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ABSTRACT 

Mobile and handheld wireless technology, in the contemporary world scenario has 
> 

become increasingly ubiquitous. In part~cular the field of RF wireless communication is 

experiencing unprecedented technologcal advancements and market growth, evident by 

rapid increase in use of cellular telephony, mobile data and wireless local area network 

(WLAN) technologies as well as satellite communication. In the wireless systems, the 

antenna, which acts as the frontends at the transmitbng and receiving ends, is a critical 

component. 

Applications in present day mobile communications essentially require smaller 

antenna size for mobile handheld devices. For this reason, there has been great emphasis 

on achieving broad band operations with compact microstrip antenna introduction of new 

mobile wireless systems such as Wi Max 2400 (2595-2690 MHz), Wi Fi 

(2400-2483 MHz),  WCDMA in 3G (2.1 GHz), 4G mobile telecommunication network 

and the development of systems that integrate these with mobile phones, newer design 

approaches for built in, multiband antennas for combined mobile system has been 

emerging. S-, C- and X- band which are studed in this work can find applications as is 

Qscussed below. 

The current work orignates from the need to develop microstrip antenna structures to 

operate in S-, C- and X- band for dual-frequency operation on a single plane with less 

design complexity and low profile. Also tuning of one or both the frequencies by varying 

just one design parameter can simplify design process to a great extent. Bandwidth 

enhancement is another design aspect that needs to be addressed while designing the 

antenna. The work emphasizes on size reduction, bandwidth enhancement and tuning of 

resonant frequencies. 

S- Band communication (2.0 GHz to 4.0 GHz) is broadly used for weather radar, ship 

radar and some communication satellites. Other uses include digital cordless telephone, 

microwave ovens(2.495GHz or 2.450 GHz),Wi Max standards (2.595 GHz to 2.695GHz), 

consumer electronics including Bluetooth (2.402 GHz to 2.480 GHz) etc. 

C- Band communication (4.0 GHz to 8.0 GHz) has wide applications ranges which 

cover satellite communication, cordless devices, commercial communication via 

satellite (uplink: 5.925 GHz - 6.425 GHz; downlink: 3.7 GHz -4.2 GHz), Wi-Fi devices 

inclulng personal computers, video game console, smart phones, digital camera, tablet 

and weather RADAR systems to mention a few. 



X- Band communication (8.0 GHz to 12.0 GHz) also covers wide range of 

applications which includes RADAR, terrestrial communications, space communications, 

and amateur radio (10 GHz -10.5 GHz). Other sub bands are used for civil and military 

applications, government institutions for weather monitoring, air traffic controls, defense 

technologies etc. 

Microstrip patch antennas, which are popular antennas in wireless communication 

systems, have limiting narrow band response which limits its use in many applications. It 

is a challenge for antenna designers to modify the geometry of microstrip antenna to 

enhance its bandwidth without significant increase in mounting space requirements. 

Compared to broadband antennas, reconfigurable antennas can offer advantages such 

as compact size with comparable radiation patterns and gain for designed frequency 

bands and frequency selectivity with requisite performance characteristics. In recent 

years, reconfigurable antennas have received significant attention for their applications in 

S-, C- and X- band communications band by adapting their properties to achieve 

selectivity in frequency, bandwidth, polarization and gain. Studies have been canied out 

by different researchers to demonstrate electronic tunability for different antenna 

structures which include use of varactor diodes, applications of electrically and 

magnetically tunable substrates with the use of barium strontium titanate and ferrite 

materials, slot loading, MEMS etc. 

One of the design approaches involves drawing a slit parallel to the radating edges. 

The structure is then modified by varying the slit lengths to less than the width of the 

patch width. The second structure is a profiled patch. Both the structures yield dual and 

multi band characteristics. Size reduction as much as 49% is achieved. 

Bandwidth enhancement of up to 30% has been achieved with introduction of a pair 

of 100 prn slits parallel to the radiating edges and equidistant from the two edges when 

the electrically isolated sections (due to the slits) were elevated with a slant angle from 

the plane of the patch. A large frequency envelope with at least -10 dB return loss in the 

range of 6.84 GHz to 9.24 GEk for elevation angle 65" extending from the C -  on to the 

X- band. At the elevation angle 85", the -10 dB bandwidth covers the frequency range 

from 8.45 GHz to 10.54 GHz with a bandwidth of 22%. 

A patch geometry obtained by a notionally superposing a finite strip line section is 

designed for dual band operations. Tuning range from 2.04 GHz to 2.17 G H .  and 



and 4.83 GHz to 5.19 GHz is obtained for lower and upper frequencies with this oblique 

arm being rotated from OOto 45" with respect to the radiating edge. 

A spike edged rectangular patch antenna (SEMPA), where spike shaped triangular 

conductor sections are added to the rectangular patch at the radiating edges has been 

investigated for bandwidth enhancement. The number, position and dimensions of the 

spikes are varied to study the effect on resonant frequency. Dual band characteristics with 

almost the same return loss values are obtained for the modified structure. Two adjacent 

spikes has been bridged using a line section of 2 mm width resulting in a second 

resonance frequency of almost half of the first resonant frequency obtained without the 

bridge section. Shifting of this line section inwards (towards the main patch) results in 

increase of the upper resonant frequency and hence the bridge section can be adjusted to 

tune the frequency from 4.7 GHz to 5.27 GHz. 

