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Highly conducting and transparent Ga-doped ZnO (GZO) thin films have been
grown on transparent substrates at different growth temperatures with Ga
content varying from 0.01% to 10%. All films showed pronounced c-axis ori-
entation corresponding to hexagonal wurtzite structure. The minimum
resistivity of 4.3 9 10�4 X cm was reproducibly obtained in GZO thin film
doped with 2% Ga and grown at 600�C. We have further shown that highly
conducting transparent GZO thin film can be used as a Schottky contact in
copper phthalocyanine (CuPc)-based Schottky diodes. The capacitance–volt-
age characteristics of the Al/CuPc/Au and GZO/CuPc/Au Schottky diodes show
similar built-in potential (Vbi) of 0.98 V, which is close to the difference in
work function between Au (5.2 eV) and Al or GZO (4.2 eV), establishing that
GZO behaves as a metal electrode with work function similar to Al. Similar
values of acceptor concentration (�1015 cm�3) in CuPc were obtained from the
capacitance–voltage characteristics of the Al/CuPc/Au and GZO/CuPc/Au
Schottky diodes. These observations indicate the absence of interface states at
the metal/organic interface in CuPc-based Schottky diodes.

Key words: ZnO, transparent conducting electrode, organic Schottky diode,
built-in potential barrier

INTRODUCTION

Optical transparency in the visible region and
metal-like conductivity are the most useful proper-
ties of materials for the development of two different
areas of electronics: organic electronics and trans-
parent electronics. Organic electronics includes
devices based on polymers and organic molecular
semiconductors, such as organic light-emitting
diodes (OLEDs), organic field-effect transistors
(OFETs), and organic solar cells (OSCs), whereas
transparent electronics includes fully transparent
devices such as transparent thin-film transistors
(TFTs) as well as ZnO-based semitransparent solar
cells.1–6 ZnO is a semiconductor with a direct wide
bandgap (�3.37 eV), a relatively large exciton

binding energy of 60 meV, and attractive electrical
and optical properties. As-grown undoped ZnO shows
n-type semiconducting properties due to O vacancies
and Zn interstitials.7 It is impossible to obtain stable
p-type ZnO, so ZnO-based p–n homojunctions are
difficult to achieve, whereas p-type organic semi-
conductors are abundant. Therefore, by combining
the versatile properties of such organic and inorganic
semiconducting materials, one can enhance the
functionality of devices beyond that achievable with a
single semiconducting material.8–11 Organic/inor-
ganic hybrid devices based on ZnO and organic
semiconductors have attracted strong technological
interest for use as hybrid LEDs, solar cells, and FETs
by combining the functionality of the wide range of
organic materials with the well-established proper-
ties ofn-type ZnO. On the other hand, it is well known
that metal–semiconductor junctions play a sig-
nificant role in the performance of electronic devices
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such as FETs, OSCs, and OLEDs. Advancement in
transparent technology requires transparent
conducting electrodes, for which conducting ZnO is a
potential candidate. Also, conducting ZnO is
a promising alternative to indium tin oxide (ITO) as a
transparent conducting electrode for use in OSCs,
OLEDs, TFTs, hybrid diodes, and many other
optoelectronics applications due to its low cost and
nontoxic nature.12–16 The conductivity of ZnO can be
varied by controlled doping with group III elements
(B, Al, Ga, In).17–21

In this work, we present how to achieve highly
conducting Ga-doped ZnO (GZO) transparent thin
films and their application in organic semiconduc-
tor-based Schottky diodes. GZO thin films have the
following advantages in comparison with Al-doped
ZnO (AZO) or In-doped ZnO (IZO) thin films: (i) the
Ga–O covalent bond length is nearly the same as
that of Zn–O, which leads to less strain in the doped
film; (ii) Ga is less reactive than Al and more
resistive to oxidation; and (iii) it has been shown
that Ga does not exhibit a tendency to segregate at
surfaces, interfaces, and extended defects, com-
pared with Al and In, which is crucial for applica-
tions requiring superior control over the impurity
distribution.22,23 Highly conducting GZO thin films
have been used as transparent conducting elec-
trodes in OLEDs and OSCs.15,24 In this work, highly
conducting, c-axis-oriented GZO thin films were
achieved by controlling the doping concentration
of Ga. Furthermore, highly conducting transpar-
ent GZO thin films were successfully employed
as Schottky contacts in organic-molecular-based
Schottky diodes.

