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Figure 1 Layout of (a) the front-front geometry, having the SC
and the ohmic contact on top of the β-Ga2O3 thin film on c-plane
sapphire substrate, and (b) the front-back geometry, comprising
the SC on top of the β-Ga2O3 layer and the ZnO back contact
layer on a-plane sapphire substrate, acting as the ohmic back con-
tact that is contacted from the side.

tion of unipolar devices like Schottky diodes is important.
Recently, first Schottky contacts (SCs) on β-Ga2O3 high-
quality bulk material and homoepitaxial thin films were re-
ported [2–6]. The contact metals investigated were Au and
Ni. Effective barrier heights up to 1.2 eV [3] and ideality
factors down to 1.02 [5] had been achieved for Au SCs
on β-Ga2O3 single crystals and effective barrier heights
up to 1.1 eV for Ni SCs on homoepitaxial thin films. So
far, the growth of β-Ga2O3 single crystals is a lengthy and
expensive procedure and limited presently to 2" wafers [7].
Therefore, the growth of heteroepitaxial thin films on read-
ily available substrates with large diameter and the fabrica-
tion of devices on them is a field of increasing interest. In
this study we present detailed investigations on Cu SCs on
heteroepitaxial grown β-Ga2O3 thin films on sapphire sub-
strates.

2 Experimental All β-Ga2O3 thin films investigated
in this study were grown by pulsed laser deposition (PLD).
The laser used is a KrF excimer laser (248 nm) with
an energy density of 2 J/cm2. The target-substrate dis-
tance of the setup is 10 cm. The β-Ga2O3 thin films were
grown from a target consisting of Ga2O3 and 1wt% SiO2

at a growth temperature and oxygen partial pressure of
approximately 650◦C and 10−3 mbar, respectively, and
were used for the fabrication of SCs within two different
device layouts. For the first layout we used a front-to-
front geometry, for which the β-Ga2O3 thin films were
grown on c-plane sapphire substrates. Those thin films are
single-phase and (201)-oriented as shown elsewhere [8].
The thickness of the thin films was determined by ellip-
sometry to be about 350 nm. Hall effect measurements
of the samples used for SCs showed that the β-Ga2O3

thin film is n-type with a free carrier concentration of
1.6 × 1018 cm−3, a conductivity of 0.029 S cm−1 and a
mobility of 0.3 cm2 V−1 s−1 at room temperature. Due to
slight changes of the PLD-process, the conductivity and the
mobility of the layers are slightly increased in comparison
to the thin films discussed in Ref. [8]. A scheme of the lay-
out, which will be referred to as front-front (f-f) geometry,
is depicted in Fig. 1 (a). The second layout consists of three

different epilayers, allowing a front-to-back geometry. The
first layer with a thickness of about 250 nm is a highly
Ga doped ZnO layer on a-plane sapphire substrate. This
highly conducting layer with an effective donor density
and resistivity of 1021 cm−3 and 10−3 Ωcm, respectively,
is used as an ohmic back-contact and ensures a low series
resistance of the Schottky barrier diode [9]. The second
layer is a nominally undoped ZnO layer with a thickness of
about 500 nm. This layer equilibrates the conduction band
of ZnO and that of β-Ga2O3. Both layers are grown at a
growth temperature and oxygen partial pressure of approx-
imately 650◦C and 0.016mbar, respectively. The top layer
is a β-Ga2O3 thin film, deposited with the same growth
parameters as used for the first sample layout. A scheme
of the layout, which will be referred to as front-back (f-b)
geometry, is shown in Fig. 1 (b). The crystal structure of
the f-b geometry was investigated using X-ray diffraction
(XRD) measurements. Those measurements were done us-
ing a Philips X’pert diffractometer with a Bragg-Brentano
goniometer. The wavelength of the X-rays was 1.5406Å
(Cu Kα1). Due to the highly conducting ZnO layer, Hall
effect measurements of the β-Ga2O3 thin films were not
possible, but we suppose values similar to the f-f geometry.
The thickness of the β-Ga2O3 thin film is similar to the
thickness of the thin film in the f-f geometry. Before the
preparation of the SC we cleaned the surface with acetone.
Using a photolithography mask, circular contacts with di-
ameters between 150 and 750 µm were defined (see inset
of the title figure). The SCs were realized by dc-sputtering
of Cu in an argon atmosphere. The ohmic contacts for the
f-f geometry consist of an evaporated layer structure of Ti
and Al with a thickness of 25 nm as suggested by Villora
et al. [10]. To ensure an ohmic behaviour and neglectable
contact resistance for the ohmic contacts, it was necessary
to anneal them for 10min at 500◦C under nitrogen ambi-
ent (800mbar), as reported by Suzuki et al. [3]. Therefore,
the ohmic contacts were realized prior to the SCs. The
Cu SCs were investigated with I-V , capacitance-voltage
(C-V ) and capacitance-frequency measurements at room
temperature. Additionally, for selected diodes temperature-
dependent I-V measurements were performed. The I-V
characteristics were recorded using an Agilent 4155C pre-
cision semiconductor parameter analyzer. C-V measure-
ments were performed with an Agilent 4294A precision
impedance analyzer.

