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Abstract

GaN films were grown by pulsed laser deposition (PLD) on different crystalline substrates using a KrF excimer laser to ablate
a hexagonal phase GaN target in a reactive atmosphere of ammonia. Films with small homogeneously distributed granular
structures over the entire sample surface were obtained. The microstructure and surface morphology of the deposited layers were
characterized by X-ray diffraction ( XRD), atomic force microscopy (AFM) and Raman spectroscopy (RS). XRD reveals that
the structure of the GaN layer is predominantly wurtzite. AFM images reveal that all the deposited layers have a relatively
smooth surface, while RS confirmed the predominant presence of hexagonal GaN with a high polycrystalline character. Analysis
of the results obtained for samples grown under different conditions, such as the substrate temperatures in the growth chamber
as well as different substrates used, helps to define better the experimental conditions of the growth process of PLD-GaN films.
© 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction laser deposition (PLD) has been used to grow GaN
films with good crystalline quality and superior optical
properties [10–14]. Previously [15,16 ] we have reportedGallium nitride (GaN) is one of the most promising

semiconductor materials for optoelectronic applications studies on the origin of the recombination processes in
GaN films prepared by pulsed laser deposition (PLD-such as light emitting diodes (LEDs) [1–4] and laser

systems emitting from blue to ultraviolet [5,6 ]. After GaN); there we attributed the typical luminescence of
PLD-GaN to excitons localized at extended defects. Inthe recent achievement of laser emission at room temper-

ature from GaN [2], a strong research effort has been this paper, we report on the results of comparative
investigations of the microstructure and of surface mor-devoted to understand better the basic properties of this

material as well as to improve the growth of thin films. phology of PLD-GaN films grown on different sub-
strates and with different growth conditions.At present, the most widely used growth methods for

GaN are metal–organic chemical vapor deposition [6 ]
(MOCVD) and molecular beam epitaxy [7–9] (MBE).
Compared with other III–V semiconductors, such as

2. Sample and experimental detailsGaAs, films of GaN grown by MOCVD and MBE have
a relatively high defect concentration. Recently, pulsed

The samples were grown under different conditions
(see Table 1); all of them were obtained from GaN
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Table 1
List of the samples prepared and studied. All the films were deposited with the 248 nm wavelength of an KrF excimer laser, operated at 10 Hz and
focused with different values of fluence. For all the samples the distance between the sample and the target was 3.5 cm. In the table are reported
the varying parameters used in the PLD chamber in order to deposit the films (substrate on which the films were deposited, temperature of the
substrate, gas pressure inside the chamber and fluence, respectively)

Sample name Substrate Temperature ( K) Pressure (mbar) Fluence (J cm−2)
VIS7 Si(100) 700 0.1 6.0
VIS8 Si(100) 730 0.15 6.0
VIS10 Si(111) 800 0.1 5.4
VIS11 Al2O3 800 6×10−3 6.0
VIS12 Al2O3 800 2×10−3 4.0
NH3 Al2O3 800 2×10−3 6.0

its mechanical strength. The laser ablation was done consisting of an Olympus microscope (model BHSM-
L-2), with a 100× objective with a numerical aperturewith the 248 nm wavelength of a KrF excimer laser,

operated at 10 Hz and focused to give a fluence on the NA=0.95. This objective allowed us simultaneously to
focus the incident radiation on an area of approximatelytarget variable from 4.0 to 6.0 J cm−2. The substrates

(Si(100), Si(111), Al2O3 (112:0)) were placed in turn at 1 mm2 and to collect the scattered light to be sent to the
monochromator. To identify the Raman nature of theabout 3.5 cm from the target and maintained at a

constant temperature during the growth process. The spectral features, the laser lines of an Ar+ laser (488.0
and 514.5 nm) were used for excitation. All the measure-substrate temperature was varied depending on the

sample ranging from 700°C for Si to 800°C for Al2O3. ments were performed at room temperature. In order
to avoid the heating of the samples the laser power wasThe chamber was filled with ammonia in order to

support stoichiometric growth. All the growth parame- kept below 80 mW. The microprobe set-up was coupled
to a 1 m focal length Jobin-Yvon double monochroma-ters are reported in Table 1. For the films grown on

sapphire, the ammonia pressure was lower than that tor (Ramanor, model HG2-S) equipped with holo-
graphic gratings (2000 grooves mm−1). The spectralused in an earlier study [15,16 ]. X-ray diffraction pat-

terns of the films were recorded using a commercial resolution was approximately 3 cm−1. The scattered
radiation was detected by a cooled (−35°C) photomulti-diffractometer operated in the h/2h mode. A conven-

tional tube with copper anode (Cu Ka radiation) was plier tube (RCA, model C31034A-02) operated in
photon counting mode. The signal was stored into aused as the X-ray source. The measurements were per-

formed at room temperature (RT ) in the angle range multichannel analyzer and then sent to a computer for
analysis.2h=(10–100)° and a maximum resolution of about 10◊.