EXPERIMENTAL PROCEDURES

Thin-Film Deposition

All GZO thin films were deposited by radiofre-
quency (RF) magnetron sputtering on transparent
quartz substrate. RF magnetron sputtering was
chosen over pulsed laser deposition (PLD) for
growth of the doped and undoped ZnO thin films
due to several advantages such as (i) relatively easy
control over doping, (ii) lower cost, and (iii) no
limitation on sample area as in the case of PLD.18 A
series of ZnO sputtering targets with different Ga
contents from 0.01% to 10% were prepared by the
solid-state route. ZnO and Ga2O3 powder with
purity of 99.999%, procured from Sigma Aldrich,
were mixed in stoichiometric ratio, ground for 24 h,
and sintered at 850�C for 24 h to prepare the sput-
tering targets. During deposition of the GZO thin
films, the target-to-substrate distance was kept at
7 cm. The sputtering chamber was initially
evacuated to 10�6 mbar using a turbomolecular
pump, then the pressure in the chamber was
maintained at 0.01 mbar during growth. Before
deposition, the transparent quartz substrate was
ultrasonically degreased in trichloroethylene, ace-
tone, and ethanol for 10 min. The target was

presputtered in Ar:O2 atmosphere with ratio of
60:40 for 15 min to remove contamination from the
surface. The RF power during deposition was
maintained at 20 W to achieve minimum surface
damage during growth. All these parameters have
been optimized to obtain the highest-quality ZnO
thin films on transparent quartz substrate.25,26

Schottky Diode Fabrication

The devices used in our study consisted of a single
layer of copper phthalocyanine (CuPc) sandwiched
between two electrodes of either Al and Au or Au
and GZO, i.e., Al (40 nm)/CuPc (200 nm)/Au(40 nm)
and GZO (300 nm)/CuPc (200 nm)/Au (40 nm). The
organic layer was deposited on either Al- or GZO-
coated transparent quartz substrate, then the top
metal electrode of Au was evaporated on the organic
layers. Each layer was deposited in a vacuum
chamber at rate of 0.1 Å/s to 0.5 Å/s using an oil-free
evaporation system at base pressure of 2 9
10�6 mbar.27,28 The thickness of the organic layer
and metal electrode were measured in situ using a
quartz crystal thickness monitor, whereas the
thickness of the GZO thin film was measured using
a SOPRA GES5E spectroscopic ellipsometer.

GZO Thin-Film and Device Characterization

Resistivity (q) measurement of the GZO films was
carried out using the van der Pauw method. The l
and n values of the GZO films were determined by
Hall measurements under a magnetic field of 1 T
using a Keithley 6221 current source and Keith-
ley 2182A nanovoltmeter. Sample thickness was
measured using a SOPRA GES5E spectroscopic
ellipsometer. Grazing-incidence x-ray diffraction
(XRD) analysis was performed using a PANalytical
X’Pert Pro system with a nickel-filtered Cu Ka

(k = 1.54 Å) x-ray radiation source. X-ray photo-
electron spectroscopy (XPS) data were recorded
with the specimen mounted on a specially designed
sample holder using an Al Ka laboratory x-ray
source and an electron energy analyzer with five
Channeltrons from Specs GmbH. The data were
recorded with 20 eV pass energy and 1 eV energy
resolution. Atomic force microscopy (AFM; Park
XE70) was used to determine the grain size and
surface morphology of the films. A Shimadzu
UV-2401PC spectrophotometer was used for
absorption spectroscopy in the wavelength range
from 200 nm to 1000 nm. Current–voltage (J–V)
and capacitance–voltage (C–V) measurements were
carried out in rough vacuum (10�2 mbar) using a
Keithley picoammeter, Keithley voltage sources,
and a Wayne Kerr precision component analyzer.