3 Results and discussion Figure 2(a) depicts the
I-V -characteristic of a Cu/Ga2O3 SC prepared on a
β-Ga2O3 thin film (f-f geometry) at room temperature.
The graph shows the I-V data for a sweep from negative to
positive voltages and a reversed sweep, as indicated by ar-
rows. The characteristic exhibits a strong exponential slope
in forward direction up to 0.6V. For higher voltages the
diode is under flat-band condition and the current flow is
determined by the series resistance of the SC. In backward
direction we see a slight increase of current flow, which
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Figure 2 (a) Current density vs. applied voltage at room tem-
perature of a Cu/Ga2O3 SC prepared in f-f geometry. The arrows
indicate the measurement direction. (b) Effective barrier height in
dependence on the ideality factor of SCs with f-f geometry.

is probably caused by barrier height inhomogeneities, as
discussed below. The I-V -characteristic exhibits a strong
rectifying behaviour; the rectification ratio (±2V) is close
to 107 and with that among the largest reported values
of SCs fabricated on β-Ga2O3. Since the mobility of the
β-Ga2O3 thin films is quite low, the role of the different
transport mechanisms, especially thermionic emission the-
ory (TE) and diffusion theory, has to be discussed. Similar
to [11], we calculated the difference between the effec-
tive barrier height of the combined model of thermionic
emission and diffusion proposed by Crowell and Sze [12]
and the effective barrier height for the model of TE with
the same saturation current as in the combined model.
At room temperature, for a mean barrier height of 1.3 eV
and a standard deviation of 0.13 eV, as determined from
the temperature dependent measurements described be-
low, this difference is about 0.011 eV for β-Ga2O3, using
the mobility and the free carrier concentration determined
by Hall effect measurements. This means that diffusion
plays a minor role for charge transport. Therefore, TE is
assumed to be the dominating transport mechanism and
used to determine the effective barrier height (Φeff

B ) and the

ideality factor (n) according to

I = Is

[

exp

(

e (VA − IRs)

nkBT

)

− 1

]

+
VA − IRs

Rp

, (1)

where e is the elementary charge, VA the applied voltage,
T the absolute temperature and kB Boltzmann’s constant.
This model includes the voltage dependence of the barrier
via the ideality factor n and the series and parallel resis-
tances Rs and Rp of the diode. The saturation current Is is
given by

Is = A0A
∗T 2 exp

(

−eΦeff
B

kBT

)

, (2)

where A∗ is the Richardson constant, with a value of
40.8A cm−2 K−2 (using m∗

e = 0.34me,0 [13]) and A0 is
the area of the contact.

