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Indium Oxynitride (InNO) Radiation
Sensors Calibration

Marina Sparvoli, R. K. Onmori, F. O. Jorge, and Mario Alexandre Gazziro

Abstract— Aerosol effects evaluation on Earth’s radiation bud-
get demands knowledge of its concentration, spatial, and tempo-
ral distribution. Therefore, long-term measurements of aerosol
properties in different regions of Earth are very important. In this
paper, indium nitride (InN)- and indium oxynitride (InNO)-based
photodiodes calibration was realized. A pyranometer was used in
this paper. Calibrated InN and InNO Schottky photodiodes will
be used for aerosol detection. According to the calibration tests,
it was found that the most suitable sensors for the continuation of
an aerosol statistical study in the atmosphere are those made with
the InNO deposited with oxygen 10% and 20%; their correlation
coefficient values are almost one. Besides, their measures do not
reach the saturation point. In future, we intend to use these
devices in a quantitative study of aerosols present in the center
of a large city, to get a sense of human interference in the
atmosphere composition and its consequences.

Index Terms— Indium oxynitride, indium nitride, optoelec-
tronic and photonic sensors, photo detectors, thin film sensors.

I. INTRODUCTION

FOR solar technologies application, it is very important to
know the local solar radiation data. Besides the global

(or total) irradiance values, direct and diffuse components
are often also necessary. In practice direct radiation can be
measured by pyrheliometers or diffuse component can be
determined from a pyranometer [1], [2].

For this purpose, monitoring systems of atmospheric aerosol
effect have been implemented in different sites around Earth.
In general, these systems use the sun photometry technique to
estimate the aerosol optical depth. But the accurate retrievals
of this technique estimate are necessary to characterize the
aerosol effect.

Using indium nitride (InN) and indium oxynitride (InNO)
material is possible to build a Schottky photodiode. This
photodiode can detect and measure the solar radiations.
A pyranometer was used in this study to make the calibration
of these Schottky photodiodes and will be use for aerosol
detection. InNO is a new class of materials with optical,
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TABLE I

DEPOSITION PARAMETERS

mechanical and electrical properties potentially interesting for
industrial applications. Numerous properties of the InNO,
such as the refractive index and the photoelectric effect
intensity, vary according to the proportion of oxygen and
nitrogen contained in the formed film. InNO is transparent,
it has a wide band gap (around 3 eV) and nearest indium
oxide (3.4 eV) [3], [4]. Comparing with photoconductor and
metal semiconductor metal (MSM) photodiode, a Schottky
photodiode has many advantages in aspects of high quan-
tum efficiency, high response speed, low dark current, high
UV/visible contrast, and possible zero-bias operation. This
is an original application for material; in literature there are
examples as filters or gas sensors [5], [6].

II. EXPERIMENTAL

To built the photodiode, initially, a cleaning process
(4H2SO4 +1H2O2) followed by HF dipping (2%), was per-
formed in Si p-type substrate (75 mm). In Table I is showed
deposition parameters of InN and InNO thin films. Deposition
processes were performed in a home build magnetron sput-
tering system, using a four-inch pure In target (99.999 %),
nitrogen (99.995 %) and oxygen (99.998 %) as plasma pre-
cursors. Pressure was kept constant in 1.33 Pa and RF power
(13.56 MHz) was constant 250 W. Six different oxygen gas
concentrations were used in deposition processes.

In photodiode fabrication, aluminum circle contacts were
deposited at wafer front side by evaporation in order to
obtain 300 nm thick layer. At backside of wafer, a 500 nm
thickness aluminum film was evaporated.

A Software named “traçador de curvas II” written in Lab-
view and an analog/digital (A/D) board NI6008USB from
National Instruments were used to measure the photodiode.
Sensor feed voltage can be adjusted between 0 and 5 V
and program can adjust the sample rate in milliseconds. The
results are given through a screen and the sensor response,
the intensity of solar radiation, is measured by the electrical
current across the sensor.
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Fig. 1. Instruments for data acquisition.

Fig. 2. Schematic of experiment setup.

