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Abstract – We have grown high-quality MgNiO films at 300 ◦C and 400 ◦C by the radio frequency
magnetron sputtering. Transmittance measurements show that the absorption edges of the films
grown at 300 ◦C and 400 ◦C are at 251 nm and 227 nm, respectively. We have deduced that the
MgNiO film grown at a higher temperature has a higher Mg content and bigger bandgap. The
XRD results confirm the deduction. Based on those films, we have fabricated UV detectors and
measured the spectral response. The peak responsivities of the detectors with MgNiO films grown
at 300 ◦C and 400 ◦C are located at 260 nm and 230 nm and are about 2.56 A/W and 2.3 A/W,
respectively. The corresponding UV to visible rejection ratios (250 nm/500 nm) are 640 and 530,
respectively. The large UV to visible rejection ratio and the high responsivity make the MgNiO-
based detector a very encouraging candidate in the application of visible-blind and solar-blind UV
light detection.

Copyright c© EPLA, 2014

Introduction. – MgNiO is another competitive wide
bandgap oxide semiconductor material [1–3], which has
a great potential in photodetector [3–5] and transparent
conductive film [6], just like MgZnO. Its bandgap can
be tuned from 3.5 eV (NiO) to 7.8 eV (MgO) [3] and is
nearly linear with the composition of MgNiO [2]. More-
over, the ternary solution MgxNi1−xO is always rock salt
structured, as x varies from 0 to 1 continuously [7]. Be-
cause the ionic radii of Ni2+ and Mg2+ are very close, they
substitute each other readily in the solution. And the lat-
tice constant of MgxNi1−xO follows Vegard’s rule, it is
also a linear function of the composition. The rock salt
structure belongs to the cubic crystal group, so it does not
exhibit piezoelectric effect and polarization field for its in-
version symmetry [3]. This is important in bandgap engi-
neering. All of these merits discussed above make MgNiO
a promising choice in ultraviolet application.

MgNiO can just be seen as NiO incorporated with Mg.
Actually, NiO is an inborn p-type material [8]. This amaz-
ing point just slakes the thirst for seeking p-type ma-
terial in wide bandgap oxide semiconductors. Ni3+ ion
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plays a significant role in the contribution to the conduc-
tivity of NiO. The appearance of a Ni3+ ion is always
a concomitant of the formation of Ni vacancy [9]. The
addition of a monovalent atom such as Li can increase
the conductance of NiO. With the p-type MgNiO, many
optoelectronic devices based on a p-n structure or on a
p-i-n structure can be achieved. Recently, some researches
about the p-n heterojunction diode based on NiO have
been reported [10,11]. There are also reports on MgNiO-
based UV detectors [3–5]. However, in their study they
did not give out the responsivity which is an important
parameter for photodetectors and can be used to charac-
terize the photoelectric conversion efficiency of optoelec-
tronic devices. In addition, detectors based on other oxide
semiconductors such as zinc oxide can also realize a highly
sensitive detection of UV light or gas, and very large sensi-
tivities to ozone and methane have been achieved [12,13].
However, it is not possible to fabricate solar-blind detec-
tors based on undoped ZnO. That is why we need MgZnO
or MgNiO for solar-blind detection.

In this paper, we fabricated high-performance Metal-
Semiconductor-Metal (MSM) UV detectors based on a
MgNiO film grown by Radio Frequency (RF) magnetron
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sputtering, a cost-effective method which is more suitable
for mass production. In the previous works mentioned
above, the MgNiO film was grown by Molecular Beam Epi-
taxy (MBE) [4] or Electron Beam Evaporation (EBE) [5].
We found that a MgNiO film grown at higher temperature
had a richer Mg content. And the responsivity spectra of
the detectors were also acquired.

Experiments. – The sputtering target was a
Mg0.2Ni0.8O ceramic wafer with purity of 99.99%. Its di-
ameter was 75 mm and it was 5 mm thick. The target
was placed parallel to the sample holder with a distance
of 70 mm. We used 2 inch quartz glass substrates and
they were rinsed, respectively, in acetone, ethanol and de-
ionized water before sputtering, 10 minutes for each step.
The base pressure was 3.6 × 10−4 Pa. O2 and Ar with a
flow rate of 35 sccm and 25 sccm, respectively, were the
sputtering gas. The sputtering pressure was 1.2 Pa. The
RF power with the frequency at 13.56 MHz was 100 W.
The substrate was heated at 300 ◦C and 400 ◦C, respec-
tively, during sputtering. Pre-sputtering lasted 10 min,
sputtering process lasted 1 h.