Design and testing of a reconfigurable patch antenna with a rectangular air pocket in 

the substrate layer between the patch and the ground is carried out for post fabrication 

tuning. A sliding section of the same material with the dimension of the air pocket is 

moved into the air pocket for tuning the resonant frequency. The approach for tuning the 

resonant frequency is simple and does not involve complicated and costly devices. The 

measured results indicate a frequency tuning from 3.25 GHz to 3.40 GHz. The structure 

can also possibly be improved by careful tailoring of the air pocket dimensions. 

A PC controlled antenna measurement set up has been developed for 

measuring the antenna characteristics which include measurement for S11 parameter and 

radiation pattern measurements. All radiation pattern measurements are carried out using 

this developed setup. 
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1.1 Introduction 

Mobile and handheld wireless technology, in the contemporary global scenario, has 

become ubiquitous to say the least. In particular the field of RF wireless communication 

is experiencing unprecedented technological advancements and market growth, spurred 

by the rapid increase in the use of cellular telephony, mobile data and wireless local area 

network (WLAN) as well as satellite communication [l - 51. This growth is only but 

likely to proliferate in the near fbture as widespread deployment of wireless networks are 

revolutionizing the concept of communication and information processing of business, 

professional and private applications. Furthermore, military agencies deploy high end 

wireless devices for use in tactical environment including portable devices providing 

extensive computational powers for soldiers. In this backdrop, it is only but obvious that 

the world of communication is bound to experience an ever increasing momentum in 

development of wireless networks and related fields replacing its erstwhile counterpart of 

wired technology whlch was the backbone of communication technology until very 

recently. In this wireless era, the antenna, which acts as the frontends at the transmitting 

and receiving sides is a critical component. 

The device at the transmitting end which launches the signal into free spacei and at 

the receiving end which receives the transmitted signals, i.e. the antennas, must have 

characteristics that conform to the specific requirements of the system. Characteristics of 

antennas are, therefore, of prime importance in deciding the overall performance of any 

communication system. 

In the microwave region, because of the wavelengths involved, antennas can be 

designed within a practical size while catering to the performance requirements of a 

system. In addition, a channel in this frequency range occupying a fixed percentage 

bandwidth can carry far more data than in the lower frequency range. As a consequence, 

most long and short range RF wireless communication links operate in this frequency 

range although higher frequencies are also used nowadays having larger channel 

capacity. 

There are two major aspects that need to be addressed while designing an antenna. 

First, the bandwidth over which its desired characteristics remain within an acceptable 

range. This requirement becomes all the more significant in view of the present day 

broadband and multichannel systems. Multi frequency antenna, on the other hand, can 

operate at a number of desired frequencies rather than over the whole frequency range, 

for which it is more difficult to design the antenna with the given characteristics. These 
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can also eliminate the need for additional space for mounting a number of antennas for 

different frequencies. Secondly, the shape of the radiation pattern that will determine 

what part of the total power will be radiated and received in the desired direction. For 

instance, highly directional radiation patterns with sharp pencil beam can be usehl in 

establishing point to point links and therefore the same frequency can be used at adjacent 

locations to establish another link, obviating the requirement for additional frequency 

bands. This also reduces the total power required to be transmitted to establish the link. 

Another example of shaped beam antennas are the satellite DTH antennas with beam 

shape designed for particular intended area of coverage, known as the footprint. 

Microstrip antennas are well suited for mobile or radio communications, military 

applications and applications involving aircraft and space craft, where small size, light 

weight and low profile is a necessity [6 - 151. Microstrip antennas are also preferred for 

wireless LAN systems due to their versatility, confonnability, mechanical ruggedness, 

low cost and low sensitivity to manufacturing tolerances. Many of the antenna 

applications for satellite links, mobile communications, wireless local area networks etc. 

require broadband, duallmulti frequency operation, frequency agility and polarization 

control. These can be achieved by suitably loading the simple microstrip antenna and 

altering the basic antenna structure by introducing slots, structural modifications etc. 

[16 - 171. 

Microstrip antennas began gaining prominence from the year 1970, although the 

idea of microstrip antenna is reported in the literature way back in 1953 by G.A. 

Deschamps [18] and was first patented by H. Gutton and G. Bassinot in 1955 [19]. In the 

years that followed, microstrip antennas received significant attention of the research 

community and work on different patch configurations, array designs as well as patches 

with different loading are reported in the literature [20 - 231. Modelling of antennas for 

design and analysis has also seen continued development alongside [24 - 271. 

The inherent limitation of narrow bandwidth in patch antenna requires to be 

enhanced for many practical applications, posing a challenge for designers. As a 

consequence, increasing the bandwidth of microstrip patch antennas has been a major 

thrust area of research. Some of the approaches for broadband techniques are: 

(i) lowering the value of Q which involves selection of different radiator shapes, 

increasing the substrate thickness and using substrates with lower dielectric constant, 

(ii) using impedance matching techniques which include inserting matching networks, 

adding tuning elements, slotting and notching of patches, use of aperture and proximity 
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coupling (iii) introducing multiple resonators which include use of parasitic (stacked or 

coplanar) elements in combination with (i) and (ii) [28 - 331. 

Another limitation is its inherently low power handling capability which is a 

constraint for use in the transmitting mode. Various techniques, including use of arrays, 

are employed to overcome this. Surface wave propagation is another limiting factor 

affecting efficiency, which increases with increase in frequency and cross-coupling 

among others. Techniques such as use of photonic band gap structures, which are 

obtained by periodic loading of the substrate, are generally used to suppress this 

unwanted propagation within the antenna structure [34 - 361. 

