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ABSTRACT: Transparent nanoscale-film heterojunctions based on Cuz0 and ZnO were fabricated
by atomic layer deposition and reactive magnetron sputtering. The constitutive layers exhibit high
crystalline quality and a local epitaxial relation between Cu2O and ZnO was achieved with [110]

Cuz0 || [001] ZnO and [001] Cu20 || [010] ZnO as evidenced by high resolution transmission



electron microscopy and. CuzO films show very low resistivity and high mobility values of 9 - 150
Qcmand 19 cm?/ V s, respectively. The Cu20/ZnO heterojunctions exhibit a non-linear rectifying
behavior characteristic of a p-n junction, self-powered photo-response under 1-Sun illumination
and an average transmittance of 73% in the visible region of the electromagnetic spectrum. These
results are promising for all-oxide transparent electronics, photodetection and photovoltaic

applications.

Introduction

Metal oxide semiconductors have gained a lot of attention owing to their good chemical
stability, abundance of constitutive elements in the earth crust, non-toxicity and low-fabrication
cost. They can find application in a wide variety of fields like optoelectronics,* photovoltaics,??
water splitting,* and photodetection,>® among others.”® Furthermore, the fabrication of all-oxide
based devices is emerging as an approach to reduce manufacturing cost and environmental impact.
Cu20/Zn0 heterojunctions can become important building elements of such devices.

ZnO is a n-type transparent conductive oxide (TCO) with a wide band gap of 3.37 eV, large
exciton binding energy of 60 meV, high electron mobility, and high thermal conductivity. These
properties make it an ideal candidate for UV photodetection, light emitting diodes, transparent thin
film transistors, transparent contacts and window layer in solar cells.® Since most of the TCOs are
n-type materials and achieving p-type doping of these material is challenging, the creation of an
homojunction is a difficult task. Therefore, the research has focused on finding appropriate partner
layers to form heterojunction devices based on oxides. Cu2O is among the most promising p-type
semiconductor oxides, with a bandgap of 2.1-2.5 eV and high hole mobility (~100 cm?V1s? in
single crystal Cu.O). Moreover, its large absorption coefficient makes it suitable for photovoltaic

applications: as p-type absorber layer in combination with n-type wide bandgap semiconductor



oxides such as ZnO, TiO2, and Ga20s 12, as hole transport layer in perovskite solar cells,** and
as top cell of Si-based tandem solar cells in combination with ZnO.** With its relatively large
bandgap Cu.O is considered as suitable for thin film transparent and semi-transparent
photovoltaics applications in combination with Zn0O.*® Cu,0/Zn0O heterojunctions have been also
investigated for visible and UV photodetection.'®” In particular, self-powered photodetectors
have gained a lot of attention in recent years due to their autonomous and sustainable operation
without the need of an external bias. This make it suitable building blocks of optoelectronic
devices, portable electronics, environmental monitoring and for future “smart” sensors networks.
1820 Several studies have been dedicated to the fabrication of ZnO-based p—n self-powered
photodetectors operating between the UV and visible regions of the spectra.?’?? Recent
developments include the possibility of tuning the photocurrent polarity in a ZnO nanowires/SnS
photodetector with the wavelength of the incoming light.!” CuxO/ZnO nanostructures devices have
also shown promises in this field. Fast response photodetectors have been obtained in a ZnO/Cu,0
core-shell nanowires architecture®, and high photoresponse and fast response times were also
reported for a Cu,O/ZnO-nanorods heterojunction at 0 bias voltage, under UV and blue-light
excitation.?® Enhanced photoresponse and faster response times were also reported by Bai et al. in
a ZnO/CuxO/electrolyte heterojunctions by the incorporation of graphene interlayers.>*

In this work we report on the fabrication and response of semi-transparent Cu,O/ZnO
nanoscale-heterojunctions, consisting on a simpler bi-layer architecture, compared with the typical
nanostructured devices mentioned previously. The fabrication of the Cu20 thin films by atomic
layer deposition results in high quality thin films and very smooth interface with ZnO thanks to
local domain epitaxial matching between both oxides. The possibility of fabricating nanoscale-

transparent heterojunctions based on these materials is demonstrated, which is highly sought for



transparent photovoltaics and all-oxide transparent electronics. Furthermore, the presence of a self-
powered stable photoresponse under 1 Sun irradiation is of strong interest for visible
photodetection applications.

