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Abstract: In this research, humidity sensors based on Polyvinyl Alcohol (PVA)-Tin Oxide (SnO;) have been designed and
fabricated using screen printing. The sensor devices were fabricated on Alumina Substrate (Al,0;) with Silver (Ag) as the
electrode material. The number of fingers on the electrodes was varied to obtain different sensor resistance values. SnO, was
added to the PVA sensing layer with variations in the composition. The size of granules formed from mixing PVA-SnO,

material will also be observed.
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1. INTRODUCTION

There are several applications where humidity
measurement is crucial, including instrumentation,
medicine, automation, agriculture, climatology, and
geographic information systems. Humidity is defined as
the amount of water vapor in the air. The importance of
humidity to human life is manifested in various fields, such
as atmospheric science [1], chemistry, medicine [2], and
agriculture [3]. The relative humidity (RH) unit is the ratio
of the actual amount of moisture in the atmosphere to the
amount of humidity it can hold at the same temperature and
pressure. Unlike absolute humidity (AH), relative
humidity depends on temperature and pressure [4-6].

Pv
RH (%) = Ps x 100

where:
RH : Relative humidity (%)
P, : Actual water vapor pressure (bar or KPa)
P : Saturated water vapor pressure (bar or KPa)

In the development of humidity sensors, slow response
times and low sensitivity are the main problems. Most of
humidity sensors work on the principle of changes in the
electrical characteristics of a sensing layer due to the
absorption of moisture [7]. In measuring humidity
parameters, the sensing layer can be developed as a
resistive [8] or capacitive [9] structure. Optical
technology-based humidity sensors are becoming popular
[10] because of their advantages, unlike electricity-based
humidity sensors, which are expensive to produce.

Thick film technology is one of the established process
technologies in which the sensor structure, including the
sensitive layer, is printed onto a ceramic substrate [11].
Screen printing is done by squeezing the paste material
through a net in a predetermined pattern. Various materials

can be screen printed for sensor applications, including
polymers, metals, and semiconductors. This technique
generates micrometer-sized paths, which are suitable for
device miniaturization [12]. Screen printing techniques
also allow the mass production of devices and
manufacturing processes that can be customized for the
desired application [13].

The sensing materials applied in humidity sensors range
from metal oxide semiconductors [14], polymers [15],
graphene [16], and other composite materials. In terms of
cost-effectiveness and ease of fabrication, previous studies
have shown that semiconductor metal oxides such as
Titanium Dioxide (TiO,), Zinc Oxide (ZnO), Zirconium
Oxide (ZrO;), and Tin Oxide (SnO,) have good
characteristics as sensing layd) in sensors moisture [17-
19]. Of particular interest is SnO,, which is known to be
versatile and has been used in many sensor applications,
including humidity-sensing materials [20]. Besides metal
oxides, polymers have also been commonly used in
humidity sensing, such as polyimide [21], polymethyl
methacrylate (PMMA) [22], and polyvinyl alcohol (PVA)
[23]. This polymer material can be found easily in nature.
Due to their hydrophilic structure, they can absorb
moisture and, thus, have great potential for use as
moisture-sensing materials. The presence of hydroxyl
groups (OH) in polymers such as PVA makes their
conductivity change when exposed to variations in
humidity in the air [24]. The nominal resistance of PVA is
also relatively high, so other ingredients, such as metal
oxides, are often added to reduce it.

Adding metal oxides, such as SnO,, to PVA will not
affect the polymer structure, as shown in previous studies
[5]. The presence of metal oxides in the mix with PVA can
affect sensor characteristics in two ways; a decrease in
resistance value and an increase in response time when
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applied as a moisture-sensing layer. In general, the higher
the concentration of SnO,, the lower the resistance value
of the sensor and the faster the response time to changes in
humidity. This research involved designing, fabricating,
and characterizing a thick film moisture sensor based on
PVA-SnO,. The functionality and performance of the thick
film humidity sensor were tested against variations in
humidity and temperature. The design, fabrication, and
characterization of a thick film moisture sensor based on
PVA-SnO, will be described in this paper.