Size reduction and bandwidth enhancement are also becoming major design 

considerations for practical applications. Application in present day mobile 

communication requires smaller antenna size for mobile handheld devices. For this 

reason, there has been great emphasis on achieving compact and broad band operations of 

microstrip antennas. With the introduction of new mobile wireless systems such as 

WiMax 2400 [2595 - 2690 MHz), Wi-Fi (2400 - 2483.5 MHz), WCDMA in 3G mobile 

telecommunication network etc., a notable change in antenna design approaches has 

come about. Significant progress in the design of compact microstrip antenna with broad 

band, dual band-frequency, dual-polarized, circularly polarized and gain enhanced 

operations has been reported [37 - 421. 

The feeding mechanism is another important design consideration for antenna 

performance characteristics. The microstrip antennas can be exited directly either by a 

coaxial probe or by a microstrip line. It can be also excited indirectly using 

electromagnetic coupling, aperture coupling and a coplanar wave guide feed with no 

direct electrical contact between the feed line and patch. Aperture coupling is often 

chosen by designers as this type of feed arrangement allows physical separation of the 

two functions, antenna excitation and radiation, and the fieedom to use optimal substrates 

for radiator and transmission line [43 - 451. 

The development of complex antenna structures using inhomogeneous dielectric 

material, multilayered dielectric structures, periodic loading of the substrate to suppress 

surface waves, aperture coupling of the feed to the antenna, use of staked configuration to 

achieve larger bandwidth, loading of the antenna to improve characteristics and 

integration of the circuit functions to antenna functions has ushered in the development of 

various modelling and numerical techniques for these complex structures. These include 

full wave techniques such as the integral equation approach and FDTD technique. Many 



commercial softwares such as CST Microwave Studio, HFFS, IE3D which are based on 

numerical methods such as MOM, FEM are nowadays available for computation of 

antenna performance. These are widely used by researchers and designers for validation 

of experimental results as well as for pre fabrication evaluation of proposed antenna 

performance. 

1.2 Literature on tuning and size reduction 

A detailed survey of contemporary literature on microstrip antenna research and the 

aspects that require attention vis-a-vis their current applications in communication has 

been carried out. It is with this basis and background that the two aspects as mentioned 

earlier have been taken up for study in the present work. 

1.2.1 Tuning techniques 

Iskandar Fitri et al. proposed a compact microstrip slot antenna fed by a microstrip 

line with multi tuning stubs for UWB applications [46]. They reported an acceptable 

impedance match in the frequency ranges of 1.3 GHz to 5.1 GHz for single antenna 

element and 1.1 GHz to 6.4 GHz for stub array composed of two antenna elements. 

Matching condition can be controlled by tuning the stubs under the slot and shorting the 

tuning stub connected in shunt for bandwidth enhancement. This technique can be used in 

antenna array for further enhancement of bandwidth. The technique is complex requiring 

adjustment of many parameters of the tuning arms. 

H.K. Ng et al. proposed frequency tuning of a the dielectric resonator antenna using 

loading cap [47]. Tuning of resonant frequency can be achieved by changing the radius of 

the loading cap. Exciting the dielectric resonator antenna with its fundamental TElll 

mode by a coupling aperture need very careful adjustment as a small parametric variation 

can generate higher order modes. 

J.A Tirado- Mendez et al. reported an alternative to the commonly used tuning 

techniques such as use of stubs, posts, variable air gap etc. by applying defected 

microstrip structure in tuning a square patch antenna [48]. Poor matching and lower gain 

issues are to be tackled in this technique. 

P. Blondy et al. developed a wide tuning range MEMS switched patch antenna [49]. 

The antenna operates at 23.8 GHz without bias and 12.4 GHz with an applied bias of 

150 V. 

J. Ollikainen et al. proposed a thin dual resonant stacked shorted patch antenna for 

mobile communications [50]. The antenna was designed with a bandwidth of 10% 
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necessary for GSM 1800 or GSM 1900 applications. The structure needs a controlled 

coupling between the driven patch and parasitic patch for impedance bandwidth. 

P.J. Rainville et al. fabricated a microstrip patch antenna on a ferrite film which can 

be tuned by applying a magnetic field bias [51]. The radiation polarization can be varied 

by application of small in-plane magnetic bias field. 

A tunable bow tie radiating element mounted above an artificial magnetic conductor 

(AMC) with a geometry consisting of a frequency selective surface (FSS) was presented 

by Fabio Michele Valeri [41]. The FSS was designed on a thin grounded dielectric slab 

where chip-set varactor diodes were placed between metallic elements and the backing 

plane through vias. The antenna was tuned over the S-band by varying capacitances 

through an appropriate voltage. The technique needs larger volume and external voltage 

source. 

A wideband bow-tie slot antenna with tuning stubs was reported by Abdelnasser et 

al. [52]. Many of the antenna parameters such as width and height of bow tie slot, width 

of the stub, inner and outer heights of the metal stub, inner slot height were adjusted to 

improve the bandwidth up to 88% for a centre frequency of 10.0 GHz with a gain of 

approximately 6.7 dB. The technique involves many tuning parameters in achieving the 

requisite gain over the operating fiequency range. 

Peroulis et al. reported a reconfigurable slot antenna which was compact, efficient 

and electronically tunable [53]. Tuning is realized by changing its effective length, 

controlled by the bias voltages of solid state shunt switches. An effective bandwidth of 

1.7: 1 was obtained by using this tuning method without the need for any other additional 

matching network. 