Experimental

Zn0 films were deposited on (100) Si, glass and ITO/glass substrates by reactive magnetron
sputtering of Zn target with 99.995 % purity (HMW Hauner GmbH & Co. KG). The substrates
were placed on a rotating substrate holder next to the magnetron axis and the distance between the
target and the substrates was 5 cm (see schematic in Figure 1). An Advanced Energy MDX 1.5
kW DC power supply was used to sputter the Zn target. The current applied to the target was fixed
at 0.07 A. Ar and O flow rates of 50 sccm and 8 sccm were employed, respectively. The samples
were deposited at a total pressure of 0.5 Pa and no intentional heating was employed during the

growth. Under these conditions, a growth rate of 5.3 nm/min was obtained.
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Figure 1. Schematic of the fabrication methods for the Cu2O/ZnO heterojunction on ITO/glass
substrates.

In previous studies we have reported on the area-selective ALD growth of Cu20O and metallic
Cu thin films on ZnO substrates using the Cu(hfac), precursor, in the temperature window 240 -

300°C.%*% In the present work we use the optimized conditions for the growth of single phase



Cu20. Cu0 films were grown on top of the ZnO thin films by atomic layer deposition in an ALD
PICOSUN™ R-200 Advanced reactor. Copper (II) hexafluoro acetyl acetonate, known as
Cu(hfac),, was used as copper precursor (99.99+%-Cu, Stream Chemicals) and was delivered to
the reactor by N carrier gas flowing at 150 sccm. Deionized water was used as reactant and was
introduced into the reactor through a different line using N> carrier gas at a flow rate of 120 sccm.
One ALD cycles consisted in a Cu(hfac), pulse of 1 s, a first N> purge of 6 s, followed by a 3 s
pulse of H>O and 6 s of N> purge. The Cu(hfac) was sublimated at 70°C and the water bottle was
kept at room temperature. The temperature of the reaction chamber was 280°C and the number of
cycles was 10 000, which resulted in a growth per cycle (GPC) of 0.04 A/cycle.

X-ray diffraction analysis was performed to the samples in a Bruker D8 Advanced diffractometer
with Cu Kq1 radiation using the Bragg-Brentano configuration. Electrical measurements were
performed to the Cu,O films by the four-point probe method and by a Hall measurement system
(Ecopia, HMS-5000) in the van der Pauw geometry. Transmittance and reflectance measurements
were performed to the ZnO (250 nm) and Cu,O (40 nm) films deposited on glass and sapphire
substrates, respectively, by a Cary UV-Vis—NIR 5000 spectrophotometer. Ellipsometric
measurements were carried out using a phase-modulated ellipsometer (UVISEL, Horiba Jobin
Yvon) in the spectral range 0.6 eV - 4.6 eV at two angles of incidence, 60° and 70°. Top-view
micrographs were performed by scanning electron microscopy (SEM) in a Philips XL-30 S-FEG
SEM at 5 kV. Transmission electron microscopy (TEM) was performed to the samples by a JEOL
ARM 200-Cold FEG (point resolution 0.19 nm). For this analysis, cross-section TEM samples
were prepared using a focused ion beam (FIB) FEI Helios 600. Composition profiles were obtained
by energy dispersive spectroscopy (EDS) in scanning transmission electron microscopy (STEM)

mode. The electrical characterization of the CuxO/ZnO heterojunction was conducted using a



source picometer (Keithley 2401). For the measurement under 1 Sun illumination, a solar simulator
was employed, consisting in a xenon arc lamp with an AM 1.5G filter (1000 W/m?).

