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A contactless electrolyte conductivity sensor based on (Ba,Sr)TiO; films and Pt
interdigitated electrodes is fabricated and examined. Two types of sensor designs with
buried(into insulating SiO,layer) and non-buried interdigitated electrodes were investigated
and compared. The sensors were characterized by means of impedance-spectroscopy
measurements indifferent commercially available electrolyte-conductivity standard solutions
ranging from 0.084 to 50 mS/cm and over the frequency range from 1 Hz to 3 MHz. It is shown
that the parameters of sensors with the Pt electrodes buried in SiO; layer are favourable.

Keywords: contactless, electrolyte conductivity, perovskite-oxide film, interdigitated
electrode.

Introduction. Chemical sensors and biosensors are becoming more and more
indispensable tools in lifescience, medicine, chemistry and biotechnology. Recently,
perovskite oxides have aroused increasing attention as catalytically active
multifunctional materials in the field of (bio-)chemical sensors. Some of such virgin
application frontiers for perovskite oxides of different compositions include, for
instance, pH sensing [1-5], hydrogen peroxide [6-8] and hydrocarbon detection [9].
One of the most popular and intensively studied multifunctional perovskite-oxide
materials is barium strontium titanate [10]. In previous experiments, the BST films
have been applied for the detection of humidity [11-12], hydrogen [13] and ammonia
gas [14] or for the development of single sensors sensitive to pH [15,16].

The motivation and description of operation principle of a new type of contactless
electrolyte conductivity sensor based on Pt electrodes covered with high dielectric
permittivity perovskite-oxide (BST-Barium StrontiumTitanate) nano-films has been
examined by us earlier [17-20]. To improve the sensing properties of such sensors we
have proposed a new construction, where the interdigitated Pt electrodes are buried in
insulating SiO, layer.

In the present work, the results of testing of capacitively coupled contactless
electrolyte conductivity (C’D) sensors with two different electrode designs are
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presented. Fig. 1 shows the fabricated C*D sensor with Pt interdigitated electrodes
(IDE) not-buried into the SiO, layer. In Fig. 2 the fabricated C*D sensor with four
planar electrodes is presented. The Pt electrodes are buried into the SiO, layer to
achieve a thinner BST layer thickness and thus a better sensor performance. The
fabrication of both sensors’ chips is presented and results of testing are compared.

Pt-protection layer

Ti/Pt (265 nm)

Fig. 1. A photograph of the fabricated C*D sensor with IDE geometry(a) and cross-sectional
SEM image showing the Si-SiO,-Ti-Pt-BST layer stack with non-buried electrodes (b)

BST (120 nm

Ti/Pt (10 nm/165 nm)

SiO, (265 nm) SiO, (440 nm)

p-Si

500 nm

Fig. 2. A photograph of the fabricated C*D sensor with four electrodes (a) and cross-sectional
SEM image showing the Si-SiO,-Ti-Pt-BST layer stack with buried Pt electrodes(b)

Fabrication of the sensor chips. Two sensor layouts were fabricated by
conventional silicon and thin-film technologies and described in the following. The
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first sensor layout includes an IDE structure and is presented in Fig. 3a. Initially, a
440 nm SiO, layer was grown by thermal wet oxidation on a silicon substrate (p-Si,
p = 1000 Qcm, Topsil Semiconductor Materials, Denmark). In a next step, a thin layer
of ~20 nm Ti as adhesion layer and ~200 nm Pt as electrode material were deposited
by means of electron-beam evaporation followed by a lift-off process. The geometrical
dimensions of the IDE structure are summarized in Fig. 3.

The second sensor layout consists of a four-electrode structure for two- and four-
electrode measurements (see Fig. 4). The difference in sensor fabrication is that the
electrodes are buried into the SiO, substrate. The dimensions of the electrodes and the
inter-electrode spacing are summarized in Fig. 4.