Using this theory, we determined the effective barrier
height and ideality factor to be 0.92 eV and 1.22, respec-
tively. The effective barrier height is similar to formerly
reported values of Au SCs on Czochralski grown β-Ga2O3

single crystals [5], even though the work function of Cu
is 0.4 eV smaller than that of Au. The ideality factor of
this contact is larger compared to SCs on single crystals.
This behaviour is caused by barrier height inhomogeneities
which increase the ideality factor and lower the effective
barrier height as initially evoked for Si [14] and also found
for SCs on ZnO [11]. The back and forward direction show
a small splitting of the current zero-crossing. Such a be-
haviour is likely due to the charging and discharging of
a parallel capacitance during the sweep measurement. Fig-
ure 2(b) summarizes the effective barrier height vs. ideality
factor of several Cu/Ga2O3 SCs on a sample with f-f geom-
etry. We see an accumulation of high quality SCs with an
effective barrier height between 0.88 eV and 0.95 eV and
ideality factor in the range of 1.2 to 1.4. However, some
of the SCs have also effective barrier heights below 0.8 eV
and ideality factors above 2. Because of the variation of
the pairs of ideality factors and barrier heights for the dif-
ferent contacts, a linear fit for obtaining the homogeneous
barrier height like expected for TE over an inhomogeneous
barrier [15] is not reasonable.

The series resistance of our Cu/Ga2O3 prepared SCs
on samples with f-f geometry is about 10 kΩ. For ac de-
fect spectroscopic methods like DLTS, operating frequen-
cies in the MHz range are required and, therefore, a re-
duction of the series resistance is necessary [9]. Since the
sapphire substrate is insulating, we made use of a highly
conductive ohmic back contact layer. For that we devel-
oped a layer structure consisting of a highly Ga doped,
(00.1)-oriented ZnO layer grown on a-plane sapphire sub-
strates. So far it was reported that β-Ga2O3 grows (201)-
oriented on c-plane sapphire substrates [16–19], GaN sub-
strates [20] and a-plane sapphire substrates [19]. Because
of a similar structure of GaN and ZnO we expect also a
(201)-oriented growth on (00.1)-oriented ZnO. Figure 3(a)
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Figure 3 (a) 2θ-ω X-ray scan and (b) ϕ X-ray scans of a sample
with f-b geometry consisting of a ZnO:Al, ZnO and β-Ga2O3

layers grown on a-plane sapphire substrate. The upper part shows
a scan of the β-Ga2O3 {002} peak, the ZnO {10.1} peak and the
sapphire {11.3} peak, while the lower part shows a ϕ scan of
the β-Ga2O3 {714} peak and the ZnO {11.4} peak. Note that
the integration time of each of the scans is different for better
comparability.

depicts a wide angle XRD scan of a sample with f-b ge-
ometry. The peaks occurring at angles of 34.4◦ and 72.6◦

correspond to the (00.2) and (00.4) planes of ZnO, respec-
tively. The peaks visible at 37.8◦ and 80.8◦ are the (11.0)
and (22.0) reflections of the a-plane sapphire substrate, re-
spectively. The orientation of the β-Ga2O3 thin films is
indicated by the occurrence of the peaks at 18.9◦, 38.4◦,
59.2◦ and 82.2◦ which correspond to the (201), (402),
(603) and (804) planes of β-Ga2O3, respectively. There-
fore, the thin films grown on ZnO have the same orienta-
tion as for growth on GaN or c-plane sapphire. The (402)
and (804) peaks are only visible as shoulders of the (110)
and (220) a-plane sapphire planes signal. Beside the men-