RESULTS AND DISCUSSION

The XRD profiles of GZO thin films grown at
600�C with different Ga contents from 0.01% to 10%
are presented in Fig. 1a. Why TG = 600�C was
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chosen is discussed in the next section. All the thin
films showed pronounced c-axis orientation result-
ing in a strong 2h (002) peak corresponding to hex-
agonal wurtzite structure. The absence of any
signals corresponding to Ga2O3 planes in the XRD
patterns from the GZO thin films indicates homo-
geneous mixing of Ga2O3 with ZnO, resulting in
single-phase wurtzite GZO thin films. The XRD
peak observed at around 73.4� corresponds to the
(004) plane of the ZnO thin film. The shift in the
(002) diffraction peak of the GZO films is very small
or negligible towards higher diffraction angle com-
pared with AZO and IZO because the difference
between the ionic radius of Ga3+ (0.062 nm) and

Zn2+ (0.074 nm) is smaller than that between Al3+

(0.053 nm) and Zn2+ or In3+ (0.094 nm) and Zn2+, for
which a large peak shift has been observed.25,26

Similar behavior was observed in samples grown by
PLD.15 From Fig. 1a, it is also observed that, above
a doping level of 2%, an additional peak at 36.12�
corresponding to the (101) plane of the cubic phase
is observed along with the (002) peak, indicating
misorientation from the c-axis. This means that an
extra phase within the ZnO thin film starts to
develop along with the hexagonal wurtzite phase
beyond a certain doping level due to segregation of
Ga atoms either at interstitial sites (Gai) or at other
nonequivalent sites instead of substitutional sites
(GaZn), indicating degradation of the GZO film
quality with increasing Ga content. Figure 2a
shows that the intensity of the (002) peak first
increases with the Ga content, becoming maximum
at the 2% doping level. Further doping of Ga leads
to decrease in the intensity of the (002) peak due to
misorientation from the c-axis. The inset of Fig. 1a
also provides information on the oxidation state and
bonding characteristics of Ga in the ZnO matrix.
The binding energy of the Ga 2p3/2 peaks around
1119 eV indicates that the oxidation state19 of Ga in
the ZnO matrix is close to +3, implying donor
behavior of Ga in the GZO thin films.

The XRD spectra of 2% Ga-doped ZnO obtained at
different TG values are shown in Fig. 1b. The pres-
ence of the (002) peak in the XRD results implies
that all films are c-axis oriented. The intensity of
the (002) peak increases with TG, becoming sharper
and shifting towards higher angle from 34.07� to
34.43�, which corresponds to the 2h peak for pure
ZnO powder. This can be attributed to enhanced
texturing of the thin films grown at higher TG val-
ues. Similar behavior was observed for AZO films
grown by RF sputtering without postgrowth
annealing.18 Figure 1b also shows the deviation of
this 2h value from that for undoped ZnO powder
(2h � 34.43�). This shift of the (002) peak can be
associated with release of stress developed within
the film. In addition to the (002) peak, a small peak
corresponding to (101) orientation is seen at 36.2� in
films grown at TG £ 500�C, disappearing in the
sample grown at 600�C. This is because, as
TG increases, the GZO thin films adopt a preferred
c-axis orientation along (002) perpendicular to the
quartz substrate, resulting in weakening of the
(101) peak observed at 36.2�. Hence, the XRD data
highlight that, at higher TG, a larger amount of Ga
atoms is incorporated as GaZn compared with films
grown at lower TG.

Figure 2b shows the full-width at half-maximum
(FWHM) of the 2h (002) diffraction peak as a func-
tion of the Ga content. As the Ga content increases
from 0.1% to 10%, the FWHM first decreases,
reaching a lowest value of 0.38� at 2% doping, then
increases at higher doping concentration. The
FWHM value can be influenced by many factors
such as grain size, stress distribution, and crystal
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Fig. 1. (a) XRD profiles of GZO thin films prepared with different Ga
contents varying from 0.01% to 10%. The 2h (002) peak around 34�
shows the pronounced c-axis orientation of the films. The inset
shows the Ga 2p3/2 core-level XPS spectrum obtained from 2%
GZO thin film. (b) XRD spectra of 2% GZO films grown at different
TG values. The 2h (002) peak at around 34� shows the pronounced
c-axis orientation of the films. The inset shows the deviation of the
2h (002) signal from the ZnO powder value (shown by a horizontal
line).
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imperfection, or misorientation from the c-axis.29,30

Figure 2c shows how the stress in the GZO thin
films, determined using a biaxial strain model,31

varies with the Ga content. When Ga is incorpo-
rated into ZnO, the c-axis lattice constant decreases
and stress release takes place, which becomes
minimum at the 2% doping concentration, indicat-
ing the minimal thermal conductivity and lattice
mismatch between the ZnO thin film and quartz
substrate at this concentration. Therefore, precise
control of the Ga doping level in ZnO is extremely
important for creating a nearly stress-free environ-
ment in GZO thin films. From the FWHM, stress,
and intensity of the XRD peak, we conclude that the
optimal Ga content should be £2% to obtain high-
quality, monophasic, c-axis-oriented GZO thin films.