The surface morphology of PLD-GaN films was
investigated with a home-built atomic force microscope,
operated in air at room temperature. Images were 3. Experimental results
acquired using tapping mode with a vertical resolution
better than 1 nm. A silicon cantilever with a resonant 3.1. XRD and AFM
frequency of ~275 kHz and a spring constant of
42 N m−1 was used. The average surface roughness for The films have a thickness which we estimate to be

between 150 nm for the samples grown on sapphire, andeach sample was defined as the root mean square (rms)
of the deviation from the mean height in the scanned 300 nm for the sample grown on silicon. The XRD

patterns obtained from the different PLD-GaN samplesarea. For each sample we collected at least five scans on
different randomly selected areas and no significant indicate that the structure of the films consists of a

single phase characterized by a strong peak at 2h=34.4°topographic difference was observed among the various
scans. Before taking the atomic force microscopy associated with the reflection from (0002) planes of

hexagonal GaN, even for the films grown on Si. A(AFM) measurements, all samples were cleaned with
acetone and some droplets of H2O put on their surface typical XRD spectrum of a film deposited on Al2O3

(sample VIS11) in the h/2h configuration is shown inin order to prevent sedimentation during the evaporation
of the acetone. The water was evaporated under a flux Fig. 1(a). The peaks at 2h=34.4° and at 2h=72.9° are

respectively ascribed to the (0002) and (0004) planes ofof nitrogen. The AFM images hereafter presented, were
taken from regions with areas equal to 3.24 and wurtzitic GaN [18–21]. This shows that these films are

strongly textured with the c-axis normal to the film0.64 mm2, respectively.
The Raman measurements were performed in back- plane. The two most intense diffraction peaks are the

reflections from the (112:0) Al2O3 substrate, while thescattering geometry using a micro-probe set-up [17]
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taken on one of the three films grown on silicon (sample
VIS7). The main peaks (in order of decreasing intensity)
are ascribed to the (112:2), (101:0), (112:0), (101:1) and
(0002) planes of wurtzitic GaN. The peak positions and
attributions are summarized in Table 3.

Fig. 2(a) and (b) shows the AFM scan images
observed from samples VIS7 and VIS11, respectively.
The images show the height profile at half vertical axis,
along the horizontal axis. The RMS surface roughness
(30 and 45 nm for sample VIS7 and VIS11, respectively)
indicates a relatively smooth surface for all the deposited
films. All the samples show a granular surface with
features of about 100 nm. The AFM images of the films
deposited under different conditions are quite similar.
The surface of all the samples is featureless with small
granular structures that have a mean size of roughly
100 nm. In some cases we observed some circular struc-
tures with a diameter of ~2 mm superimposed on a
uniform background of smaller crystallites; these struc-
tures are probably due to the deposition of GaN particu-
lates, which often arises in PLD [22].

3.2. Raman spectroscopy

The XRD spectra show that our GaN films have the
hexagonal wurtzite structure. Hexagonal GaN belongs
to the space group C46v with two formula units per unit
cell [23]. In accordance with the factor group analysis

(a)

(b)

the optical phonons of hexagonal GaN at the G pointFig. 1. (a) XRD spectrum for a typical GaN sample grown on Al2O3
(VIS11). The XRD features marked with an asterisk are due to anode of the first Brillouin zone belong to the following
contamination of the tungsten cathode. In the inset is shown the part irreducible representations [24]:
of the XRD pattern on an expanded scale. (b) XRD spectrum for a
Si-grown sample (VIS7). Copt=A

1
(Z)+2B+E

1
(X, Y )+2E

2
, (1)

where the X, Y and Z inside the parentheses represents
narrow peaks marked with an asterisk are ascribed to the polarization directions. The Raman active modes
tungsten contamination at the copper anode. All the belong to the A1, E1 and E2 representations. A detailed
peaks found and their attribution are given in Table 2. polarization analysis of Raman scattering from wurtzitic
In Fig. 1(b) is shown a representative XRD spectra GaN has been reported by Tabata et al. [23] and