NI6008USB from National Instruments realized data acqui-
sition from sensors (figure 1). It has the ability to analyze
three sensors simultaneously. The result is a current (from the
sensor) through a circuit formed by the 10 kOhm resistor in
series and it is used to convert the current into a voltage that is
read by the analogical input board, as the diagram of Figure 2.

A Pyranometer model CMPII Thies clima is connected to
the Datalogger model DLx-MET to make data acquisition.
With the acquired data through the pyranometers is possible
to make the comparison with data from the sensors.

The equipment data are obtained in W/m2 and it is possible
to make a calibration curve to obtain the intensity of radiation
flux as a function of time. This procedure is made simulta-
neously with the acquisition of data from sensors (curve of
voltage versus time).

Results are acquired simultaneously. Using these data
obtained by pyranometer and InNO sensors or InN sensor is
possible to obtain a “W/m2 in function of Volts” graph (pyra-
nometer data in function of data sensors) and the sensor can
be calibrated (in W/m2).

Linear and angular coefficient generate a calibration equa-
tion for each sensor. They can be used as a standard for
calibration of other sensors manufactured with the same con-
ditions. It is possible to obtain the chi-square test value of the
calibration curves to confirm the results relationship.

TABLE II

SENSORS CHARACTERISTICS

Fig. 3. InNO sensors measurements: in top InNO 10% O2, in middle
InNO 20% O2 and in botton InNO 85% O2. Voltage corresponds to radiation
flux intensity as a function of time.

Fig. 4. Pyranometer measurement during sunset. This result is similar to
behavior of InNO sensors in same period (Figure 3).

III. RESULTS

Six sensors were built and used. In table II, characteristics
of these sensors were showed.

At first study, ambient radiation characteristics curves were
obtained in function of time. Measurements were performed
by photodiodes and a pyranometer, which will serve for the
calibration of manufactured InN and InNO devices.

In figure 3, the voltage versus time for oxynitride indium
sensors deposited with 10%, 20% and 85% oxygen is showed.
It was observed that deposited sensors with low oxygen per-
centage had more sensibility and response to ambient radiation
spectra.

In figure 4, in graphic obtained through a pyramometer,
it was obtained the radiation in function of time.

Pyranometer measurement was performed simultane-
ously with measurements of manufactured InNO sensors.
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Fig. 5. InNO photodiode deposited with 0% O2 calibration.

Fig. 6. InNO photodiode deposited with 10% O2 calibration.

It was concluded that curve behavior of sensors is similar
to pyranometer behavior. Because this fact, it was possible
to perform a calibration of the data sensors (V) according to
data from pyranometer (W/m2).

The calibration was made for InNO photodiodes deposited
with oxygen (devices deposited with 0%, 10%, 20%, 50%
and 80% O2). The results are shown in the graphics below
(figure 5 to figure 9).

Sensors deposited with 0%, 10% and 20% oxygen were
measured at a temperature of 23 °C, humidity 50%, on a
cloudy day, in afternoon period.

In pure indium nitride case, many points are dispersed and
far from line set by linear fit. Moreover, there are points
with high standard deviation (31% of measured value). This
behaviour results in a lower correlation coefficient if compared
with the other samples.

The points obtained for the devices fabricated with InNO
deposited with 10% oxygen are in close proximity of the
straight line. Moreover, the standard deviation values of the
points are low, below 2% of the experimental values. This
fact results in a correlation coefficient of 0.99.

Correlation coefficient for indium oxynitride deposited with
20% oxygen sample is also close to value 1. The measured

Fig. 7. InNO photodiode deposited with 20% O2 calibration.

Fig. 8. InNO photodiode deposited with 50% O2 calibration.

points are aligned and have a small standard deviation
below 3%.

Sensors with 50% and 80% oxygen were measured at a
temperature of 27 °C, humidity 54% and on a sunny day with
few clouds in morning.

The InNO photodiode deposited with 50% oxygen showed a
correlation coefficient (0,93) lower than the deposited devices
with 10% and 20% oxygen. Measured points oscillated more
around obtained Linear Fit line.

In figure 9 (InNO sensor deposited with 80% oxygen)
is observed high values for standard deviation in the mea-
sured data. This indicates that there are noises, radiation
oscillates in a wide range and the sensor does not have the
appropriate response. Response is very low in volts, even at
high intensities of solar radiation.