Results and discussion

Figure 2a shows the X-ray diffractogram of a typical CuoO/Zn0O/Si sample. The ZnO films are
c-axis oriented as only the 001 diffraction lines of wurtzite crystal structure of ZnO are observed.
Cux0 films are textured with the [110] direction parallel to the ZnO c-axis, since only the hhO
diffraction lines are observed. The morphology of the ZnO and Cu>O films can be seen at the top-

view SEM micrograph (Figure 2b, c).
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Figure 2. (a) X-ray diffractogram of the CuxO/ZnO heterojunction on a Si substrate. (b) Top-view

SEM micrograph of the ZnO (b) and Cu;O (c) films.

Figure 3a shows a cross-section TEM micrograph of a ZnO film on Si. An amorphous SiO»
native oxide layer of around 5 nm is observed at the interface between the Si substrate and the ZnO
film. The film presents a c-axis oriented columnar microstructure in agreement with the X-ray
diffractograms. A high-resolution TEM (HR-TEM) micrograph taken to the region enclosed by a

white square is shown in Figure 3b with the corresponding fast Fourier transform pattern. The



lattice spacing of the (002) crystallographic planes is 2.609 A in good agreement with the values
reported for hexagonal wurtzite ZnO (PDF 00-036-1451). A HR-TEM micrograph of Cu,O film
grown on ZnQ/Si is shown in Figure 3c. In Figure 3d, the lattice spacing of the (110) and (220)

planes are indicated with values of 3.017 A and 1.509 A, respectively, in agreement with the values

reported for cubic CuxO (JCPDS 04-007-9767).
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Figure 3. (a) Cross-section TEM micrograph of the ZnO film. (b) HR-TEM micrograph at the

region highlighted by a white square, the (002) planes are indicated and the FFT pattern is shown

as inset. (¢) HR-TEM micrograph of the CuxO film. (d) Magnified HR-TEM micrograph of the

Cu20 film showing the (110) planes, the corresponding FFT pattern is shown as inset.
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Figure 4. (a) High-resolution TEM micrograph of the heterojunction interface. (b) Composition
profiles obtained by EDS in the region enclosed by a rectangle in a (dashed lines indicate the

expected Cu, Zn and O concentrations for the stoichiometric Cu,O and ZnO).

A bright field STEM micrograph taken at the interface between Cu20 and ZnO is presented in
Figure 4 a. EDS analysis was performed in the region enclosed by a white rectangle. The
compositional profiles for Cu (orange), Zn (violet) and O (black) are displayed in Figure 4b
(dashed lines indicate the expected concentration for stoichiometric Cu,0 and ZnO). The ZnO film
presents sub-stoichiometry in oxygen, however, this does not affect the film properties to a great

extent since transparency is still very high, as will be shown later. On the other hand, for the Cu,O



film the atomic concentration obtained for copper (~ 69 %) and oxygen (~ 31 %) are in relatively

good agreement with those expected for the stoichiometric material.

Local epitaxial relationship and domain epitaxial matching
The texture of the CuxO film on ZnO with (110) CuO || (001) ZnO, observed in the X-ray
diffractogram is different from the (111) orientation typically reported for CuO films grown on
non-matched substrates. Yet, it has already been obtained for Cu2O films grown by MOCVD using
also Cu(hfac), as precursor.?’” This texture suggests the possibility of a local epitaxy between the
Cu20 and ZnO films. In order to verify the latter, high resolution transmission electron
micrographs (HR-TEM) were taken at the interface between Cu20O and ZnO. The continuity of the
lattice planes in the TEM micrograph (Figure 5a) and of the FFT patterns taken across the
Cu20/Zn0 interface (Figure 5b - d) prove a local epitaxial relationship with [110] CuO || [001]
Zn0 out-of-plane, and [001] Cu,0 || [010] ZnO in-plane orientation.
A schematic model of this epitaxial relationship is shown in Figure 5 e, f. The oxygen atoms

