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High quality GaN crystals can be grown on sapphire by hydride vapor phase epitaxy. The thermal
expansion mismatch between sapphire and GaN produces strain in the GaN crystal as it is cooled
from the growth temperature to room temperature. The strain is evidenced by shifts in the
photoluminescence and reflectance line positions. By analyzing the surface strain as the crystal
thickness is increased, the thickness required to obtain zero surface strain can be estimated. This
structure might provide a lattice matched and thermally matched substrate for further epitaxial
growth of GaN. © 2000 American Institute of Physids$§0021-897@0)06315-5

INTRODUCTION EXPERIMENTAL DETAILS

Substantial progress in growing high quality GaN by the ~ The samples used in the experiment varied in thickness
hydride vapor phase epitaxyHVPE) method has been from 0.8 to 61um. They were grown orf0001) sapphire
achieved: High growth rates make the growth of thick layers substrates by the HVPE process. This growth technique em-
practical. These thick layers have the potential to provideploys a chloride-transport HVPE vertical reactor, with a
lattice matched and thermally matched substrates for furthegrowth rate~21 um/h at 1050 °C, which results in uninten-
epitaxial growth of GaN. The currently investigated HVPE tionally doped GaN. Electrical measurements are bulk mea-
epilayers are grown on sapphire substrates. GaN crystallizesirements so the electrical properties near the interface will
in the wurtzite structure and the epilayer films grow with thealso be sensed for all the samples, regardless of thickness. In
“c” axis normal to the growth interface. Due to the thermal fact, it is known that HVYPE GaN layers contain a thin
expansion mismatch between sapphire and GaN, cooling~2000 A) highly conductive region near the GaNA®L
from growth temperature to room temperature strains thénterface!' By using a differential Hall-effect analysis, it
GaN layer. A number of authors have shown that this straircould be shown that the room-temperature electron concen-
is clearly evidenced by shifts in the photoluminescefi®le,  tration near the surface of each sample varied from18'®
photoreflectancéPR), and reflectancéR) line positions> 1  to 5x10%cm™2 and the mobility varied from 100 to 860
It was shown in Ref. 9 that the energy of the free excitoncm?V s for the thinnest to the thickest sample.
associated with the top valence bard,) varies linearly All optical measurements were made with the sample
with the in-plane and axial components of the strain tensorimmersed in liquid He at 2 K. Excitation for time-integrated

In the present work, we report on the strain near thephotoluminescence was provided by the 3250 A line of a
surface of GaN epilayers with varying thicknesses grown byHeCd laser. PL spectra were produced by a high resolution
HVPE on sapphire substrates. We extract the surface strah m grating spectrometer equipped with an RCA C 31034A
as a function of thickness from transition energies deterphotomultiplier tube. Reflectance measurements were made
mined by PL and R measurements. Optical measurements the same spectrometer system using a high pressure Xe
are ideal for determining the surface strain since they onharc lamp source. Time-resolved PL decay measurements
penetrate a small distance into the sample due to the largeere made with a Hamamatsu model C1587 synchroscan
absorption coefficient. We estimate that the surface straistreak camera. The excitation source for time-resolved mea-
would be fully relaxed for a layer thickness near @B,  surements was a frequency-tripled mode-locked Ti: sapphire
allowing for the possibility of further epitaxial growth on a laser producing pulses with a wavelength around 2750 A and
lattice-matched substrate. Time resolved PL decay measura-nominal pulse width below 1 ps. Although the streak cam-
ments on the samples showed that radiative lifetime inera is capable of 10 ps resolution, trigger jitter and the nar-
creased as the sample thickness increased, verifying that thew spectrometer bandwidth limited the effective temporal
crystal quality improves with reduced strain. resolution to about 50 ps.