2. SENSOR DESIGN

The humidity sensor is designed to have four layers, an
alumina substrate, an electrode layer, a sensing layer, and
a dielectric layer. The construction of the humidity sensor
is shown in Figure 1. The substrate used is Alumina
Substrate (Al,O3); the electrode layer is located on the
substrate in the form of a Finger/Interdigitated Electrode
(IDE), then the sensing layer uses a mixture of PVA-SnO,
solution, which covers the entire finger electrode/finger.
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Figure 1. Design of sensor layers

The sensing layer interacts with the water vapor deposited
between the two electrodes. Then after that, the resistance
value that is read on the two electrodes will change due to
the influence of the amount of water molecule content. The
sensor resistance value will decrease as the humidity level
of the air around the sensor increases. The adsorption of
water vapor will increase the conductivity of the sensor
due to its excellent electrical conductivity. The type of
resistive sensor is based on the following equation:

R=p y
Where:
R: Material resistance (Q)
p: Material resistance (Q.cm)
I: Length (cm)
A: Cross-sectional area (cm2)

In this study, three different configurations of finger
electrodes were designed. All three sensor types are
printed on one substrate to maximize the use of an alumina
substrate measuring 50x50 mm, as shown in Figure 2(a).
The layout aims to produce an optimal geometry following
the capabilities of thick film technology and prevent
failures during the sensor fabrication process. A tolerance
distance of 2 mm is provided between the electrode and the
edge of the substrate. The distance between the toes is
designed at 0.5 mm. The distance between electrode types

is 4 mm to minimize errors in manual cutting between
sensors. The electrode design results are printed using a
325 mesh with a 45° slope for screen printing. The
humidity sensor dimensions are illustrated in Figure 2(b).
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Figure 2. Sensor design: (a) electrode design (b) electrode
dimensions

The mechanism for measuring humidity sensors is that
while measuring humidity, the sensor device being tested
will be subjected to moisture in a chamber. Therefore,
conditions need to be conditioned so that the interaction of
the sensor device with water vapor only occurs in the PVA-
based sensing layer. For this reason, a dielectric
passivation layer has been applied in the sensor structure,
covering all areas except the sensitive sensing and pad
areas. The mask for the dielectric passivation layer is
illustrated in Figure 3.
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Figure 3. Design of passivation layer

3. DEVICE FABRICATION

The fabrication process for making a humidity sensor will
be explained in the flowchart of Figure 4. Fabrication of a
polymer layer is a process for preparing a sensing material.



I Dewa Putu Hermida et al. / ELEKTRIKA, 22(1), 2023, 1-5

In this study, a humidity sensor was made with two types
of sensing layer material variations. The first sensing layer
was prepared with PVA-SnO, with a ratio of 1:1 and 1:2.
The composition of [5] is summarized in Table 1. The
difference in paper [5-6] lies in the finger material using
pure Ag (silver) metal, and this is intended to determine
changes in resistance and sensitivity as well as the
response time of the realized humidity sensor.

Table 1. Polymer composition

Table 2. Sensor configurations

]I)\Iez:/nllcee Finger Pair | Polymer Ratio (PVA:Sn0O,)
A 4
B 6 1:1
C 8
D 4
E 6 1:2
F 8

No DI Water PVA SnO, APS
(mL) (mg) | (mg) | (mg
1. 10 1000 1000 40
2 10 1000 2000 40

The process of making the sensing layer by mixing it
and then stirring it with DI water using a magnetic stirrer
for 6 hours at 90°C until it is homogeneous. After that, the
mixture was left to cool. Then ammonium peroxyl
disulfate (APS) was added, followed by stirring for 30
minutes using a magnetic stirrer. The polymer solution is
allowed for one day before being coated on the substrate.

The fabrication begins with making an electrode pattern
on an alumina substrate using silver paste (Ag) with a
screen-printing process. Then the substrate is heated using
a Conveyor Belt Furnace RTC LA-310 in Zone 1. Pre-
Heating 500°C for 10 minutes, Zone 2. Firing 750°C for
15 minutes, and Zone 3. Cooling at 500°C for 10 minutes.
After that, the dielectric layer (coating) screen printing
process is carried out using a dielectric composition paste
and followed by the heating process at 110°C for 10
minutes.

Fabrication
Process

Device Polymer
Fabrication Preparation

Screen printin: Demineralised
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T T T
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Screen printing N
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Figure 4. Flowchart of a fabrication process

The final process stage is coating the finger electrode
(sensing layer) with the PVA-SnO, mixture through a spin
coating process for 20 seconds at a speed of 2000 rpm. It
was followed by heating the sensing layer structure at a
temperature of 60°C for 7-8 minutes. The fabrication
produces six sensor variations, as shown in Table 2.

