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Abstract: In this paper an experimental study on a directional cylindrical dielectric resonator antenna
(CDRA) at 5.8 GHz is discussed and presented. Dielectric resonator (DR) ceramic-base material is
investigated in the design and it is found that it improves the antenna performance. The dielectric
constant of dielectric resonator palette is 55 and it is fed with a 50 Q microstrip transmission line. The
aperture coupling technique is highlighted in order to improve the performance of the CDRA in terms
of their tuning frequencies, impedance bandwidth, radiation pattern and gain. The CDRA measured
results are compared with the simulation, by using the 3D microwave simulator, Computer Simulation
Technology (CST). Copyright © 2012 IFSA.

Keywords: Dielectric resonator (DR), Dielectric resonator antenna (DRA), Microstrip, Frequency
tuning.

1. Introduction

Over the past three decades, the dielectric resonator antenna (DRA) has attracted the attention of
antenna researchers due to its prospect of shrinking down the size of the antenna of wireless devices
hence reducing the cost of manufacturing. Moreover it is also light weight and ease to be excited either
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from a probe or a microstrip line. With a proper impedance matching the DRA also able to present a
reasonable bandwidth compared to other type of antennas. Since it is a dielectric material, there are no
conductive and surface losses [1] occur. Another factor that attracts attention for many researchers are
the frequency operation of DRA also can be tuned using defected ground structures (DGS) or
electromagnetic band gap (EBG).

The bandwidth of DRA and patch antennas is usually less than 10 %. There are various approaches
have been proposed to enhance the impedance bandwidth. For instance, the stacking approach has
been proposed using two or more elements with different sizes with the same or different dielectric
materials to improve coupling between feed line and antenna [2]. Different shapes of DRAs such as
canonical, tetrahedron and triangular, also can be used to enhance the bandwidth [3]. Another
approach such as co-planar parasitic DRAs also can be applied but this method has a drawback of
increasing very much of the antenna size, then it was not suitable for the array antenna application.
Then, the method of using the combination of different types of resonance from different structure to
design a wideband hybrid structure has been by proposed by [4, 5]. This technique shows a good
contribution in improving the antenna performance. However due to the technology demand that
always moving ahead, the bandwidth obtained by previous studies is still considered small. In the
recent years several techniques have been proposed which adopt different feeding structure for tuning
the frequency of the DRA [6-10]. The concept of using DGS structure to reconfigure the frequency
operation and impedance bandwidth of the DRA reported in [11-13] is further developed in this paper.

2. Antenna Design

A wide range of materials can be considered as ceramic dielectrics. Ceramic materials that can be used
as resonators have dielectric constants ranging from 10 to 100 [14]. The resonance, radiation and Q
factor will be affected by the ratio of the DR to a fixed dielectric constant. The additional of a DR
allowing design flexibility. By selecting a dielectric material with low loss, radiation efficiency can be
maintained, even at millimeter wave frequencies due to an absence of surface wave and conductor
losses associated with DR. Since, a wide range of dielectric constant can be used in microwave
application, allowing the designer to have additional factors to control the device through physical size
and volume.

Several modes can be used to excite the DRA. Most of radiation pattern is similar to short electric or
magnetic dipole, producing either broadside or omni-directional radiation pattern for different
coverage requirements. Since DRAs can be suited to several feeding mechanisms including probes,
slots, microstrip lines, dielectric image guides, and co-planar waveguide lines, it is easily fixed to the
device making them amendable to integration with various technologies.

Based on impedance and resonant frequency in the Fig. 1, a DR is designed to resonate for
HE| ;mode. The size of the cylindrical DR is calculated and designed to operate at frequency of

5.5 GHz and a minimum fractional bandwidth of 5 %. The equations for the cylindrical DR to resonate
and the Q-factor of HE, ,mode are referred to [15] and [16]. The equations are based on extensive

numerical solutions and curve fitting. As for the function of a/h with the selection of dielectric
constant ( &, ), the parameter of k_,a can be expressed as,

2
ka=-232% 102740362 4002 L (1)
’ 2

NE T2 2h

The QO-factor as a function of a/# for the selected ¢, is defined as,
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a 1(aY
= 0.01007¢," %J1+100 ={seli] )
0001007z, %11+ 100¢ e

The radiation Q-factor in equation (2) is used to estimate the fractional impedance bandwidth of the
DRA and it is given by

Ly sl 3)
f, s0

Furthermore the parameter of k a is applied to determine the operating frequency of the design

