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Abstract: 5 % Y>" added Mg, xCdx Fe;O4(x =0, 0.2, 0.4, 0.6, 0.8 and 1) nanocrystallite samples were
synthesized by oxalate co-precipitation method and studied for gas sensing properties. These samples
were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and Fourier
transform infrared spectroscopy (FT-IR). The XRD confirms cubic spinel structure with orthoferrite
(YFeOs) secondary phase. The crystallite size lies in the range of 28.86 to 32.06 nm. The SEM study
revealed that the average grain size is in the range of 0.37 to 0.69 um. The FT-IR spectra showed two
strong absorption peaks around 350-800 cm™'. The highest sensitivity to LPG and Cl, (85 % and 79 %
respectively) appears for Y-Mg ferrite sensor at 218 °C. The highest sensitivity (89 %) to ethanol
appears for Y-Cd ferrite sensor at 325 °C. The Y-Mg(¢Cdo4Fe,O4 sensor shows good sensitivity to
LPG followed by Cl, and ethanol (82 %, 77 % and 70 % respectively) at 190 °C. The addition of 5 %
Y*" in Mg-Cd ferrites enhances sensitivity and reduces response-recovery time and operating
temperature. The sensing properties for LPG, Cl, and ethanol change with the operating temperature,
composition, porosity and grain size. Copyright © 2012 IFSA.

Keywords: Chemical synthesis, Gas sensor, Sensitivity, Response/Recovery time.

1. Introduction

Semiconductor metal oxide with general formula MFe,O,4 have been investigated for both oxidizing
and reducing gases [1-2]. Recently spinel ferrites [3-6] and perovskites [7, 8] have been tested as gas
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sensors. Spinel Mg ferrite is used as catalyst [9] and humidity sensor [10]. Cadmium and magnesium
ferrites are n-type semiconductors [11, 12]. Xiangfeng et al. [3] studied gas sensing property of zinc
ferrite. They found that the ferrite shows highest sensitivity to CO, C,H, LPG and C,HsOH at 375 e
and to petrol at 340 °C. The sensitivity of sensor depends on gas concentration. The response and
recovery time at 375 °C are 30 s and 45 s respectively. It is believed that the smaller powder size
corresponds to higher sensitivity due to large specific surface area. In this case gas sensing mechanism
is surface controlled type. The gas sensitivity is relative to grain size, surface state, oxygen adsorption
and lattice defects. Sandu et al. [4] reported nanocrystallie Co-Mn ferrite is sensitive to CO gas. Lee et
al. [5] synthesized nano powder of nickel ferrite by pulse wire discharge method. The sensitivity for
Cl, was studied with samples synthesized at 100 to 200 Torr with 360 J discharge energy. The
maximum sensitivity was found at 280 °C and 350 °C for samples synthesized at 100 to 200 Torr
respectively. They also found that the sensitivity is a function of chlorine concentration for both
samples. Nanorods and nanocubes of nickel ferrite were prepared by hydrothermal method by
Xiangfeng et al. [6]. The results of nanorods of nickel ferrite show sensitivity and selectivity to
triethylamine. The nanocubes of nickel ferrite exhibited opposite behavior in the atmosphere of
reducing gases.

The gas sensing is surface phenomenon of gas solid interaction where the resistance of ferrite
semiconductor changes by adsorption of gases. The ferrite material surface hold various oxygen

species such asOH ™, 0%, O,

2,4 and O~ . Their number and distribution also play important role in the
gas sensing property [12-14]. The nanoparticle size enhances the gas response of material [4, 6]. The
nano size material has number of advantages such as high sensitivity, short response/recovery, apart
from conventional gas sensors [6, 15]. The development of gas sensor is essential for safety
requirement in homes and industry for detection of LPG and hazardous gases. Different methods such
as ceramic, sol-gel, combustion and co-precipitation have been applied for preparation of ferrite

materials. Recently chemical methods are used for preparation of nanocrystalline particles.

