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AlxGax xN and GaN/A IxGax xN Quantum W ells Grown
by Gas SourceM olecular Beam Epitaxy
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(Institute of Semiconductors, The ChineseA cademy of Sciences, Beijing 100083)

Abstract A kGa. N and GaN /A lxGaw N quantum w ellsw ere successfully grow n on basal
plane sapphire substrates by gas source molecular bean epitaxy using anmonia as nitrogen
urce Photoluminescence measurenentsw ere carried out for the samples grown The re-
sults show that the blue shifts in optical transition energy due to quantum size effect are
57meV at room temperature and 49meV at 80K for the GaN /A lo 2Gao sN quantum well sam-
ple having 6 Ga\ w ells each w ith w idth of 7nm.
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1 Introduction

Ga\ and A IxGauw- N are potential materials for use in ultraviolet light-anitting diodes
and detectors, short wavelength lasers and high tenperature and high pow er electron-
ics’. The commercial availability of superbright blue light-emitting diodes'” and the real-
ization of the room temperature continuousw ave operation of blue lasersbased on the Ga\
system w ith lifetimemore than 1000h™* are clearly indicative of the great potential of this
material system. It isexpected that all GaN based devicesw ill take advantagesof quantum
well QW) structuresof GaN /A xGaw N and InGaN /Ga\, thus the grow th and study of
II-V nitride QW s are very important Recently, several authors have reported the suc-
cessful grow th and optical propertiesof these quantum well structures®®. U sing anmonia
as nitrogen ourcew e have grow n high quality GaN film son (0001) sapphire substrates by

gas ourcemolecular beam epitaxy (GMBE) ! °. In thispaperwe report the successful
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grow th of A kGaw x<N and GaN /A kGaw xN quantum wells and the results of photolum i-
nescence of the sanplesgrown.

2 Expermental Procedure

A homemade GMBE systen was enployed to grow the A kGaw. xN and GaN /
A IxGai- xN quantum well samples A ll sanples were grown on C-plane sapphire sub-
strates High pure elanental gallium and aluminum w ere evaporated from Knudsen effu-
sion cells, and high pure anmoniaw as enployed as nitrogen source A fter nlvent de-
greasing and themal out-gassing, the substratesw ere introduced into the grow th chamber
w here they w ere heated to about 800 and exposed to a flux of anmonia for surface nitri-
dation The substrate teanperaturew as then low ered to about 500 for the deposition of a
thin Ga\ buffer layer. Finally the tenperaturew as

Al:Ga,-.N raised to about 800 for the grow th of about 0. 4
Ium thick Ga\ film. The A kGa- «xN films and
GaN Well G /A xGaw -N quantum w ellsw ere grow n on top
of the grow n thick GaN film sat a substrate temper-
1““(‘}3\?1‘;:{::” ature of about 800 . A Il of the layers grownw ere
unintentionally doped The GaN /A IxGa. N quan-
tumn well sample consists of 6 periodsof 7nm-thick
Ga\ quantum wells clad by 8nm-thick A kGax- xN
barrier layers Its structure is schamatically illus

trated in Fig 1

Photoluminescence (PL ) measurements were

(0001 )sapphire

Fig 1 Scheamatic structure of the
GaN /A kGaw sN quantum well sample

perfomed using the 325nm line of a He-Cd laser as the excitation ource and the enitted
PL signalsw ere collected from the epilayer front surface andw ere directed to amonochro-
mator. The signal w as detected using a GaA sphotomultiplier tube

3 Reaultsand D iscussion

Four samples have been grown and w ill be discussed in the follow ing The first sam-
plef (sample A) isa GaN film which has a thickness of about 1.0um. The second and
third samples (sampleB and C) consist of, from the bottom of thew afer up, a thin GaN
buffer layer, a GaN layer and a A IxGai- xN layer. A Ithough these wo sanples have the
same thicknessof theA IxGai- N layers (about 0. 6pm), the thicknessof the GaN layersof
them isdifferent, being 0.4um for sampleB and 1. Oum for sample C, The fourth (sample
D) isa Ga\N /A xGan N quantum well samplew ith structure shown in Fig 1 A Il these
samplesw ere grow n under identical grow th conditions except the aluminum effusion cell
tenperatures The structures of these samples are summarized in Table 1 The layer
thicknesses are estimated from the grow th rates
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Table1l The structuresof the discussed ssmples

Thickness of Thickness of Thickness of Thickness of Thickness of

Sample the GaN buffer the Ga\ theA IGaN the Ga\ quantum | theA IGaN barrier
layer/mm layer/im film /um well/mm layer/nm

Sanple A 30 10 0 0 0
SampleB 30 Q4 Q6 0 0
Sample C 30 10 Q6 0 0
SanpleD 30 10 0 7 8

Fig 2 presents the room temperature PL gpectraof samplesA, B, and C The anis
sion linespeaked at 325nm and 651nm come from the excitation source of theHe-Cd laser.
From the gectra of sanple A, only
one peak centered at about 365mm
with a full width at half maximum
(PWHM ) of about 8hm (75meV ) can
be clearly observed Thispeak origi-
nates from the near-band-edge emis
sion of the GaN film. Theotherw eak
broad band peaked at about 550nm is 1t
the <-called vyellow

