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Photolithography-based Fabrication of
Interdigitated Electrodes with Integrated Gold
Microheater: Temperature Distribution Study

Milena Raslji¢ Rafajilovi¢, Marko Boskovi¢, Milija Sarajli¢, Ivana Mladenovié, lvan Pesi¢, Dana
Vasiljevi¢-Radovi¢, Member, IEEE, Marija V. Pergal

Abstract— Interdigitated electrodes with integrated heaters
fabricated on a Si platform were investigated in this study. The
electrodes and heaters were made of gold, using standard
photolithography processes. The primary objective was to
analyze the maximum temperature achievable on the
microheater and characterize its temperature distribution. The
integrated heater achieved a maximum temperature of 420 °C
with an applied voltage of 16 V. The temperature distribution
was uniform across the entire surface of the heater, which was
located on the underside of the chip beneath the interdigitated
electrodes. At higher temperatures, the silver paste, utilized as
a bonding agent between the copper wires and heater,
underwent melting.

Index Terms—microheater, interdigitated electrodes,
sensors, temperature, photolithography

I. INTRODUCTION

Interdigital sensors are widely used in various fields,
including sensing, biology, environmental and industrial
applications. They consist of interdigitated electrodes which
are periodically placed on platform, and they can be covered
with a thick layer of conducting material, most commonly
metals, resulting in a comb-shaped arrangement or zipper-
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like structure [1, 2]. The first interdigitated electrodes were
patented by N. Tesla in 1891 [3], and theoretical
calculations of capacitance between planar strips were
published in the 1920s [4]. In the 1960s, interdigitated
electrodes became widely used in sensing applications [5,
6].

Nowadays there is wide spectra of use interdigitated
electrodes such as tunable devices, surface acoustic wave
devices [7], acoustic transducers [8], chemical sensors,
humidity sensors, CO. sensors [9-11], in biology [12],
environmental and industry application [13].

Interdigitated electrodes offer several advantages, such as
scaling down the dimensions of electrodes and distances
between them, low cost, and a wide range of potential uses
without changing the structure design. They provide
increased signal-to-noise ratio, low ohmic drop, and a fast
response time to reach a steady state [14]. Additionally, the
design of interdigitated electrodes eliminates the need for a
reference electrode and provides a simple and fast steady-
state current response.

Different types of materials can be used for the platforms
of these devices, such as polymers [15, 16], ceramics [17],
glass [18], and silicon [2]. The choice of material depends
on the specific application and materials can be either
flexible or rigid [1].

Heaters are crucial components of interdigital sensors,
and their size, position, and material are important factors in
the design and fabrication of these devices, such as
interdigital sensors [11, 17]. In this study, we used silicon
(Si) as the platform for interdigitated electrodes and heaters,
and gold (Au) as the material of choice for their fabrication.
Standard photolithography processes were employed for
their fabrication. Our device will be used as a humidity
sensor, and our goal was to demonstrate the thermal
distribution on the heater and obtain a temperature higher
than 100 °C.

Il. THE METHOD

We used a 3-inch diameter, 380 um thick, double-sided
polished, n-type silicon (Si) wafer with a resistivity of 3-5
Qcm as the platform for our heater and interdigitated
electrodes. We grew a silicon dioxide (SiO) layer on both
sides of the Si substrate in an oxidation furnace as an
insulating layer between the metal and the Si substrate. The
thermal oxide was obtained at a temperature of 1100°C, and
the thickness of that layer was 0.6 um. After oxidation, we
sputtered gold (Au) with a sublayer of chromium (Cr) in a
Perkin Elmer 2400 sputtering system on both sides of the Si
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substrate. The sublayer of chromium was used to improve
the adhesion of Au on SiO,. Both layers were sputtered in
an atmosphere of argon (Ar) at a pressure value of 17 mTorr
but with different parameters. The RF power for Au
sputtering was 150 W for 10 min, and for Cr, it was 250 W
for 5 min. At the end, the thickness of Cr was 10 nm, and
the thickness of Au was 150 nm. Figure 1 presents a
schematic view of all the fabrication steps of the integrated
heater and interdigitated electrodes on the Si substrate.
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Fig. 1. Schematic view of fabrication steps of heater and interdigital
electrodes

Before the sputtering process, the wafers were treated
with appropriate solutions to obtain a clean Si surface. The
first step was treatment with Piranha solution (sulfuric acid
and hydrogen peroxide in a 3:1 ratio) at 100 °C, and the
second step was treatment in a hydrochloric acid solution
with hydrogen peroxide (1:1 ratio) at 70 °C. The aim of
these treatments was to clean substrates of organic and
inorganic residues. After oxidation, cleaning steps, and
sputtering processes, the substrate was ready for standard
photolithography steps. We applied photoresist on both
sides of the wafer, using commercial photoresists, AZ 1518
and AZ1505, with thicknesses of 1.8 um and 0.5 pm,
respectively. At the end, the total thickness of the
photoresist was 2.3 um.