In this calibration, it is evident that the sensor does not have
optimized sensibility if compared with others. This sensor is
the less indicated for use in statistic study.

From the Linear Fit line obtained for each sample, equations
were extracted for calculation of theoretical points for all
sensors. The calibration equations are presented in table III.

Based on the calibration theoretical equations, it was
obtained a graphic with the results for each device, in order
to make a comparison.
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Fig. 9. InNO photodiode deposited with 80% O2 calibration.

TABLE III

CALIBRATION EQUATIONS FOR SENSORS

TABLE IV

ANGULAR COEFFICIENT

Fig. 10. Graphic with the results for each device based on the calibration
theoretical equations.

Angular coefficient was calculated and results were showed
in Table IV. The slope of each line provides an indication of
which sensor is the most appropriate to implement aerosols
measures.

Fig. 11. Indium oxynitride and indium nitride sensors Spectral Response.

Fig. 12. Indium oxynitride and indium nitride sensors quantum efficiency.

The calibration theoretical straight lines for the photodiodes
deposited with 10% and 20% oxygen exhibit similar behavior
(Figure 10). They are the most indicated for the study of
aerosols in the atmosphere of a particular region.

The most sensitive sensor is manufactured from pure InN;
however, experimental curve saturates at higher radiation
fluxes. It is probably the response of this sensor is more effec-
tive because the indium nitride respond to infrared radiation,
producing an increase in vibration of phonons, which interferes
with the measured voltage.

For InNO photodiodes deposited with 50% and 80%
oxygen, the theoretical straight lines have an abrupt increasing,
indicating an ineffective response (in Volts) to the radiation
intensity.

As result of sensors elements calibration it is possible to
determine its applicability in radiometers, which could be used
to measure the radiation in different sites of a city. With this
application, it is possible to calculate the aerosol dispersion
and to verify the pollution scale in the region.

It was observed that there is a variation of measured
radiation during test period, depending on the variation in
brightness due to presence of clouds.

An analysis of spectral response was performed for each
sensor (Figure 11) in laboratory. There is a higher current
intensity in the near infrared region.
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As a function of spectral response and area can be calculated
quantum efficiency (Figure 12).

The quantum efficiency describes the response of the sensor
to different wavelengths of the electromagnetic spectrum.

In the case of measurements of quantum efficiency,
the greater response is seen for the wavelength of 1050 nm
in the near infrared region for InNO sensors. Devices
fabricated in this work have a higher sensitivity between
950 and 1050 nm. InNO thin film with 20% oxygen sensor
has higher response.

A comparison made between all sensors leads to the conclu-
sion that the best sensor is manufactured with InNO containing
20% oxygen. Its quantum efficiency spectrum shows that it
presents the most efficient results for response to different
wavelengths. If a comparison is made, the InNO sensors
deposited with 10% and 20% oxygen have better performance
than the sensor deposited with 80% oxygen. One possible
explanation may be given as a function of materials band
gap. InNO deposited with large amount of oxygen present
wide band gap [3], being closer to an insulator than a semi-
conductor. Band gap interferes with sensor sensitivity. From
this parameter depends on which range of electromagnetic
spectrum the sensor will be able to detect. If it is desired that
the sensor only detects the visible range, value of band gap of
the material should be lower than a sensor that has capability to
detect radiation in the ultraviolet range. InNO deposited with
80% oxygen has a 3.04 eV band gap. InNO deposited with
10% and 20% have 2.47 eV and 2.65 eV, respectively [3].

IV. CONCLUSION

According to the calibration tests, it was found that the
most suitable sensors for continuation of a statistical study of
aerosol in the atmosphere are those made with InNO deposited
with 10% and 20% oxygen.

These devices are innovative because they are manufactured
based on new materials. InNO does not yet have many
applications. There are few works with results describing its
electrical, structural and optical characteristics. For example,
in Nukeaw et al. patent, an application of indium oxynitride
as a filter for different wavelengths is described [7].

Circuit used for sensors operation is simple, so it is possible
to reduce costs to implement the sensors for data acquisition.

In future, we intend to use these devices in a quantitative
study of aerosols present in the center of a large city, to get
a sense of human interference in the composition of the
atmosphere and its consequences.
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