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Structural properties of GaN/GaAIN multiple quantum wells (MQW) grown by nitrogen plasma
assisted MBE on MOCVD-grown GaN/sapphire (GaN pseudosubstrates) have been characterised
by X-ray reciprocal lattice mapping to determine the strain and composition of ternary alloys. The
results clearly demonstrate that the barriers of GaAIN with up to 17% of aluminium content grown

by plasma assisted MBE on GaN are fully strained. Optical properties have been characterised by
low temperature photoluminescence. Photoluminescence emission peaks corresponding to the GaN/
GaAIN MQW structures revealed strong red-shift with respect to the GaN energy gap. This can be
explained by a strong internal electric field present in the QW'’s which is attributed to a transfer of
piezoelectric field due to Fermi-level alignment.

1 Introduction fluxes. The thickness of the layers was controlled by

GaAIN/GaN quantum wells (QW’s) are subject of cur-RHEED (_)scillations. MBE growth was performed on
rent investigations due to their potential for electronicl-5Hm thick GaN layers grown by MOCVD on sap-
and optoelectronic applications. Many publicationsPhire. The oxide on this MOCVD grown GaN surface
report on the characterisation of MOCVD or MBE can easily be removed by acid etching and heating prior
grown GaN/AIN and GaN/GaAIN superlattices and/orto growth. A well defined RHEED pattern and intense
multi-quantum well (MQW) structures [1] [2] [3] [4]. RHEED oscillations show that the treated MOCVD sur-
Recently, a strong piezoelectric field has been evidencd@Ce iS Smooth on an atomic scale [7]. To completely get
in GaN/GaAIN heterostructures [5] [6] and attributed torid of the eventual influence from surface oxide or from
strain related phenomena. In this work, we carefully contamination layer, we interpose a few 1000 A thick
characterise the strain configuration in GaN/GaAINGaN layer. Finally, high resolution X-ray diffraction
MQW’s and based on that we analyse their optical emis¥as performed on a 4-circle goniometer with a rotating
sion spectra which seem to be dominated by piezoele@n0de at a wavelength of CaKl.54 A

tric effects. 3 Results and Discussion

2 Experimental A relatively high lattice mismatch between GaN and
Growth of nitride films was performed in a RIBER AIN (2.5%) induces a high degree of strain in GaN/
MBE 2300 chamber. Standard Knudsen cells have becraAIN heterostructures which, depending on the sub-
used for gallium and aluminium evaporation and thestrate choice and whether or not strain relaxation has
active nitrogen was generated by a commercial (EPPccurred, can be present as well in the wells as in the
Unibulb) radio frequency (RF) cell. Samples were fixedbarriers. A good method for determining the strain con-
with indium on a molybdenum sample holder. Growthfiguration in a given heterostructure is the X-ray mea-
was performed at a relatively low substrate temperatursurement of reciprocal lattice map around asymmetrical
of 65(°C, controlled by an infrared pyrometer. The com-Bragg peaks. The MQW section of the sample we dis-
position of the GaAIN films was adjusted by varying thecuss here consists of eleven 70A/90A GaN/
beam equivalent pressure of the gallium and aluminiun®a s3Alo 1N periods. It is embedded between a 15007
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Gay gAlg1N buffer layer and a 200A GalgN  unstrained and only the barrier layers are strained and

cap layer. The whole heterostructure is MBE-grown on &ence dispose of a piezoelectric field, the 500 kV/cm
GaN pseudosubstrate, which is the strain-imposing layegffective electric field present in the QW's results from a
in this case. In figure 1 we show the reciprocal lattice transfer ” of the barrier piezoelectric field in the QW's

map of the given sample around the (104) Bragg peak ¢fue to Fermi-level alignment. It should be noted that the
the GaN substrate. Aside from the substrate peak, webserved redshift can not be attributed to exciton locali-
distinguish two additional peaks. The uppermost in th&ation by structural fluctuations of the quantum wells,
figure is due to the GaAlg 1N buffer and cap layer, since the quantum well recombination is still expected

and the middle one is the zero-order peak of the elevedPOVve the gap of bulk GaN. Finally, we can exclude the
period superlattice. case of a donor-acceptor transition as our structures are

o . . undoped.
First important information that can be drawn from P

the map is that the alloy has the same in-plane latticé Conclusion

Ipe:tr_amete{ (r?preg,entedthbycgthﬁl (h,Ig) taﬁis EI'_ﬂ'h_reCiprocaérowth of GaAIN/GaN multiple quantum wells was
atfice units of AJQ) as the GaN substrate. This meansperformed on GaN pseudo-substrates. By X-ray mea-

