminescence was dispersed by a 3/4 m monochromator and
tions and solar cell applicatiorist the same time, the elec- detected by a N-coolednGa)As linear array. The spectral
tron effective mass increas®s” a sizable Stokes shift be- resolution of our experimental apparatus was 0.1 nm. A mag-
tween emission and absorption is observ&d? the band netic field, B, was applied along the growth axis of the
gap dependence on the temperattité and hydrostatic samples.
pressur€ " decreases, and N resonant states move towards Low-temperature photoluminescence spectra of the
higher energy:*"*® This phenomenology can be describedsamples investigated are shown in Fig. 1. At the lowest N
by three different approaches. The band anticrossing modebncentration(0.043%, a number of sharp, weak lines and
accounts for the N-induced effects in terms of repulsive intwo broad, intense bands appear on the low and high energy
teraction between the GaAs conduction band minimum and giges of the PL spectra, respectively. As increases
level induced by asingle nitrogen atom in the conduction (0.095%, the sharp lines remain fixed in energy, while the
band:" A second model focuses on the possible role of in{wo broad bands redshift, progressively swallowing the low
teraction among nitrogepairs and/or clustersat high N energy recombination lines for highgr(0.21% and 0.5%
concentratior?:® Finally, a third model emphasizes localiza- The Jow energy features in the PL spectra are ascribed to
tion effects on the carrier energy levels produced by th@mpurity-like states from nitrogen pairs and higher order
breaking of crystal translational symmetry following the in- cjysters and their longitudinal opticalLO) phonon
troduction of N into the GaAs latticE. replica? ® The high energy bands are related, instead, to ra-

Here, evidence of the early development of carrier localjative recombination that involvextendedstates of the
ization (i.e., carrier effective mass increase and wave fU”CGaAsl,yNy lattice. The lower energy PL ban@nd its LO
tion size decreagdn GaAs N, is provided by magneto- phonon replicais attributed to the free-electron to neutral-
photoluminescence at very low N concentrations. Usuallycarhon transition(e,0® on grounds of its behavior upon
with an increase in the magnetic field intensity highly local-yariation of temperature and excitation densitpt shown
ized states remain at fixed energy, while extended stat8erg. The PL band located at the highest energy is due to
blueshift. A combined analysis of this blueshift in the case .Ofexciton recombination from the Gaps,N, band gap, here-
the energy of free-electron to neutral-carbon recombinatioR fier calledE . The separation in energy between teeQ)
and theE_ transitions is equal to 20 meV fgr=0.043% and
3Electronic mail: polimeni@romal.infn.it decreases te-12 meV in the samples with higher N concen-
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_ FIG. 2. (a), (b) PL spectra of GaAs N, samples withy=0.043% and
o .y - 050143‘% L a 0.21%, respectively, taken at different magnetic fields=@0 K). (c), (d)
value of theB-induced shift,AE,, of the (e,0 (closed symbolsand E_
1.36 1.4 1.44 1.48 (open symbolspeak energy, as a function of the magnetic field, for corre-
sponding samples shown in the lower pan@sand (b). The continuous
Energy (eV) (dashel lines are fits of the quadratidinea) B dependence to thAE,

] ] ) values of theE_ ((e,0) peak. Note that the data for tfie transition in the
FIG. 1. Low-temperature PL spectra of GaAgN, epilayers with different  y=0.219% sample were derived from magneto-PL spectra recorded at higher
y. The laser power density and temperatufe=0—30 K) were chosen in  |aser power to better determine the transition peak en@rglyshown here
order to better highlight the contribution from tke,C andE_ transitions.

, . ) i ) ) __pane). The electron effective mass increases from 0.065 (
trgnon. Th|s is most Ilkely .due to increasing tensile stramzo%) to 0.074n, (y=0.043%) before tending to saturate
with an increase iy, which gives the top of the valence band ~0.13m, for y=0.1%. The continuous lines in Figsic2
a more pronounced light hole character and, hence, a smallaid Z.d) a(r)e fits ofAE - B2— 02(r2 » ‘
binding energy for acceptor impurity. : € NS ofaky=ab"=¢€ <reh>/(8'“)B to the E.

The application of a magnetic field supports the previousd'amagne“C shift in the low-field regim@mall perturbation
attributions. The PL spectra of samples wyti 0.043% (di- limit). ro, and u are, respectively, the electron-hole distance
lute limit) and 0.21%alloy limit) are shown in(a) and(b) of and the reduced effective mass of excitons. At very low N
Fig. 2, respectively, for differenB values. The PL spectra concentration rapidly decreases by a factor ef2 with
were taken at about 30 K to reduce the contribution fromrespect to the value it has in GaAs and tends to saturate for
possible N-related localized statéand donor—acceptor pair y>0.1%. This behavior matches that found fog well. By
recombination, the latter ionized with the temperature beforgsing them, values determined previously, we get an esti-
(e,0 recombination. _AsB _increases, the energy pqsition of mate OFF o= \/@ for each sample from the diamagnetic
the sharp lines remains fixed by the strongly localized char-
acter N pairs and clusters have. But tBe and the(e,0
bands blueshift. Thé-induced shift, AE,, of the E_ and
(e,0 recombination lines is shown as a functiornBiih Figs. a’
2(c) and 2d) for the same samples displayed in Figéa)2 i
and 2b), respectively. Thé&e_ band shifts withB at a lower
rate than thele,0 band due to larger Coulomb attraction
between the electron and hole in the former case.

The electron effective mass),, was estimated by fit-
ting [dashed lines; Figs.(®) and 2d)] the formula for the 0.15
magnetic field dependence of the bottommost Landau leve ° °
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of the conduction band\E = 8B=(fe/2m,)B, to the shift &°
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of the (e,0 transition in theB-linear region ofAE,.2°At S 0.1}
zero magnetic fieldAE, extrapolates to a negative value, of & ®
order ofkgT/2, as found in other magneto-PL measurements
of the B-induced shift of free-electron to neutral-acceptor '
recombinationg! =23 This behavior is usually attributed to a 0.1
change in the density of states of the system from three tc y (%)

one dimensional due to a magnetic field being applied. The,g. 3, Electron effective magbottom paneland extent of exciton wave

fitted values ofm, are shown versuy in Fig. 3 (bottom  function (top panel vs the N concentratiory,
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