Figure 3a shows the AFM topography of 2% GZO
thin films grown at different TG values from 100�C
to 600�C. All the films are polycrystalline in nature
with grains and grain boundaries, and it is clear
that the grain size increases with TG. The variation
of the grain size with TG is shown in the inset of
Fig. 3b. Figure 3b also shows the transmission
spectra of 2% GZO films grown at 100�C and 600�C.
It is clear that 80% to 90% transmission in the
visible to ultraviolet (UV) region was obtained in
GZO thin films grown at 600�C. The 2% GZO thin
films grown at 600�C were further used as trans-
parent Schottky contacts in organic molecular
semiconductor-based Schottky diodes. When the
carrier concentration in n-type ZnO increases above
a critical value of nC = 3.68 9 1018 cm�3,18,19 known
as the Mott critical concentration, the Fermi level
moves up into the conduction band, resulting in
metal-like behavior. This has been achieved in ZnO

thin films doped with 2% Ga and grown at 600�C, as
explained in the next section.

Figure 4 shows the electrical properties of GZO
thin films with different Ga contents varying from
0.1% to 10%. As the Ga content is increased, l and n
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(FWHM), and (c) stress induced within the GZO film as a function of
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films grown at different TG values from 100�C to 600�C. (b) Trans-
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first increase and become maximum at the 2%
doping level, then decrease at higher doping levels.
The maximum values of l and n were found to be
16.5 cm2/V-s and 8.94 9 1020 cm�3, respectively,
resulting in a minimum q of 4.3 9 10�4 X cm in
GZO thin films with 2% Ga doping concentration.
The variation of q with Ga content is also shown in
the inset of Fig. 4. The initial increase of n may be
attributed to the efficient incorporation of Ga atoms
at Zn sites. Above the 2% doping level, n decreases,
indicating that not all the Ga atoms in the film

contribute as dopants. Excess Ga atoms at nonsub-
stitutional sites in ZnO films may compensate
the charge carrier concentration in GZO thin
films. First-principle calculations and experimental
results show that Ga atoms in ZnO can occupy both
substitutional (GaZn) and interstitial (Gai) sites.
Hence, in the case of heavily doped GZO samples, in
addition to GaZn, there would be Gai and/or
complexes with zinc vacancy (VZn), i.e., Gai–VZn,
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Fig. 5. J–V characteristics of (a) GZO/CuPc/Au and (b) Al/CuPc/Au
Schottky diodes. The insets show the energy band diagram of GZO/
CuPc/Au and Al/CuPc/Au Schottky diodes, respectively.
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which acts as an acceptor, resulting charge carrier
compensation in heavily doped GZO thin films.32–35

This is indirectly supported by the XRD data, which
show misorientation of the (002) peak in the 4% and
10% doped samples. In polycrystalline thin films,
grain-boundary scattering predominantly limits l.
The initial increase in l with Ga content may be due
to the improvement in crystallinity as indicated by
the XRD results. Above the 2% doping level, the
decrease in l can be attributed to the fact that excess
Ga atoms at interstitial sites create scattering cen-
ters. Defect states at the interfaces of grain bound-
aries play an important role in scattering of charge
carriers. Defects at grain boundary interfaces
behave as electron traps and hence scatter conduc-
tion electrons. Due to the increase in n with Ga
doping, screening of the defect states takes place and
l increases, as has also been observed in GaN.36–38