that the GaAIN of this thickness and composition iss;rements of reciprocal lattice maps around asymmetri-
fully strained to GaN. From the in-plane lattice parameg) Bragg peaks, we showed that a GaAIN layer with
ter and from the lattice parameter along the growth axig;,minium content up to 17% and with thickness lower
(represented by the | axis), one can calculate precisefyan 1700A is fully strained to a GaN pseudosubstrate.
the aluminium concentration of this alloy. Using Veg- |, addition, we verified by the same method that a
ard’s law for the lattice parameter and a linear interpoIaMQW sample of eleven GaN/GaAIN periods and 17%
tion between the available Poisson ratios for GaN  [8hjyminium content in the barriers is pseudomorphic to
and AIN  [9] we find an aluminium content of 17% in GaN. Photoluminescence from the wells on this sample
our alloy, which is in fair agreement with the nominal eyealed strong red-shift with respect to the GaN energy
value. From the above result we can c_onclude that th&ap_ This can be explained by a strong internal electric
critical thickness of a GaAIN layer with Al content fie|q present in the QW's which we attribute to a transfer
around 17% grown on a GaN substrate is higher thags piezoelectric field in the QW's due to Fermi-level
1700A. alignment.
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the in-plane lattice parameter of GaN substrate; thi§ CKNOWLEDGMENTS
proves that the whole heterostructure is pseudomorphithe authors would like to thank O. Briot and
on the GaN substrate. This means that, neglecting th®, Ruffenach-Clur  from GES-CNRS
small residual strain in the GaN pseudo-substrat@lontpellier for providing them part of the
induced by the sapphire, the GaN QW’s are not subMOCVD grown GaN samples and N.
jected to tetragonal distortion. In the X-ray diffraction Grandjean and J. Massies from CRHEA-
scan along the growth axis shown in figure 2, one ca@NRS Valbonne for helpful discussions.
see satellites of the superlattice structure. From the posi-
tion of the zero-order peak and the positions of the sateREFERENCES
lites one can calculate the exact thickness of well anfl] D. Korakakis, K. F. Ludwig, T. D. Moustaka&ppl.

barrier layers (73.5A / 87.3A) and the aluminium com-Phys. Lett72, 1004 (1998).
position (16.6%). [2] K. C. Zeng, J.Y. Lin, H. X. Jiang, A. Salvador, G.

Low temperature photoluminescence (PL) was meaE)OpOV'C" H. Tang, W. Kim, H. Morkogppl. Phys. Lett71,

sured on the MQW sample. In figure 3 we identify thelsgi%l\;liwl_)';lohnson Shizuo Fujita, W, H. Rowland, K. A
QW luminescence along with its phonon replicas. If w owers. W. C. Hugh’es Y W. He. N..A..EI-Masry, I W,
took into account only quantum confinement effects, the.,o, ) F 'schetzina . J. Ren, J. A. Edmoddvac. Sci.
QW luminescence should be blue-shifted with respect t§echnol. B14, 2349-2353 (1996).

the GaN energy gap (=3.47eV). However, as we can s ®| N. Grandjean, J. MassieAppl. Phys. Lett73, 1260

in figure 3, the PL of these QW's is red-shifted by(199g).

158 meV with respect to the gap of GaN. This strongs} 3. s.Im, H. Kolimer, J. Off, A. Sohmer, F. Scholz, A.
red-shift of the QW PL peak can be explained by ajangleiterPhys. Rev. B7, R9435 (1998).

strong internal electric field present in the QW's. Thelg] A. D. Bykhovski, B. L. Gelmont, M. S. Shuf, Appl.
electric field, which is necessary inside the wells topPhys.81, 6332 (1997).

obtain such a strong red shift, is around 500 kV/cm[7] EJ Tarsa, B Heying, XH Wu, P Fini, et al.,Appl.
Considering that in our samples the QW layers ar®hys.82, 5472-5479 (1997).

2 MRS Internet J. Nitride Semicond. Res. 3, 46 (1998).
© 1998-1999 The Materials Research Society



[8] C. Kisielowski, J. KrUger, S. Ruvimov, T. Suski, J. W. Omega:2Theta [degrees)

Ager, E. Jones, Z. Lilienthal-Weber, M. Rubin, M. D. 19 1 18 13 20 2
Bremser, R. F. Davi®hys. Rev. B4, 17745 (1996). 100000 Suaeis | v a i MOW
[9] LE Mcneil, M Grimsditch, RH Frenchl. Am. Ceram. 7 1owol l"__ GAIN buffer
Soc.76, 1132-1136 (1993). B ‘1 ndetp e AlD,
E jgoof s I i
= of MOW _, - of MOW
FIGURES .‘_.g-: 10og | I| \ \1 A.'“mr: ,-:I J
] f vy L
1020 ‘ - lof WM V\w ﬂ]\
: Ga_AlN 4.6 JTS 570 FT'.‘ Sl.-t FI.6 SI.S Gfl_l
_ 1015 + Q buffar and cap layer ~ . . . L [rlu of ALO,]
ol : Figure 2. Reciprocal lattice scan of GaAIN/GaN MQW along
2” 1010 + R growth axis. Satellites of the superlattice corresponding to the
ol ‘ GaN/GaAIN MQW section allow to calculate thickness of each layer.
2‘2 10.05 + ‘ superlattice 11 periods Measgrement was performed in reciprocal lattice units of
= sapphire.
—
10.00 | (104 GaN 1 o) . r - :
_ %__ 10000 |
9.95 : 1 =
: E thmmrt'plka
084 08 08 087 038 08 090 Tj 1000
HK [rlu of ALO)] A
Figure 1. Reciprocal lattice map of the GaN/GaAIN MQW é 4
sample grown on GaN substrate. The GaAIN buffer and cap £ 1w , -

layers and the zero-order peak of the superlattice corresponding 360 \-‘\?'" w gol) 420
to the MQW section have the same in-plane lattice parameter A

as GaN. Measurement was performed in reciprocal lattice unifsigure 3. Low temperature photoluminescence spectra of
of sapphire. multi-quantum well.
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