A compact multi-band antenna with broad individual bands consisting of semi-disk 

radiating elements was presented by Pouhe et al. [54]. Using angular displacement of 

probe position, operation in the frequency range from 1.71 GHz to 2.55 GHz f6r 3G 

mobile communications and in the C -band from 3.78 GHz to 4.38 GHz for satellite TV 

communication were obtained. The structure is sensitive to off-set positioning of the 

probe feed leading of excitation of higher order modes. 

Sylvain Loizeau et al. presented a reconfigurable antenna with a low tuning range 

and with an additionally switchable UWB [55]. Two types of reconfigurability 

components were used; PIN diode for enabling discrete configuration change and a 

varicap diode which allows continuous tuning of the resonant frequency. Loading extra 

components poses matching issues in addition to a large volume for integration. 
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P. Rocc et al. reported synthesis of a quad-band patch antenna [56]. The shape 

modification was evolved based on fractal-shaped erosion strategy. The antenna was 

designed to meet the requirements for Galileo frequency bands Es and L1 

VE5 = 1 19 1.795 MHz, hl =1575.42 MHz) and Wi-Max frequency bands (fm~ = 2.5 GHz 

and fm2 = 2.5 GHz). 

A dual band antenna, using two stacked shorted patches for applications in the 

GSM 1800 and GSM 1900 cellular system handsets for increased bandwidth has been 

presented by Gwo -Yun Lee et al. [57]. Two resonant frequencies close to each other 

were obtained by adjustment of lengths of the stacked shorted patches although the length 

adjustments affect radiation pattern and the stacked configuration need reasonable 

precision in packaging for specific application requirements. 

A technique for obtaining dual-band operation using a reconfigurable slot antenna 

has been reported by Nader Behdad et al. [58]. Frequency ratio achieved for the design 

ranges from 1.3 5 fRS 2.67 by changing dc bias voltages of its two varactors in the range 

of 0.5 V to 30.0 V. This type of antenna needs simultaneous matching at both bands for 

entire range of bias voltages. 

M. Nishigaki et al. proposed an UWB tunable antenna with built-in piezoelectric 

MEMS variable capacitors [59]. A tuning ratio of 11 and a quality factor of the order of 

37 at 650 MHz for bias voltage from OV to 8.0 V were obtained. Issues such as 

nonlinearity of using varactor diodes where RF signal also varies the capacitance of the 

varactors diodes need to be tackled. 

N.X. Sun et al. reported an electronically tunable magnetic patch antenna with 

metal magnetic film between the alumina substrate and the copper patch designed to 

operate at 2.10 GHz [60]. With appropriate external magnetic biasing perpendicular and 

parallel to the feed line, an enhanced bandwidth of 50% over the conventional patch 

antenna with its directivity increasing from 5.58 dB to 6.73 dB was achieved. In this 

technique, external field applied has a wide range of variations from 20 to 1000 Oe to 

control the frequency shift and the direction of external field has to be precisely 

controlled at the same time. 

Antennas with metallic magnetic films and self biased magnetic films for electronic 

tuning have been reported by Guo-Mn Yang et al. [61]. One layer just above a ring and 

another under the ground plane lowers the resonant frequency to 1.7 GHz from 1.72 GHz 

for the non magnetic antenna. The ferrite film loading effectively changes the 

geometrical dimensions thereby shifting down the resonant frequency. Fabrication 
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complexity is of concern as two layers below and above the patch was loaded with 

magnetic films. 

Zammit et al. presented a tuneable microstrip antenna using switchable patches 

[62]. The design was obtained with 13 different copper strip bridges in place of switch 

combinations which tunes the frequency from 1.36 GHz to 1.92 GHz. The co-planar 

parasitic patches acting as capacitive load need large volume posing compactness 

problem. Combination of switches needs to be precisely controlled for getting uniform 

current distribution on the patch. 

Davor Bonefacic et al. reported a PIFA with slotted PIFA loading for mobile 

communication devices [63]. Maximum gain of 3.2 dBi was obtained with capacitive 

loading to the slotted PIFA. The reduction in antenna dimension was made at the expense 

of bandwidth, gain and efficiency. 

Abdelaziz et al. presented a compact microstrip patch antenna designed for 

application in civilian GPS (1.575GHz) 1641. Reduction in size of up to 24.6% was 

obtained. Gain was reduced by low radiation efficiency though good circular polarization 

was obtained for applications in mobile system. 

Jing Liang et al. reported a microstrip patch antenna on tunable electromagnetic 

band-gap substrates [65].  Tuning was achieved by the diode loaded EBG substrate rather 

than on the antenna itself. A 4-by-4 EBG unit is embedded underneath the radiating patch 

and proximity coupled by a microstrip line with edged loaded SMA connector. 

Carson R. White et al. developed single and dual polarized tunable slot ring 

antennas [66] for both single and dual polarized frequency tuning. The design achieved 

tuning range from 0.95 GHz to 1.85 GHz and 0.93 GHz to 1.6 GHz using two varactor 

diodes for single polarization antenna and four varactor diodes for dual polarization. 

Se-Keun Oh et al. designed a varactor tunable slim antenna [67] which covers 

frequencies for Digital Cellular Systems (DCS: 171 0-1 880 MHz), Personal 

Communication Systems (PCS: 1850-1990MHz), Universal Mobile Telecommunication 

System (UMTS:l900-2200MHz), WiBro (2300-2390 MHz), Industrial, Scientific and 

Medical band (ISM) and WLAN (5150-5250 MHz and 5725-5850 MHz). The designed 

antenna combines the use of slots, Planar Inverted -L (PIL) and varactor diode for 

obtaining frequency tuning. In this technique, the total volume of components is an 

important issue for applications in portable handheld devices. 

