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Optical evidence for lack of polarization in (112_0) oriented GaN/ (AlGa)N
guantum structures
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We apply continuous and time resolved photoluminescence spectroscopy for studying GaN/AlGaN
multiquantum wells structures grown on nonpotaplane GaN templates. We found th@ the
energy of the emission from the nonpolar samples decreases slightly with the quantum well width,
in a manner explained by the quantum size effect ofthy;the energy differences between the
absorption and the emission peaks are independent of the well widtli¢)athe decay time of the
photoluminescence is only slightly dependent on the quantum well width and is quite similar to that
of bulk GaN. These observations are markedly different from measurements obtained from
conventional polaf0001] oriented quantum well samples. They clearly demonstrate the absence of
an electric field in the nonpolar samples. Our observations are favorably compared with an eight
bandsk:-P model calculations. @005 American Institute of PhysidDOI: 10.1063/1.1926406

. Nonpolar growth of III-nitrideg(III-N) hgterostructures GaN/(Aly,GagN QWs grown on a nonpolar(llEO)

is a promising means of circumventing the stronga plane GaN template in a vertical close-spaced showerhead
polarization-and piezoinduced electric fields that exist inOCVD reactor. The growth temperature was1000 °C
conventionally grown wurtzite nitride semiconductors. Theand TMGa, TMA1, and Nk were used as precursors for the
total polarization of a llI-N film consists of Spontaneous andgrowth. Thea-p|ane GaN temp|ates were grown on Sing|e
piezoelectric polarization contributions which both originateside polished -plane sapphir¢11]. Four different samples
from the single polaf0001] axis of the wurtzite nitride unit were grown with varying GaN well widtfnominally from 4
cell. The common growth direction of nitride layers is paral-to 9 nm while holding the AlGaN barrier thickne$40 nm

lel to this polar axis, hence, polarization discontinuities existand its Al composition constant0.2). After growth, the
along the growth direction that create fixed sheet charges atructures were characterized by high-resolution x-ray dif-
surfaces and interfaces. The resulting internal electrical fieldraction (HRXRD) in conjunction with dynamical diffraction
spatially separates electron and hole wave functions alongimulationsl.2 Cross-section transmission electron micros-
the quantum well$QWs) growth direction, thus reducing the copy and atomic force microscopy in tapping mode were
energy associated with their radiative recombination andised, in addition, in order to image the MQW microstructure
lowering its internal quantum efficiency. These effects areand surface morphology, respectivéfyThe structural data
manifestations of the quantum confined Stark eft@ESB  obtained from the high-resolution x-ray diffraction measure-
and have been thoroughly analyzed for GGANGa)N and ments are summarized in Table I. The validation of coher-
GaN/InGaN quantum well5” Conversely, polarization- €nce growth of similar MQW structures was confirmed by a
induced electric fields should not affect I1-N semiconductorsreciprocal space mapping taken in the vicinity of asymmetric
grown in nonpolar directiondi.e., perpendicular to the GaN (2020) reflection’? For the optical measurements, the
[0001] axis) due to the absence of polarization discontinui-samples were mounted in a closed cycle helium flow optical
ties along these growth directions. For exampieplane cryostat. We used light from a xenon lamp, dispersed by 0.34
AlGaN/GaN quantum wells were recently grown on them monochromator, as an excitation source for the photolu-
(100 plane of LiAIO, substrates using both plasma assistedninescence excitatiofPLE) measurements. For time re-
molecular beam epitaxfY{MBE) and halide vapor phase Solved spectroscopy, the samples were excited at normal in-
epitaxy®? More recently, growth of-plane QWs on-plane  cidence by a frequency-tripled, 260 nm, 120 fs-pulsed
sapphire substrates resulting @m@) oriented QWs was radiati_on from a Ti: sapphire laser. The collected PL Iight
attempted by MBE(Ref. 10 as well as by metal-organic was dispersed by a 0.22-m monochromator, followed by ei-
chemical vapor depositioMOCVD).™ These QWs indeed

gave experimental indications for the absence of the internalABLE I. HRXRD measured layer thickness and composition.

built-in electric fields.

