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The evolution of low-temperature photoluminesceflek) spectra with the thickness of the layer
(3—400 um) is investigated on high-quality GaN grown by hydride vapor-phase epitaxy. With
increasing layer thickness, three acceptor bound exciton peaks are found to reduce in intensity,
although the impurity concentrations, measured by secondary ion mass spectrometry, do not depend
on the sample thickness. The observed acceptor transitions are attributed to intrinsic defects,
originating from the substrate/layer interface and decreasing in density with the thickness of the
layer. The optical properties, studied by reflectance, temperature and excitation power dependent
PL, are compared to those of homoepitaxial GaN films grown by metalorganic chemical vapor
deposition. ©2001 American Institute of PhysicgDOI: 10.1063/1.1427151

Hydride vapor phase epitax{dVPE) has already proved HVPE reactor using MOCVD-grown GaN layefs-1-2
to be well suited for the growth of thick GaN layers, which xm) on sapphire substrates. The HVPE reactor was equipped
has led to the fabrication of free-standing GaN substrates fowith a two-zone furnace and operated at atmospheric pres-
subsequent homoepitaxial growtt?. Due to the high pos- sure. Nitrogen was used as a carrier ¢aslm) and NH; as
sible growth rategup to hundreds of micrometers per hpgur a nitrogen precursof0.6 slm. The reactor was designed to
the capability of handling large wafer sizes and being relaobtain laminar flow and allows mixing of the NHand the
tively inexpensive, the HVPE method is very promising for GaCl just above the susceptor. The GaCl growth species
industrial applications. Despite serious drawbacks such agere in situ synthesized by passing pure HCI over liquid
layer cracking and inhomogeneous free carrier distributionsgallium (7N) at 890 °C. At a growth temperature of 980 °C,
recently reported GaN layers grown by HVPE show ratheithe GaN growth rate was varied between 40 and A60h
low defect densitied® narrow photoluminescenc¢PL)  depending on the amount of HG3—-50 sccm
peaks®® and high electron mobilities’ Therefore, HVPE The free carrier concentration in the thinnest lafreB.5
grown material of high quality can be used to study thesm) under investigation, as determined by Hall measure-
thickness dependence of the structural and optical propertiggents employing the Van der Pauw configuration, was found
in order to clarify often controversial results, obtained ont® be ~6x10cm 3. High-resolution x-ray diffraction

relatively thin, highly stressed, and defective GaN layers XRD) measurements were performed on a Bruker D8 in-
grown by metalorganic chemical vapor deposition strument. Typical values of the full width of half maximum

(MOCVD). (FWHM) of a symmetric reflection in the XRI» scans are
In this letter, we present results of a PL study on severaf80—270 and 400600 arcsec for the 5-8 and 10400

HVPE-grown GaN layers in order to follow the evolution of flMs, respectively. SIMS profiling was performed with a
the free and bound exciton peaks with the thickness of th&@meca 6F instrument using 14.5 keV primarytdens and

films. The narrow acceptor-bound exciton ling-3 me\ a nnghatlvcla se.condary beam. d with the 325
are found to decrease in intensity, and even disappear, as the otoluminescence spectra were measured with the

thickness of the GaN layer increases. Secondary ion ma A Ilnetofgloc\\;var%C_(lj_k:assrL using an excnag_on powgrbden-
spectrometry(SIMS) depth profiling shows, however, no sty up 1o cm. The emission was dispersed by a

chanaes in the imourity concentrations with varving sam Ie0.6-m-sing|e monochromator providing a spectral resolution
g punty ying P of about 0.35 meV in the spectral region of inter&sB5—

thickness. We, therefore, attribute these shallow acceptor Ie\é— 55 V). Quasimonochromatic light from a 450 W Xe lamp

els to be related to structural defects originating from thedispersed by a 0.25 m monochromatepectral resolution

film/substrate interface and decreasing in density with f|Im~1 meV), was used in reflectance measurements at near-

thickness. In addition, we show that similar acceptor—boundhormal incidence to the sample surface. The low temperature

excno_n tr_ansmons are also present in the PL spectra of hoc')ptical spectra were studied using a helium-flow cold-finger
moepitaxial MOCVD layers.

. . . _ cryostat.
Nominally undoped GaN films of thicknesses ranging ~ | 4y temperature PL and reflectance spectra of GaN lay-

from 3 to 400um were deposited in a home built, horizontal g5 of gifferent thicknesses are shown in Fig. 1. Fitting the
reflectance data with a set of four oscillatBrse obtain the
dElectronic mail: vika@sci.kun.nl positions of the freeA (XA~ 1), B (X§~%), andC (X2~*
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FIG. 1. Low temperature PL and reflectance spectra of HVPE grown GaN
of different thicknesses. The numbers on the curves denote the corresponflG. 2. Temperature-dependent PL speéfram 4 to 300 K of a 4.9um-
ing film thickness. The PL spectra are shifted in order to line up)qh:el thick GaN epilayer grown by HVPE. The numbers on the curves denote the

peak(values and directions of shifting are indicated with arpWie spec-  corresponding temperatures in K. The fréeexciton transition X3™*)
tra show freeA, B, andC excitons(X,’rl, ngly andxgzl, respectively, a dominates the emission at room temperature. The development of the lon-

first excited state of theA-band exciton 1(212), donor bound excitons g_it_udingl optical(!_O) phonon replicas of the free and bound exciton tran-
(D°X,), and acceptor bound exciton transitid#& X, , A°X,, andA2X,). sitions is shown in the inset, where LOA,, A;, andA, stand for the LO