A tunable via-patch loaded P E A  with size reduction was presented by Chi Chiu et 

al. [68] for application in the 2.4 ISM band. In the designed patch, the adjustment of the 
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height of the via patch was done by turning a screw. Tuning was obtained in the range 

from 2.5 GHz to 3.3 GHz. An L-Shaped opening was cut on the ground plane under the 

patch for enhancing the impedance bandwidth. This type of mechanical tuning needs 

large parametric variations posing a challenge to the designer in catering to specific 

application requirements. 

J.-C Langer et al. proposed a micro machined reconfigurable out of plane microstrip 

patch antenna using plastic deformation magnetic actuation [69]. Measurement was done 

for four angular positions of the antenna: 0°, 15O, 45' and 90'. Practical issues that arise for 

these designs are stress failure at the joints over the life time of the antenna. Moreover, 

the strength of the external magnetic field necessary to bend the antenna limits the size 

reduction. Also the presence of magnetic material on the patch causes significant losses. 

1.2.2 Size reduction teclznique~ 

X.L. Bao et al. presented a miniature wide band patch for portable and cellular 

applications [70]. A cross-slot was placed in the ground plane which can achieve 

reduction of patch size and introduction of cross slot-ring provides broadband 

characteristics. Appropriate adjustment of antenna parameters is essential as the 

concentric annular ring-patch and the slot ring in the ground plane may generate multiple 

resonant modes. 

W.-L Chen et al. presented a Sierpinski carpet microstrip antenna based on 

capacitive loading technique and obtained size reduction of 3 3.9 % [7 1 1. 
Investigations on an H- shaped microstrip patch antenna with inductive loading had 

been reported by Pradyot Kala 1721. Theoretical calculations were done for adjustment of 

the H- shaped patch antenna loaded with multiple shorting posts based on the 

transmission line theory. Optimizing the parameters connecting the two arms of the 'H' 

and other patch dimensions is claimed to have the potential for size reduction. 

Shaoqiu et al. presented a method for combining bandwidth enhancement with size 

reduction for design of ultra low profile antenna [73]. Comn~ercially available Ansoft 

HFFS software was used for simulatio,n. Results were obthined by using inset fed loaded 

and slots, for exciting two orthogonal modes, TMlo and TMol simultaneously. 

B.R. Holland et al. presented a tunable co- planar patch antenna using varactor [74] 

operating in the frequency range of 4.92 GHz to 5.40 GHz. Possible applications include 

next generation multi-standard wireless cornmunicatioi~ systems. The capacitive loading 

effect introduced by the varactor at the top radiating edge caused phase alteration 

between top and bottom radiating edges which tilted the pattern. 
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Ricky Chair et al. proposed a miniature half slot wide-band, half U-slot and half 

E- shaped patch antennas [75]. U-slot was introduced to improve size reduction 

compared to that obtained using shorting post. Bandwidth in the range of 20-30% was 

obtained using relatively thick substrate (-0.08h). The radiation patterns were 

asymmetrical in the XZ-plane with a strong E, field in the YZ- plane caused by structural 

asymmetry of the half U-slot. 

Davor Bonefacic et al. proposed small H-shaped antennas [76]. Modifications to the 

H-shaped antennas were performed for three different cases: shorting the patch, 

introducing shorting posts and shorting with folded radiating edges of the patch. All the 

antennas were designed for 2 GHz. Maximum measured gain obtained was in the range 

from 3.6 dBi to 5.3 dBi. Reduction in size was observed at the expense of bandwidth. 

Again, shorting influenced cross polarization level when the lengths become larger than 

the width of the patch. 

Yonghoon Kim et al. presented a size reduction technique by elevating the centre of 

the patch [77]. A size reduction of 53% was obtained at a single frequency of 3 GHz. 

Further size reduction was obtained by additional notch on the patch. In this approach, 

impedance and gain were degraded due to radiation from the edges of the notch. 

Hang Wong et al. proposed size reduction of a patch antenna using parasitic 

shorting elements [78]. A symmetrical arrangement was employed to avoid unwanted 

radiation from vertical shorting pins The design exhibited 3.25% impedance bandwidth 

with a gain of 2 dBi. Narrow bandwidth was a limitation in the design. 

Korkontzila et al. designed a square patch antenna on top of EBG substrate 

comprising of two layers, each carrying a biperiodic array of circular patches, which 
, 

resonate at 2.4 GHz [79].  A size reduction of 24% was obtained. The structure involves 

several steps which make the design complex and time consuming. Use of adhesives 

between layers of laminations, proper machining and spacing between periodic structures 

were required in this design. 

Y.J. Wang et al. reported a compact and broadband microstrip patch antenna [80]. 

An impedance bandwidth of 17.8% was obtained in the frequency range from 1.862 GHz 

to 2.225 GHz. 

E.E.M Khaled et al. proposed a compact patch antenna based on slot matching [81]. 

Four frequency bands in the range from 2 GHz to 5 GHz were obtained with return loss 

of about -9.54 dB and a VSWR of less than 2. 
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A small size broadband microstrip patch with small ground plane was reported by 

Ji-Hyuk Kim et al. [82]. Broadband characteristics were obtained from 5 GHz to 6 GHz 

with multiple layers of substrates. The antenna was divided into three segments and each 

segment was connected to a microstrip line. The fabrication process involved many steps 

such as thermal evaporation, molding, electroplating, wafer preparation etc. due to which 

the cost of fabrication becomes a limiting factor . 

