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Three silicon-doped @m thick GaN epilayers were grown simultaneously by metalorganic

chemical vapour deposition on (0001) sapphire substrates misorientafedtgr@l 10 toward the
m-plane (10@). A comparative study of these epilayers was undertaken using photoluminescence
(PL) spectroscopy, atomic force microscopy (AFM), scanning electron microscopy (SEM),
cathodoluminescence (CL) imaging, CL spectroscopy and Hall effect measurements. Low
temperature PL of the’@nd 4 epilayers shows donor bound exciton (BE) emission between 3.47
and 3.48 eV and a low level of yellow band emission. The peak intensities of both emission bands
are a factor of 2 higher for thé layer. In the 1Depilayer, the BE band is 3x stronger than in the

0° epilayer but there is no discernible yellow band. However, a number of additional bands appear
at 3.459, 3.417, 3.362, 3.345, 3.309, and 3.285 eV. These bands, some of which are acceptor related,
may be attributed to the presence of structural defects in this epilayer, pointing to an abrupt
degradation of its structural quality compared to the others. This degradation is confirmed by AFM
studies. On a 2(Am x 20um image the Dand 4 epilayers exhibit smooth surface morphologies,
while the 10 epilayer shows a high density of hexagonal pits. Finally, SEM images reveal the
surface of the 10epilayer to be “streaked” and pitted. Low temperature CL images at 3.48 eV
(bound exciton region) show random spotty emission, while those at 3.28 eV and 3.41 eV exhibit a
streaky appearance similar to the SEM image. This suggests that these luminescence bands are
indeed associated with structural defects.

1 Introduction to our knowledge, this is the first report of low tempera-

Since the first GaN epilayers were grown on sapphiréire Iuminescenpe §tudies of sili_con doped GaN epilay-
substrates in 1971 [1], various techniques have beeffS grown on misoriented sapphire substrates.

applied to optimise the quality of the resulting films,
such as nitridation [2] of the substrate, or the growth o
a low temperature AIN [3] or GaN buffer layer [4]. In Three silicon-doped 3im thick GaN epilayers were
this paper we will describe comparative morphologicalgrown simultaneously by metalorganic chemical vapour
and low temperature luminescence studies of silicomleposition on (0001) sapphire substrates misoriented by
doped GaN epilayers grown on misoriented sapphir€°, 4° and 10 toward the m-plane (10}, see Figure 1.
substrates. In a number of material systems, growth ofihe misoriented substrates were prepared bgxasitu
misoriented substrates has been shown to improve emelvent cleaning then an-situ clean at 1200C for 10
taxial growth. The crystallinity of epilayers may be minutes under hydrogen. The GaN epilayers were
improved by relieving strain where the epilayer and subnucleated at 480C, using a 300A GaN buffer layer,
strate are mismatched [5], the growth rate may béhen the main epilayers were grown at 106Qusing tri-
increased [6] as can the dopant concentration [7]. Preneythylgallium and ammonia as described previously
vious studies of GaN epilayers grown on misoriented11]. The samples were characterised by photolumines-
substrates include those reported by Hiramatsu et al [8ence (PL) spectroscopy [12], atomic force microscopy
Grudowski et al [9] and Ishibashi et al [10]. However,(AFM), scanning electron microscopy, cathodolumines-

f2 Experimental details
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cence (CL) imaging, CL spectroscopy [13] and Hallments shown in Figure 4 provide further support. The 24
effect measurements. meV separation of the peaks of the eA and DAP bands is
within the range of the currently proposed values of the

silicon donor binding energy of between 17 and 30 meV
Figure 2 shows low temperature (15 K) PL spectra fronyy5).

the three epilayers. They were acquired under identical

itati diti The PL is dominated by d As noted earlier in this discussion, yellow band
excitation conditions. € IS dominated Dy donofe nission is not observed from the® Hpilayer. We ten-

bound exciton (8X) emission [14] peaking at between tatively put forward two possible mechanisms for this
3.47 and 3.48 eV. We attribute this band to the silicoryuenching of the yellow band. 1) It has been reported
dopant. The peak intensity of thé)Dis a factor of 2  previously that the yellow band is suppressed by doping
higher for the 4 epilayer and a factor of 3 higher for the [22] [23]. We intimated earlier in this discussion that sil-
10° epilayer compared to the @pilayer. This increase icon doping is greatest for the °1€pilayer and we have

in PL intensity we ascribe to an improvement in the sili-also presented evidence that thé &pilayer is also p-
con incorporation with increased misorientation of thetype doped in that a number of the observed defect
substrate. The inset to Figure 2 shows higher spectralnds involve shallow acceptor-related transitions. 2)
resolution temperature dependent PL spectra from thBeduced yellow band emission was also observed by

10° epilayer in the vicinity of the #X peak (energy Sasaki and Zembutsu [24] for MOVPE GaN epilayers
range 3.43 to 3.51 eV), revealing a higher energy peak 9rown on the (012) plane of sapphire. They suggested
6 meV from the BX band. From this energy splitting that this may be due to a suppression of the formation of

and from the temperature dependence of the PL ShOWrHtrogen vacancies for this substrate orientation, it is

in the inset, we tentatively attribute this peak to freeconcelvable that we are observing a similar effect with

exciton (FX) luminescence [15]. the 10 misoriented substrate.