Finally, both sensor structures were covered with a protecting BST layer to
complete the C’D sensors. The BST films of BagsSresTiOs composition were
prepared by pulsed-laser deposition (PLD) technique by using targets fabricated via
the self-propagating high-temperature synthesis (SHS) method. The process steps of
the BST synthesis are described in detail in [15-16]. The BST films were deposited
using a Si-shadow mask. The deposition was performed in an oxygen atmosphere (gas
flow 30 mL/min, pressure 2x10° mbar) using a KrF-excimer laser (Lambda LPX305)
with a pulse width of 20 ns and a pulse energy of approximately 1J per pulse. When
using deposition time of 100 s, energy density of 2.5 Jem™ and repetition rate of 10Hz,
the BST layer thickness amounted approximately to 120 nm. Finally, the sensor chips
coated with BST were mounted on a printed circuit board (PCB), followed by
ultrasonic wire bonding and encapsulation processes.

Finger number 50

Finger width W 600 pm
Finger spacing S 324 uym
Finger length L 2900 pm
Surface area A 0.087 pm
Substrate, SiO, 500 pm

Ti/ Pt (20 /200) nm
BST 485 nm

Fig. 3. Layout and dimensions of the interdigitated electrode structure
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Distance between inner electrodes d; 1.3 mm
Distance between outer electrodes d, 0.1 mm

Width of inner electrode w; 1.0 mm
| Width of outer electrode Wo 1.0 mm
Length of electrode | 4.0 mm

Fig. 4. Eelectrode arrangement of the fabricated C*D sensor chip in four-electrode
configuration

Characterization of the conductivity sensor. Electrolyte-conductivity
measurements are usually conducted using nearly ideally polarized, inert metal
electrodes such as platinum or gold, which are in direct contact with the electrolyte.
Especially in harsh and aggressive environments, the effect of redox processes, bubble
formation due to electrolysis, as well as contamination and fouling of electrodes
during continuous use are frequent problems [21-24]. These problems can be
overcome, when the electrodes are electrically insulated from the electrolyte solution
by covering them with a protective layer [17-24]. The sensor couples capacitively with
the electrolyte, which is known as capacitively coupled contactless conductivity
detection (C*D). However, due to the additional capacitance of the protective layer
that is wusually much lower than the double-layer capacitance of non-
protectedelectrodes, the electrode impedance is increased [22,24,25]. As a
consequence, C*'D sensors usually exhibit a lower sensitivity when compared to
conventional contact-mode conductivity detection. To find a compromise, the
protectivematerial should exhibit a high permittivity in order to reduce the electrode
impedance. These requirements are met by the high-k BST thin film.

Both types of electrolyte-conductivity sensors(buried and not-buried) with the
protective BST layer were characterized using two-electrode configuration. For
characterization, the sensors were exposed to different commercially available
electrolyte-conductivity standard solutions ranging from 0.084 to 50 mS/cm.
Impedance spectra were recorded with an impedance analyzer (Zennium,
ZahnerElektrik GmbH, Germany) covering a frequency range from 1 Hz to 3 MHz.
Since electrolyte conductivity is strongly dependent on temperature, all measurements
were performed at a constant temperature of 25 'C in a Faraday cage. The conductivity
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sensor was calibrated using 12.88 mS/cm and 20 mS/cm conductivity standards,
respectively. The impedance spectra (Bode plots) of C*D sensors with non-buried and
buried electrodes recorded in different electrolyte conductivity solutions are presented
in Fig. 4 and Fig. 5, respectively.

Conclusions. As it follows from Fig. 5 and Fig. 6, the characteristic frequency
rangewith of the resistive plateau for the C*D sensor with buried electrodes is larger
than that of the sensor with non-buried electrodes. The C'D sensor with buried
electrodes exhibits a wide resistive plateau over more than three frequency decades.
This is advantageous because the electrolyte resistance Ry, can be measured at a wide
frequency range.The obtained results demonstrate the potential of the developed C*'D
sensor with buried Pt electrodes and a BST film as a protective layer for the
electrolyte-conductivity measurements in a wide field of applications.
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Fig. 5. Bode plots of the C*D sensor with non-buried electrodesin two-electrode configuration
with 485 nm BST as protective layer recorded in various electrolyte-conductivity standard
solutions

84



#10208-F4 two inner electrodes

air
——di H20
84 uS/cm
—— 300 pS/cm
500 pS/cm
——— 1413 puS/cm
5000 pS/cm
— 12880 uS/cm
— 20000 pS/cm
—— 50000 pS/cm