tioned ZnO, a-plane sapphire and β-Ga2O3 peaks no other
peaks are visible. Thus, the β-Ga2O3 thin films are sin-
gle phase with an out-of-plane orientation of (201). In the
upper part of Fig. 3(b) a ϕ scan of the β-Ga2O3 {002}
peak, the ZnO {10.1} peak and the sapphire {11.3} peak
is shown. In accordance to literature [21], the scan shows
that the 〈11.0〉 direction of ZnO lies parallel to the 〈00.1〉
direction of the a-plane sapphire substrate, since there is a
30◦ offset between the ZnO {10.1} peak and the sapphire
{11.3} peak. The additional peaks in the ϕ scan of ZnO
are due to a small amount of 30◦ rotational domains of the
ZnO, which are beyond the scope of this paper. Further, the
scan reveals that the 〈102〉 direction of the (201) oriented
β-Ga2O3 lies parallel to the 〈10.0〉 direction of the (00.1)
oriented ZnO, since the peaks of the ZnO {10.1} planes
and the β-Ga2O3 {002} planes are aligned. The fact that
there are six peaks of the β-Ga2O3 in the ϕ scan means
that the 〈102〉 direction of β-Ga2O3 can also lie parallel
to 〈10.0〉 direction of ZnO, since similar measurements of
β-Ga2O3 on a c-plane ZnO single crystal also showed six
peaks. According to [22], this is the minimum number of
rotational domains expected for growth on c-plane ZnO.
Further, the six rotational domains can be explained by
the fact that the first layer of c-plane ZnO has the point
group 6mm and the (201) oriented β-Ga2O3 has the point
group m and that the mirror planes of the ZnO and the
β-Ga2O3 are aligned [23]. Diagrams of the epitaxial rela-
tion are shown in Fig. 4 (a) and (b). The lattice mismatch
for (201) oriented β-Ga2O3 on (00.1) ZnO are 6.6% and
30.5% in [010] direction and in [102] direction, respec-
tively. In the lower part of Fig. 3(b) an additional ϕ scan of
the {714} peak of β-Ga2O3 and the {11.4} peak of ZnO is
shown. The peaks of {714} planes of β-Ga2O3 are about
9◦ to the left and 9◦ to the right of the six peaks of ZnO.
The occurrence on both sides of the peaks of ZnO can be
explained by the mirror symmetry of β-Ga2O3. Since the
mirror plane is in the b-plane, the (714) planes are equiv-
alent to the (714) planes. Therefore, in the ϕ scan, both
reflexes are visible. In a relaxed β-Ga2O3 crystal, the an-
gle between the projection of the normal of the (714) plane
on the (201) plane and the [010] direction is 12.40◦. Never-
theless, calculating the same angle for β-Ga2O3 that takes
the in-plane lattice parameters of ZnO (11.257Å in [102]
direction and 3.250Å in [010] direction) yields an angle of
8.95◦, which is in accordance to the angle measured in the
ϕ scan.

Figure 5(a) depicts the temperature-dependent I-V
characteristics of a Cu/Ga2O3 SC with f-b geometry in the
temperature range between 50K and 320K. The current
for a given voltage increases with increasing temperature
as expected for TE. For high temperature an ohmic shunt in
backward direction of the I-V -characteristics is visible. At
low forward voltages the I-V -characteristics are also influ-
enced by this ohmic shunt (cf. dashed line in Fig. 5(a)). For
voltages between 0.4V and 1V the I-V -characteristics ex-
hibit an exponential slope for temperatures between 140K
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Figure 4 Schematic diagrams of the epitaxial relation between
(a) (00.1)-oriented ZnO and (b) (201)-oriented β-Ga2O3. Both
diagrams were created using VESTA [24].

and 320K. For higher voltages the barrier is under flat
band conditions and the I-V -characteristics are dominated
by the series resistance of the β-Ga2O3 and the ohmic
back contact. The effective barrier height Φeff

B and ideality
factor n of the depicted SC determined by TE at 290K
are 1.03 eV and 1.64, respectively. The series resistance
of such SCs is now significantly reduced by nearly two
orders of magnitude. For the SC shown in Fig. 5(a) the
series resistance at room temperature is about 250Ω. Fig-
ure 5(b) shows the effective barrier heights and 1/n − 1
in dependence on the inverse temperature for temperatures
above 110K. Both the effective barrier height and 1/n− 1
exhibit a linear dependence on the inverse temperature,
which is explainable with a Gaussian distributed lateral
inhomogeneous barrier height [14]. The effective barrier
height is related to the mean barrier height by [14]