BW =

antenna and it is given by,

oh_e(alh
k()a — fGHz cm ( ) (4)
4.7713
Since the operating frequency is known to be 5.5 GHz, the equation (4) can be simplified and it is
given by,

koa=1.153eh, e(a/h) (5)
for f,, =5.5GH:z

Based from the equation (5) the graph for k,a versus a /h is plotted. For the HE|,; mode and for a few

values of 4., the graph exhibits the results as depicted in Fig. 1. The intersection between / lines and
the curve of & = 55 will determine the value of a / & that requires resonating at 5.5 GHz. For the set of
four heights chosen in this example, cylindrical DR with height of 0.2 cm or higher will resonate at
5.5 GHz at different a/h value. Each value of a / &, can be used to determine the Q-factor and the
bandwidth. The graph for the O-factor versus a / & and the results for the parameters of the dielectric
resonator are depicted in the Fig. 2 and Table 1 respectively.

Fig. 1. Cylindrical DRA design to operate at 5.5 GHz with &= 55.

160



Sensors & Transducers Journal, Vol. 17, Special Issue, December 2012, pp. 158-167

7o T T T T T T T

- L ¥ 1.168 i
- Y=60.43
L ¥ 3.424 |
50 [ Y=4403 g, =55
L.
€ 4 T [|x 03080 X 3447 N
8 Vet g Y=31.53
<

1 | 1 1 1 ] | 1 1
0o 05 1 15 2 25 3 35 4 45 &
a/h

Fig. 2. Q-factor of the material with g.= 55.

Table 1. Parameters for the cylindrical dielectric resonator (CDR) for 5.5 GHz with ¢.= 55.

h kya | alh | a d Q| BW

02 | 0.795 | 3.44 | 0.688 | 1.376 | 315 | 3.0%
0.3 | 0.404 | 1.169 | 0.350 | 0.700 | 68.4 | 1.0%
04 |0.742 | 0.342 | 0.140 | 0.280 | 449 | 1.5%
0.5 | 0.520 | 0.300 | 0.150 | 0.300 | 41.8 | 1.7%

Table 1 shows the possible size of the cylindrical DR computed from MATLAB software for
frequency of 5.5 GHz. Generally, as the operating frequency becomes higher the size of the cylindrical
DR becomes more compact and smaller and the bandwidth becomes narrow. The four DRAs can be
fabricated in scale based from the results in Table 1. The geometry of the DR samples is depicted in
Fig. 3. The DR dimension of =02, and 4, =1376 is selected for the design to achieve higher

impedance bandwidth. For the simplicity, in the dielectric material fabrication, the DR diameter
chosen is to be 1.4 cm.

Fig. 3. Four samples of the DR geometry for 5.5 GHz with ¢.= 55.

Fig. 4 shows the proposed of a compact cylindrical dielectric resonator antenna (CDRA) with a slot on
the ground plane. The antenna is printed on microwave substrate of thickness /4, and relative

permittivity ¢,, with overall ground plane size (xx y) of 50 mm X% 40 mm. The cylinder DR has a
radius of a, profile height of % and relative permittivity €,,. The dimensions of the actual design of

the CDRA based on the Fig. 4 (a) are summarized and tabulated in the Table 2.
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The cylindrical DR is mounted on the ground plane of a RO4003C. The cylindrical DR is excited
through aperture coupling fed from a microstrip line as shown in Fig. 4 (b). The slot has length of /, x
w; and is embedded in the ground plane and it is placing perpendicular to the length of the 50 Q
microstrip transmission line, /,x w, . The distance of the narrow slot, s will be selected as an open

stub so that it reactance will cancelled out that of slot aperture. The dimensions of the feeding structure
are summarized and tabulated in Table 3.

< Ground plane

¥ > Dielectric resonator
h »> Aperture Slot
£, —p, )," Substrate

P Microstrip line
5 4

(a)

w
>

>l vl
]
Sl

(b)

Fig. 4. The actual dimension of the proposed CDRA: (a) The CDRA side view, (b) The feeding structure.

Table 2. The geometry of dimension for the proposed CDRA.