However, no information is available in the literature regarding gas sensing properties of rare earth

ions added nanocrystalline Mg-Cd ferrites. It is expected that the substitution of small amount of
. 3+ . . . . .o . . .

yttrium for Fe’  ion on B-site plays significant role in improving gas sensing properties of Mg-Cd

ferrites. Therefore, it was decided to synthesize nanocrystalline Y*" added Mg-Cd ferrites and to study

their gas sensing properties.

2. Experimental

5% Y*" added Mg;.xCdFe,04 (x =0, 0.2, 0.4, 0.6, 0.8 and 1.0) spinels were synthesized by the oxalate
co-precipitation technique using high purity sulphates. The method of synthesis of samples under
investigation is reported [16]. The precipitates were dried and presintered at 700 °C for 6 h in air. The
presintered powder was milled and sintered at 1050 °C for 5 h. The sintered powder was again milled
to have fine powders. The sensor elements (13 mm diameter pellets) were compacted by pressing the
sintered powder in die with pressure of 7 tones/cm” under the hydraulic press. The pellets were finally
sintered at 1050 °C for 5 h.

The X-ray diffraction (XRD) patterns were recorded in the range of 20-80° using CuK, radiation
(A= 1.5424 A®) (Philips PW-3710 X-ray powder diffractometer) at room temperature. The size of the
crystallites was calculated by using Debye Scherrer equation. The microstructure of fractured pellets
was studied with a scanning electron microscope (JEOL — JSM 6360 model, Japan). The IR absorption
spectrum of powdered samples was recorded by using KBr pellet technique in the range of 350 cm™ to
800 cm™ (Perkin-Elmer FT-IR spectrum one spectrometer).
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For gas sensing measurements, the ferrite sensor elements were placed on heater in a glass chamber
[17]. Two conducting silver foils were used to form ohmic contacts on the face of a pellet sensor

(Fig. 1).

Silver foil Ferrite pellet

Fig. 1. Design of ferrite sensor with silver foil.

The DC electrical resistance was measured by a two-probe method with a digital picometer (DMM-
111, Scientific instrument Rookee).The test gases were injected with high precision syringe into the
glass chamber. The measurements were carried in the temperature range of 100 °C to 400 °C. The
operating temperature was measured with the well calibrated cromel alumel thermocouple located in
close proximity of the sensor. The resistance of the sensor element in air (Ra) and in the presence of
the test gases (Rg), LPG, chlorine and ethanol was calculated by recording the current through the
element at different temperatures. The sensor elements were subjected to heat treatment at 100 °C for
5 minutes after each change of the test gas to get their initial structure and thermal stabilization. The
sensitivity of each sensor element was calculated by using the relation [18],

AR [Ra - Rg|
S (%) = —x100 = ———1
Ra Ra

x 100 (1

3. Results and Discussion
3.1. Structural Analysis

A typical XRD pattern of Y*" added Mg-ferrite, which confirms cubic spinel structure with orthoferrite
(YFeOs) secondary phase, is presented in Fig. 2. The XRD results show the formation of
nanocrystalline material. The average crystallite size of all the samples is in the range of 28.86 to
32.66 nm. The lattice parameter increases with increase in Cd*" content. The SEM image of typical
sample is presented Fig. 3. The micrograph shows porous microstructure containing irregular shaped
aggregates of particles. The grains in all the samples are of submicron size. Many large and small
pores are located at the junction of the agglomerations. The pores are intergranular. The intergranular
porosity increases with increase in Cd*" content and Y*" addition in Mg-Cd ferrites. The average grain
size of the samples lies in the range 0.37 pm to 0.69 um. The grain size increases with Cd*" content
and decreases with Y>* addition in Mg-Cd ferrites. The typical FT-IR spectra for Y** added
Mg Cdo4Fe 04 system presented in Fig. 4 shows strong absorption peaks around 350-800 cm’!
corresponding to stretching vibrations of tetrahedral (v,) and octahedral (v;) group complexes. They
are observed in the frequency range of 563 to 576 cm™ and 435 to 472 cm’ respectively. The structural
analysis of Y>" added Mg-Cd ferrites under investigation is already reported [16]. For ready reference,
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the structural parameters such as crystallite size, lattice parameter, grain size, porosity, v;, v, are listed
in Table 1.