Φeff
B (T ) = Φm

B0 −
σ2
0

2kBT
, (3)

where Φm
B0 is the mean barrier height and σ0 the stan-

dard deviation of the barrier height, both at zero applied
bias. The change of the ideality factor with temperature
can be explained by a linear dependence of the mean bar-

(a)

(b)

Figure 5 (a) Temperature-dependent current density voltage
measurement of a Cu/Ga2O3 SC with f-b geometry from 50K

to 320K. The dashed line indicates the influence of the shunt re-
sistance for the measurement at T = 320K. (b) Effective barrier
height and 1/n− 1 determined from the temperature-dependent
current voltage measurement in dependence on the inverse tem-
perature.

rier height and the square of the standard deviation on the
applied bias [14]

Φm
B = Φm

B0 + eρ2VA (4)

σ2 = σ2
0 + eρ3VA , (5)

where ρ2 and ρ3 are the constants of proportionality of the
mean barrier height and the square of the standard devia-
tion, respectively. With this, the equation

n =

(

1− ρ2 +
ρ3

2kBT

)

−1

(6)

applies for the ideality factor [14]. Using Eq. (3) a lin-
ear fit of the effective barrier height yields a mean
barrier height of 1.32 ± 0.05 eV and standard devia-
tion of 126 ± 10meV. A linear fit of 1/n − 1 yields
ρ2 = 0.15 ± 0.04 and ρ3 = −13 ± 1meV.

For further investigation of the Schottky barrier at the
Cu/Ga2O3 interface, we also measured I-V -characteristics
at elevated temperatures. In Fig. 6 the I-V -characteristics
of another Cu/Ga2O3 SC with f-b geometry is depicted for
a temperature of T = 550K. Again, an exponential slope
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4

Figure 6 Current density vs. applied voltage characteristics at a
temperature of T = 550K of a Cu/Ga2O3 SC for a sample with
f-b geometry and fit of the measured data using thermionic emis-
sion theory. The inset shows a fit of the measured data for negative
voltages with the model of thermionic emission considering the
image force lowering of the barrier.

exists in forward direction up to 0.6V. For higher voltages
the current transport is dominated by the series resistance
of the SC, which is 50Ω at this temperature. By fitting,
we obtained an effective barrier height and an ideality fac-
tor of 1.36 eV and 1.03, respectively. Estimating the ideal-
ity factor for a homogeneous barrier due to image charge
effects [25] yields an ideality factor of about nif = 1.02
for β-Ga2O3. Therefore, the ideality factor of the SC at
T = 550K is close to the ideality factor expected for a
homogeneous barrier, which implies that the effective bar-
rier height for this temperature coincides with the homoge-
neous barrier height. Thus, both the homogeneous barrier
height determined at high temperatures and the mean bar-
rier height deduced from the temperature-dependent mea-
surement at low temperatures (110K-320K) are in good
agreement with each other. Additionally, the inset of Fig. 6
depicts the measured I-V characteristics for negative ap-
plied voltages in more detail. In this range, the current den-
sity depends exponentially on the applied voltage which
can be seen by the linear behaviour in the semilogarithmic
plot. This indicates that image charge effects like the im-
age force lowering of the barrier is dominant for the mea-
sured characteristic. According to [26], the lowering of the
Schottky barrier due to image charges is

∆Φif = e

[

e2Nt

8π2ǫsǫ2∞ǫ30
(ΦB0 − eVn − eVA − kBT )

]

1

4

,

(7)
where Nt is the net doping concentration, ǫ0 is the vac-
uum permittivity, ΦB0 is the barrier height without the im-
age force lowering, eVn = kBT (lnNc − lnNt) the en-
ergy difference between the Fermi level and the conduc-
tion band and Nc the conduction band density of states.

