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a -GaN buffer layer in growing cubic InN

H. Navarro-Contreras, M.&ez Caro, A.G. Rodlguez, E. lopez-Luna, and M.A. Vidal
Coordinacbn para la Innovadin y la Aplicacon de la Ciencia y la Tecnolég, Universidad Audnoma de San lia Potos,
Alvaro Obregn 64, San Luis Pot®sS.L.P. 78000, Mxico.

Recibido el 16 de enero de 2012; aceptado el 9 de febrero de 2012

Cubic InN samples were grown on MgO (001) substrates by gas source molecular beam epitaxy (GSMBE). In general, we find that InN
directly deposited onto the MgO substrate results in polycrystalline or columnar films of hexagonal symmetry. We find that adequate
conditions to grow the cubic phase of this compound require the growth of an initial cubic GaN buffer intefla@aN) on the MgO

surface. Subsequently, the growth conditions were optimized to obtain good photoluminescence (PL) emission. The resultant INN growth
is mostly cubic, with very small hexagonal inclusions, as confirmed by X-ray diffraction (XRD) and scanning electron microscopy (SEM)
studies. Good crystalline quality requires that the samples to be grown under rich Indium metal flux. Th&gohiGaN/MgO samples

exhibit a high signal to noise ratio for PL at low temperatures (20 K). The PL is centered at 0.75 eV and persists at room temperature.
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1. Introduction devices that emit light at any wavelength of the visible spec-

trum. An alternative application could be the manufacture
For many years, GaN and the Ga-rich,@r,_,N and of solar cells based on these alloys, which could be optically
Al Ga,_.N alloys have been the most studied materials ofmatched to the solar spectrum.

the entire IlI-nitride group of compounds and alloys. Actu-  Other unique properties, in additional to being the com-
ally, there exists a wide range of applications that involve 0ppound with the lowest band gap in the binary nitride group,
toelectronic devices, based on those materials, such as gregake this material very interesting. For example, theoret-
and blue light emission diodes, laser diodes, ultraviolet deteGeg| studies have predicted that InN has the smallest effec-
tors, high-frequency transistors operating at high power anglye electron mass in the entire nitride family [6]. Recently
high temperature, etc [1]. O'Leary et al, [7] have shown that InN has a low effective

Despite the significant volume of accumulated knowl-electron mass, although not smaller than of some II-VI semi-
edge and the many published articles about Illb-nitrides, theonductors. This property has the potential to result in high
binary compound of this group, InN, has remained in com-mobility and high saturation velocity for the electrons. Us-
parison relatively unknown. The primary reason for this ising Monte Carlo simulations, it has been shown that InN has
that InN is difficult to grow as good quality monocrystalline superior electrical transport properties to other compounds
films. in all of the IlIb-nitrides group [8,9], with mobility up to

Previous to the last decade, InN was believed14000 cni/Vs predicted for InN [10], making this material
to be a semiconductor with an optical band gap ofa good candidate for high electron mobility devices. In ad-
1.89+ 0.01 eV [2]. This value of the band gap was widely dition, InN also has the following useful physical properties
accepted and frequently used as the end point value for tH&at make it an important compound to prepare and charac-
extrapolation of the band gap inJ6a,_,N alloys. [3] How- terize: i) superior resistance against high-energy particle ra-
ever, in recent years, studies performed with good qualitydiation and (ii) the widest phononic bandgap and narrowest
wurzite samples, grown by molecular beam epitaxy (MBE)optical phonon band width among all group I1I-V semicon-
which have substantially reduced free electron concentraductors, properties that may be interest to fabricate high effi-
tions, exhibit band gaps between 0.7 and 0.8 eV [2], valuesiency solar cells [4].