After the film growth, the MSM photodetector was fab-
ricated by the standard lift-off technique. An Al interdigi-
tated electrode was evaporated on the MgNiO film and the
thickness of the electrode was about 100 nm. There were
50 pairs of interdigital (IDT) electrodes in the photocon-
ductive detector. Each electrode finger was 500 μm long
and 15 μm wide, the spacing between the two neighboring
fingers was 30 μm. There was a total photosensitive area
of 1.24×10−2 cm2 of the detector. The interdigtated elec-
trodes have a high efficiency to collect photon-generated
carriers.

The transmittance spectrum of the MgNiO film was
measured by a Varian UV-vis spectrophotometer (Cary
5000). An X-ray 2θ-θ scan using a Cu Kα1 source (λ =
0.154056 nm) was employed to characterize the orientation
of the MgNiO film, and the Rigaku D/MAX-2400 diffrac-
tometer was used. The scanning electron microscope (JSM
6700F) and atom force microscope (Digital Instruments
D5000) were employed to characterize the surface mor-
phology. The current and voltage (I-V ) curves of MSM
UV photodetectors under UV illumination and without
UV illumination were measured by a Keithley picoamme-
ter (modal 6487). The MÜLLER ELEKTRONIK OP-
TIK xenon lamp (TYP LAX 1450) was used as light
source. And an ACTON RESEARCH CO. monochroma-
tor (SP2150i) and a Stanford Research Systems optical
chopper (Model SR 540) were needed. The responsivity
spectrum of the UV photodetectors was measured by a
Stanford Research Systems DSP lock-in amplifier (Model
SR 830).

Results and discussion. – The transmittance spec-
tra of MgNiO films grown at 300 ◦C and 400 ◦C are shown
in fig. 1. We can see from the results that MgNiO films
have a high transmittance in the wavelength range from
about 400 nm to 800 nm which corresponds to a visible

Fig. 1: (Colour on-line) Transmittance of MgNiO films grown
at 300 ◦C and 400 ◦C.
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Fig. 2: (Colour on-line) XRD results of MgNiO films grown at
300 ◦C and 400 ◦C.

light wavelength due to the wide bandgap. Strong intrin-
sic absorption occurs at 300 nm below. The absorption
edges are also shown in fig. 1. Through (1), we can ap-
proximately estimate the bandgap of the film:

Eg = 1240/λ. (1)

Eg refers to the bandgap in eV, and λ denotes the wave-
length in nm. The MgNiO film with growth temperature
of 400 ◦C has an absorption edge at 227 nm, the corre-
sponding bandgap is 5.46 eV. Otherwise, the film grown
at 300 ◦C has an absorption edge at 251 nm, the bandgap
is only 4.94 eV. From Vegard’s law, the bandgap and other
parameters such as the lattice constant of the solid solu-
tion are linear with the constituent content described by

Eg(AmBn) = mEg(A) + nEg(B). (2)

Thus, the content of Mg in the film grown at 400 ◦C is 0.46,
namely the solution can be expressed as Mg0.46Ni0.54O.
The content of Mg in the film grown at 300 ◦C is 0.33,
Mg0.33Ni0.67O can denote that solution. It is interest-
ing to find that the Mg content in both films are big-
ger than that in the sputtering target, the Mg content of
which is only 0.2. It is evident that there is a Mg en-
richment phenomenon when heating the substrate during
the sputtering process. And the higher the growth tem-
perature is, the bigger the content of Mg is. A similar
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Fig. 3: SEM images of MgNiO films grown at 300 ◦C (top) and
400 ◦C (bottom).

phenomenon has been found in the growth of a MgZnO
film by sputtering [14].

The XRD results are shown in fig. 2. The diffraction
peaks (2θ) are located at 44.08◦ and 43.28◦ for MgNiO
films grown at 300 ◦C and 400 ◦C, respectively. These
peaks correspond to (200) lattice planes, the interpla-
nar spacing between which is 2.097 Å. The bigger 2θ of
the peak for the film grown at 300 ◦C than that for the
film grown at 400 ◦C corroborates our deduction that the
MgNiO film grown at a higher temperature has a higher
content of Mg. As the interplanar spacing of MgO (200)
lattice planes is 2.106 Å, and the one of NiO (200) lattice
planes is 2.088 Å [15], then based on Vegard’s law on lat-
tice constant, the MgNiO film with higher Mg content has
a bigger interplanar spacing, thus a smaller 2θ diffraction
peak.

The SEM images of the MgNiO films are shown in fig. 3.
The growth temperature does not influence the surface
morphology much according to the images. Grain bound-
ary can be seen in the images too, that is to say the MgNiO
film grown by RF magnetron sputtering is polycrystalline.
The EDS data of the films are shown in fig. 4. The Si Kα

peak and part of the O Kα peak originate from the quartz
glass substrate. The atom percentages also indicate that
the film grown at 400 ◦C has larger Mg content than the
one grown at 300 ◦C, although the data of Mg content are

Fig. 4: (Colour on-line) EDS data of MgNiO films grown at
300 ◦C (top) and 400 ◦C (bottom).

a little different from those deriving from transmittance
results and Vegard’s law.