The latter can be calculated by [25]

Nc = 2

(

m∗

ekBT

2π~2

)
3

2

, (8)

where ~ is the reduced Planck constant. At this tem-
perature, the value of Nc is about 1.2 × 1019 cm−3 for
β-Ga2O3. ǫs and ǫ∞ are the static and the optical dielectric
constants, which are 10 and 3.61 for β-Ga2O3, respec-
tively [27]. Inserting Φeff

B = ΦB0 −∆Φif into Eq. (1) and
fitting the measured data with this equation gives the fit
shown in the inset of Fig. 6. For this fit the ideality factor
goes down to 1, which, in addition to the good agree-
ment of the measured data with the fit, shows that there
are no additional effects increasing the ideality factor.
The barrier height without the image force lowering, the
image force lowering and the net doping density are de-
termined by the fit to be 1.55 ± 0.02 eV, 0.17 ± 0.02 eV
and (1.1 ± 0.4) × 1018 cm−3, respectively. Calculating
the lowered barrier with those values gives a barrier height
of 1.38 ± 0.04 eV, which is in good agreement with the
effective barrier height determined previously from the
forward characteristics. Using the work function of Cu
(W = 4.65 eV [28]), we can estimate the electron affinity
χ of β-Ga2O3 to be 3.1 eV. The deviation of this value
from the electron affinity determined in [5] might be due
to surface states, but this is beyond the scope of this letter.
Calculating the energy difference eVn between the Fermi
level and the conduction band yields a value of 0.11 eV at
a temperature of 550K. Therefore, according to [25], the
built-in voltage Vbi is 1.44V and the width of the space
charge region w is 37 nm. With the determined values the
calculation of the schematic band diagram of a Cu Schot-
tky contact on β-Ga2O3 at this temperature is possible,
which is shown in the title figure.

Due to the ohmic back contact layer, the low series
resistance of the SCs with a f-b geometry allows us to
perform measurements of the capacitance and the conduc-
tance up to frequencies of 1MHz and above. The capa-
citance and conductance in dependence on the measure-
ment frequency of the SC shown in Fig. 5(a) are depicted
in Fig. 7(a). In the range between f = 1kHz and f =
100 kHz there is a slight decrease of the capacitance which
might be due to a continuous distribution of defects states
like surface states or defects states at grain boundaries. Ad-
ditionally, at a frequency of about 1MHz there is an inflec-
tion point indicating that the frequency matches the emis-
sion rate of a defect. Therefore, we can estimate the emis-
sion rate of this defect to be about 3MHz at room temper-
ature. Comparison with emission rates of defects discussed
in [4] gives no accordance, hence, this must be a different
defect. As the frequency increases further, the capacitance
decreases and the conductance increases. This is the ex-
pected behaviour of a SC due to its low-pass characteris-
tics.

In Fig. 7(b) the capacitance is depicted in dependence
on the applied voltage for measurement frequencies of
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Figure 7 (a) Capacitance (left axis) and conductance (right axis) in dependence on the frequency of a Cu/Ga2O3 SC on a sample with
f-b geometry. The external bias for this measurement was zero. (b) Capacitance in dependence on the applied voltage of a Cu/Ga2O3

SC with a f-b geometry for measurement frequencies of f = 100 kHz and f = 1MHz. (c) C−2 in dependence on the applied voltage.
(d) Net doping density in dependence on the applied voltage. (c) and (d) are calculated from the capacitance-voltage measurements
visualized in (b). All measurements were performed at room temperature.

f = 100 kHz and f = 1MHz. Starting at negative applied
voltages, the capacitance increases with increasing voltage,
because the width of the space charge region of the SC de-
creases. The measured capacitance for the measurement at
a frequency of f = 1MHz is smaller due to the frequency
dependence of the capacitance shown in Fig. 7(a). Also, the
relative change of the capacitance for this measurement is
smaller than for the measurement at f = 100 kHz, indicat-
ing an additional frequency dependent effect. According to
[25] the dependence of the capacitance of a SC on the ap-
plied voltage is

C = A0

√

Ntǫsǫ0
2(eVbi − eVA − kBT )

. (9)

Therefore, by plotting C−2 in dependence on the applied
voltage, it is expected that the extrapolation of C−2 to zero
yields Vbi. In Fig. 7(c) such a plot is shown for the mea-
sured data from Fig. 7(b) for both measurement frequen-
cies. The plot deviates from the linear dependency for ap-
plied voltages larger than 0V. Additionally, the intersec-
tion point varies strongly with the measurement frequency,
therefore, the estimation of the built-in voltage is not rea-

sonable here. This behaviour is likely to be due to deep
traps as discussed in the following.