Figure 5 shows a schematic energy band level
diagram of the electrode work function and highest
occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) of CuPc in
GZO/CuPc/Au and Al/CuPc/Au-based Schottky
diodes. CuPc is a p-type organic molecular semi-
conductor with LUMO and HOMO at 3.1 eV and
4.8 eV with respect to vacuum level.28 Al and GZO
have almost the same work function (�4.2 eV), and
the work function of Au is 5.1 eV.28 There would be
no barrier for holes at the Au/CuPc interface, but a
barrier of 0.6 eV exists for holes at the Al/CuPc and
GZO/CuPc interfaces. Hence, Al and GZO are
‘‘blocking electrodes’’ or Schottky contacts for holes,
and as the work function of Au (�5.1 eV) is higher
than the HOMO of CuPc, Au acts as a ‘‘hole-inject-
ing electrode’’ or Ohmic contact for hole transport.
Figure 5 shows the J–V characteristics of the Al/
CuPc/Au and GZO/CuPc/Au Schottky diodes. The
current due to hole injection from positively biased
Au was measured, then the current due to hole in-
jection from Al or GZO was measured by reversing
the polarity of the bias voltage. As expected, the J–V
characteristics display asymmetric behavior. The
almost identical J–V characteristics for the Al/
CuPc/Au and GZO/CuPc/Au Schottky diodes estab-
lish that GZO can be used effectively as a trans-
parent conducting electrode for organic devices.
Though the rectification in the Schottky diode
indicates the formation of a depletion region at the
metal/semiconductor interface, the most convincing
evidence for the depletion region is provided by the
C–V characteristics of the Schottky diodes. The bias
dependence of the capacitance of a Schottky diode is
given by28

C ¼ A2qeNA

2 V � Vbið Þ

� �1=2

; (1)

where A = 3.14 mm2 is the area of the diode, e is the
permittivity of the organic layer, NA is the acceptor
concentration in the organic layer, q is the elec-
tronic charge, Vbi is the built-in potential, and the

positive and negative signs correspond to reverse
and forward bias, respectively. The capacitance of a
Schottky diode is characterized by the width of the
depletion layer W and is given by C = qA/W.
According to Eq. 1, W depends on the applied bias
according to the relation W � (Vbi ± V)1/2. At V = 0,
the Fermi level is aligned with the electrodes and a
barrier for holes due to the difference in the work
function of the electrodes develops at the GZO/CuPc
or Al/CuPc interface. In reverse bias (V< 0), where
we apply a positive voltage to the Schottky contact,
i.e., Al or GZO, with respect to the semiconductor,
the semiconductor-to-metal barrier height for holes
increases by V, i.e., Vbi + V, whereas in the case of
forward bias (V> 0) holes can easily flow from the
Au contact to the organic semiconductor, and
the barrier for holes is reduced by V, i.e., Vbi � V.
The depletion width W starts decreasing as we move
from reverse to forward bias or vice versa, which
can be further explained by the C–V characteristics.
Finally, the depletion width collapses at V = Vbi,
resulting in the flat-band condition.4,28 Figure 6
shows a schematic representation of the energy
band diagram of the GZO/CuPc/Au diode at (a)
V< 0, (b) V = 0, (c) V< Vbi, and (d) V = Vbi.
Figure 7 presents the C–V characteristics of the
GZO/CuPc/Au and Al/CuPc/Au structures, showing
diode-like behavior with a small peak at V = 0.98 V,
which is Vbi for Al/CuPc/Au and close to the differ-
ence in work function between Au (5.2 eV) and Al
(4.2 eV).39,40 A similar peak has also been observed
in GZO/CuPc/Au Schottky diodes at almost the
same position, establishing that GZO behaves as a
metal electrode with work function similar to Al.
Hence, the electrode work functions are responsible
for Vbi in organic Schottky diodes, indicating the
minimized role played by interface states at the
metal/organic interface. According to Eq. 1, 1/C2

versus V should be linear, which is also evident in
Fig. 7, confirming the formation of a depletion layer
in the Al/CuPc/Au and GZO/CuPc/Au Schottky
diodes; the value (1.1 V) of Vbi obtained from the 1/
C2 versus V plot is close to the value obtained from
the maximum of the peak (0.98 V). The NA values
obtained from the 1/C2 versus V plots are
3.0 9 1015/cm3 and 2.0 9 1015/cm3 for the CuPc
layer in Al/CuPc/Au and GZO/CuPc/Au, respective-
ly.28 These similar values of NA in the two devices
indicate that NA is the bulk acceptor concentration
and not due to interface traps.