that indicate that InN has the lowest band gap [4,5] of any |t is well known that the members of the Illb-nitrides
known IlIb-nitride binary compound or alloy. group and their ternary alloys crystallize in the thermo-
Since the mid-infrared band gap of INN was reported, thiddynamically stable hexagonal wurzite phase (denoted as
compound has emerged as a promising material in many aphase). As a result, the majority of the studies with these
plications. The value of the InN infrared band gap suggestsompounds and ternary alloys have been essentially devoted
the possibility to create devices that operates in optical antb the improvement of their crystalline quality as well as all
mid infrared communications systems. Furthermore, alloy-of the other physical properties related to their performance
ing this material with GaN or AIN could tune the band gap as optoelectronic devices in this phase and InN has not been
across the entire visible range from the mid infrared to dee@an exception. However, the cubic phase (denoted ag the
ultraviolet, a very useful property to produce light emitting phase) of the same group of nitrides (particularly all of fhe
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In,Ga _.N alloys) is expected to possess several advantages

over the properties of the hexagonal phasdr(,Ga; ,N),  TasLE I. 8-tiInN/GaN/MgO, growth conditions.
including: 1) higher electron mobility due to higher crys-

tallographic symmetry, and thus lower phonon scattering, 2) Sample Growth Indium Cell Growth
higher p-type doping efficiency, and specially, 3) the facility Temperature ~ Temperature time (hrs)
to cleave mirror quality surfaces along the substrate faces for (T¢°C) (Tin °C) Thickness (nm)
optoelectronk_: device_s and_ Ia_ser applications. 13 500 750 1(80)
However, its low dissociation temperature550°C) [11]
Lo . . . 14 500 790 1(130)
and the difficulty encountered in the preparation of high qual-
ity cubic 5-InN single crystals have prevented accurate char- 15 =00 840 1(250)
acterization of the basic properties of InN. For these reasons, 18 530 840 15
G-InN has been less studied tharGaN, 5-GalnN, and other 110 440 840 2
similar nitri_de_comp_ognds. _ _ 111 380 840 1.75
The principal difficulty in the growth of good quality 112 320 840 15

crystals of InN has been the lack of a suitable substrate which

minimizes strain during the growth. As a result, the growth Photoluminescence (PL) characterization was performed
of high quality InN crystals still remains as a significant chal-With a half meter monochromator with 300 lines per mm grat-

lenge in the fabrication of optoelectronic devices based or .
crystalline InN. ing, using a He-Ne (638 nm) laser at 20 mW of power, as the

i paper, we repor e synesis nd characerzarofy 1200 S0ue. The sanples were placea n ol g
of cubic org-tInN films grown by gas source molecular beam y 9

epitaxy (GSMBE) using an In source (99.9999) effusion cellt0 3IO% E ;I'h(ta ?eticglon systenrw Cr?QIS'StE i?nf anrl Ilri?br nitrogen
on cubic GaN/MgO (001) substrates in which the recentlyCOOe etec 9 »andachoppera .oc i a. pine "
X-ray studies were performed with two different diffrac-

rown 3-GaN buffer layer [12] acts as a template for cubic
d h ver [12] P tometers. 1) All samples were measured by high-resolution

growth and also minimizes strain in ti¥elnN film. The high X difiracti HRXRD . Bartel h
quality 5-InN material exhibits continuously flat surfaces, -ray di raction ( ) using a fartes monochroma-
tor in the Ge (002) reflection mode, with a Cu anode as the

with carrier concentrations between=10'"-10%° cm~3 due .
to high In concentration because the InN was grown in |n-Source of X-ray radiation. The X-ray source was operated at

dium rich conditions. The best samples exhibit good quality30 kV and 30 mA. Diffraction profiles were obtained from the

photoluminescence (PL) at low temperatures (22 to 150 K¥OO4)’ (224) and (-2-24) reflections to analyze the highly de-
centered at 0.70 eV. ective and oriented layer grown on the pseudomorphic layer.

At each measurement, the sample was tilt adjusted to bring
2. Experimental details the sample diffractiqn vector into the diffractometer plane.

The angular separation between substrate peak and layer peak
Details of the GSMBE system may be found elsewhere [13]reflections was determined by least squares fits to Gaussian
The following procedure was performed for all samplesprofiles in all cases. 2) Additionally, we used the X-ray pow-
grown in this study. Before introduction into the first der diffraction technique, with a D8 Advance Bruker AXS
GSMBE chamber, the MgO substrates were degreased in acgystem, in order to determinate the layers general character-
tone and isopropyl alcohol, where the preliminary degassingstics such as the existence and relative abundances of cubic
process is carried out. Then the substrates were transferreghd hexagonal phases, among others.
to the grOWth chamber. In the more successful InN grOWthS, The Scanning electronic microscopy (SEM) images were
a 3-GaN buffer layer 0f~220 nm in thickness is deposited obtained with a Philips FEG-XL30 field emission with an ac-
at 600C on single crystal MgO (001) substrates. Theseceleration potential between 10 to 20 kV, depending upon the
buffer layers are exposed to a nitrogen plasma (with the promagnification used in each photography. The EDAX analy-
cess parameters described below) to remove any unreactgg (performed in an EDAX V3.0 Model XL30 system) shows
Ga on the GaN surface. During the InN growth, the sub+hat the InN samples are essentially very closely 50 atomic %
strates were maintained at a fixed temperature, which wag and 50 atomic % N, considering that EDAX is expected to
chosen in an exploratory fashion in the interval between 32Gave an intrinsic uncertainty of the order of 3% in percentage