Michal Pokorny et al. reported a planar tri-band inverted F-antenna using slots and 

parasitic patches to cover the GSM 900, GSM 1800 and ISM 2400 bands [83]. Multi- 

objective optimization was chosen for genetic algorithm (GA) for improvement in the 

impedance matching and the direction of maximum gain. The practical design revealed 

some shift in resonant frequency ostensibly caused due to manual assembly and soldering 

of the antenna and metal pins. 

J.Vekataraman et al. proposed a small microstrip patch antenna [84]. Three patches 

were designed for size reduction of up to 70%. In one method, genetic algorithm was 

used to optimize size and location of the slots on the patch. In another method, the patch 

was loaded with multiple slots along its edges where particle swarm algorithm interfaced 

with HFSS has been utilized for optimizing the dimension of the slots. In yet another 

approach, Complementary Split Ring Resonator (CSRR) has been placed in the ground 

plane of the patch to create left handed effect that results in negative permitivity. 

1.3 Motivation for the present Work 

As mentioned earlier, compact and broadband antenna characteristics are two of the 

prime considerations for present day wireless systems such as Wireless Access Systems 

(WAS) and Mobile Wireless Systems (MWS) including WLAN, WiMax, RFID, UWB 

etc. for short, middle and long range communication systems. Antenna designed for these 

applications should therefore be easily customizable and configurable to cater to different 

application requirements with minor alterations in the structure; be it at the fabrication 

stage or after. 

One method for size reduction of microstrip antenna is to use high permitivity 

substrates. However, the difficulty in achieving this is compounded by the fact that one 

needs to maintain performance characteristics within the acceptable limit for a particular 

application. Antennas for mobile systems need specific minimum band width, high 

efficiency, impedance matching and acceptable radiation pattern bandwidth for practical 

applications. In particular, the excitation of surface waves within the substrate may 

deteriorate the antenna gain and the shape of the radiation pattern. Again, size 
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miniaturization of normal patch has been accompli'shed by loading, which may take 

various forms such as use of high dielectric constant substrates, modifications of basic 

patch shapes, use of shorting elements and combinations of the above techniques. 

Bandwidth enhancement techniques employed for conventional patch antenna 

include use of a thick substrate with low dielectric constant, using planar and gap coupled 

multi resonators, stacked electromagnetically coupled or aperture coupled patches, 

impedance matching techniques, log periodic configurations and use of ferrite substrates. 

However, these techniques have to satis@ the ever increasing demand for low cost, 

simple fabrication, ease of integration, reliability as well as multi band antennas that can 

operate at different frequency bands or cover a wide frequency spectrum. All these 

existing and widely used designs have some limitations; for instance, use of high 

dielectric constant material for size reduction exhibits narrow bandwidth, high loss and 

poor efficiency due to surface wave generation. Major modification of the basic patch 

structure may also cause inefficient use of the available space. 

A tunable antenna on the other hand provides an alternative to a broadband antenna 

in which an antenna with a small BW is tuned over a large frequency range. Tunable 

multi-frequency antennas rather than broadband antennas can be a preferred alternative 

when the system needs to operate only at one frequency in each band at any given time. 

Thus size reduction as well as tuning the resonant frequency at more than one frequency 

or one frequency within the band or multiband is two major areas that need attention. An 

antenna that can operate in more than one band with continuous or discrete tuning is a 

requirement for present day wireless applications. The challenge here is to evolve an 

acceptable trade off between these requirements and other antenna performance 

characteristics. 

The motivation for the proposed work is essentially driven by the need for lower 

cost antennas providing the performance characteristics required without significant 

increase in weight or compromise on profile. 

The thesis presents some new structures which are designed in this work for: 

Size reduction 

DuaVMulti-frequency operation with tuning of the lower andlor higher frequencies or 

both. 

1.4 Thesis Outline 

The present work carried out has been organized into 7 chapters covering the 

different design techniques with measured and simulation results. High frequency 
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simulation software CST Microwave Studio, based on FDTD numerical technique is used 

for pre-fabrication assessment of design as well as comparison with measured results. 

Various new designs such as modifying the conventional planar patch structures, adding 

new elements to the patch for tuning, bandwidth enhancement and size reduction are 

highlighted. 

Chapter 1 gives an overview of microstrip antenna technology, tuning and size 

reduction techniques. 

Integration of the constituent units and PC automation of a test and measurement 

setup is described in Chapter 2. The automated system can carry out antenna performance 

measurements which include S parameters and antenna radiation pattern. System 

performance evaluation has been carried out using standard antennas. 

Chapter 3 details studies on a planar patch antenna with slits near the radiating edge 

and the effect of electromagnetic coupling through it on antenna characteristics and 

tuning. The effect of elevation of the cut out patch sections at different angles of 

elevation was studied in detail. Radiation patterns are also presented and comparison of 

measured pattern shapes with that of the conventional planar structure is included. 

Chapter 4 describes a patch antenna with notionally superposed finite microstrip 

line section for size reduction. Performance is studied with respect to angular position of 

the line section near one of the radiating edges. 

Chapter 5 presents spike edged microstrip patch antenna (SEMPA) designed for 

bandwidth enhancement. A detailed study on variation of spike number, position as well 

as strip line loading of spike vertices is carried out with respect to return loss, bandwidth 

and radiation pattern characteristics. 

Chapter 6 includes the design of a reconfigurable patch antenna with a rectangular 

air pocket in the substrate layer between the patch and the ground plane. A plunger of the 

same substrate material with the dimensions of the air pocket is inserted into the air 

pocket for tuning the resonant frequency. 