As we know, surface roughness and crystallite size of
the active layer of the detector have important impact on
the detector’s performance. The dependences of detector’s
sensitivity on the film structure and surface roughness
have been discussed in detail by some researchers [12,13].
The AFM images of the films are shown in fig. 5. The
roughnesses of the films grown at 300 ◦C and 400 ◦C are
7.56 nm and 0.78 nm, respectively. The corresponding
crystallite sizes are about 350 nm and 50 nm, respectively.

The I-V curves of MgNiO detectors are shown in fig. 6.
The wavelength of the light source is 254 nm and the light
intensity is 1.56 μW/cm2. For the detector based on the
MgNiO film grown at 400 ◦C, the dark current and pho-
tocurrent at 5 V are 47.1 nA and 65.7 nA, respectively.
And the detector with the MgNiO film grown at 300 ◦C
has a higher dark current and a higher photocurrent which
are 135 nA and 173 nA, respectively. Apparently, there is
a low photocurrent to dark current ratio because the in-
tensity at that wavelength of the light source is weak.

The spectral response of the detector with 400 ◦C
MgNiO film is shown in fig. 7 (top). The peak respon-
sivity is at 230 nm and is about 2.56 A/W. From fig. 7
(bottom) we see that the peak responsivity of the detector
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Fig. 5: (Colour on-line) AFM images of MgNiO films grown at
300 ◦C (top) and 400 ◦C (bottom).
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Fig. 6: (Colour on-line) I-V curves of detectors based on
MgNiO films.

with 300 ◦C MgNiO film is located at 260 nm and is about
2.3 A/W. These experiment results are in accordance with
the results of transmittance and XRD. This corroborates
the conclusion that the MgNiO film grown at a high tem-
perature has a higher Mg content, so its bandgap is bigger.
Thus the detector based on that film has a shorter peak
responsivity wavelength. That is why the peak responsiv-
ity wavelength of the detector based on the 400 ◦C MgNiO
film located at 230 nm is shorter than that of the detector
with the 300 ◦C MgNiO film located at 260 nm. Moreover,
we notice that the peak wavelength is close to the absorp-
tion edge. For the 400 ◦C MgNiO film the absorption edge
is 227 nm and the peak responsivity wavelength is 230 nm;
for the 300 ◦C MgNiO film the absorption edge is 251 nm
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Fig. 7: (Colour on-line) Spectral response of detectors with
400 ◦C MgNiO films (top) and 300 ◦C MgNiO films (bottom).

and the peak responsivity wavelength is 260 nm. That is
to say, the intrinsic transition from the top of the valence
band to the bottom of the conductance band is the main
mechanism in the processes of light absorption and pho-
toresponse. This can also explain why the photocurrent
of the detector based on the 300 ◦C MgNiO film is larger
than that of the detector based on the 400 ◦C MgNiO film.
Because the wavelength used in the I-V curve measure-
ment is 254 nm, which is closer to the peak responsivity
wavelength of the detector with the 300 ◦C MgNiO film
than to that of the detector with the 400 ◦C MgNiO film.
Thus, at 254 nm the detector with the 300 ◦C MgNiO
film has a bigger responsivity. At last, we can acquire
a high UV to visible rejection ratio which is nearly two or-
ders of magnitude for both detectors. This is very promis-
ing in the application of visible-blind and solar-blind UV
light detection. Actually, the rejection ratio can be used
to depict the sensitivity of the detector. The sensitivity is
highly dependent on the surface morphology, film struc-
ture and resistivity. A ZnO-based gas sensor even can
attain a high on/off ratio of 8 orders of magnitude [13].

Conclusion. – In summary, high-quality MgNiO films
grown at 300 ◦C and 400 ◦C are achieved by the radio fre-
quency magnetron sputtering. Then we have employed
transmittance measurement, XRD and SEM to charac-
terize the films. The results show that the MgNiO film
grown at a higher temperature has a larger Mg content,
so a bigger bandgap. The detectors based on those films
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are fabricated by the standard lift-off technique. We have
measured the I-V curves and spectral response of the de-
tectors. The peak responsivities of detectors based on
MgNiO films grown at 300 ◦C and 400 ◦C are located at
260 nm and 230 nm, and they are about 2.56 A/W and
2.3 A/W, respectively. The detectors are very promising
in the application of visible-blind and solar-blind UV light
detection.
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