A low level of yellow band emission is observed Hall measurements indicate that all three epilayers
from the O and 4 epilayers. The peak height of the yel- @€ n-type, in agreement with the luminescence data.
low band increases by a factor of 2 for tieegilayer, The carrier concentrations are deduced to be -2.4 x
but there is no discernible yellow band emission froml0*’cm3, -2.7 x 16¢7cm® and -2.1 x 18cm® for the
the 10 epilayer. However, as can be seen in Figure 30°, 4° and 10 epilayers respectively. The carrier con-
which compares PL and CL spectra from thé &gil-  centration increases for thé épilayer with respect to
ayer in the energy range 3.1 to 3.5 eV, a number of addihe O epilayer, consistent with the observed increase in
tional bands at 3.459, 3.417, 3.362, 3.345, 3.309 antthe donor bound exciton emission. The Hall measure-
3.285 eV are observed. As all three epilayers werenents show that the 1@pilayer has a lower carrier con-
grown simultaneously, these additional bands areentration than either thé Or 4> epilayers however, the
unlikely to be the result of impurities. The origin of PL implies that the donor concentration is highest for
these additional bands must be structural defects in thtbe 10 epilayer. This apparent contradiction can per-
10° epilayer. This conclusion is supported by previoushaps be explained if we take into account the presence
studies. The 3.459 eV peak we attribute to an acceptaf acceptors in the ZX0epilayer. As previously dis-

has been assigned to a donor to valence ba‘?h) (Ean- observed f_or the FOepilayer are acceptor related. F_ur-_
.ther electrical measurements are planned to verify if

sition associated with structural defects [16], or to eXCly cre is indeed . tion for thaek)
tons bound to either stacking faults [17] or screw ere is indeed carrier compensation for theeiflayer.
dislocations [18] in GaN films grown on off-axis SiC ~ The degradation of the structural quality of thé 10
substrates. The 3.362 eV peak has been attributed to &Rilayer is confirmed by AFM studies. Thé &nd 4
excitonic transition bound to dislocations, or has bee§Pilayers exhibit smooth surface morphologies, while
associated with cubic inclusions [19]. A line at 3.345the AFM image (Figure 5), shows that the’ Epilayer

eV has been identified as a defect-related donor-accefxhibits a rough surface with a high density of hexago-
tor pair (DAP) transition [20]. The 3.309 and 3.285 evnal pits. A similar surface structure is observed when
bands we attribute to electron-acceptor (eA) and DAFSEM images are acquired from the® Epilayer. In Fig-
recombination respectively [21] [15]. The bands peakUre 6 we compare an SEM image with low temperature
ing at 3.214 and 3.285 eV correspond to eA-LO and=50 K) CL images acquired from the®® lumines-
DAP(at 3.285 eV)-LO respectively. The presence ofcence (3.48 eV), from the 3.41 eV defect related exciton
these phonon assisted bands is consistent with the deslgminescence and from the DAP luminescence (3.288
nation of the 3.01 and 3.285 eV bands to eA and DARYV). The contrast and brightness of these images has
transitions, and the temperature dependence measutsen slightly enhanced to bring out the brighter emitting

3 Results and discussion
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Figure 3. Low temperature PL and CL (15 keV) spectra from
10° epilayer.
Figure 1. The (0001) and (10)lplanes of sapphire. 10
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Figure 2. PL spectra from the three epilayers. The spectra are
displaced for clarity. The inset shows high spectral resolution
temperature dependent spectra in the excitonic region from the
10° epilayer.
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Figure 5. 2Qum x 20um AFM image of the surface of the°10
epilayer.

SEM 3.41 eV

3.48 eV 3.238 aV

Figure 6. An SEM image and comparative CL images acquired at 15 keV from°tepitier. The image acquired at 3.48 eV

corresponds to #X emission, where the donor is the silicon dopant. The image acquired at 3.41 eV corresponds to excitonic
emission attributed to structural defects. The image acquired at 3.288 eV corresponds to DAP emission. The black scale marker

corresponds to 10m.
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