to 530°C, (growth temperatured). The optimum indium ef-  determination. Also, some very small quantities of Mg, O
fusion cell temperature T was also explored in the interval gnd C atoms were found.

750 to 840C. The N, flow was kept constant at 1.3 sccm and

is subjected to a rf power 230 W to form a nitrogen plasma.

These growth conditions were chosen in order to obtain good. Results and discussion

interface and crystalline quality of the samples grown, which

was achieved under In-rich conditions ang=T840°C. The = The SEM images shown in Fig. 1 illustrate the resultant to-
growth conditions are summarized in Table I. pography of InN grown at 500C on a~220 nm buffer layer
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FIGURE 1. SEM images: a) GaN/MgO buffer layer, it is composed by several flat rectangular domains that reflects its cubic symmetry b), ¢)

and d) 13, 14 and 153-tinN/GaN/MgO samples. Insets: RHEED patterns.

of §-GaN (see Fig. 1a) supported, in turn, on MgO. Theis increased. Hence, it is possible to achieve coalescence
samples were grown at different,Tto determine the im- of these structures by tuning the In cell temperature during
pact of this parameter on their crystalline quality. Figure ladeposition. Figure 1d shows the final topography of a sam-
shows theg-GaN buffer layer surface composed of severalple grown at T, = 840°C. The surface consists of many flat
flat rectangular domains that reflect the cubic symmetry ofectangular-square blocks that reveal the cubic symmetry of
this layer. In addition, the linear streaky RHEED pattern (in-the InN film. Identical topography is observed by AFM mea-
setin Fig. 1a) confirms surface diffraction from a cubic struc-surements of the same sample, as reported in Ref. 13. The
ture as well as a good quality, smooth, crystalline surfacefinal blocks are the result of the smoothing or coalescence
These studies suggest that th&aN interlayer has the desir- process performed on the islands previously formed in the
able surface quality to promote the growth®fnN. As seen initial stages of the3-InN/GaN growth. Also, in this image
in Figs. 1b and 1c, InN films grown of-GaN/MgO struc- it is possible to observe very small structures that consists of
ture at T, of 750°C and 790C have similar characteristics. nano-size droplets of In. From SEM images taken covering
Both show columnar structures and have similar RHEED pattarge areas (results not shown here), micro-size droplets of
terns (insets in Figs. 1b and 1c) that are spotty, indicatingn are observed. The presence of this metal in a sample is
high roughness of the films grown probably caused by théndicative that the growth was executed under In-metal rich
columns. The spots in the patterns are attributable to the resonditions.
laxed 5-InN diffraction structures with in-plane lattice con- At T, =840°C and at the start of InN growth on the GaN
stant of 0.501 nm, estimated from lateral spacing betweeftayer, a relaxation process happens, after that, the RHEED
spots and using th6-GaN RHEED pattern as a reference, patterns were spotty because the relaxation of the large lat-
yielding a value in close agreement with the accepted valudce mismatch{10%) betweers-InN and3-GaN, has taken
of 0.498 nm [14]. place. As the growth proceeds, the diffraction spots elongate
The halos around the diffraction spots may be produceénd sharpen into linear streaks, similar to the RHEED pattern
by InN hexagonal phase intrusions in the cubic matrix. Theof the completed growth shown as an inset in Fig. 1d. This
columns seen by SEM are more closely packed as the Tpattern corroborates the relatively planar surfacedofiN.
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FIGURE 2. SEM images with their corresponding RHEED pattern (insets) for samplgsGgN/MgO, the buffer layer prior to the InN
growth, b) I3; InN at T, = 75C¢°C, c¢) I4; InN at T, = 79C°C, and d) I5; InN at |, = 84C°C.