CONCLUSIONS

Highly conducting, transparent GZO thin films
have been achieved on transparent quartz substrate
by RF magnetron sputtering with varying TG

and Ga content values. All thin films showed
pronounced c-axis orientation resulting in a strong
2h (002) peak corresponding to hexagonal wurtzite
structure. The minimum resistivity of 4.3 9
10�4 X cm was obtained at 2% doping concentra-
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tion. The transmission spectra of 2% GZO thin films
obtained at TG of 600�C show almost 90% trans-
mission in the visible to UV region. The highly
conducting, transparent 2% GZO thin film was used
as a Schottky contact in CuPc-based Schottky
diodes.
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skaya, U. Özgür, H. Morkoç, and P.M. Voyles, J. Appl. Phys.
112, 123527 (2012).

23. H.J. Ko, Y.F. Chen, S.K. Hong, H. Wenisch, T. Yao, and D.C.
Look, Appl. Phys. Lett. 77, 3761 (2000).

24. J. Owen, M.S. Son, K.-H. Yoo, B.D. Ahn, and S.Y. Lee, Appl.
Phys. Lett. 90, 033512 (2007).

25. Z.A. Khan and S. Ghosh, Appl. Phys. Lett. 99, 042504 (2011).
26. Z.A. Khan, A. Rai, S.R. Barman, and S. Ghosh, Appl. Phys.

Lett. 102, 022105 (2013).
27. A. Sharma, S. Yadav, P. Kumar, S.R. Chaudhuri, and S.

Ghosh, Appl. Phys. Lett. 102, 143301 (2013).
28. A. Sharma, P. Kumar, B. Singh, S.R. Chaudhuri, and S.

Ghosh, Appl. Phys. Lett. 99, 023301 (2011).
29. K.H. Kim, K.C. Park, and D.Y. Ma, J. Appl. Phys. 81, 7764

(1997).
30. J.G. Lu, Z.Z. Ye, Y.J. Zeng, L.P. Zhu, L. Wang, J. Yuan, B.H.

Zhao, and Q.L. Liang, J. Appl. Phys. 100, 073714 (2006).
31. B.C. Mohanty, Y.H. Jo, D.H. Yeon, I.J. Choi, and Y.S. Cho,

Appl. Phys. Lett. 95, 062103 (2009).
32. D.O. Demchenko, B. Earles, H.Y. Liu, V. Avrutin, N.

Izyumskaya, U. Ozgur, and H. Morkoc, Phys. Rev. B 84,
075201 (2011).

33. A. Zakutayev, N.H. Perry, T.O. Mason, D.S. Ginley, and S.
Lany, Appl. Phys. Lett. 103, 232106 (2013).

34. D. Steiauf, J.L. Lyons, A. Janotti, and C.G. Van de Walle,
APL Mater. 2, 096101 (2014).

35. D.C. Look, K.D. Leedy, L. Vines, B.G. Svensson, A. Zubiaga,
F. Tuomisto, D.R. Doutt, and L.J. Brillson, Phys. Rev. B 84,
115202 (2011).

36. E. Baghani and S.K.O’Leary,J.Appl.Phys.113, 023709 (2013).
37. N.G. Weimann, L.F. Eastman, D. Doppalapudi, H.M. Ng,

and T.D. Moustakas, J. Appl. Phys. 83, 3656 (1998).
38. D.G. Zhao, H. Yang, J.J. Zhu, D.S. Jiang, Z.S. Liu, S.M.

Zhang, Y.T. Wang, and J.W. Liang, Appl. Phys. Lett. 89,
112106 (2006).

39. C.H. Kim, O. Yaghmazadeh, D. Tondelier, Y.B. Jeong, Y. Bon-
nassieux, and G. Horowitz, J. Appl. Phys. 109, 083710 (2011).

40. G.G. Malliaras, J.R. Salem, P.J. Brock, and C. Scott, Phys.
Rev. B 58, R 13411 (1998).

Highly Conducting Gallium-Doped ZnO Thin Film as Transparent Schottky Contact
for Organic-Semiconductor-Based Schottky Diodes

2669


	Highly Conducting Gallium-Doped ZnO Thin Film as Transparent Schottky Contact for Organic- Semiconductor-Based Schottky Diodes
	Abstract
	Introduction
	Experimental Procedures
	Thin-Film Deposition
	Schottky Diode Fabrication
	GZO Thin-Film and Device Characterization

	Results and Discussion
	Conclusions
	Acknowledgements
	References