4. CHARACTERIZATION SETUP

Figure 5 shows a schematic diagram of the test used in this
study to determine the electrical characteristics of the
sensor. The humidity sensor is placed in the chamber, and
the humidity in the sensor chamber is varied from 50-90%
RH by exposing/spouting water vapor from the humidifier.
The results of the sensor testing process obtained the
resistance value of the humidity sensor. The block diagram
in Figure 5(a) depicts three sensors placed in the chamber,
including a temperature sensor, a reference humidity
sensor, and a humidity sensor under test (Device Under
Test) as inputs. The HMP60 K-type probe and the
Thermocouple provide reference measurements of
temperature and humidity, respectively. The two probes
are connected to the chamber controller for humidity and
temperature conditioning. Room temperature is regulated
by heating and Peltier, while the humidifier controls
humidity. Testing the humidity sensor uses a Keithley
6517b High Resistance Meter to measure changes in
resistance values.

Input Process Output
Humidity Sensor ~ — High Resistance —_— Monitor
Meter
Reference Humidity ——— Humidity Controller — Humidifier

Sensor

Temperature

— Heater and Peltier
Controller

Temperature Sensor ———

Keithley
6517p

Communication Wires

\

(b)
Figure 5. Characterization setup: (a) block diagram of
testing; (b) measurement process and (lower right) set up
inside the chamber




I Dewa Putu Hermida et al. / ELEKTRIKA, 22(1), 2023, 1-5

The Keithley measuring instrument is connected to the
PC via the GPIB (General Purpose Interface Bus) as an
interface to obtain data and read the results of
measurements of resistance and temperature values, as
shown in Figure 6. The temperature and humidity sensors
in the chamber are connected to Keithley, and GPIB sends
timer, humidity, temperature, and resistance data to be read
by the PC. The PC is used for monitoring during testing as
well as the interface during testing. Measurement results are
displayed in a visualization in the form of graphs and data
structures in .csv format.
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Figure 6. Block diagram of a data acquisition system for
the humidity sensor characterization

5. RESULT

Figure 7 shows the results of the comparison of PVA-SnO,
compositions analysed using SEM. The variation in grain
size resulting from the mixing process between the PVA-
SnO, materials looks irregular/not ideal, which reduces the
sensitivity and response time of the humidity sensor. From
these results, it is necessary to improve the fabrication
formula to increase the homogeneity of the PVA-SnO,
composition. The granules formed from mixing the PVA-
SnO, material are between 782.68 nm - 1103 um, as shown
in Figure 8.

Figure 7. SEM 1000x PVA-SnO,

Variations in the number of fingers/electrodes on the
humidity sensor will only affect the resistance value, not
linearity. The number of fingers/electrodes that are
more/larger has a smaller resistance value than the number
of fingers that are smaller/less because the more the
number of fingers/electrodes, the humidity sensor will

have a more comprehensive coverage area of the sensing
layer.

From the results of ratio test PVA:SnO, = 1:1, the
optimal electrode configuration design is eight fingers
because it is linear and has a lower resistance (the more
fingers, the lower the resistance value). For the ratio of
PVA:SnO, = 1:2, the most optimal is finger six because
too much SnO, composition causes the sensor to reach
saturation faster, so it looks non-linear.

The results of measuring the resistance and humidity of
each sensor are shown in Figure 9.
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Figure 8. Particle test results using PSA

Finger Variation (1:1) Characteristics at 25°C
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Figure 9. The relationship between humidity and
resistance. (a) 1:1, (b) 1:2

6. CONCLUSIONS

Increasing the number of fingers on the electrodes can
increase the sensitivity of the humidity sensor, as more
surface area is exposed to the sensing material. This can
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lead to more accurate and precise measurements of
humidity levels.

Humidity sensors using thick film technology based on
Polyvinyl Alcohol (PVA) and Tin Oxide (SnO,) polymer
materials have been successfully designed, realized, and
characterized. The humidity sensor uses a screen-printing
technique on an Alumina Substrate (Al,O3) with Silver
(Ag) electrode material. SnO, material was added to the
PVA sensing layer with various compositions of 1:1 and
1:2. Analysis of the PVA-SnO, design indicated that a
fabrication process was required to ensure better
homogeneity of the sensing layer; thus, the sensing
performance can be improved as well.
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