Chapter 7 summarizes the results on the designed antenna structures; highlighting 

the major achievements, shortcoming and scope for future work. 
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2.1 Introduction 

The experimental setup is automated to overcome the limitations of manual 

measurement which is time consuming. The automated system is capable of carrying out 

antenna performance measurements viz. S1l and antenna radiation pattern measurements. 

The system includes a microwave signal generator, which is interfaced through a USB 

port using the Virtual Instrument Software Architecture platform in Visual Ctt- while at 

the receiving end a spectrum analyzer is interfaced to the automated system via the 

control PC through a LAN port. System performance evaluation is carried out using 

standard antennas for accuracy and repeatability, results of which are also included in this 

chapter. 

The development of the automated measurement set up and final implementation of 

both the software and hardware components are discussed in the following subsections. 

2.2 Measurement setup 

2.2.1 Return loss measurement setup 

The setup consists of a signal generator, a dual directional coupler and a spectrum 

analyser for measurement of receiver power. 

Signal generator 

An Agilent N5183A signal generator is used as the signal source having a 

frequency range of 10.0 KHz to 20.0GHz with a frequency setting resolution of 

0.01 MHz. Frequency switching speed is I 5.0 ms for two modes of operations: SCPI 

(Standard Commands for Programmable Instruments) mode and list 1 step sweep mode. 

Numbers of points that can be set for sweep range within the instrument frequency range 

are 2 to 65535 for step sweep and 1 to 1601 for line sweep with an output power ranging 

from -20.0 dBm to +14.0 dBm. Dwell time for digital sweep can be set from loops to 

100s. Linear and logarithmic step change can be accomplished with available triggering 

options such as free run, trigger key, external, timer as well as via the interfacing bus 

(GPIB, LAN, and USB). Different entry modes are possible such as USBILAN direct 

power meter, LAN to GPIB and USB to GPIB, remote bus and manual USBIGPIB power 

meter and power sensor control (when an Agilent power sensor is used). Typical SWR 

for frequency range of 100.0 kHz to 20.0 GHz is 1.6:l. The system has an inbuilt 

interfacing feature via the GPIB IEEE-488.2 with listen and talk, LAN 100 based T LAN 

interface, LXI class C compliant and USB version 2.0. The signal generator supports 

SCPI 1997 version. The 5 12 MB of flash memory available in the N5181A MXG is 
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shared by instrument states, sweep list files and other files. A maximum of 1000 

instrument states can be saved depending on utilized memory. 

Spectrum analyzer 

An Anritsu MS2719B spectrum analyzer is used as receiver having a frequency 

range of 90 kHz to 20.0 GHz. It has standard built in preamplifier with dynamic range of 

100 dB. Displayed average noise levels (DALN) with and without preamplifier are 

-126 dBm and -1 50 dBm having a resolution bandwidth of 0.01 MHz. It has a sweep 

speed of 200 ms with RWB (Resolution bandwidth) and VBW (Video bandwidth) of 

30 kHz and 10 kHz respectively. Residual adjacent channel leakage ratio (ACLR) for the 

spectrum analyzer is -60 dB with a residual error voltage magnitude @VM) of 1.75%. 

The spectrum analyzer can be operated with an amplitude accuracy of * 1.0 dB up to 

20 GHz. Attenuation up to 65 dB is possible in step of 5dB . Phase noise of 800 MHz  at 

10 kHz offset is -1 14 dBc/Hz. Input power protection for the spectrum analyzer is 20W 

(+43 dBm). 

Dual directional coupler 

An Agilent 1 16921) co-axial dual-directional coupler with a frequency ranging fiom 

2.0 GHz to 18.0 GHz is used for reflectrometry (Sll) measurement. Detailed 

specifications of DDC are given in a table 2.1. 

2.2.2 PC controlled radiation pattern measurement set- up 

A PC controlled radiation pattern measurement set- up is developed in the Visual 

C++ language on the VISA (Virtual Instrument Software Architecture) platform. Initial 

calibration using standard horn antennas has been carried out to veri@ the accuracy and 

repeatability of the measurement system. 

Table 2.1: Specifications of Dual Directional Coupler @DC) 

Frequency range 

M u h u m  directivity 

Maximum primary line S WR 

12.4 to 18 GHz: 1.40 
Nominal coupling (dB) 
Maximum coupling variation with frequency (dB) 
Tracking auxiliary arms 
Maximum primary line residual loss 
Primary line power 
Handling capability 

2 to 18 GHz 
2 to18 GHz: 30 dB 
8 to 18 GHz: 26 dB 
2 to 12.4 GHz: 1.3 
12.4 to 18 GHz: 1.40 
1.3 
20 
*I dB 
M.7 dB 
< 1.5 dB 
50W average 
250 Q peak 

2 1 
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Figure 2.1: Coaxial Dual-Directional Coupler (11692D) 

The Schematic diagram of the measurement system for SII  is shown in figure 2.2. 

The main advantage in the automated set up are threefold : first, it drastically reduce the 

time required for manual measurement which extends up to 10 -12 hour per set of data; 

secondly, the set-up minimizes involvement required for manual feeding of data and 

finally, a smoother data curve is obtained without missing out on finer details 

(variations). 

