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Metal-orqanik gaz faza epitaksial (MOGFE) iisulu ilo GaAs va Ge altliglar1 Gizorindo  yetisdirilmis GaAs; N, epitaksial tobagalorinin
Raman va Fotoliiminescent xasalori tadqiq olunmusdur. Horizontal reaktorlu qurguda Trimetilgallium, Arsin vo Dimetilhidrazin element
monbayi kimi istifado olunmusdur. Niimunaler atmosfer tozyiginds, 500°C temperaturda DMHy vo bagqa element monbolorindon golon gaz
axinlarmin nisbatinin doyisdirilmasi ilo yaranan miixtalif soraitlords yetisdirilmigdir.

Asqarlanmis GaAsN —do azot (N) Raman spectrinds 470 cm’! oblastda lokal vibrasiya modlarinin miisahido olunmas ilo agkarlanir. 500
vo 600 cm™ arasinda miisahide olunan TO vo LO kimi zeif Raman modlar xslitonin qaydasizligi haqqinda molumat verir.

Yetisdirilmig niimunslorin fotoliiminessensiya (FL) xassolori do todqiq olunmusdur.

GaAs; <Ny —in torkibinde azotun (x) konsentrasiyas: toxminen 2.1% teskil etdikds, ond 77K temperaturda fotolumiiminessensiya piki

1.15 eV —da miisahids olunur.

HccnenoBanbl PamaHOBCKHe U JIFOMUHECHEHTHBIC cBoiicTBa GaAs| N, 3MUTaKCHANbHBIX CIOEB BBIPALICHHBIX HAa MOAIOKKax GaAs n
Ge MeToIOM METaIOOPraHUYecKoro xumudeckoro raszooro ocaxkaeHus (MOXI'O). Tpumerwnerammmii (TMI'), Apcun (AsHj3) u

muMetmnbruapasud (DMHy) wucnonb3oBasiack B KadecTBE HCTOYHHMKOB B YCTAHOBKE C

TOPH30HTAIBHBIM peakTopoM. OOpasubl

BHIPAIMBANKCH B aTMocdepHoM aBnernn mpi 500°C B PasHBIX PEKEMAX C H3MEHECHHEM COOTHOIICHHS ra3oBbiX MoTok DMHy u mpyrux

OJICMECHTBIX UCTOYHHUKOB.

Aszor B serupoBanHOM GaAsN o0Hapy»eH C ITOMOIIBI0 PaMaHOBCKOTrO CIIEKTpa ¢ HAOJIOJCHUEM JIOKATBHBIX BHOPHAIIOHHBIX MOJ B
obnactu 470 cm™. CnaGble paMaHOBCKHME OCOGEHHOCTH BTOPOro mopsaka kak TO um LO muku HaGmopaemsie Mexay 500 u 600 cm™,

npeaynpexaaroT O CTCICHU 6€3H0p$IZ[O‘IHOCTI/I CIujiaBa.

dotomomunecuentHsie (PJI) cBoiicTBa BhIpaleHHBIX 00pa3I0B TaKKe nccienoBaHbl. Korna KOHIEHTpalys a30Ta (X) BHyTpU
GaAs; <Ny cocraBisiet npubnusutensHo 2.1 %, To npu temneparype 77K doTomomMuHeceHTHBIH MUK Habmogaercs npu 1.15 3B.

Raman scattering and photoluminescence properties of GaAs; (N, epitaxial layers grown on GaAs and Ge substrates by means of metal-
organic vapor phase epitaxy (MOVPE) have been investigated. Trimethylgallium (TMG), AsH; and Dimethylhydrazine (DMHy) were used
as precursors in the setup with horizontal reactor. The samples were grown at atmospheric pressure at temperature 500°C and varying the

molar ratio between DMHy and the other precursors.

Nitrogen in diluted GaAsN has been detected by Raman scattering through the observation of the nitrogen local vibrational mode at
about 470 cm™. Weak GaAs second order Raman features like TO and LO peaks are observed between 500 and 600 cm™, evidencing alloy

disorder.

The photoluminescence (PL) properties have also been investigated on as grown samples. The PL peak energy of a GaAs; (N, is 1.15 eV

at 77 K, when the N content (x) is about 2.1 %.

1. INTRODUCTION

Recently, intensive experimental and theoretical efforts
have been directed towards the understanding of the
properties of group III-V alloys in which the group V element
is partially replaced by nitrogen. It has been found that the
incorporation of a low concentration of nitrogen has an
important effect on the electronic properties of these
materials. A reduction of the band gap exceeding 0.1 eV per
atomic percent of N was observed in GaAs N, for
x<0.015.[1] 1.3 and 1.55 pm InGaAsN/GaAs quantum well
(QW) lasers usable as light sources for optical fiber
communications have been reported. [2-4]