X y h, &,
50 mm 40 mm 0.813 mm 3.38
a h, £
14 mm 3 mm 55

Table 3. The geometry of dimension for the feeding structure of proposed CDRA.

ll w l/" Wf S

12 mm 2 mm 40 mm 1.9 mm 10 mm

The slot tuning technique also can be integrated with aperture couple DRA. With this technique the
cylindrical pallet is place on the ground plane and it is excited by aperture coupled from microstrip
line. The aperture slot is placed under the DR pallet with offset from the DR center in order to produce
HE118 mode resonant. The microstrip feed line feeder is placed at the bottom side of the circuit. The
suitable size and position of rectangular slot tuning is used to reconfigure the frequency operation of
the CDRA. Using aperture coupling technique, the amount of magnetic coupling from microstrip line
to the DR will be lower as compared to direct microstrip line coupling as described in [16].
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Fig. 5 shows the proposed structure of the antenna and including all important parameters. Using a
material with a dielectric constant & = 55 and height of 4,=3 mm, the following DRA dimensions are
chosen: rectangular tuning slot size w,= 14 mm and /;,;= 2 mm is placed at 12 mm from input port. The
aperture slot with size of 14 mm x 2 mm is placed at 35 mm from input port. The microstrip line is
printed on a substrate that has dielectric constant of f=» = 4.42 and thickness of 1.42 mm. The
microstrip line length is 40 mm and the width is 1.95 mm.

3 dar
Yy Q hdr
X Dielectric > 7T
Resonator ) Wang X

VA

Ground

plane i K W |‘lﬂn’| '
Apertureslot lﬂﬁ” — :$ 2mm
P,

Substrate —> Lgna L;
Tuningslot [T _ i
Microstrip I:::I. ! — - 2mm
feedline ' i / Py 14mm
_ v A 4 E i |
P
Wi

Fig. 5. The geometry of aperture couple DGS DRA.

3. Results and Discussion

Fig. 6 shows the simulated return loss for the proposed CDRA. The -10 dB bandwidth of return loss
shows that the DRA resonated at the first three modes; HE;;;, HE;;; and HE;;; with operating
frequencies of 5.78 GHz, 5.99 GHz and 6.60 GHz, respectively. The impedance bandwidth recorded
for these resonant frequencies are 1.9 %, 0.7 % and 0.7 %. For the measured return loss, HE;;;, HE;,
and HE/;; operating frequencies recorded are 5.88 GHz, 6.09 GHz and 6.70 GHz respectively. It
impedance bandwidth is slightly higher compared to simulated results with the different of 100 MHz.
Both results show a good matching with return loss lower than — 10 dB.

S parameter / Magnitude in dB

Simulated
- === Measured

5.5 6.0 6.5 6.77
Frequency / GHz

Fig. 6. The simulated and measured return loss for the proposed CDRA.
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Fig. 7 shows the simulated and measured 2D-radiation patterns plotted in yz and xz planes. The 2D
diagram is presented in two orthogonal planes perpendicular to the antenna plane. Generally the
simulated results for both radiation patterns obtained are unidirectional type with small back lobes. For
the 5.78 GHz operating frequency, the back lobe level is -9.6 dB with a broad beam but then it reduces
to -18.3 dB with small beam at operating frequency of 6.60 GHz. The front to back lobe ratio is
15.38 dB for 5.78 GHz and increases to 23.9 dB when operating at frequency 6.60 GHz. The pattern
shows that the back lobe level reduces when the operating frequency increases. However, the radiation
pattern recorded for the yz-plane at 6.6 GHz is found to have slight tilt at the angle 150° to 180°, which
result to broad radiation pattern in comparison to the lower operating frequencies. In comparison to the
actual measurement, the radiation patterns recorded for 5.78 GHz, 6.0 GHz and 6.60 GHz are almost
similar to the simulated results. However, the back lobes magnitude for all radiation patterns at the
operating frequencies is slightly greater than the simulated one. This is due to the spillover affected by
the small size of the ground plane.

The results for the proposed CDRA antenna gain are depicted in Fig. 8. For the simulated variation
gain frequency, it is found that the gain more than 5.0 dBi is obtained between the frequencies
5.5 GHz to 6.3 GHz. This condition is also recorded at the frequency above 6.6 GHz. The highest and
the lowest gains obtained from the proposed CDRA along the frequency range are 6.0 dBi and 4.2 dBi,
respectively. Mean while the measured gains recorded are slightly higher, where the highest and
lowest gains recorded are approximately 6.2 dBi and 4.7 dBi respectively. It is also can be seen that
the gains are similar to the results obtained from the CDRA radiation patterns. The measured gain is
recorded by using the gain absolute methods compared to a standard monopole antenna (5 dBi). It
indicates that the proposed CDRA has a high efficiency with minimum loss due to the small conductor
loss exists in the microstrip line feeder.