In this article, we describe in detail, continuous wave GaN Qw AlGaN barrier N
. . — Sample ID thickness(nm) thickness(nm) Al composition
(cw) and pulsed optical studies of nonpoldrl20) a-plane
GaN/(Al,Ga)N multiple gquantum well(MQW) structures N021120B 4.1 10.3 0.2
grown by MOCVD. The samples contained ten periods ofN021120C 5.8 9.1 0.2
N021120D 7.9 9.0 0.2
NO021120E 9.3 8.9 0.21

dElectronic mail: bahir@ee.technion.ac.il

0003-6951/2005/86(20)/202104/3/$22.50 86, 202104-1 © 2005 American Institute of Physics
Downloaded 18 Jun 2005 to 132.68.238.97. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp


http://dx.doi.org/10.1063/1.1926406

202104-2 Akopian et al. Appl. Phys. Lett. 86, 202104 (2005)
15K .. (@ i b) pemmaccd =~
~Ga d = Ml 3 9 16K
- —PL_ | 93nm i T
LDV 4 B r— o)
8 /\j PLE —— Emission § I
Z PP B Absorption § £
g Vol L et R 3
-t =~ o
g /J - o, 5 T i
= 5% (3
=l §- =
o 3 ]
2 W g g
= [} VS 4
E[S :
3| &% 2
©
%l = 8 bl R
3 st 18 . ‘ ‘
=t - ‘ - : - 15 2 25 35
34 3.6 3.8 34 3.6 3.8 Time (ns)
Energy (eV) Energy (eV)

FIG. 2. Low temperature PL decay time measurements for theaqlane

FIG. 1. Measureda) and calculatedb) PL (solid line) and PLE(dashed nonpolar AlGaN/GaN MQWs samples.

line) spectra of foura-plane nonpolar AlIGaN/GaN MQWSs samples. The
vertical bars in(a) indicate exciton peaks in PLE spectra.