At the same time, the introduction of nitrogen shrinks
noticeably the lattice constant of the materials. Therefore for
dilute nitrides, increasing the nitrogen content, it is possible
to obtain a simultaneous reduction of both the band gap and
the lattice constant, whereas in other III-V alloys, an inverse
proportionality between these two quantities holds. Because

of these remarkable properties, a lot of works have been
devoted to these materials.[5-7] However, relatively few
devices involving dilute nitrides have been processed until
now. The main reason is that the defects present in these
materials negatively affect their characteristics (carrier
mobility, minority carrier life time, minority carrier diffusion
length etc.). As a matter of fact, even though the basic
behaviour of dilute nitride alloys is now almost
understood,[8] lot of problems remain concerning the
elaboration of these alloys and the control of their defects.
Most important defects are extended defects resulting from
large lattice mismatches (up to about 20%) and large
miscibility gap. Equilibrium thermodynamic calculations
show a large immiscibility between GaAs and GaN; therefore
heterogeneous materials, formed from the mixture of
domains of different compositions are obtained when grown
at thermodynamic equilibrium conditions. It is therefore
essential to grow these materials in out of thermodynamic
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equilibrium conditions, i. e. in a kinetic growth regime at low
temperature; the lower the temperature, the higher the
nitrogen concentration. Unfortunately, in such conditions,
point defects such as antisite defects for instance appear [9].
Moreover, nitrogen, because of its free electronic doublet
shows a great ability for binding to its nearest neighbours
with multiple bonds and in particular triple bonds. This gives
rise to specific type of defects [10,11] not observed in
nitrogen free materials. In any case, these dilute nitrides are
metastable materials and do not suffer thermal treatments
above a certain temperature.

One of the main advantages of dilute nitride addresses the
use of low cost substrates and for this reason we investigated
the growth parameters for the heteroepitaxy of GaAsN on Ge.
Germanium is a suitable alternative substrate to the “usual”
GaAs. The lattice constant and the thermal expansion
coefficient of Ge are almost identical with those of GaAs,
making Ge an ideal substrate for many already existing
applications such as solar cells, [12-14] electro-optic
applications, LEDs [15] and laser diodes.[16] Ge has higher
mechanical strength as compared to GaAs and therefore
thinner Ge substrate can be used, resulting in lighter weight
solar cells. Ge is also cost-efficient and available at large
wafer sizes.

In this work, we have grown GaAs; N, epitaxial layers
on GaAs and Ge substrates for comparison and analyzed the
effects of the substrates on N incorporation into GaAs;.\Ny
layers, band gap changes and N-related local vibrational
mode (LVM) Raman scattering. We have also investigated
the photoluminescence (PL) properties of these layers.

2. EXPERIMENTAL PROCEDURE

The samples were grown in a MOVPE set up with a
horizontal reactor (with cross section of 10.8 cm?), at
atmospheric pressure using trimethylgallium (TMG), arsine
(AsH;), dimethylhidrazine (DMHy) as Ga, As and N
precursors respectively; palladium-purified H, was used as
carrier gas. The graphite susceptor was heated by IR lamps.
GaAsN layers, about 350 nm thick, have been deposited at
temperature 500°C on 50 nm-thick GaAs buffer layer, grown
at the same temperature.

Substrates were either Si doped (1-3x10" cm™) GaAs
(100) 2° off (100) or Ge (001), 6° off (110) direction.

Raman measurements were performed with a Horiba
Jobin Yvon LabRam apparatus, using a He-Ne laser emitting

at 632 nm and a Z(—,—)Z scattering geometry. The laser

spot is about 1 um and the spectral resolution is estimated
about 2 cm™.

The PL experiments were carried out using the 488 nm line
of an Ar laser, whose excitation power level was varied in the
20-200 mW range; the laser was not focused and the laser
spot diameter was about 1.5 mm. The PL emission was
dispersed using a HR460 monochromator and detected by a
CCD detector. Emitted light was collected from the same side
as the excitation by an optical fibre placed at about 1 cm from
the sample surface. Temperature dependence of the emission
was analyzed from 78 to 300K.

3. RESULTS AND DISCUSSION
3.1 Raman scattering

The Raman spectrum of a GaAsg¢79Ng gz sample grown
on GaAs substrate evidences the TO; (268 cm™) and LO,
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Fig. 1. Room temperature Raman spectrum GaAsgg79Ng 21 on GaAs

substrate.
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Fig. 2. Room temperature Raman spectrum GaAsgg79Ng 21 on GaAs
substrate recorded during a longer acquiqition time than in
Fig. 1.
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Fig.3. Comparison between room temperature Raman spectra of
GaAs0_979N0‘021/GaAS and GaAsO_979N0‘021/Ge samples

(291 ecm™) modes as shown in Fig. 1. In addition, a Raman
mode of the Ge substrate at 300 cm™ is also present in the
spectra of the samples grown on Ge. The presence of the TO
mode in these spectra is due both to a breakdown of the
Raman selection rules that occur because of both alloy
disorder and spectra acquisition at near-resonance. The
violation of the selection rules, induced by the absence of
long-range order in the crystal, has been attributed to the
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presence of nitrogen.[17] As shown in Fig. 2, in the spectral
region ranging from 180 to 230 cm’, disorder—activated
longitudinal acoustic (DALA) phonons and LA(X) phonon at
223 cm’' are observed that confirms the absence of long
range order.