800

600 -

400 -

Intensity (counts)

200 T T T T T
20 30 40 50 60 70 80

20 (deg.)

Fig. 2. Typical X-ray diffraction pattern Fig. 3. SEM micrograph of 5 % Y*"
of 5% Y*" added MgFe,0, system (x = 0). added CdFe,0, system (x = 1).

80
—-=¥*" added Mgg gCdy 4Fe,0,4

70 4

60 1

50

401

30+

Transmittance (%)

20
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Fig. 4. Typical FT-IR spectra of 5 % Y** added Mg sCdp4Fe,04 system (x = 0.4).

Table 1. Gas sensing parameters of 5% Y added Mg;..Cd, Fe, O4(x =0, 0.2, 0.4, 0.6, 0.8 and 1) system.

cd* Lattice | Crystallit | Grain |, . ty Operating Sensitivity (%)
content | constant e size Size % temperature :
X (A°) (nm) (um) (°C) LPG | chlorine | ethanol
0 8.37 30.07 0.374 6.04 218 85 79 62
0.2 8.38 31.96 0.506 10.47 197 85 75 65
0.4 8.39 32.06 0.566 16.19 190 82 77 70
0.6 8.45 30.47 0.542 18.64 215 67 71 77
0.8 8.50 30.88 0.652 22.06 236 47 46 83
1.0 8.70 28.86 0.691 19.35 325 45 41 89

3.2. Gas Sensing Characteristics

The gas sensitivity of sensors is greatly influenced by operating temperature. We have investigated the
temperature dependent behavior of Y-Mg-Cd ferrite sensors for LPG, chlorine and ethanol at
100-400 °C. In absence of reducing/oxidizing gases, the electrons are removed from conduction band
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of Y-Mg-Cd ferrite sensor by the reduction of O,, resulting in formation of adsorbed O, O™ and

O* species on the surface, decreasing the conductance (increase in resistance) of Y-Mg-Cd ferrite
sensor [14]. Depending upon the temperature, O;, O and O’ are stable below 100 °C, between
100 and 300 °C and above 300 °C respectively [13, 19]. The formation ofO> that is directly

incorporated in to lattice occuars above 597 °C [20]. For n-type semiconducting materials an increase
in resistance is observed, while decreased resistance is observed for p-type material.

The gases can be split in to two groups namely reducing and oxidizing. When Y-Mg-Cd sensor is
exposed to reducing gases such as LPG and ethanol, they react with chemisorbed oxygen releasing
electron back to conduction band giving decreased resistance. The general reaction for reducing gases

on the surface of ferrite sensor with oxygen species O~ and O’ are given below [13, 21],

R (@9 © Ry (2)
Ry T Oy & ROy +€ 3)
R(ads) + Ofa-ds) g Ro(ads) + 26- (4)

1) The exposure of the ferrite sensor element to LPG results in reaction with chemisorbed oxygen.
After interaction with hydrocarbons (C H, ., ) of LPG the adsorbed oxygen is removed and

gaseous species and water vapour are formed. The reaction of LPG with chemisorbed oxygen can
be given as [22],

C,H,, +20, = CO+CO, +H,O0+e" , (5)

2+n

where C H,_

band in the reactions of hydrocarbons such as CH4, C,Hs, C3Hg, C4Hjp with adsorbed O™ and O* are
given as [13, 23],

represents various hydrocarbons of LPG. The release of electrons to the conduction

CH, +40,, — 2H,0+CO, +4e (6)

CH, +40%, — 2H,0+CO, +8e" (7)
C,H, +70, — 3H,0+2CO, +14e” (8)
C,H, +100%, — 4H,0+3CO, +20e" (9)
C,H, +1302, — 5H,0+4CO, +26e" (10)

The reactions show that the concentration of electrons on the surface increases increasing conduction
band electrons of Y-Mg-Cd ferrite sensor giving decreased resistance [13, 23].