comparison between the measurements and the calculations,

ther a UV-enhanced liquid nitrogen-cooled charge coupledne presented PLE spectra were normalized to unity at their
device array(cw modse, or by a multichannel plate photo- Maximum. We note in Fig. (&) that the energy difference
multiplayer (pulsed mode Conventional time-correlated, Petween the absorption edge, as determined by the PLE
single-photon counting electronics were used for the timespectra and the PL energ$tokes shift is nearly indepen-
resolved spectroscopy. The low temperatd®K), PL spec-  dent of the QW width. The shifts are comparable to the PL
tra of four MQW samples are presented in Figg)1For the linewidth and completely absent in the calculated spectra.
excitation, a 4.76 e\(260 nm) radiation was used with esti- We attribute the shift to inhomogeneous broadening which is
mated average intensity of 400 w/&nAs can be seen in €xpected due to the samples’ structure and composition non-
Fig. 1, the PL emission energy becomes lower as the Qwniformity. This is in marked contrast to polar samples,
widens. The energy of the PL from the widest QW samplegvhere it was shown(for [0001] oriented GaN/InGaN
(7.9 and 9.3 nmis roughly the samé3.46-3.47 eYand itis MQWS) that the Stokes shifts strongly increase with the QW
about 20-30 meV above the energy of the PL from the nonwidth.® The Stokes shift dependence on the QW width was
polar relaxed GaNnot shown. This relatively small depen- quantitatively attributed to the presence of strong electric
dence of the PL energy on the QW width can be fully ac-fields in the polar samplésTherefore, the absence of this
counted for by the quantum size effestee below. This  dependence is yet another strong indication of the absence of
observation is completely different from that observed in po-€lectric fields in the nonpolar samples. The higher energy
lar GaN/AlGaN or InGaN/GaN MQW(Refs. 5 and § parts of the PLE spectra in Fig(al do not show the rich
samples grown or(0001) oriented sapphire substrates. In structures that the absorption calculations in Figp) Show.
those samples, the PL energy dependence on the QW widiFhis discrepancy is also attributed to nonuniformity in the
is much stronger, since in addition to the quantum size effecisamples, which smears the higher energy spectral features.
strong spontaneous and strain-induced piezoelectric fieldsideed, lateral undulations in the quantum wells’ thickness of
significantly reduce the PL energy. In those samples, whil@rder 10% can be deduced from the x-ray measurements re-
the energy of the PL from narrow QWs is higher than theported in Ref. 12.
GaN band-gap energy, the energy of the PL from wide QWs  Another indication to this effect is the absence of a clear
fall well below (100—200 meV the GaN band-gap energy. excitonic resonance in the PLE spectra of the nonpolar
This is due to the quantum confined Stark effé‘gin the  MQW samples. These resonances are commonly observed in
presence of the large electric fields in those polar samples.narrow MQW and bulk GaN samplésere again, the uni-
The small(20 me\) difference between the PL energy formity of the nonpolar samples and their interface quality
from the widest QW sampl€.3 nnm) and that from the re- are lower than the uniformity and quality achieved in con-
laxed nonpolar GaN, is attributed, mainly, to residual com-ventional, polar samples. As a result, the excitonic resonance
pressive strain in the GaN QW layer. The compressive strairis smeared in the non-polar samples.
which is absent in the relaxed GaN layer in the control  PL decay time measurements for the nonpolar reference
sample, increases the PL from the MQW sample. We foundnd MQW samples are shown in Fig. 2. All the PL transients
that the PL energy from relaxed polar GaN is 3.48 eV, 30show a nonexponential decay, which becomes slower at
meV higher than the PL from nonpolar GaN. This differencelonger times. We fitted the initial, fastest part of each tran-
is probably due to differences in the thermal mismatch strairsient with a monoexponential decay model, shown by the
between the two different orientations of the sapphire subdashed lines in Fig. 2. We note that for all the MQW
strates. samples, the fitted characteristic decay times are in the range
The PLE spectra of the MQW samples are shown in Figof 200—400 ps and they are nearly the same as that of the
1(a). For comparison, we present in Fig(bl calculated bulk GaN control sample. This is vastly different from the
emission and absorption spectra. The calculations are bas@l decay times from polar GaN/AlGaNRef. 5 and
on our k-P model, and they take into account the growth InGaN/GaN(Ref. 6 MQW samples. In polar samples the
direction, the resulting lattice mismatch strain, and the two-PL decay times strongly depend on the MQW widths and can

dimensional confinemefitin order to facilitate guantitative achieve a duration of 10—-100 ns for similar well widths. This
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In conclusion, we have studied nonpolar GaAIN/GaN

T 400 — : : . : :
i aso} @ i 1 MQW samples and have shown that
E 300y § ¢ ] 1. The PL energies slightly decrease with the increase in the
ES 250' § 1 H
B QWs width.

200 ulk GaN , ) .
§ 2. The PL decay times increased to some extent with the
g 150 increase in the QWs width.

154 i 3. The Stokes shifts between the exciton peaks in PLE and
g 152 (b) O Experiment | PL spectra are comparable to the PL line width and nearly
2 35 —Theory QW width independent.

5 348 Bulk c-plane GaN
; T it es are in quantia i
o 346 Bulk a-plan 1 These dependencies are in quantitative agreement with con-
344— 5 ry 7 a ° 10 siderations based on the quantum size effect in symmetric
Well Width (nm} QWs. Therefore, we view these results as unambiguous

manifestations of the absence of electrostatic field in the non-

FIG. 3. Measured decay timga) and PL energiegh) vs QW widths. The polar samples.

solid line represents the calculated band gap using eight Hafdmodel.
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