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The paper presents the results of investigations concerning sensor structures based on porous layers of zinc
oxide (ZnO) sensitive to a selected gaseous environment. The investigations comprised analyses of the influence
of the gaseous environment on the optical properties of a sensor structure, in particularly on the change of the
spectral characteristics of optical transmission within the range of ultraviolet light and in the visible range. These
presented investigations were carried out in such a gaseous environment as nitrogen dioxide NO; in synthetic air.
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1. Introduction

The actual development of our industrial civilization
requires a monitoring of the gaseous environment with
respect to the protection of human health and the pro-
tection of the natural environment, as well as in indus-
trial plants in the course of technological processes [1-3].
Sensor structures sensitive to some selected gaseous envi-
ronment ought to be characterized by a high sensitivity,
a good selectivity and repeatability [4]. At present for
sensor application much attention is paid to searches and
investigations of new semiconductive materials, including
oxide semiconductors with a wide energy band gap [5, 6].

An interesting material displaying considerable pos-
sibilities of application in sensor structures sensitive to
some chosen gases is zinc oxide [7, 8]. Investigations are
particularly devoted to the production of sensor struc-
tures in which the active ZnO layer has a large surface,
which has the form of nanostructures, e.g. nanograins,
nanorods and flower-shaped agglomerates, etc. [9, 10].
Such materials are characterized by a relatively high
value of the energy gap, amounting to E, ~ 3.2 eV
[11-13]. ZnO is transparent in the visible range of the
spectrum; therefore it can be applied in optical and op-
toelectronic structures. Its edge of absorption overlaps
the range of near ultraviolet [14, 15]. The application
of ZnO in sensor structures sensitive to gaseous environ-
ment is due to the fact that the external environment
may change optical properties of ZnO sensor layer. Thus
also the optical properties are subject to changes, as is
to be dealt with in this paper.

2. Measurement setup

The tested sensor structures of zinc oxide (ZnQO) were
deposited on a quartz substrate making use of the tech-
nology of cathode sputtering. The thickness of the de-
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posited ZnO layers amounted to about dy, = 400 nm. Ex-
perimental tests concerning the response of ZnO sensor
structures in the atmosphere of selected gases in synthetic
air were carried out spectrophotometrically in the range
from near ultraviolet over visible range to the range of
near infrared (UV-VIS-IR). The behavior of light is the
visible range and the adjacent range at the boundary of
materials with different refractive indices has been illus-
trated schematically in Fig. 1. Some part of the energy of
the incidence wave is reflected at the interface with differ-
ent refractive indices n. and ny,. The part of the optical
energy is transmitted through the tested structure, but
in the tested ZnO layer there occurs also the so-called
effect of the interference of light in the thin layer.
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Fig. 1. Diagram of the measurement setup.

The measurement setup where the behavior of the
ZnO-based sensor structures in some selected gaseous en-
vironment were tested consists of a measurement cham-
ber (in which the tested structure is placed), the source
of light, spectrometer and a system of batching the gas.

The temperature of the tested structures were con-
trolled and stabilized on the required level by means of
a digital controller. The structures are heated by heater
positioned just under the structure. This heater must
be constructed in such a way that permits to measure
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the spectral characteristics of transmission of the investi-
gated structures. For the purpose of recording the opti-
cal signals the measurement systems were provided with
the spectrometer HR2000-+ES (produced by Ocean Op-
tics Co.). As the source of light the DT-mini-2-Gs (also
from Ocean Optics Co.) was applied. The acquisition of
data and automatic control were realized by a computer
of the class PC. The gas is passed into the measurement
chamber through a batcher system, which permits to pro-
gram the composition of the gas mixture, the duration
of the respective cycles and the volume of the flowing
gas. The batching stand consists of a programmer with
a controller electronically checking the flux of gas. The
gas flows from the cylinders into the controller through a
set of external valves and reducers. The batching system
can be programmed in order to adjust the values of the
concentration of given gas in the atmosphere of synthetic
air (20% O3, 80% NO,) and to adjust the duration of the
cycles of poisoning t, and detoxication tg, as well as the
flow rate of the gas V' through the measurement chamber.

3. Results of experimental investigations

In the course of the first stage of investigations the to-
pography of surface of ZnO sensor structures was tested.
The structures revealed to have a very complex and much
developed surface, and thus also a large active area.