at (001) planes of ZnO and the Cu atoms at (110) planes of Cu2O form rectangular unit cells with
sides (V3 azy0, azno = 3.250 A) and (V2 acy,0, acy,0 = 4.269 A), respectively, as represented

with dashed lines in Figure 5 e. Under this configuration, the lattice mismatch f. corresponding to
the [110] Cu.O direction, that is, between the (110) Cu.0 and (100) ZnO planes is 7.3 % and the
f:2 corresponding to the [001] Cu2O direction, i.e. between (001) Cu.0 and (120) ZnO planes, is
as high as 31%. Nevertheless, epitaxy is still possible in a system with such a large lattice misfit
thanks to domain matching epitaxy (DME), that occurs when integer multiples of lattice planes
match at the interface of the films.?® In fact, since acy,0/azn0 = 1.31 = (n + 1)/n with n = 3,
coincidence occurs every 3 rectangular unit cells of Cu.O and 4 of ZnO, as schematically depicted

in Figure 5 g (black arrows indicate the coincidence sites). Looking at the coincidence lattice, the



f5 natural misfit of 31 % is significantly reduced to f? = (3acy,0 — 4azn0)/4azn0 = 1.46%.

As can be seen from Figure 5 g there is an extra ZnO plane for each unit cell of the coincidence
lattice. The formation of a geometrical misfit dislocation at the interface relieves the lattice misfit

strain, allowing lattice fitting and hetero-epitaxial growth. 2-%°
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Figure 5. (a) HR-TEM micrograph taken at the Cu20O/ZnO interface. (b, ¢, d) FFT patterns of the
TEM image in the region of CuxO (b), ZnO (c), and at the interface (d). (¢) Schematic model for
the atomic arrangement of the (110) planes of CuO (top) and the (001) planes of ZnO (bottom).

(f) Top view schematic of the rectangular unit cells for Cu,O and ZnO, indicating the lattice
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mismatch. (g) Schematic model of the epitaxial relationship between the (110) Cu2O and the (001)
ZnO surfaces.

This local epitaxial relationship allows the growth of a high quality Cu,O layer, which results in
higher mobility and higher carrier’s diffusion length due to lower defect density in the Cu2O layer
and at the heterojunction interface.

Optical and electrical properties of Cu2O and ZnO the films

The optical and electrical properties of the n-type ZnO and p-type CuxO are essential for the
junction performance through light absorption, electron-hole pair generation, and charge transport
processes.

Ellipsometric measurements were performed to the samples in the 0.6 eV - 4.5 eV spectral range.
A schematic of the physical model employed is shown in Figure 6b. The model consists of a three-
layer structure on top of a Si substrate. For the Cu,O layer, it was necessary to consider an
uppermost layer composed of 50% Cu20 and 50% voids in order to take into account the roughness

at the surface.
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Figure 6. (a) TEM micrograph of the Cu,O/ZnO lamella. (b) Schema of the physical model used
for fitting the ellipsometric measurements. (c, d) Real and imaginary part of the dielectric function

of the Cu0 layer determined by ellipsometry (c) and Tauc Plot (d).

The values obtained for the thickness of the Cu2O and ZnO layers are shown in Figure 6b. These
values are in good agreement with those measured directly form the cross-section TEM
micrograph presented in Figure 6a. Real (¢,) and imaginary (¢;) parts of the dielectric function,
extracted from the fitting of ellipsometry measurements are shown in Figure 6¢ (see Supporting
Information for more details). The band gap of the CuzO film was determined from the Tauc Plot
(see Figure 6d). Cuz0 is a semiconductor with a direct forbidden band gap,*® direct transition from
the highest valence band maxima to the lowest conduction band minima is parity forbidden.>?!