ii) When ethanol is introduced, it reacts with adsorbed O~ and O*" and giving increased electrons in
the conduction band of sensor resulting in decreased resistance. The possible reactions on the
surface of the sensors can be given as [24, 25],

114



Sensors & Transducers Journal, Vol. 146, Issue 11, November 2012, pp. 110-120

C,H,OH +0;,, — C,H,0,, +H,0 (11)
C,H;0 4, = (C,H;)O+¢ (12)
C,H,;OH,,,, +0,,” = C,H,0,, +OH_,, (13)
C,H;0 4 = (C,H;),0 4 + Oy +€ (14)
C,H,OH+0,” +h—CO, +H,0+ V", (15)

where V_° is the doubly charged oxygen vacancy, h is the hole.

iii) On exposure to the sensor element, chlorine reacts with metal oxides to form chlorides. It might
react with or displace lattice oxygen at the interface or might sorbs onto surface oxygen vacancies.
It’s reactions on the surface of the sensor elements are given as [26, 27],

Cl, + 02, — 2Cl,, +0, +2¢ (16)
Cl, +20X > 2CI7 +2¢” (17)
Cl, +2¢ — 2Cl;,, (18)

Cl, +2V, +2¢ — 2CI. , (19)

where o is the species occupying the lattice oxygen site, V, is the oxygen vacancy and x is the denotes
neutrality. The reactions (16) and (17) represent electron donation to the conduction band of Y-Mg-Cd
sensor indicating decreased resistance. Thus the chlorine surface reaction mechanism discussed by
Dawson et al [26] is favorable for chlorine sensing in Y-Mg-Cd ferrite sensor.

The plots of sensitivity versus temperature for Y-Mg-Cd ferrite sensors are presented in Fig. 5(a-f).
From this figure it is seen that the sensitivity of all the sensors presents a trend of increase- maximum-
decay to various gases with increase in operating temperature. The difference in operating temperature
for various gases can be attributed to their oxidation by different oxygen species [28]. The highest
sensitivity to LPG and Cl, (85 % and 79 % respectively) appears for Y-Mg ferrite sensor at 218 °C.
The highest sensitivity to ethanol appears for Y-Cd ferrite sensor at 325 °C. From this figure it can be
further noticed that Y-Mgy¢Cdo4Fe,O4 sensor shows good sensitivity to LPG followed by CI2 and
ethanol (82 %, 77 % and 70 % respectively) at 190 °C. At low temperature the surface reaction is
limited by the rate of chemical reaction and at high temperature it is limited by diffusion rate [29].
Thus the lower sensitivity at low temperature can be expected as the gas molecule does not have

enough thermal energy to react with the surface adsorbed oxygen species O, . i.e. the reaction rate

between the target gas and O, is essentially low [28]. The increase in sensitivity with increased

operating temperature can be attributed to sufficient increase in thermal energy of gas molecules to
overcome the activation energy barrier of the surface reaction. The temperature corresponding to peak
value is function of gas, chemical composition, additives and catalyst [29]. This temperature is referred
to be operating temperature. The reduction in sensitivity after maximum is due to the difficulty in
exothermic gas adsorption at higher temperature [30].
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Fig. 5. Variation of sensitivity as a function of operating temperature of 5 % Y>"added Mg,.,Cd, Fe,O, system.
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The variation of gas sensitivity with Cd*" content in 5 % Y°" added Mg-Cd ferrites is presented in
Fig. 6. From this figure it can be seen that, the sensitivity decreases for LPG and Cl, and increases for
C,H;sOH with increase in Cd*" content. The trend observed in sensitivity is similar to that for Mg-Cd
ferrites [17]. With increasing Ni content in Ni-Zn ferrite, Kazin et al [15] reported decreased sensitivity
for NH; while increase in it for ethanol. Fig. 6 shows that Y-MgysCdy4 Fe,O4 sensor shows good
sensitivity to all test gases. This ferrite has the largest grain size and the higher porosity than Y-Mg
ferrite. The figure also shows that Y-Cd ferrite is the most sensitive sensor to ethanol. The