An in-plane lattice constant of 0.498 nm is calculated fromcal properties as determined by XRD and photoluminescence
RHEED streaks for this sample. As shown in this photog-studies as discussed below.

raphy, 5-InN on 3-GaN/MgO with good surface quality is To investigate the crystal quality of the InN samples,
successfully grown only under metal rich conditions, such a%rp studies were performed. Figure 3a shows typical
those present at this larger In cell temperature. XRD curves measured in@26 configuration of the samples
Many 3-InN/GaN/MgO samples were grown under In- grown in this study. The curves are plotted in a Log scale
rich conditions at different substrate growth temperatuggs T to be able to recognize very weak signals produced by crystal
to evaluate the quality of the films. Typical SEM images structures present within the samples. The measurement con-
and corresponding RHEED patterns (insets attached to thigguration employed allows the identification of crystal planes
SEM images) for these samples grown at Between 380 that are parallel to the growth plane. Figure 3 provides tem-
to 530°C are shown in Fig. 2. All samples in the Figure perature growth & of sample and indium cell temperature
were grown under In-rich conditions with,T= 840°C. The  T,. The diffractograms correspond to samples with the struc-
SEM pictures in this Figure reveal that gHInN films have a  ture 8-InN/GaN/MgO (namely, samples 13, 15, 18, 112). But,
flat surface. Samples grown at higher substrate temperaturés compare these scans, a measurement of a hexagonal sam-
(530 and 500C, Figs. 2a and 2b, respectively) exhibit more ple, with structuren-InN/MgO (sample 19, with following
roughness than those grown at lower temperatures (440 amggtowth conditions, &= 500°C, T,,= 84C°C) is included at
380°C, Figs. 2c and 2d, respectively). This observation isthe top. For clarity, all curves are plotted with the same inten-
also supported by the RHEED patterns of the images of eachity scale. To elucidate some diffraction characteristics, the
surface. At higher growth temperatures, the RHEED patternXRD signal of the MgO substrate is also plotted at the bottom
(insets in Fig 2) indicate slight transmission features in thepart of the Figure. Diffraction maxima at242.92, 39.85,
diffraction streaks indicative of some roughness. The SEMand 36.04 degrees, indicated as dashed lines in Fig. 3, are
image of Fig. 2a shows hollow rectangular pits that may beassigned to the (002) diffraction corresponding to the MgO
the cause of those characteristics. However these samplsabstrate3-GaN buffer layer ang3-InN film, respectively.
grown at 500 and 53@ have the best structural and opti- As shown in this figure, the diffraction peaks 6fGaN and
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FIGURE 4. Behavior of the (002) diffraction FWHM, (solid

squares) and out of plane residual strain (open circles) with the ratio
T /Te.

sample 15, grown at the similar conditions as 13 but at
Tin=84C°C, shows an increment of the cubic structure (002)
related peak, and how all the hexagonal features have almost
disappeared. A pair of peaks in the XRD pattern of sample
I5 at 2 ~39.1%3 and 36.3 are attributed to the (110) and
(002) reflections, respectively, from the In tetragonal struc-
ture. The In metal signal (from the tetragonal structure) is
present because the growth was executed under In-rich envi-
ronment as confirmed by metal droplets observed by SEM, as
has been already mentioned before. Here, it should be noted
that an additional peak of Indium from planes (101) is located
at 32.93.

The 3-InN film of sample 18, grown at the highest sub-
strate temperature (I=530°C) and optimal In cell temper-
ature Tp,, of 840°C, has a (002) peak with the narrowest full
width at half maximum (FWHM), see Fig. 3b and Table II.
Clearly, the structural quality of-InN improves when the
temperature of the In cell is increased and the growth temper-
ature is lowered from the InN decomposition temperature of
~ 550°C [11]. However, if Ty is further decreased the (002)
peak widens and the (0002) reflection of hexaganaiN in-
creases. Figure 4 shows the behavior of the (002) diffraction
peak at FWHM and out of plane residual strain with the ra-
tio T\n/T¢. The Figure suggests that the optimal conditions

ples studied in this work. Dotted lines are included for visual aid to for higher structural qualityi.e. lower FWHM and resid-
identify peaks nature.

ual strain, are those used to prepare sample B=-6B80°C,
Tin=840°C). Sample 15 (E=500°C, T\,=790°C), the sample