Therefore, an exponent of 2/3 was used for the Tauc plot in this case. Values around 2.42 eV were
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obtained for the Cu,O films in good agreement with the values reported in the literature for this

material.>®
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Figure 7. Absorption coefficient for the Cu,O film deposited on sapphire and Tauc Plot as inset.

Transmittance and reflectance measurements were also performed to Cu,O films deposited on
a-Al>Os. In Figure 7 is shown the absorption coefficient of the films. The change in slope observed
at 2.35 eV in the absorption spectrum is due of the contribution of the blue and violet excitonic
series to the absorption of Cu20.3? The contribution at 2.72 eV corresponds very well to the violet
excitonic series.>! Finally, the peaks located around 3.52 and 4.27 are associated to the 2D
excitonic transitions.*® The possibility to observe the excitonic peaks at room temperature is due
to the high exciton binding energy for Cu,O (~150 meV) and the good crystalline quality of the
Cuz0 films deposited by ALD. The band gap value obtained from this sample is 2.44 eV, in good

agreement with the values obtained by ellipsometry (see Figure 7 inset).
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The band gap of the ZnO film was also determined from transmittance measurements, and a
value of 3.16 eV was obtained from the Tauc Plot considering in this case a direct transition (see
Figure S2 of Supporting information). This value is smaller compared with the typical values of
ca. 3.37 eV reported for ZnO. However, a red shift of the optical bang gap of ZnO films deposited
by reactive magnetron sputtering has been reported when decreasing the oxygen partial pressure,
related with the oxygen vacancies content in the film.**

Four point probes measurements were performed in order to determine the resistivity of the
Cu20 films. The typical values reported in the literature for this material change widely depending
on growth conditions and range from 10 to 10° Q cm.**3® Values between 7-61 Q cm have also
been reported for sputtered Cu,O samples after air-annealing between 200 and 300 °C (thicknesses
~ 820 nm)*° and values around 125 Q cm have been obtained for Cu,O thin films (~100 nm)
deposited by atmospheric ALD.?” In our case, the resistivity values were in the range 9 — 150 Q
cm (Cu20 films thickness of 40 - 60 nm), in good agreement with the best ones described
previously. Hall effect measurements were performed to the Cu2O film of lowest resistivity and
the values of carriers concentration and mobility are 4 x 10 cm™3 and 19 cm?/Vs,
respectively. This low resistivity and high mobility values are explained by the high crystalline
quality of the Cu20O film reported above. Furthermore, the large size of CuO grains (~100-200
nm) observed in the top-view SEM micrograph also contributes to high mobility, since electron
scattering at grain boundaries is reduced. *’~°

For the ZnO films, resistivity values change widely with the oxygen partial pressure and the
position of the substrate in the substrate holder.® In particular, the ZnO films used for the
fabrication of the heterojunction showed resistivity values of 90 Q cm. The Hall measurements

performed to this sample were very unstable and for this reason are not reported here.
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Optical and electrical characterization of the heterojunctions

For the optical and electrical characterization of the junctions, a Cu20 (40 nm) / ZnO (250 nm)
heterojunction was deposited on top of an ITO/glass substrate. The transmittance spectrum of the
Cu20/Zn0 heterojunction is displayed in Figure 8a. The black line corresponds to the sputtered
Zn0 thin film alone and the blue line is after the deposition of Cu>O by ALD. Oscillations are due
to optical interference phenomenon. The average transmittance (AVT) of the system was
determined following the same approach that is employed in window technology and is described
by the following equation '°:

[ T@PMNS()dA
AT =" Dsm ax

Where A is the wavelengh, T the transmittance of the sample, P is the photopic response of the
human eye (Figure 8 a, violet line), and S the Solar flux (AM1.5G). An AVT of 73 % was obtained
when integrating over the visible range of the electromagnetic spectrum (400 - 700 nm).*° A picture
of the sample is shown at the inset of Figure 8a. The left side (yellow-brown) corresponds to the
Cu20/Zn0 junction and the right side is the uncovered ZnO film (this region was masked during
ALD deposition). To verify the rectifying behavior of the Cu,0O/ZnO heterojunction, electrical
measurements were performed to the samples. The contacts to the sample were done through two
metallic needles as is also displayed in the schematic of Figure 8 b, inset. Figure 8 b shows the
current density — voltage (J-V) characteristics of the sample. A non-linear rectifying behavior is
observed, demonstrating the formation of a p-n junction between the Cu2O and the ZnO. A turn-
on voltage of 1.1 V is measured form the J-V curve, consistent with the value measured for Cu,O-

ZnO nanojunctions reported in our previous work.?

15



a 100

1,2

%0-
80—-
70-
60-:
50-

40 -

Transmittance (%)

30

20

©
.fo.nsnoooooosafottos
oo

1,0

0,8

Normalize photopic response

O
o

Current density (mA/cm?)

-2 :
-1.5

Voltage (V)

0,6
0,4
» Cu,0izn0 1°2
+ ZnO
T T T T T T T T T 0,0
400 500 600 700 800 900
Wavelength (nm)
]
o
o
o
o
|
n-ZnO
ITO/glass
""""" Vo= 1.1V
urn-on
L 1 ® T 4 4 1 T 1
-1.0 -0.5 0.0 0.5 1.0 1.5

Figure 8. (a) Transmittance of the ZnO film (black), Cu20/ZnO film (blue) and the normalize

photopic response of the human eye (magenta), the inset is a picture of the sample to illustrate the

transparency, the left side corresponds to the Cu2O/ZnO junction and the right side to the ZnO film

alone. (b) Current density-voltage characteristics of the p-Cu2O/n-ZnO/ITO junction, schematic of

the sample configuration for the measurement at the inset.

In order to analyze the photo-response of the heterojunction, J-V characteristics were measured

by exposing the sample to 1 Sun illumination. As can be seen in Figure 9 a, there is an enhancement
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of the current under both forward and reverse voltages. Short circuit current density (J;. =
34.7 uA/cm?) and open circuit voltage (V,c = 72 mV) where measured from the magnified J-V
curved at the inset of Figure 9 a.

Table 1. Figures of merit of ZnO-based photodetectors.

Heterojunction Photocurrent = Responsivity Res_ponse Rec_overy Detection Ref.
time time Range
Cu0/Zn0 Core- | 0y p/om? | 767uA/W | <009s | <009s | OV | VIS 5
shell nanowires
Cu0/Zno ~ 6 A ~70mAW  0075s  0070s OV  UV-Blue 23
nanorods
CLAOIZ(O ~15 pA - 0.22s 0.32s RY; VIS 41
nanorods
CdS/AZO 2329 mA/cm? 50 AIW 225 17s 5V VIS 42
nanorods/polymer
NiO/ZnO films ~ 50 pA 0.415 mA/W 75s 48s ov uv 2l
NiO/ZnO films ~ ~10mA/em?  10.2 AW 0.2s 0.18s -1V uv 43
Znof Z;fgﬁ Core- sgopalcm?  04AW 0.022s  0009s OV uv 22
Zn0 144 nA 364 HA/W 0.4s 0.2 Y VIS 19
nanowires/SnS
34.7pA/ cm?  0.28 mA/W
Nanoscale (at 0 V) (at0 V) This
Cu20/Zn0 films 3.9 mA/cm? 39 mA/W BiES ek O S work

(at 1.5 V) (at15V)

