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Abstract. This work shows the development of a microsensor to measure the concentration of a solution consisting of
two dielectric liquids. The sensor is based on interdigitated comb structures prepared using microfabrication
techniques. The interdigitated structures were grown by electroplating nickel on an insulator substrate (alumina). The
distance (gap) between two opposite electrodes varied from 40 to 100 micrometer. The thickness was around 40
micrometer. The length varied from 800 to 1300 micrometer. In this way, hundreds of parallel micro-capacitors could
be formed on an area as small as 1 sguare centimeter. An impedance analyzer was used to measure electrical
properties of the comb structures at frequencies varying from 100Hz to 40MHz. Several liquids have already been
tested: water, alcohol, oil, gasoline. The measured capacitance varied from few microFarad (water and alcohol) to
several picoFarad (gasoline and cooking oil) at lower frequencies. Sensitivity depended on frequency and type of
liquid. This type of microsensor can have several applications in chemical and pharmaceutical industries; for optimal
setup of fuel to air ratein car engine; analysis of the quality of oils and fuels; etc.
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1. Introduction

Microelectromechanical Systems (MEMS) are becomiegy popular nowadays due to numerous applications
where they can replace large size sensors withnégga. Moreover, it can also be considered an ematd@chnology
since new applications can be devised. Microsensarge the following advantages compared to large si
conventional sensors: occupy reduced space, haverergy consumption, inexpensive, integration \tlith electronic
circuit, etc.

Several types of solution concentration sensorg ien reported. One of the most common techngjbased on
infrared radiation absorption Gillet et al. (200l)ma et al. (2004). Other methods are based gasadtind absorption
(Kiyoshi, 1998), transmission line (Jenkins et #B90; Santos, 2003), inductance variation (Ismad Shida, 2003),
capacitance measurement using interdigitated eldesr(Hofmann et al., 1997; Beckmann et al., 1997).

This work reports the development of an interdigitia type microsensor manufactured using convertiona
inexpensive microfabrication techniques. The intgtated electrodes constitute the plates of huglref flat
capacitors in parallel association. When immersed ifluid, the gaps between the electrodes aredfilvith the
dielectric fluid. Therefore, the measured capaciawmaries with the fluid. If the fluid is a soluticof two or more
miscible liquids, the measured capacitance willehan intermediary value, proportional to the cotregion of the
solution.

Possible applications for this microsensor inclugsification of the quality of fuel used in cafsel concentration
in flexible-fuel vehicles, control of several preses in chemical and petrochemical industries, fowtlistries,
pharmaceutical industries, etc.

The devised microsensors were modeled and simuledatputationally. Then, samples were fabricatedgusi
conventional microelectronics techniques. Samplessveharacterized by microscopy (evaluation of rolggy) and
by an impedance analyzer.

2. Experimental

The microsensors were modeled using the finite efdnmmethod, and simulated using ANSYS software.
Simulations of electrical potential and electrifiald between flat electrodes filled with gasolinere carried out.

Masks of several geometries of interdigitated $tmes were prepared. Several samples with diffeserts were
considered. The gap between the electrodes hashthe size as the width of the electrodes: betw8esnd 100m.
The length of the electrodes varied from 800 toQB@. A schematic draft of the mask can be seen indig.

Alumina substrates were used as the base materiabticate the interdigitated structures of therogensors. The
substrates were covered with a thin layer of spedtgold.



Figure 1. Pattern of interdigitated electrodesdgipmasks used in this work.

The patterns in the masks were transferred to ubstsates covered with photoresist by photolithpgya Special
photoresists (SU-8 and AZ-4620) were used to aehlégh aspect ratio structures in order to increéhsecapacitor
electrodes area, thus improving the sensitivityhef sensor. Then, the substrates were exposetrawiolet radiation,
and the photoresist was developed.

The interdigitated structures were grown by niadektroplating. After growth, the photoresist wasoved and the
gold thin layer underneath nickel structures wahed to avoid short circuit between interdigitatddctrodes. The
whole deposition process was developed at the lBraZ&ynchrotron Light Laboratory (LNLS), and theneplete route

can be seen in figure 2.
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Figure 2. Fabrication route of interdigitated striuces of the microsensor.

A Dektak3 ST profilometer was used to measure tifekness of the grown nickel. An optical microscopiéh a
CCD camera connected to a microcomputer was usebisierve the structures of the fabricated strusture

An HP 4194A impedance analyzer was used to chaizethe electrical properties (capacitance, impedaphase
angle, resistance) of the microsensors immersexteeral types of liquids.
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3. Results

A model including 4 electrodes (2 pairs of elecég)dwas prepared using ANSYS software for the &iRiement
Method (FEM). The electrodes were modeled as volbioeks 4Qum high x 5Qum wide x 100@m long. The gap
between the electrodes wasysfl A medium of permitivity 2 (corresponding to gkise) was placed around the
electrodes. The electrodes were represented alsstdbaickel, fixed (not allowed to displace) t@tboordinate system.
An electric potential of +2V and —2V was appliedm@lation of electric field around the interdigialt electrodes can
be seen in figure 3. This simulation shows the demput symmetrical form of the electric field feuch interdigitated
electrodes. The field is much higher around theesdid the electrodes.
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Figure 3. Simulation by FEM of the electric fielcband the electrodes.

Observation by optical microscopy showed detailthefinterdigitated structure of the electrodeg e 4. Since an
inexpensive type mask was used, the gap and widtieaelectrodes is not uniform. However, this irs@® no problem
in this research because only the total capacitémceeasured and used for evaluation of severdlmirtures. For
mass production a better mask must be used.
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Figure 4. Observation of the structure of the etslets by optical microscopy.

Tests were carried out with the following fuelshatol, common gasoline, Podium gasoline (Petrofigis octane
rating type gasoline), and a mixture of Podium @iascand 14% volume of ethanol. The sensor was irsatkin each
fuel, and the impedance data were acquisited wmmgnpedance analyzer connected to a microcompkitgure 5
shows the capacitance measured as a function dfggency of the sinusoidal signal used for thasneement. It is
very easy to distinguish the different types ofl flige to the good sensitivity of the sensor. EXenrhixture of Podium
gasoline and 14% volume of ethanol, which represantype of fuel adulteration commonly found in Blian gas
stations, could be monitored.
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Figure 5. Capacitance curves for several typesealfrheasured along the interdigitated structurebemmicrosensor.

3. Conclusions

These results show that such inexpensive microsgsm be successfully used to distinguish sewgpak of fuels
used in Brazil. In addition, it can be used to aa## lubricants, petrochemical products in refe®rseveral types of
chemicals (specially organic ones), etc. This cpméition shows quick response time, can be adagteldarsh
environments, and has reduced dimensions.
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