improvement is related to the interaction of hydroxyl groups OH™ with porous ferrites. This group acts
as a reducing agent generating free electrons into the semiconductor ferrites increasing the
conductivity [31]. This higher sensitivity of Y-Cd ferrite for ethanol is observed to be two times larger
than that for LPG and chlorine. This could be explained by a stronger interaction between ethanol
molecules and Y-Cd ferrite components. The higher operating temperature of Y-Cd ferrite sensor is
due to the smaller specific area and lower surface activity of this senor, resulting in weaker interaction
between test gas and sensor surface [12].

The higher sensitivity of Y-Mg-Cd ferrite sensors than Mg-Cd ferrite sensors to the test gases under
investigation is attributed to [14, 17].

i) Formation of secondary phase on the grain boundaries that reduces grain size [16]. The smaller
grain size samples thus have higher surface area leading to higher sensitivity to gases [32].

i1) Porous structure promotes the increase in sensitivity. The gas will easily penetrate into the internal
part of the porous giving a large change in the resistance (large sensitivity).

The gas sensing property of Sn and Mo substituted Mg ferrites is studied by Doroftei et al. [21, 33].
They related the gas sensitivity with change in porosity and grain size (specific surface area).

The variation of operating temperature (for LPG, Cl, and ethanol) and saturation magnetization with
Cd* content for 5 % Y>* added Mg-Cd ferrites is presented in Fig. 7. From this figure it is seen that,
the operating temperature for all test gases decreases up to x = 0.4 and increases thereafter for further
increase in Cd*" content. The minimum value of the operating temperature is observed the for sensor
for which the saturation magnetization is highest. Thus the addition of Y** in Mg-Cd ferrites reduces
the operating temperature and improves the gas sensitivity. The reduction in operating temperature
could be attributed to large surface area, smaller grain size and change in composition [14].
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——LPG 3404 _ —S::lrraatli:)gn magnetization
100+ +C|2 . 320 4 -35 g
2 90 —— CyH50H % 300- 30 <
~ o S
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Fig. 6. Variation of gas sensitivity with Cd** Fig. 7. Variation of sensitivity with operating
content in 5 % Y>"added Mg-Cd ferrites. temperature, saturation magnetization (Ms)

with Cd** content in 5 % Y>"added Mg-Cd ferrites.
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The response characteristics of 5%Y>" added MgFe,04, Mg cCdo4Fe,04, Mgp,CdosFe,O4 and
CdFe,O4 sensors for test gases under investigation are presented in Fig. 8(a, b, c¢). The response time
(the time required for the gas sensitivity to attain 90 % of its maximum value) is about 215 s for Y-Mg
ferrite, 180 s for Y- Mg sCdo4Fe;04, and 150 s for Y-Cd ferrite. The recovery time (the time required
to fall the sensitivity to 10 % of its maximum value) is longer, about 200-300 s for all ferrite sensors.
The smaller response of Y-Cd ferrite is due to the highest porosity of these ferrites. The response and
recovery times of the sensors to other test gases showed similar results.
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Fig. 8 Response and recovery characteristics of 5% Y>" added Mg, Cd,Fe,O, system.
(x=0,0.4,0.8 and 1).

4. Conclusions

5% Y>" added Mg, «CdsFe,04 sensors were synthesized by oxalate co-precipitation method and tested
for LPG, chlorine and ethanol. The XRD confirms biphasic and nanocrystalline nature of the samples.
The micrographs show irregular shaped aggregates of particles. The intergranular porosity increases
with increase in Cd** content and Y addition. FT-IR shows strong stretching vibrations
corresponding to tetrahedral and octahedral group complexes. The sensitivity of the sensors increases
with increase in Cd*" content for LPG and chlorine, while decreases for ethanol. The response toward
LPG, chlorine and ethanol is found to increase with decrease in grain size and increase in porosity. The
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operating temperature is lower in 5 % Y~ added Mg-Cd ferrite sensors than that in Mg-Cd ferrite
sensors. The Y-Cd ferrite has shorter response and recovery time. The gas sensitivity is found to be
dependent on operating temperature, composition, porosity and grain size.
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Strain Measurement