100M |
10M
M L

100k [

Impedance / Q

10k [

1k [

100 L

E PR T |

il

1 10 100 1k 10k

100k 1M
Frequency / Hz

Fig. 6. Bode plot of the C*D sensor with buried Pt electrodes in two-electrode configuration
with 120 nm BST as protective layer recorded in various electrolyte-conductivity standard
solutions
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(Ba,Sr)TiOs <hU£N4 ELEUS/rNLhSh <UTN/PIHLUULNRE3UL 2UPU UL
usuuner. WU USUYUL <6SUNSNRE3NhL

Jd.Jd. Pnithwpywu, £.U. <nYy, W.U. Mnnnujwi, U.R. Cjnuphug
S.L. MGwpnuywt

Muwwpwuwndb) b hGwnwgnundb) £ EEYunpnihnph hwnnpnuwunygywt ng hwynwwghu
swihdwu  ublunp’ hpduqwd Pttt dhypndwupwybpn  EiEywpnnutph W (Ba,Sr)TiOs
pwnwuputph Ypw: <Lbwnwgnundtp b hwdbdwwndb) Bu Gpynt nbuwlh ubuunpubp' Pt-b
dhypndwupwybipn Elyunpnnubpp  SiO2-h obpnind puyndywsd b spuyndywd: Ukuunpubpp
puniewgpyty Gu phdwbnwuu uwbYwpnuynwhwih dbennnd unwunwpun EEYunpnhuubpp’
0.084-hg 50 dU/ud hwnnpnuywunieniuutiph b 1 <g-hg dhusk 3 U<g hwbwfuntpniuttiph
hwdwp: 8nyg t wnpyk|, np puynddwsd Pt-t dhypndwupwytipn EGlwnpnnutipny ubuunputiph
wwpwdbwnpbpp bwfupunpbh Gu:

Unwigpuypti punbip. ns hynwwjhu, bEYunpnihnh hwnnpnuywunyeniu, wbpnjuyhpe-
opuhnuwjhtu pwnwupe, dhynndwupwltinwn Etlwpnnubn:

JATYUK HA OCHOBE (Ba,Sr)TiO; AJIs1 UBMEPEHUS ITPOBOAUMOCTHU
SJIEKTPOJIMTA: CPABHUTEJIBHBIE UCCJIEJJOBAHUSA

B.B. bBynunarsu, K. A. Xyk, A.C. llorocsin, M.JI:x. Lllenunr,
T.H. Ilerpocsn

WzrotoBneH W WccienOBaH AATIMK A OECKOHTAaKTHOTO HM3MEPEHHS MPOBOAMMOCTH
JNIEKTPOJINTA, OCHOBAHHBIH Ha Pt-X MHUKPOMHHHATIOPHBIX dnekTpomax u Ha (Ba,Sr)TiO;
ieHKax. M3y4eHsl U cpaBHEHbI [1Ba BUAa JATYUKOB: IOTPY)KEHHBIE M HENIOTPY)KEHHBIE B CIION
SiO; MHUKpOMHMHHATIOPHBIC 3JIEKTPOABL. JIaTUMKM XapaKTepU3yIOTCS METOIOM HMMIIECIaHCHOM
CHEKTPOCKOIHHU C HCIIOJIb30BAHUEM CTaHAAPTHBIX AJIEKTPOIUTOB: NpoBoauMocTsio 0,084 ... 50
mC/cm u wactotHocThO 1 [y ... 3 MIy. Iloka3aHo, 4TO mapaMeTphl MOTPYKEHHBIX TaTYNKOB
Pt-X MUKpOMHHHATIOPHBIX MJIEKTPOAOB SABISAIOTCS O0JIee IPeOYTHTETbHBIMH.

Knrwouesvie cnosa: GECKOHTAKTHBIN, MPOBOAMMOCTD JJIEKTPOJINTA, TIEPOBCKUT-OKCHIHAS
IUIEHKA, MUKPOMUHHUATIOPHBIE 3TIEKTPOIBL.
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