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The authors report a new construction of a heater, which can be applied in Lab-on-a-chip systems. The heater was fabricated on a ceramic plate as 
a solid support. A commercially available paste DuPont 5091D with positive temperature coefficient (PTC) was used as a resistive material. Next,
metallic conductors were created using gold sputtering in argon enhanced plasma environment. Finally, the gold layers were bonded with connection
wires. The developed heater can be integrated with microsystems dedicated for bioanalysis, enzymatic reactions and cell cultures.
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Introduction

Miniaturization of a device is a leading strategy in many
researches (e.g. biological research or chemical analysis)
[1,2]. The principal idea of lab-on-a-chip structures is the
integration of the whole analysis steps (i.e. dispensing, mix-
ing, reacting, temperature control, analyzing) in one chip.
Their dynamic development is due to the series of advan-
tages offered by the application of these systems in basic
research. First of all, due to the small size of the internal
microchannels (several tens of microns) using a microsys-
tems can enable to reduce the volume of samples into
micro-and nanoliters [3]. It allows to reduce quantity of
reagents used in experiments, what in turn helps to lower
the costs and shorten the time of analysis [4]. Nowadays,
microfluidic systems are especially used in biological studies
and biomedical applications. For many biological and
chemical measurements, temperature is a crucial parameter
to control. Therefore, Lab-on-a-chip systems have to be in-
tegrated with a heater. It is important, because many of an-
alytical reactions and cell cultures should be carried out at
defined temperature. There are many heaters developed in
MEMS technology (Micro Electro-Mechanical Systems).
Some of them are based on a metal layer deposited on a
solid support or silicon doped with phosphorous [5-7].
Commercially available heaters such as Peltier element can
also be used to construct microsystems [8]. In order to cre-
ate a transparent heater an ITO (Indium Tin Oxide) layer
can be deposited [9]. Such heaters are especially useful in
experiments on living cells where a stabile temperature
around 37oC is required. The heater has to be connected
to a system with temperature feedback.

The aim of the work was to design a heater which can
be integrated with Lab-on-a-chip systems dedicated for bio-
analysis. The heater was based on the DuPont 5091D
paste, which was spin coated on a ceramic plate. The
5091D paste has many advantages such as: a linear depend-

ence of resistance with temperature, bendability and envi-
ronmental stability. Moreover, it exhibits very high positive
temperature coefficient of resistance (TCR) and this prop-
erty of the material can be utilized in self-regulating tem-
perature function.

Preparation of a heater

A commercially available DuPont 5091D paste (DU
PONT, U.K.) with positive temperature coefficient (PTC)
was used for fabrication of the heater. This is a screen print-
able paste usually used in electronic application i.e temper-
ature sensors and temperature compensation elements.
Since the paste was prepared for screen printing technology
its viscosity was quite high, so we decided to modify the
technology of its preparation. The heater was manufactured
in the following way. The paste was diluted with iso-
propanol (pure for analysis, POCH S.A. Poland), in a ratio
of 1:2. Then, a layer of the diluted paste was prepared using
a spin-coater (WS-6505, Laurell Technologies, USA). 1 ml
of the diluted paste was dropped onto the ceramic plate
and then spin coater was turned on with 2000 rpm. Next,
the plate with the coated paste was allowed to level at room
temperature (for 10 min) and then dried for 15 min at
150ºC. Finally, the paste layer was baked in an oven for 10
min at 850ºC. Afterwards, a gold layers were created using
a vacuum sputter (Desk V, Denton Vacuum, USA) to form
a metallic conductors. A conducting glue (Conductive
Epoxy - CW2400 from Chemtronics) was used to fix wires
to the heater (Fig. 1).

Results

The heater dedicated for integration with Lab-on-a-chip
systems was obtained according to the procedure described
in the experimental section. The heater surface was ana-
lyzed using scanning electron microscope (Hitachi TM-
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1000). The layer of 5091D paste before (A) and after bak-
ing (B) is shown in Fig. 2. In addition, a thickness of layer
was measured using a laser confocal microscope (LEXT,
Olympus). As a result, a thin layer was obtained (Fig.2C)
with the following parameters: a thickness of the 5091D
paste layer approx. 50 μm, a thickness of the metallic con-
ductors approx. 2 μm.

The characterization of the manufactured heater was
also performed. In this purpose, the heater was placed in a
drying oven with the regulated temperature and the resist-
ance was recorded with the help of a ohmmeter. During

this test, a linear dependence of resistance with temperature
was observed (Fig. 3). Our results correspond to the results
presented in the literature. A similar dependence between
temperature and resistance has been obtained in other mi-
croheaters. For instance, J. Wu et al. presented the micro-
heater for PCR reaction. This microheater was made of
PDMS with injected silver paint [10]. In turn, Leo et al.
presented another approach of a microheater fabrication.
They developed platinum based heater, in which linear de-
pendence between temperature and resistance was also ob-
served [11]. Fabrication procedure of this examples is more
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Fig. 1. The fabricated heater manufactured on a ceramic plate

Fig. 2. The layer of 5091D paste before (A) and after baking (B) at 850ºC (scanning electron microscope – Hitachi TM-
1000). (C) The picture of the heater surface (laser confocal microscope – LEXT, Olympus).
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complicated then technology presents in this paper. More-
over, our microheater does not require an additional tem-
perature control element. 

The temperature distribution over the whole heater was
evaluated with a help of a thermal camera (FLIR P620)
(Fig. 4). The temperature distribution along the heater is
quite uniform with the accuracy 4-5°. Moreover, it was an-
alyzed that the heater works properly in a wide range of
temperature. The highest recorded temperature equaled to
130°C. It confirms that the fabricated heater can be applied
successfully in various experiments, i.e. analytical and en-
zymatic reactions, cell cultures, PCR reaction.

Conclusions

In this paper we present a fast procedure for fabrication of
the heater dedicated for Lab-on-a-chip systems. DuPont
5091D paste with a positive temperature coefficient (PTC)
was chosen for development of the heater based on a ce-
ramic plate. This procedure provides the heater with stable
and uniform temperature distribution. Therefore, it can be
applied to set temperature in microfluidic systems dedi-
cated for biomedical application. The proposed technology
is quite simple and cost effective

This work was realized with a frame of project Iuventus Plus,
which is financed by the Ministry of Science and Higher 
Education, contract No. 0205/IP2/2011/71.
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Fig. 3. The dependence of the heater's resistance to the temperature

Fig. 4. Temperature distribution over the heater prepared on a ceramic plate
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