According to Eq. (9) the net doping concentration can
be calculated from the measured data using the derivative
of C−2 with respect to the applied voltage

Nt(w) = −
2

eA2
0ǫsǫ0

(

d

dVA

C−2

)

−1

. (10)

In Fig. 7(d) the net doping concentration is plotted in de-
pendence on the applied voltage. A plot of the net dop-
ing concentration in dependence on the width of the space
charge region is not useful here since the capacitance is
strongly dependent on the measurement frequency and,
therefore, would result in different doping profiles for dif-
ferent frequencies. From Fig. 7(d) we can determine the
net doping concentration in the β-Ga2O3 thin film to be
constant at a value of Nt = 8 × 1017 cm−3 for negative
applied voltages (large width of the space charge region,
net doping density in the bulk). This value is in good agree-
ment with the value obtained by the fit of the I-V charac-
teristics at high temperatures with the TE model taking im-
age force lowering into account. For applied voltages larger
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than zero, which is equivalent to a small space charge re-
gion and with that a measure of the net doping density near
the surface of the thin film, the calculated net doping con-
centration decreases. This is the same as seen previously
in Fig. 7(b) and (c) for the same voltage range. Since it is
dependent on the measurement frequency, its is unlikely to
be due to a decrease in the net doping and hence due to an-
other effect. As shown by Kimerling [29] such a behaviour
of the net doping profile can be assigned to a deep trap state
with concentration NT in the semiconductor. According to
this theory, the value of the calculated net doping starts
at Nt or Nt − NT near the surface of the semiconductor
(VA > 0) and turns into Nt + NT or Nt in the bulk of
the semiconductor in presence of a deep donor or acceptor
trap, respectively. Since the calculated net doping density
near the surface of the semiconductor is frequency depen-
dent, it is likely that the trap state in our sample is a deep
acceptor.

4 Conclusion In conclusion, we have demonstrated
the fabrication of Cu SCs on heteroepitaxial β-Ga2O3 thin
films on sapphire substrates. The electronic properties of
those SCs were investigated by means of measuring I-V
characteristics and determination of the effective barrier
height and the ideality factor. The best SCs had effective
barrier heights between 0.88 eV and 0.95 eV and ideality
factors in the range of 1.2 to 1.4 at room temperature. By
using an ohmic ZnO:Ga back contact layer, the series resis-
tance could be reduced by two orders of magnitude in com-
parison to the SCs with a front-to-front contact geometry
to several 100Ω. Temperature-dependent measurements
showed that the effective barrier height depends linearly on
the inverse temperature in accordance to thermionic emis-
sion theory over a laterally inhomogeneous barrier with a
mean barrier height of 1.32 ± 0.05 eV and standard devi-
ation of 126 ± 10meV. From measurements at high tem-
peratures the effective barrier height for an ideality factor
of 1.03 was determined to be 1.36 eV at 550K, which is in
good agreement with the mean barrier height determined
at lower temperatures (110K-320K). Consistently, the re-
verse current for high temperatures can be described by
thermionic emission theory considering image force low-
ering. Thus, the SC is stable up to at least 550K and elec-
trically close to ideal at this temperature. The low series
resistance also enabled us to perform C-V measurements
at high frequencies, but due to a deep trap in the semicon-
ductor, an estimation of the built-in voltage from the C-V -
measurement was not possible. Nevertheless, the net dop-
ing concentration was estimated to be Nt = 8×1017 cm−3.
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