In the first step, the photoresist on the top side was used
to transfer patterns from masks on the top side of the
substrate, while the photoresist on the bottom side of the
wafer served to protect the gold layer on the bottom side
from mechanical damage. We used a laser writer (LW405)
to transfer the patterns from the mask to the substrate. After
exposure of the photoresist, the gold and chromium layers
were etched in a solution to obtain interdigitated electrodes
on the top side of the wafer. The photoresist was then
removed with acetone, and the wafer was ready for the next
photolithography step.

In the next step, we applied photoresist on both sides of
the wafer again. In this step, the photoresist on the top side
of the wafer served as a protecting layer from mechanical
damage for the formed patterns, and the bottom photoresist
had the role of transferring patterns from the mask on the
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substrate. We obtained heaters on the bottom side of the
substrate, under the interdigitated electrodes, using this step.
After photoresist exposure, the Au and Cr on the bottom
side were etched, and then the photoresist was removed with
acetone from both sides. As a result, we obtained
interdigitated electrodes and a microheater of Au on the Si
substrate as the platform.

Fig. 2. Masks of microheater

After the photolithography processes, the wafer was cut
resulting in a single chip with dimensions of 24 mm x 9.5
mm, as shown in Figure 2. The interdigitated electrodes
made of gold were located on the top side of the chip, as
illustrated in Figure 3.a. On the bottom side of the chip, the
microheater made of the same material was located, as
shown in Figure 3.b. The heater had dimensions of 300 um
in diameter and 57.9 mm in length.

a) b)

Fig. 3. Fabricated sensor with integrated microheater a) top side with
interdigitated electrodes, b) bottom side with heater

I1l. MAIN RESULTS

After fabrication, the microheater was connected to the
voltage source. Experimental setup is shown in Figure 4.
Copper wires were utilized to connect the microheater to the
voltage source using silver paste. The BK Precision 9714b
source was utilized as the voltage source, and the Infra-Red
Camera FLIR E5 was employed for temperature
measurements. The chip, which included the interdigitated
electrodes and microheater, was placed in a dark chamber
with minimal air flow, with an ambient temperature of 22
°C. The emissivity was measured at 0.3, and the distance of
the IR Camera from the sample was 15 cm.
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Fig. 4. Experimental setting for temperature measurements

The resistance of the microheater was 31.8 Q at ambient
temperature. Different voltage values were applied, ranging
from 1 V to 16 V. Influence of applied voltage and power on
heater’s temperature is shown in Figures 5 and 6. The
temperature increased almost exponentially within the
applied voltage range, while the temperature-power
dependence was linear up to 4 W. The difference in trends
in temperature versus voltage and temperature versus power
curves was attributed to the change in the microheater's
resistance with temperature, as shown in Figure 7.
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Fig. 5. Temperature versus applied voltage
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Fig. 6. Temperature versus applied power

At the maximum voltage value of 16 V, the measured
temperature was 420 °C, which was the highest temperature
achieved on the integrated heater. The silver paste began to
lose its performance at temperatures above 420 °C, serving
as a limiting factor that prevented higher temperatures from
being achieved.
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Fig. 7. Temperature dependence of resistivity

At 10 V, the maximum temperature reached was 180 °C,
which was more than sufficient for use in interdigitated
sensors. Figure 8 depicts that the temperature reached a
stationary state after 1 minute.
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Fig. 8. Temperature change trough time for voltage of 10 V

Following these  experiments, the temperature
distribution on the surface of the microheater was examined,
and the results were compared with simulation results. The
microheater was simulated using Comsol Multiphysics,
utilizing the Heat Transfer and Electric Current modules.

The material properties required for simulation are given in
Table 1.

Table 1. The material properties required for simulation.

Electrical Heat Thermal
conductivity capacity conductivity
[S/m] [P/(kg-K)] | [WI(m-K)]
Gold 45.6x10° 129 317
Silicon 25 700 130
silicon 1x10%2 730 1.4
dioxide
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A constant voltage of 10 V was applied to the heater's
electrical contact, and the simulation results were compared
with the experimental results in the stationary state of the
heater (Figure 9). In Figure 9a), it was demonstrated that the
maximum temperature on the heater reached 183.5 °C and
the temperature distribution was uniform at the center of the
microheater, decreasing towards the edges of the chip.
Additionally, the results of the simulated system were
shown to be compatible with the fabricated structure, as
seen in Figure 9b.
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Fig. 9. Temperature distribution on microheater surface a) experimental
results, b) simulation results

IV. CONCLUSION

In this study, we have presented the fabrication process of
microheaters integrated with interdigitated electrodes on a
silicon substrate. Both the heater and interdigitated
electrodes were made of gold. Our experimental and
simulation results have shown that the temperature
distribution on the microheater surface was uniform. We
achieved a maximum temperature of 420 °C on the
integrated heater by applying a voltage of 16 V. However,
the limiting factor for achieving higher temperatures was the
silver paste used, which melted at higher temperatures.
Furthermore, we have demonstrated good compatibility
between the experimental and simulation results regarding
temperature distribution on the heater surface. In our future
work, we aim to examine different types of bonds for copper
wires to achieve higher temperatures, as well as to
investigate the use of different materials for interdigitated
electrodes and heaters.
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