Azuhata et al. [24]. The phonon frequencies of wurtzitic
Table 2
In the table are reported the position of the peaks for the XRD spectra
taken on sample VIS11. The theoretical values are taken from JCPDS- Table 3

In the table are reported the position of the peaks for the XRD spectraICDD; #42-1468 for Al2O3 and #6-503 for a-GaN. The attributions
are made in accordance with them taken on sample VIS7. The theoretical values are taken from JCPDS-

ICDD #6-503 for a-GaN. The attributions are made in accordance
Attributed with them

VIS11 2h (Exp.) 2h (Theor.) (hkl ) Phase Attributed

33.8 33.8 0002 GaNa VIS7 2h (Exp.) 2h (Theor.) (hkl ) Phase
34.4 34.6 0002 GaN
36.0/36.3 36.2/36.4 112:0 [Al2O3]a 32.5 32.4 101:0 GaN

33.2 33.3/33.8 – Sia36.7 37.0 101:1 GaN
37.6 37.8 112:0 Al2O3 34.7 34.6 0002 GaN

36.9 37.0 101:1 GaN72.9 73.0 0004 GaN
76.5 76.4 224:0 [Al2O3]a 58.0 57.9 112:0 GaN

69.3 69.2 112:2 GaN77.2/77.8 77.2 224:0 [Al2O3]a
80.0/80.7 80.6 224:0 Al2O3 a A peak that may be due to tungsten contamination at the copper

anode.a Peaks due to tungsten contamination at the copper anode.
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Fig. 3. Micro-Raman spectra of GaN samples carried out at room
temperature under excitation of the 48 8.0 nm Ar+ laser line, from:
(a) sintered powder used as target to grow PLD-GaN films; (b) sample
VIS11 grown on Al2O3 (112:0) substrate; (c) sample VIS7 deposited
on crystalline Si(100). The luminescence background was subtracted
in all the spectra. The sharp peaks at 418, 432 and 645 cm−1 (marked
with an asterisk) of spectrum (b) are due to the sapphire substrate
(A1g, Eg and A1g symmetry), while the strong peak at 520 cm−1 in
spectrum (c) is due to c-Si. All the spectra shown were taken on the
homogeneous area of the films and not on the particulates.

strates, respectively, and the reference spectrum
(spectrum a) obtained from the GaN target made by
pressing and sintering the GaN powder.

From the spectrum of Fig. 3(a) that refers to the
target material we can easily identify the vibrational
modes corresponding to the wurtzitic GaN [26 ]. The
only mode that cannot be resolved is that corresponding
to the E1 (LO) phonon, probably because of its weak
intensity. The phonon frequencies of transverse optic

(a)

(b)

(TO) A1 and E1 modes and of E2 mode occur at 530,
Fig. 2. AFM scan images for sample VIS7 (a) and sample VIS11 (b). 557 and 565 cm−1, respectively, while the longitudinal
On the bottom of the figure is reported the height profile taken at half

optic (LO) A1 is peaked at 734 cm−1. No symmetryvertical scan along the horizontal axis.
study of Raman scattering from this reference sample
was possible since the target pellet consisted of randomly
oriented crystalline grains.GaN are observed to depend slightly on the growth

procedures followed to deposit the films [23–26 ]. Raman spectra recorded from the samples VIS11
(spectrum b) and VIS7 (spectrum c) show two broadThe Raman spectra recorded from the different PLD-

GaN films consist of peaks characteristic of the wurtzite bands peaked at 563 and 726 cm−1. The asymmetry and
the small red shift in their positions (compared with thephase. Fig. 3 shows the experimental Raman spectra

recorded from two films grown on Al2O3(112:0) (VIS11) peaks in Fig. 3(a)), suggests that the films have the
wurtzite structure, as confirmed from the XRD spectra,(spectrum b) and Si (100) (VIS7) (spectrum c) sub-
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but on a low order phase with an increasing distance in of Ga2O3 have the highest intensity, have not allowed
us to resolve the XRD peaks for the different phases.the atomic bonds. Stress effects due to lattice mismatch

can be excluded because the peaks positions are the Further investigations concerning this feature are
needed, and a photoluminescence study of the set ofsame for every substrate used. Besides these peaks, an

additional band centered at about 420 cm−1, has been sample is planned for the near future.
observed in all the spectra recorded from PLD samples.
This band, not present either in the GaN hexagonal
phase or in its cubic phase, has recently been reported Acknowledgements
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