B-InN of each sample are slightly shifted from the bulk posi-next in quality, when judged by the same X-ray FWHM cri-

tions (@arg0 = 4.212A, 20g 42.94,a5-GaN = 4.52A, 20g

terion, has relatively some slightly lower crystalline quality;

39.84 andug-InN = 4.98A, 20¢ 36.02 respectively) which however, if judged by the PL intensity, sample 15 exhibited
indicate that in these materials there are some residual strairthe best PL emission. In Table Il and Fig. 4 it may cor-

All samples exhibit XRD peaks at38.6° and 4%, which are

roborated that these two samples exhibit the smallest values

attributed to the MgO substrate. For columnar sample 13, ibf residual strain present. Considering these results for the
is seen that the XRD indicates that most of the InN columndowest FWHM in XRD, smaller residual strain and efficiency
have cubic symmetry. However, diffraction peaks assigneaf PL, it may be concluded that the optimal conditions to
to a-InN are observed from the hexagonal planes (0002) androw cubic InN in the MBE system lies somewhere between
(101) for this sample. The flat InN epilayer of

T&=500 to 530C and T,= 790 to 840C
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TaBLE Il. -tinN/GaN/MgO, HRXRD results and lattice characteristics.

Sample TnlTe ay (nm) a> (nm) apurx (NM) FHWM (degree) e, g(X107%) €7 g(X107?)

13 1.50 0.5027 0.5039 0.5039 0.538 14 9

14 1.58 0.5017 0.5028 0.5028 0.630 12

15 1.68 0.4970 0.4989 0.4989 0.348 6 -2

18 1.584 0.4968 0.4982 0.4982 0.283 4 -2
110 1.91 0.4975 0.4993 0.4993 0.348 7 -1
111 2.21 0.4984 0.5001 0.5001 0.354 8 0.8
112 2.63 0.5005 0.5016 0.5016 0.424 10 5

Comparison of the XRD patterns of structures InN/MgO
and InN/GaN/MgO is an interesting exercise. Sample 19,
with no 5-GaN buffer layer, shows the unexpected result
that in spite of growing InN directly on a cubic substrate, it
produces no XRD signal from the cubic phase. This highly
oriented polycrystalline sample exhibits peaks only from the
hexagonal phase. It is possible to distinguish diffraction by
the hexagonal planes (100), (0002) and (101). The (100)
peak is that of maximum relative strength. Thus, prefer-
ential growth ofa-InN occurs with planes (100) parallel to
the (001) MgO planes. Although this growth was performed
at T, = 840°C, there is no evidence of diffraction from In
droplets, indicating thanost of the In is being incorporated
during the hexagonal growtltontrasting with all other sam-
ples grown at similar temperature with the GaN buffer layer,
conditions that resulted in good quality and predominant cu-
bic XRD features. This result as well as others observed for
direct growth of InN on MgO established the condition that
in order to grow good qualitg-InN films, the necessary het-
ero structure consists of INN/GaN/Mg@e. it requires the
presence of @&-GaN buffer layer.

In order to determinate the lattice parameter and residual
strain of theg-InN layers, we used the HRXRD. The lat-
tice parameters were obtained using two procedures. First,
from the diffraction position for the (002) planes iizInN
(see Fig. 5): the in-growth lattice parameter.( was mea-

17 18 19 20 21 22 sured, while the in-plane lattice parametef| was calcu-
@ (angle) lated using second order elastic constanis=C87 GPa and
C12=125 GPa, the elastic constants foinN (16). Secondly,
FIGURE 5. High resolution X-ray diffraction spectra of-  USing the asymmetric diffractions from the (224) and (-2-24)

tInN/GaN/MgO. The deviation among the dotted line at the lower Planes (not shown), the in-plane and in-growth lattice param-
angles side and th-tinN broad maxima, provides a visual indi- eters were experimentally calculated following the procedure
cation of the residual strain in the sample. described by Ladm de Guevaragt. al, [17].