5 |- 523nm
sample B

F=17nm

3k 651nm

sample C

F=12nm

Intenstity/a. u.

sample A

photolumi- F=38nm

nescence (YL ) bandw hich has usual-
ly been observed in undoped and sili-
con-doped Ga\ films grown by met-
al-organic chamical vapor deposition
and by MBE A Ithough
work has been done to clarify itsori-
gin, theorigin of the YL band is still
unknown The YL band may be attributed to the native defects® "' which are produced
during the grow th of GaN films On the gectraof sampleA, the narrow near-band-edge
anission linew ith a AW HM of about 8nm (75meV ) ismuch stronger than the broad YL
band, indicating that the GaN film isof high quality. However, on the PL ectraof san-
pleB, two peaks are clearly observed One is the near-band-edge anission line peaked at
about 343nm with a PV HM of about 17 nm (179meV ). This peak originates from the
A IkGau XN film. Theother broad band centered at about 523nm is attributed to the transi-
tions related to deep level defects The YL band dom inatesfor this sample, indicating that
it has apoor optical quality.

The PL gectraof sampleC arealso shown in Fig 2 From the spectraof this sample,
w e can see that the near-band-edge emission line peaked at about 349nm w ith a PW HM of
about 12nm (122meV ) dominates, indicating that sample C isof high quality.
to sampleB, the peak intensity of the near-band-edge emission line of ssmple C ismuch

] i 1 | |
300 400 500 600 700 B0

Wavelength/nm

Fig 2 The room temperature PL gectra of
intensive one GaN sample and wo A kGaw xN

sanplesw ith x= 0. 12 and 0. 09

In contrast
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stronger than that of its YL band Since the GaN layer of ssmpleB is about 0. 4um thick
and the Ga\ layer of sample C is about 1pm thick, the difference in A IGa\ quality be-
tween these two sanplesmay be due to the difference in GaN layer thickness Due to the
large lattice misnatch (about13.8%) between GaN film and sapphire substrate, usually
the thicker the GaN film grow n, the higher the quality of it T herefore the 1um-thick Ga\
layer isof higher quality, w hich leads to the mproveanent in the optical quality of theA I-
GaN film grown on the Ga\ film.
TheA | concentration x in theA IxGa- N film s can be detemm ined approximately from
the near band edge PL peak positionsof theA IxGai- xN films W ith increasing x, the di-
rect energy band gap of theA IxGas N increases At room temperature, the variation of
the energy band gap Eq(x) of A kGa. N with x can be expressed as !
Eq(x) = 6 2x + 339(1- x)- x(1- x) (1)
From thisformulaand Fig 2w e can easily know that theA | concentration of sampleB isx
= 0.12 and that of sampleC isx= 0.09
Figure 3 show s the PL sectra of sampleD which isof a GaN /A kGaw N quantum
well The peak positioned at 325 nm comes from the He-Cd laser. O ther peaksoriginate
from the sanple the emission
S - 3650m sample D lines peaked at 344nm (on 300K
50001 ‘ d pectra) and 339nm (on 80K
300K gectra) correpond to the near-
354. 6nm band-edge emission due to recom-
359. 6nm bination in theA IGa\ barrier lay-
339nm ers thepeaksat 365nm (on 300K
pectra) and 359.6nm (on 80K
gectra) are the near-band-edge
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] | ! | | emission lines of the 1. Oum-thick
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Wavelength/nm GaN layer (see Fig 1), and those
at 359nm (on 300K ectra) and
Fig 3 The room tenperature and 80K PL sectrafor the  354.6nm (on 80K sectra), ap-
GaN /A \Gaw N quantum well samplew ith x= 0.12 pearing betw een the barrier layer
lum inescence and the bulk GaN emission, are attributed to the confined particle transitions
in the quantum well The blue shifts in energy due to the quantum size effect are about
5Mmev at room temperature and about 49mev at 80K temperature The estmated GaN
quantum well thickness and the A IxGai- <N barrier layer thickness according to grow th
rates are about 7nm and 8nm, regectively. Since the grow th conditions (including A | and
Ga effusion cell temperatures) of the A IxGas- <N barrier layer on sample D are identical
w ith those of theA IxGaw N layer on sampleB, theA | concentration of theA IGaN barrier
layer isals 0. 12, being the sane as that of sanpleB. T he accurate calculation of the con-
fined particle transition energies in GaN /A IxGas. .N quantum well is difficult and w ill not
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be discussed in thispaper.
4 Conclusion

A kGau xN and GaN /A IkGaw N quantum w ells have been successfully grow n on basal
plane sapphire substrates by G9M BE using anmonia as nitrogen source The photolum i-
nescencemeasuranentsw ere performed for the samples grow n to study their optical prop-
erties For the GaN /A lo 2Gan N quantum well sanplew ith well thickness of about 7nm
and barrier thicknessof about 8nm, the blue shiftsin energy due to the quantum size effect
are about 5/meV at room tenperature and about 49meV/ at 80K.
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