Moving the position of the tuning slot on the ground plane changes the input impedance level and
resonance frequency of the aperture couple DGS DRA. The variable capacitance exists due to the
difference position of the tuning slot that controlling the impedance matching and radiation loss of the
antenna. Fig. 9 shows the effect of varying the tuning slot for different positions along the microstrip
feed line. The DR palette is fixed at the middle of the ground plane which is about 25 mm from input
port. At that location, the resonance frequencies were between 5.25 GHz to 5.95 GHz can be achieved
when the tuning slot is positioned at 10 mm to 15 mm from the input port. When the tuning slot is
placed close to the input port, the resonance frequency is down shifted to lower frequency. If the slot is
moving away from input port, the frequency is shifted to higher frequency operation. It is also shown
that aperture coupled DGS DRA are capable for tuning the frequencies operation in range of 5.0 GHz
to 6 GHz.

The direct excitation by microstrip fed had advantage of producing a high gain radiation with a
drawback of smaller bandwidth compared to the aperture feeding technique. The direct coupling
technique provides high intensity of the signal to be coupled to the DR. Since the DR has high value of
dielectric constant, then the effective Q-factor from the direct excitation is higher compared to the
aperture technique. When the effective Q-factor is large, the bandwidth will become narrow. With
aperture coupling technique, the intensity of coupling signal becomes lower and it will reduce the Q-
factor and resulting of wider bandwidth.

The direct excitation by microstrip fed had advantage of producing a high gain radiation with a
drawback of smaller bandwidth compared to the aperture feeding technique. The direct coupling
technique provides high intensity of the signal to be coupled to the DR. Since the DR has high value of
dielectric constant, then the effective Q-factor from the direct excitation is higher compared to the
aperture technique. When the effective Q-factor is large, the bandwidth will become narrow. With
aperture coupling technique, the intensity of coupling signal becomes lower and it will reduce the
Q-factor and resulting of wider bandwidth.
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270 90

Fig. 7. 2D simulated results of the radiation patterns in yz plane and xz plane at operating frequencies,
5.78 GHz ((a), (b)), 6.0 GHz ((c), (d)) and 6.6 GHz ((e), (f)).
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Fig. 8. The simulated and measured gain in dBi of proposed CDRA.
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Fig. 9. Variation of resonance frequency of the aperture coupled DGS DRA
due to different slot tuning position.

4. Conclusions

An experimental study on a directional cylindrical dielectric resonator antenna (CDRA) has been
discussed and presented. Reasonable agreements between the simulated and measured results are
observed in terms of their impedance bandwidth, radiation pattern and antenna gain. In the CDRA
design the proposed aperture slot size is ; =12mm and w, = 2mm . Moreover, the slot size has a significant

effect on higher resonant modes generated from the DR.

The signal that passes through an aperture is associated with slot size. It is observed that the passing
signal through an aperture is proportional to the slot size. Likewise the condition allows the DR in
receiving the high intensity fields and consequently permits higher resonant modes to the antenna.
With a large size of the slot, the DRA is possible to be tuned at fundamental through high modes.

The frequency of the dielectric resonator can be tuned by modifying the design with the additional
rectangular slot along the microstrip line feeder. It has been shown that from the experiments, the
frequency of the CDRA can be tuned between 5.25 GHz to 5.95 GHz. Hence, additional slot provides
wider frequency tuning for the CDRA. From the proposed CDRA design, it is clearly seen that, the
antenna is suitable and appropriate for the application of WLAN.

References

[1]. H. Fayad and P. Record, Multi-feed dielectric resonator antenna with reconfigurable radiation pattern,
Progress in Electromagnetic Research, Vol. 76,2007, pp. 341-356.

[2]. Kumari, R., Parmar, K. & Behera, S. K. Year., Conformal patch fed stacked triangular dielectric resonator
antenna for WLAN applications, in Proc. of the International Conference on Emerging Trends in Robotics
and Communication Technologies (INTERACT' 2010), 3-5 December 2010, pp. 104-107.

[3]. Almpanis, G., Fumeaux, C. & Vahldieck, R. Year., Comparison of various non-canonical rectangular
dielectric resonator antennas for enhanced bandwidth, IEEE Antennas and Propagation Society
International Symposium, AP-S 2008., 5-11 July 2008, pp. 1-4.

[4]. Yi-Fang, L., Hua-Ming, C. & Chia-Ho, L., Compact Dual-Band Hybrid Dielectric Resonator Antenna with
Radiating Slot, IEEE Antennas and Wireless Propagation Letters, 8, 2009, pp. 6-9.