The results are presented in Table Il that summarizes the

Following the procedure given in Ref. 15 the dominanceobserved variations in the in-growtfa () and in-surfaced(|)

of the cubic phase of the GaN interlayer was estimated tdattice parameters for the samples studied. Table and Il and
be > 99 %, from the ratio of the integrated intensities of Figs. 4 and 5 show how the strain and the bulk lattice con-
high resolution X-ray diffraction cubic [002] and hexagonal stant are minimal at & = 530°C and T, 840°C (sample 18).
[1011] rocking curves. We find that th2InN films grown in  Diminishing of either T; or T, from these values, tends to
our system have cubic content from 92 % to 98 % for thosencrease the strain. The origin of these lattice parameter vari-
samples that exhibit good crystalline properties and have corations and of the residual strain may stem from the fact that
tinuous flat surface, namely samples ranging from 15 to 112.the 5-InN films are formed by countless flat rectangular do-
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spectra exhibit luminescence centered around 0.7 eV at 24 K
and at 0.67 eV at 300 K. The PL in the sample follows a
Varshni-like temperature response, indicative of transitions
from either localized states near or from the bottom of the
conduction band to the valence band. This identification is
reinforced by the observation that actual total energy change
, in the PL peak positions from low temperature (LT) to room

: ﬂw temperature (RT)20 meV, is quite comparable in magni-
| 00K tude with the~15 meV similar temperature shift reported for
WM the absorption edge for this sample, located at 1.088 eV [18].
W\W The 5 meV difference between these two energy shifts has
— 150K probably no special meaning, because of the PL peak position

has a large uncertainty, especially above 200 K. In addition,
we are comparing here the energy shifts of the renormalized
— 100K conduction bands at essentially differéntector positions:
those close to zero for the PL, which is below the onset of
the conduction band, and at the Femi vector which cor-
responds to the Fermi energy position that invades the con-
duction band at more than 300 meV above tH&6 eV con-
duction band minimum, for the absorption edge, as expected
for these degenerated samples.

Intensity (a. u.)

The PL of this I5 sample (our best result), with carrier
concentratiom= 5.7x 10" cm—3, exhibits higher signal to
noise characteristics than those found in the literature for
MBE grown -InN [18-20], and hence far larger intensity,
at least at LT. The PL line shape is asymmetric exhibiting a
more extended low energy side. In Ref. 21, similar emission
centered at 0.69 eV at 10 K, has been published for a sample
: e T with carrier concentration= 1.7x10' c¢cm~2, that exhibits
_ a similar asymmetric profile, after fitting with a lineshape de-
rived from the renormalized band g (n), from the work
of V.Y. Davidovet. al, [22]. Itis interesting that in our case,
Abserption edge | we find from the onset at the low energy side of the PL in
farh - Fig. 5 at 24 K, an almost identical value as that of Ref. 23,
7 of E4(n)=0.56 eV, although our sample may contain at least
three times more carriers in the conduction band.

{685 g-inNGaNAdgD
Sanple 18

o

[e0]

o

[oe]
T

In contrast, the PL of INN grown directly on a bare MgO
. substrate (with no GaN buffer layer), also exhibited PL sig-
0875 ] nals (not shown). The PL of these hexagonal samples is cen-
. L tered at 0.75 eV at low temperatures. For all those samples,
0 50 100 150 200 250 300 the PL observed is always noisier compared with that of the

Temperature (K) B-InN/Gan/MgO reported in this work.

PL Peak Energy (eV)

T
1

FIGURE 6. PL of 8-InN/GaN/MgO, Sample I5, from 10 K to room On.e of the ggals _Of grO\.Nln'g and St“d,y'”g tﬁeﬂnN IS
temperature. b) Plot of PL peak positions. Solid line: the Varshni [0 @chieve material with emission properties in their infrared
fit at 1.088 eV, of the absorption edge of this sample downshiftedand-gap or absorption edges. There are few other reports of
to coincide at zero K with the extrapolation of the PL peak at the room temperature PL g#-tinN, mostly from sputter deposi-
same temperature. tion material, most of them exhibit emission at substantially
higher frequencies, at energies between 1.3 and 1.9 eV, which
mains that press against each other during the growth procesaay be due not to cubic InN but to4@; [24,25]. In our
producing stress at their borders. study, most of the samples exhibit PL emission up to room
Optical studies based on PL were conducted to evalutemperature, satisfying our objective, witktinN/GaN/MgO
ate the emission properties of the samples grown. Figure @isplaying better emission at the desired wavelengths cen-
shows the temperature evolution of typical PL spectra otered on 0.7 eV (0.75 eV for the hexagonally dominated
the 5-InN/GaN/MgO 15 cubic sample with temperature. The InN/MgO).
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