The determined value of the root mean square of sur-
face roughness amounts to S; = 72.8 nm. The image
of the ZnO sensor structure, obtained by applying the
atomic force microscopy (AFM) method, is to be seen
in Fig. 2.
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Fig. 2.
ture.

Topography of the surface of ZnO sensor struc-

In the next stage the spectral characteristics of trans-
mission T were determined spectrophotometrically con-
cerning the ZnO sensor structures.

In the course of determining the spectral characteris-
tics of transmission as the signal of reference the quartz
substrate was determined (without the ZnO layer).
These investigations proved that the spectral character-
istics of zinc oxide (ZnO) were determined on the quartz
substrate. After that the spectral transmission character-
istic of ZnO layer was measured that in the wavelength
range above A = 370 nm the structure is transparent,
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as shown in Fig. 3. Because the ZnO in the structure
presented in Fig. 3 was porous, in this characteristics
the maximum and minimum values of interference which
may occur in thin layers are not visible (due to the lack
of resonances in this structure).
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Fig. 3. Spectral characteristics of the transmission of
porous ZnO.

The investigated sensor structure was exposed to nitro-
gen dioxide NO2 with concentrations amounting in the
subsequent cycles of poisoning respectively to Cnoz =
500 ppm, Cno2 = 1000 ppm, Cno2 = 1500 ppm or
Cno2 = 2000 ppm in cycles lasting ¢, = 30 min. The
layer was detoxicated in an atmosphere of synthetic air
Cair = (20% Oz, 80% N3) in cycles lasting tg = 30 min
between the cycles of poisoning. During the investiga-
tions the gas was flowing through the measurement cham-
ber in the toxication cycle V; = 100 cm?®/min. Temper-
ature of the structure was during the experiments stabi-
lized on the level of T, = 120°C.

The changes of the spectral transmission characteris-
tic of the ZnO sensor structures within the ultraviolet
and visible range of light (A = 350-550 nm) under the
influence of the NOy gaseous environments are presented
in Fig. 4.
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Fig. 4. The spectral transmission of sensors structures
under influence of NO2 environments.

The analysis of the obtained results of investigations
indicated that in the course of poisoning the sensor struc-
ture by NOs, the value of its optical transmission 7" de-
creases in the range of blue light (Fig. 4).
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Fig. 5. Changes in the transmission T at wavelengths

of A =420 nm and A\ = 450 nm as a function of changes
in the gaseous environment.

The changes in the transmission of the optical signal
within the visible range — blue light with a wavelength of
A =420 nm and A = 450 nm recorded under the influence
of the sensor structure, are presented in Fig. 5. The quan-
tity of changes depends on the concentration of the gas
(NO3) to which the sensor structure was being exposed.
Thus, for instance, when the gas is concentrated on the
level C = 2000 ppm, the change of transmission at the
wavelength A = 450 nm is on the level AT ~ 9% (Fig. 5
— black line). At a wavelength in the range A\ = 420 nm
is on the level AT ~ 12% (Fig. 5 — gray line). An im-
portant feature of the elaborated ZnO sensor structures
sensitive to some gaseous environment is the detoxication
of the structures and a return of their properties (the
values of the transmission T for given wavelength) to the
state preceding the exposure to NOy. The performed in-
vestigations proved that the optical transmissions of the
elaborated sensor structures in the process of detoxica-
tion relatively soon attain their states previous to their
poisoning in a time of about ¢y ~ 8 min.

4. Summary

The performed investigations have proved the influ-
ence of the external gaseous environment on the optical
properties of sensor structures based on porous zinc oxide
layers. From the viewpoint of applying porous ZnO lay-
ers in optoelectronic sensor structures sensitive to some
selected gaseous environment, of much importance is the
fact that in the course of exposing the ZnO structure on
action of the gaseous NO; in an atmosphere of synthetic
air, the optical parameters of the structures — their
spectral characteristics of transmission, undergo changes.

Changes caused by the interaction of the sensor struc-
tures with given gaseous environment are reproducible.
Basing on these investigations it may be concluded that
already in near future it will be possible to apply ZnO
layers in sensor structures for the detection of selected
gases in atmospheric air.
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