Measurement of Physical and Chemical Quantities Series

“Sirain Measurement deals with measurement of stresses and sirains in mechanical and structural
campanenis. This topéc is related to such diverse disciplines as physical and mechanical sciences,
engineering (mechanical, aeronautical, civil, automotive, nuclear, etc.), materials, electronics,
medicing and biclogy, and uses expenmental methodologies to test and evaluale the behaviour and
performance of all kinds of materals, structures and mechanical systems.

The material covered includes:

* Introduction to the elementary concepts of siress and strain state of a body,;

*  Expenmental extensometry measurement lechniques;

* Baslcinstrumeniation theary and technigues assoclated with the use of sirain gauges;

* Optical fibre based extensometry;

* Uncertainty estimation on the measurement of mechanical stress;

Formats: printable pdf (Acrobat) * Supplemanted multimedia components such as animations, simulations and video clips.
and print (hardcovar), 106 pages

The different subjects exposed in this book are prasentad in a very simple and easy sequanca, which
I5BN: 978-84-616-0067-0, makes it most adequate for engineering students, technicians and professionals, as well as for other
e=I5BN; 978-84-615-9657-T usersinlenestad in mechanical measurements and related instrumentation.
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Digital Sensors and Sensor Systems: Practical Design
Sergey Y. Yurish

The goal of this book is to help the practicians achieve the best metrological and technical
performances of digital sensors and sensor systems at low cost, and significantly to reduce
time-to-market. It should be also useful for students, lectures and professors to provide a
solid background of the novel concepts and design approach.

Book features include:

® Each of chapter can be used independently and contains its own detailed list of
references

® Easy-lo-repeal experiments

® Practical onentation

® Dozens examples of various complete sensors and sensor systems for physical and
chemical, electrical and non-glectrical valuas

® Datailed description of technology driven and coming allernative to the ADC &
frequency (time)-to-digital conversion

Digital Sensors
and Sensor Systems
practical Design

P Digital Sensors and Sensor Systems: Practical Design will greatly benefit undergraduate
F-::-n'na_ts PARREG FCS (OEIR:] and at PhD students, enginaers, scientists and resaarchers in both industry and academia.
and print (hardcover), 419 pages : et - : :

It is especially suited as a reference guide for practicians, working for Original Equipment
ISBN: 978-84-616-0652-8, Manufacturers (OEM) electronics market (electronics/hardware), sensor industry, and
e-|SBN; 978-84-615-6957-1 using commercial-off-the-zhelf components
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Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because of it is a peer reviewed
international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per year by International Frequency Sensor
Association (IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc. Since 2011 the journal is covered and indexed (including a
Scopus, Embase, Engineering Village and Reaxys) in Elsevier products.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

e Physical, chemical and biosensors;

e Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and
transducers;

Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.
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Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit:
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Modern Sensors, Transducers
and Sensor Networks

Modern Sensors, Transducers and Sensor Networks is the
first book from the Advances in Sensors: Heviews book
=enes containg dozen collected sensor related state-of-
the-art reviews written by 31 internationally recognized
experts from academia and industry.

Built upon the series Advances in Sensors: Reviews - a
premier sensor review source, the Modern Sensors,
Transducers and Sensor Nelworks presents an overview
of highlights in the field. Coverage includes current
developments in sensing nanomaterials, technologies,
MEMS sansor design, synthesis, modeling and
applications of sensors, transducers and wireless sensor
networks, signal detection and advanced signal
processing, aswell as new sensing principles and meathods
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Modern Sensors, Transducers and Sensor Networks s
intended for anyone who wants to cover a comprehensive
range of topics in the field of sensors paradigms and
developments. It provides guidance for technology solution

£ & developers from academia, research institutions, and
industry, providing them with a broader perspective of
- sensor science and industry
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http://sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

www.sensorsportal.com



http://www.sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

