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Abstract

In this work, we present a novel spray coating process called aerosol deposition method (ADM) to
produce dense ceramic NTCR films at room temperature directly from the initial spinel-type ceramic
powder on different substrate materials for temperature sensor applications. Measurements between

25 °C and 85 °C demonstrate the good behavior.
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Introduction

Nickel manganese oxides are well-known
semiconducting ceramics whose electrical
resistance  decreases exponentially  with
increasing temperature. Due to their high
(negative) temperature coefficient of resistance
(NTCR), low cost and reliability, they are well
suited and widely used for temperature sensor
applications. Conventional NTC thermistors are
produced by methods like pressing, extrusion or
film casting followed by a sintering step. These
methods are very time-consuming and energy-
intensive. In addition, due to the poor
sinterability of the NTCR ceramics, pores and
poor intergranular contacts occur. They lead to
problems in the stability and reproducibility of
the NTC thermistors. A process that can
circumvent these disadvantages is the aerosol
deposition method (ADM). The ADM is a novel
spray coating process to produce dense
ceramic films at room temperature directly from
the initial ceramic powder on various substrate
materials [1]. An apparatus, which is typically
used for the ADM consist of a deposition
chamber, a vacuum pump, a nozzle and an
aerosol generation unit. A schematic set up of
an ADM apparatus is shown in Fig. 1. In the
aerosol generation unit, for example a fluidized
bed, a particle aerosol is generated by passing
a carrier gas (e.g. oxygen, nitrogen) through a
loose powder. Driven by a pressure difference
between the aerosol generation unit and the
deposition chamber, the particle aerosol is
transported into the deposition chamber. During
passing the nozzle, the particles are

AMA Conferences 2017 — SENSOR 2017 and IRS? 2017

accelerated up to several hundred meters per
second. In the deposition chamber, the particles
collide with the substrate (e.g. ceramic, metal or
polymer). Thereby, suitable particles break up
and / or deform plastically and form a firmly
adhering ceramic film [1].
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Fig. 1. Schematic set up of an apparatus for the
aerosol deposition method (ADM) and representation
functional principle

Using the ADM, ceramic films in a typical
thickness range of 0.5 ym up to 30 um with a
high density, a nanocrystalline film structure,
and comparable properties as bulk ceramics,
can be produced.
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Experimental Method

The NiMn204 starting powder for the ADM was
prepared via the mixed oxide route using
commercial NiO and Mn20s ceramic powder.
The calcination was carried out in an electrical
furnace at 900 °C for 3 h in air atmosphere. For
a better deposition behavior, the powder was
milled in a rotary ball mill at 400 rpm for 30
minutes. The milling was carried out in zirconia
grinding bars with zirconia milling balls in de-
ionized water. Subsequently, the powders were
dried and sieved in order to minimize powder
agglomeration, which has a negative influence
on the deposition behavior. The crystal
structure of the powder was analyzed by XRD.

In the second step of the study, the aerosol
deposition of the prepared powder took place.
The deposition is carried out on rigid substrates
such as alumina, steel and silicon as well as on
flexible substrates such as polyimide tapes. The
electrical characterization was conducted on
films deposited on alumina substrates with
screen-printed AgPd-electrode structures (4-
wire-transducer [2]).

The films were characterized in the deposited
state via SEM, XRD, and electrical
measurement. The electrical resistance was
measured between 25 °C and 90 °C in a high-
precision thermostatic bath (Julabo SL-12) with
silicone oil (DOW CORNING® 200 FLUID, 5
CST). For temperature control, a high precision
Pt1000 was used. The data evaluation was
performed with respect to the p2s and B value.
P25 is the specific resistance at 25 °C and is
calculated from the resistance at 25 °C (Rzs)
and the geometrical details of the NTC
thermistor. B is an energetic constant which can
be regarded as a factor for thermal sensitivity
[3]. For the calculation, the following equation
was used [4]:

p=tuts .ln(&] (1)
Tss - Tzs Rss

Where T2s and Tss are 25 °C und 85 °C as well
as R2s and Rss are the resistance at 25 °C and
85 °C.

Results

The XRD pattern of the prepared powder
confirmed the desired single-phase cubic
NiMn204 spinel. The aerosol deposition of the
prepared powder was successful on alumina,
steel and silicon as well as on the flexible
polyimide tapes. The films are homogenous,
scratch resistant and about 1 um thick. A
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detailed analysis of a NTCR film on an alumina
substrate by SEM is shown in Fig. 2.

Fig. 2. SEM image of the fracture surface of a
NTCR NiMn20Oq thick film on alumina substrate

The SEM image in Fig. 2 shows a
nanocrystalline ADM NiMn204 thick film on an
alumina substrate. The film is homogenous and
about 1 um thick. There are no visible cracks or
pores in the NiMn204 thick film so that a
completely dense ADM film can be obtained.
The adhesion of the film to the substrate is very
good, which is confirmed by the scratch
resistance of the NTCR film. The XRD patterns
of the ADM thick film on silicon substrate show
the identical single-phase cubic NiMn204 spinel
as that of the starting powder. Consequently, no
phase change occurs during the aerosol
deposition process.

The electrical characterization of the NiMn20O4
films on alumina substrates with screen-printed
AgPd-electrode structures (4-wire-transducer
[2]) shows the typical NTCR behavior, i.e., the
resistance  decreases exponentially  with
increasing temperature. The calculated specific
resistance p2s is about 65 Q m and the constant
B amounts to 4250 K. Both are close to
commercial bulk values with 20 -30 Q m und
3500 K — 3900 K [5-8]. Also, the reproducibility
of the ADM process is very good. For identical
manufacturing parameters the p2s and B values
for different samples are equal.
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Fig. 3. Calculated a) p2s values and b) B values of
nine different NTCR films on alumina with screen
printed AgPd electrode structure prepared with
identical process parameters
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Thus, Fig. 3 shows the results of the electrical
characterization of nine identically prepared
NTCR films on alumina substrates with screen-
printed AgPd electrode structure. Both the p2s
values (Fig. 3 a)) and the B values (Fig. 3 b)) of
the nine samples are in good agreement.

Conclusion

The study showed that a successful deposition
of NiMn2Os powder on various substrate
materials is possible. The deposited films are
nanocrystalline, dense and have a good
substrate adhesion. The X-ray diffraction
confirms that no phase change occurs during
the deposition process. The electrical
characterization shows the typical NTCR
behavior of the ADM films. The calculated p2s
and B values can be produced reproducibly and
are close to the value of the classical bulk
NiMn204 NTC thermistors.
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