In order to study the transitions exhibiting low scattering
intensities between 400 and 600 cm™, longer acquisition time
measurements were performed (see Fig. 3), saturating the
intense peaks between 260 and 300 cm™. N related LVM at
about 470 cm™ is observed in both layers grown on GaAs and
Ge substrates. This mode is attributed to the stretching
vibration associated with isolated N atoms each bonding to
four Ga neighbours.[18]

The spectra collected on GaAs substrate were much
noisier than the ones obtained on Ge substrate, probably
because of the strong luminescence excited in the substrate.
The structures that appear between 500 and 600 cm™ are due
to second order GaAs LO and TO modes. The N mode
around 470 cm™ is also more evident in the samples grown
on Ge than in those grown on GaAs substrates as it can be
seen in Fig. 3.
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Fig. 4 PL spectra at 78 K of two samples grown in the same run on

GaAs and Ge substrates. The PL is excited by 150 mW
(unfocused) of the 488 nm line of an argon laser.
The gain for the sample grown on Ge substrate is 44 times
larger than for the sample grown on GaAs substrate. For
clarity, the spectrum of the sample grown on GaAs substrate
has been shifted up by 0.2 with respect to the spectrum of
the sample grown on Ge substrate.

3.2 Photoluminescence (PL) properties

Fig. 4 shows the PL spectra at 78 K of two samples grown
in the same run, one on a GaAs substrate and the other one on
a germanium substrate. The maximum intensity has been
normalized for both spectra; it has to be noted that the
intensity of the photoluminescence of the sample on
germanium substrate has been multiplied by a factor 44 with
respect to the one on the GaAs substrate. Apart from the
intensities, the two spectra are very similar, both peaking at
1.15 £ 0.01 eV. This means that both samples have the same
composition: GaAsj¢79Npgr; and a good crystalline quality.
The PL spectra seem to have in fact three components. The
fact that the luminescence is much less intense in the samples
grown on germanium substrate is most probably due to the
presence of extra non-radiative centres in these samples, the
physical nature of which is presently not clear.
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Fig. 5 PL spectra of the same sample grown on GaAs substrate as in
Fig. 4 at various temperatures. The PL is excited by 150
mW (unfocused) of the 488 nm line of an argon laser.
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Fig. 6 PL spectra of the same sample grown on GaAs substrate as in
Fig. 4 at various temperatures. The PL is excited by 150
mW (unfocused) of the 488 nm line of an argon laser.

Fig. 5 shows the variation of the PL spectra of a sample
grown on GaAs substrate at different temperatures between
liquid nitrogen and room temperatures. The position of the
maximum of the PL spectra does not seem to shift noticeably
between 78 and 200 K; at higher temperature, it shifts
towards low energy when temperature increases following
the bandgap narrowing of the material. It has to be noted that
the apparent absence of shift of the PL maximum between 78
K and 200 K is not in line with some published reports on
GaAsN alloys, [19,20] but that a very small peak shift at low
temperatures, much smaller than the bandgap shift, has
already been reported. [21].

The situation with the samples grown on Ge substrates
contrasts with the one of the samples grown on GaAs as
shown in Fig. 6. The PL peak shifts strongly towards low
energies for the samples grown on Ge even between 78 and
100 K; unfortunately, the spectral limit of the CCD detector
we are using impedes following this peak at temperatures
above 100 K. However looking at the high energy tail of the
emission, it seems clear that the line continue to broaden
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when temperature increases over 100 K and that its maximum
continues to shift towards low energy.

The difference of the PL behaviours of the samples grown
on GaAs and Ge substrates is striking. On the one hand, as
the PL band shapes at 78 K are quite similar, one has the
impression that the larger lattice mismatch between the
germanium substrate and the layers does not play an
important role; on the other hand, the much stronger shifts
and broadenings of the photoluminescence of the samples
grown on germanium when temperature increases suggest
that the substrate plays an important role in the processes
governing the luminescence. As the lattice expansion
coefficients are not very different for germanium and GaAs
in the temperature range 78-300 K, the variation of the
strains, induced by the lattice mismatch, with temperature can
hardly be invoked for explaining the very different
behaviours of the PL depending on which substrate the
samples have been grown.

4. CONCLUSION

The growth of good quality GaAs, Ny layers by MOVPE
is possible on both GaAs and Ge substrates. The observation
of the nitrogen related LVM around 470 cm” by Raman

scattering spectroscopy evidences the proper location of
nitrogen surrounded by four gallium nearest neighbours.

PL measurements evidence the similar composition of
samples grown in the same run on GaAs and Ge substrates.
However great differences are observed depending on the
substrate. The PL of samples grown on Ge substrates is much
less intense than the one of samples grown on GaAs
substrates indicating the presence of extra non-radiative
centres in samples grown on Ge substrates. The maximum of
the PL of samples grown on GaAs substrates practically does
not shift when temperature increases from 78 to 200 K; this
contrasts with the behaviour of the layers grown on Ge
substrates that show a strong shift of the PL maximum when
temperature increases.

In future works, further efforts should be devoted to the
elaboration of the buffer layers with different growth
conditions in order to decreases the differences between the
layers grown on both types of substrates.
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