[5]. Morsy, M. M., Khan, M. R. & Harackiewicz, F. J. Year., Ultra wideband hybrid dielectric resonator
antenna (DRA) with parasitic ring, in Proc. of the IEEE International Conference on Wireless Information

166



Sensors & Transducers Journal, Vol. 17, Special Issue, December 2012, pp. 158-167

Technology and Systems (ICWITS' 2010), 28 August - 3 September, 2010.

[6]. Hao, C. X., Li, B., Leung, K. W., Sheng, X. Q., Frequency-Tunable Differentially Fed Rectangular
Dielectric Resonator Antennas, [EEE Antennas and Wireless Propagation Letters, Vol. 10, 2011,
pp- 884-887.

[7]. Chih-Yu, H. & Ching-Wei, L., Frequency-adjustable circularly polarised dielectric resonator antenna with
slotted ground plane, Electronics Letters, 39, 2003, pp. 1030-103.

[8]. Leung, K. W., So, K. K., Frequency-tunable designs of the linearly and circularly polarized dielectric
resonator antennas using a parasitic slot, IEEE Transactions on Antennas and Propagation, 53, 2005,
pp. 572-578.

[9]. Omar, A. A. & Al-Hasan, M. J. B. Year., Dual-Band Coplanar-Waveguide-Fed Clot-Coupled Rectangular
Dielectric Resonator Antenna, Future Computer and Communication, 2009.

[10].Guraliuc, A., Manara, G., Nepa, P., Pelosi, G. & Selleri, S., Harmonic Tuning for Ku-Band Dielectric
Resonator Antennas, IEEE Antennas and Wireless Propagation Letters, 6, 2007, pp. 568-571.

[11].M. F. Ain, Y. M. Qasaymeh, Z. A. Ahmad, M. A. Zakariya, M. A. Othman, A. A. Sulaiman, A. Othman,
S. D. Hutagalung, and M. Z. Abdullah, Progress in Electromagnetics Research C, Vol. 15, 2010,
pp- 201-210.

[12].Brar, M. K., Sharma, S. K., A wideband aperture-coupled pentagon shape dielectric resonator antenna
(DRA) for wireless communication applications, in Proceedings of the IEEE International Symposium on
Antennas and Propagation (APSURSI' 2011), 3-8 July 2011, pp. 1674-1677.

[13].Ain, M. F., Hassan, S. I. S., Jaffar, M. R., Othman, M. A., Ismail, M. N., Othman, A., Sulaiman, A. A.,
Zakariyya, M. A., Sreekantan, S., Hutagalung, S. D., Ahmad, Z. A., Small and compact rectangular
dielectric resonator antenna for WLAN applications, in Proc. of the IEEE International RF and Microwave
Conference (RFM' 2008), 2-4 December 2008, pp. 106-108.

[14].Penn, S. & Alford, N., Ceramic Dielectrics For Microwave Applications., Handbook of Low and High
Dielectric Constant Materials and Their Application, Academic Press, 1999.

[15].Mongia, R. K. & Bhartia, P., Dielectric resonator antennas—a review and general design relations for
resonant frequency and bandwidth, International Journal of Microwave and Millimeter-Wave Computer-
Aided Engineering, 4, 1994, pp. 230-247.

[16].Petosa, A. Simple shape Dielectric Resonator Antennas, Dielectric resonator antenna handbook, Artech
House, 2007.

2012 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

Universal Frequency-to-Digital Converter
(UFDC-1 and UFDC-1M-16)
in MLF (5 x 5§ x 1 mm) package

=

167


http://www.sensorsportal.com/HTML/E-SHOP/PRODUCTS_4/UFDC_1.htm

/,.-—-—— International Frequency Sensor Association Publishing

..~  Call for Books Proposals

Sensors, MEMS, Measuring instrumentation, etc.

Royalties

Best Targeted Marketin

T on L]

hed Format: df (Acrobat).

1 out of print and can be

International Frequency Sensor Association (IFSA) Publishing

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



http://www.sensorsportal.com/HTML/IFSA_Publishing.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Digital_Sensors.htm

Sensors & Transducers Journal /

V'

Guide for Contributors

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.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit 2012.pdf


http://www.sensorsportal.com/

aemes

Intlemational Fraquancy Sansor Association Publishing i

ADVANCES IN SENSORS:
REVIEWS

Sergey Y. Yurish
Editor

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
ufrm—:;—:ﬁurt—rrr1:—:r115.

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

Order online:
http://sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

www.sensorsportal.com



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


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