]ph

Responsivity was calculated by, R = , where P, is the incident optical power density on

opt
the device, and Jpn = Jiight — Jaark» 18 the photo-generated current density in the device. A
maximum responsivity of 39 mA/W is obtained at a forward bias voltage of 1.5 V. Additionally,
the heterojunction shows a stable self-powered photoresponse at 0 bias voltage, as can be seen in
Figure 9 a, b. The responsivity at 0 bias voltage was of 0.28 mA/W. Higher responsivities have

been achieved from other ZnO-based devices reported in Table 1. However, we need to take into
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account the fact that we fabricated a semi-transparent heterojunction, therefore a compromise need
to be achieved between electrical performance and transparency. The response time of the system
was calculated as the time required to transit from 10% to 90% of maximum amplitude of the
current pulse (Figure 9 b, inset). Values around 0.10 to 0.15 s were measured from several pulses,
which are faster than other oxide-based visible photodetectors (see Table 1), and are in relatively
good agreement with the values obtained for some nanostructured Cu,O/ZnO photodetectors.

A schematic of the band energy diagram for the isolated CuO and ZnO semiconductors is
depicted in Figure 9 c. The values of electron affinity were taken from the literature,** and the
bandgaps are those determined from ellipsometry and UV-VIS spectroscopy. A schematic of the
energy band bending at the heterojunction interface is depicted in Figure 9 d, illustrating the
mechanism of photocurrent generation at zero bias voltage. Electron-hole pairs generated after
light absorption in Cu,O are separated at the space-charge region by the built-in electric field and
collected at the electrodes, producing the photocurrent observed in Figure 9 b.

In summary, the local epitaxial growth of Cu,O on ZnO, together with the high quality, low
resistivity, and high hole mobility of the CuxO films obtained here are promising for all-oxide
optoelectronic applications. Even if ALD is a slow process not suitable for growing thick Cu>O
films, it can serve as high quality buffer layer. Furthermore, it has the advantages of large scale
scalability and possible incorporation into nanostructured devices where conformability is a
fundamental factor and no thick layers of CuO are needed.

The stable and fast self-powered photoresponse makes the Cu2O/ZnO heterojunctions reported
here highly suitable for photodetection. The self-powered photoresponse allows the detection of
the incoming light and at the same time is exploited to power the device, without the need of an

external power supply, thanks to the photovoltaic effect at the p-n junction. This makes the device
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self-sustainable, allows to reduce its cost, enhances it adaptability, and reduces energy
consumption, which is highly sought nowadays in many fields in which photodetectors are
employed, e.g. fiber-optics communications, optical receivers, and environmental sensors, and will

be indispensable in the future for “smart” sensor technology and photodetector networks.
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Figure 9. (a) Current density - voltage (J-V) characteristics of the Cu20/ZnO heterojunction in
dark and under 1 Sun illumination with a magnified J-V curve as inset where the open circuit
voltage and short circuit current are indicated (gray arrows). (b) Current density vs. time at 0 bias
voltage, during multiples dark/light cycles of approximately 20 s, the response time is indicated at
the inset. (c) Energy band diagram of the Cu2O and ZnO isolated semiconductors. (d) Schematic
of the band bending for the CuxO/ZnO heterojunction and the mechanism for the photocurrent

generation under 1 Sun illumination at 0 bias voltage.
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Conclusion

In this work, we reported on the fabrication of transparent thin film p-Cu,O/n-ZnO nanoscale-
heterojunctions. The morphology and structure of the films was studied by SEM, DRX and TEM,
showing a high crystalline quality, and local epitaxial relation between both materials. The optical
responses and the bandgap of the films were determined by ellipsometry and transmittance
measurements, giving a value of2.42 eV for Cu2O and 3.16 eV for ZnO. Electrical characterization

3

of the CuO films show relatively high carrier concentration of ~ 10'® ¢m™3, very low resistivity

of 9 - 150 Q cm, and high mobility values of 19 cm?/ Vs. Transmittance measurements performed
to the heterojunction show high transparency in the visible range, holding promises for all-oxides
transparent electronics. Furthermore, the heterojunctions show a photoconductive behavior, and a
stable and fast self-powered photoresponse, under 1 Sun illumination, highly sought for visible

photodetection.
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