The reflectance spectrum is measured on theuOthick sample and is ~ 'eplicas of theX}™, A%X,, A'X,, andAZX, transitions, respectively.
shifted by 3.9 meV to lower energy.

free A exciton in a straightforward way using the hydrogen
excitons and the first excited sta2S statg of the A-band atom model adopted for excitons and obtaEﬁ=24
exciton (denoted ax~?) for all studied samples. Although + 1 meV, which is similar to previously reported valifes.
theX’)\:2 transition is weak, it has to be included for a proper Thermal quenching of thB°X, peak occurs at-80-100 K
description of the full reflectance spectrum. The PL spectr@orresponding to the observed localization enelf&;'g_[’X
are shifted in order to line up the fre®exciton positions =6.6 meV atT=4 K), suggesting that the release of donor-
taking a freestanding 40@m sample as a reference. All PL bound to free excitons is responsible for the quenching. The
spectra can be well fitted using Lorentzian-shaped peaks, rédentification of three narrow PL lines at energy positions
vealing several donor and acceptor bound excitons. With in3.4696 AX,), 3.4581 A°X,), and 3.4433 eV A%X,) as
creasing film thicknesdrom 3 to 10um), the bound exciton excitons bound to neutral acceptors is consistent with the
peaks become narrowéhe FWHM decreases from 3 to 2.2 observation of their longitudinal opticdLO) phonon repli-
meV), theX2~* line becomes more pronounced and all tran-cas(inset Fig. 2, due to a strong coupling of acceptor-bound
sitions are continuously redshifted, indicating a release oéxcitons with LO phonons in polar semiconductdt8Ther-
stress and an improvement of the material quality. The intenmal quenching of thé'X,, A°X,, A%2X, lines and the cor-
sities of the acceptor-bound exciton lines in the PL spectraiesponding LO replicasA;,Aq,A,) takes place at 40—60 K.
decrease with the film thickness and some of them even disFhe line labeled L@, at ~3.39 eV is a one-phonon assisted
appear. The 40@sm-thick freestanding layer shows slightly emission of the A-band free excitons and this transition
broader PL peaks and a relatively low intensity of %  dominates in the phonon-assisted-transition region at the el-
line. We mainly connect these effects with crack formation inevated temperatures.
the films(cracking in the HVPE layers sometimes occurs for ~ To evaluate the concentrations of impurities in our
thicknesses exceeding 1@m, depending on the growth HVPE grown material, we performed SIMS depth profiling
rate). In order to further characterize the free and bound exand obtained values of about 230" atoms/cm for Si,
citon transitions and to confirm the identification of all peaksO, and C and- 10*®atoms/cm for H in the top 1um region.
mentioned above, we performed temperature- and excitatiorin fact, these values are 5 to 10 times lower than those mea-
dependent PL experiments. PL spectra of the #n® thick  sured in our hetero- and homoepitaxial MOCVD lay&r&
layer at temperatures ranging from 4 to 300 K are presentelloreover, the impurity concentrations do not depend on the
in Fig. 2, together with the evolution of the phonon replicassample thickness. Only in the 0.2—0wn thick epilayer/
of the excitonic lineginse). The donor bound exciton line substrate interface region the concentrations of impurities
(DX, at E=3.4746 eV is the strongest one d&t=4 K, but  were found to be slightly higher, as it was previously seen in
starting fromT~30 K the freeA-exciton peak dominates the other types of GaN samplé5!?This result means, that if the
spectrum up to room temperature. From the difference in thbound-exciton peaks would be related to the impurities stud-
energy positions of th&h~* (E=3.4812eV) andXa 2 (E ied by SIMS, their peak intensity ratio would be similar for
=3.4992 eV) lines, which are well resolved in the emissionfilms of different thicknesses, since the probing depth of the
spectra afT=4 K, we calculate the binding energy of the PL is only a few hundred nanometers and the impurity con-
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1 different substrate preparations: reactive ion etching, mecha-
T=4K AX l 0 . . . ‘g .
Ay DX, nochemical etching or no etching/polishing, as well as using
different growth techniques. Since the interface region and
the ambient of the reactor are usually the main sources of
unintentional impurity incorporation, it is very unlikely that
the observed\°X3~* andA'X,~* transitions originate from
excitons bound to unintentionally incorporated impurities.

In conclusion, the optical investigation of high quality
HVPE grown GaN layers shows that most PL features of the
HVPE films are essentially similar to those of homoepitaxial
layers grown on single-crystal GaN substrates by MOCVD.
homoepitaxial . The development of the PL emission with the thickness of
3.44 346 348 3.50 the HVPE films reveals the quenching of acceptor-bound-

Energy (eV) exciton peaks and appears to be independent on impurity
FIG. 3. Comparison of the PL featuréat T=4 K) of a 2-um-thick ho- Concec?tratlons aIS mleasured .by SdIMS.' Therefgr?, the Ob-
moepitaxial GaN epilayer grown by MOCVDower curvg and a 3.5am- Se“_’e acceptor levels are aSS|g_ne to intrinsic de ects. 0”9"
thick film grown by HVPE(upper curve The PL spectrum of the homoepi- Nating from the substrate/layer interface and decreasing in
taxial sample is shifted to higher energy to align the fheexciton peaks of  density with the thickness of the film.
both samples. The peak denoted B§X2:1)28, is a two-electron replica of
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