0021-8979/2000/88(3)/1460/4/$17.00 1460 © 2000 American Institute of Physics
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FIG. 2. Photoluminescence spectra for the same four samples in Fig. 1.
Each spectrum is labeled with the GaN epilayer thickness in microns.
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Energy (eV) Figure 3 plots all the observed spectral features versus

this extracted surface strain. The plot of the reflectdfces,
FIG. 1. Unnormalized reflectance spectra for four samples of HVPE GaN opf course, exactly the strain calibration line: it is included to
sapphire. Each spectrum is labeled with the GaN epilayer thickness. ThghOW the good agreement between the R and PL measure-
curves are shifted vertically for clarity. The estimated energies foAthed . . ;
B free exciton transitions are indicated. ments ofE, . There are two observations worth noting. First,

the separation between tieand B free excitons increases

EXPERIMENTAL RESULTS 352

Unnormalized reflectancéR) spectra for four samples
with different GaN thickness are shown in Fig. 1. A linear
tilt has been subtracted from each reflectance spectrum. Two
Lorentzian-derivative line shapes are clearly visible for all
four samples. These transitions are associated witlA éued
B free excitons, which involve thEq andI'; valence bands,
respectively. Additional features above and below Ahaend
B exciton features make exact line shape fitting difficult, so
the A andB transition energies are estimated using the mid- aso}
point of each line shape. PL spectra from the same four <
samples are displayed in Fig. 2. The PL spectra for the threeZ
thick samples have a similar shape, with a strong lower- %
energy line from a neutral-donor-bound excitd»’(X), and
a smaller line at higher energy from tihefree exciton. For 8.49
the thinnest sample, tHe", X line is significantly broadened
and no free exciton is visible. TH&exciton is not visible in
any of the PL spectra. A shift in all transition energies with
sample thickness is evident in both PL and R spectra.

The strain-induced energy shift for th® exciton was
determined experimentally in Ref. 9 for GaN grown by metal
organic chemical vapor depositigMOCVD). They directly
measured the-axis lattice constant via x-ray diffraction at
room temperature, and obtained transition energies using 347 00005 000050 00m00e  oomie 00012
photoreflectance and PL at low temperature. Phexciton ' ' e ' ‘
energy was found to depend linearly on th@xis compo- -
nent of the strain tensore,,, according toE,=3.478 FIG. 3. The donor-bound exciton energ®‘(X), and the energies for the

+15.4¢,,eV. We use this relation to estimateﬂ at the free excitons assouat_ed with tl#_&eandB _bands plotted as functlons of the
extracted surface strain. Energies obtained from photoluminescence spectra

surface of each sample from the reflectance measuremegye shown with solid symbols, while those obtained from reflectance spectra
of Ep. are shown with open symbols.
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FIG. 5. Decay lifetimes of thé\-band free exciton and the donor-bound

FIG. 4. The normal component of the surface strain as a function of GangXciton as a function of the axial strai, .
epilayer thickness.

with increasing strain in agreement with results on MOCVDE€Xciton energies and a neutral-donor-bound exciof X)
grown GaN® Second, the separation between #héee ex-  as a function of epilayer thickness for GaN layers grown by
citon and theD°, X transition is roughly constant for all four HVPE on sapphire. The separation between hand B
Samp|es1 |mp|y|ng that the b|nd|ng energy of the exciton tovalence bands increased with strain, while the blndlng en-
the donor is constant with strain. Since, according to Hayne§'gy for theD", X transition was roughly strain independent.
rule 1? the exciton is bound to the donor by some fraction of The A free exciton energy was used to estimate the surface
the binding energy of the donor, it follows that the binding Strain, which decreased monotonically with increasing layer
energy of the donor does not change with strain. This ighickness. The thickness required to obtain zero surface
consistent with the observation in Ref. 9 that the bindingstrain is estimated to be about 78n. Such a layer might
energy of theA exciton is not affected by strain. provide a lattice matched and thermally matched substrate
The normal component of the surface strady, is plot-  for further epitaxial growth of GaN. Exciton lifetime mea-
ted as a function of epilayer thickness in Fig. 4. The surfacéurements demonstrated that crystal quality near the sample
strain relaxes rapidly in the early stages of layer growth andurface improves as the strain is reduced.
then more slowly as the layers thicken. Strain contributed
from the lattice mismatch is b_elieved _to rela?( relatiyely earlyACKNOWLEDGMENTS
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