Figure 2.2: Block diagram of test set up for measurement of SII parameter 

The setup for antenna radiation pattern measurement consists of a dual tracking DC 

power source (ST 4076) (30V, 2A) which provides dc power to the stepper motor, signal 

generator, a PC configured with Windows XP, LAN Hub, stepper motor, and spectrum 

analyzer connected to the controlling PC to measure the microwave power received by 

the antenna. The stepper motor is rotated using a driver circuit developed and interfaced 

to the LPT 1 port of the PC. 

The LPTl port of a PC is used as the I/O port saving the cost on any I/O card. 
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A PMH stepper motor (12 V, make: Sanyo Denki) which is used for rotating the 

test antenna mounted on a wooden antenna mount attached to wooden shaft of the 

antenna turn table. 

The schematic radiation pattern measurement system is shown in figure 2.3 

Receiviqy test 
antenna (R$ Transmitting 

Wooden . 

antenna 
mount , . 

Figure 2.3: Schematic diagram of set up for antenna radiation pattern 

A PMH stepper motor (12V, make: Sanyo Denki) with a torque 2.0 kg-cm has been 

used to rotate the antenna under test. Motor specifications are given in table 2.2. 

Table 2.2: Specification of the stepper motor 

Motor type 

Winding resistance (each 0) 

Rated current 

Torque 

Motor sequence 

PMH 

4.7R 

1.2 A 

2 Kg-cm 

2,4,6,8 
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The PMH stepper motor used in the set up is operated in full-step excitation with 

single phase energized at a time. More precise step reading is evaluated using a wooden 

shaft attached to the nylon gear having gear ratio of 1: 100. 

Calculation of number of steps for rotation is evaluated as 

Step angle = 1.8 " (in an 4 step sequence) 

Total no. of steps for complete 360°antenna rotation 

- - 360' 360' 100 - x gear ratio = - x - = 20,000 
1 .go 1.8O 1 

Number of steps after 1 power acquisition = 25 steps 

Step angle with gear = 25 x 0.018" = 0.45" 

The total number of data for one complete rotation = 360'1 0.45" = 800 data points. 

LPTport interfacing 

The LPTl port of a PC is used as the I/O port without the need of any external I/O 

card. Moreover, the data is picked up from Spectrum Analyzer and hence no additional 

AD-D/A card is, therefore, necessary. The details of the pin configuration of LPTl are 

given in table below. 

Table 2.3: LPTl pin configuration 

LPTlPin number 

1 

2-9 

10-13,15 

14,16,17 

18-25 

Signal name 

Strobe 

Data bit 

Acknowledge, Busy, out of paper, 
select, error 

Auto line feed, initialize, select-up 

Ground 

Direction 

+ To pnnter 

+To printer 

t From printer 

+To pnnter 

I - - - 

Address 

37A 

378H 

379H 

37A 

From printer 
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Driver circuit 

The circuit diagram of the driver circuit designed is given in figure below. 

I 1  I I 

Input AomtPTl 

Figure 2.4: Stepper motor drive circuit 

In this driver circuit, the output from the LPTl port is fed to the opt0 couplers 

(MCT2E) through an OR gate and SN7400N. The four bit stepping sequence generated 

by the programme appears at 4 of the output pins (bits) of the LPTl port and is fed to the 

opt0 coupler inputs. This is employed as precautionary step to protect the parallel port 

from unwanted reverse current. MOSFETS (IRF 540N) are used as switches to generate 

the required motor sequence. Free-wheeling diodes are used in the circuit to maintain the 

desired current through the coils of the motor. 

2.2.3 Antenna mounting system design 

An azimuthal turn table with mounting system for the test antenna is specially 

designed and fabricated. On the other hand, a fixed mount is designed so that the test and 

standard antenna are aligned horizontally along a common axial line. The mounts are 

made of wood to minimize reflections. A wooden shaft runs through the height of the 

turn table supported by bearings near both the ends. A nylon gear is specially fabricated 

and attached to the lower end of the shaft for driving the turn table by a stepper motor 

(fig. 2.5). To prevent twisting of the co-axial cable connected to the test antenna, a 

co-axial rotary joint is used on the shaft to isolate the rotating movement of turn table 

from the static section of the cable connected to the signal detecting system. 
2 5 
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w 
Cy lindriral bearing 

Stepper motor attached 
with nylon gear 

Co-da l  rotary joint 

Figure 2.5: Antenna Mount designed for radiation measurement 

2.3 Interfacing 

The signal generator which is available in the laboratory is interfaced through the 

LAN ports using the Virtual Instrument Software Architecture (VISA) platform in the 

Visual C++ language. Frequency sweep and spot frequency for the automated system on 

the software developed. 
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Figure2.6:Photographofthe measurement system 

2.4 Automation software 

The flowchart of the data acquisition system for the automated system is shown in 

figure 2.7. The angular antenna position is stored in a data file (deg.at) and the 

corresponding power in dB is acquired fiom the spectrum analyser and stored in another 

data file (power.txt). Necessary software developed are given in the program for 

stabilization of the reading. System initialization routines for the signal generator and 

spectrum analyzer are included in the developed software. Routines for measurement of SI I 

parameter with frequency sweeps and patterns with spot frequency are included in the main 

module. The listing of the programme is included in Appendix A. 
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INITIALISE INPUT /OUTPUT PORT AND 
MOTOR SEQUENCE 

I OPEN rNF'UT/ OUTPUT FILES 

/ IMTIALISE COUNTER FOR 
COMPLETE ROTATION / 

1 ROTATE MOTOR FOR ONE INCREMENTAL 

I POSITION 

I 

SENSE POWER AND STORE IN W U T  
RT JFFER - 

I ,  
ROTATE MOTOR FOR NEXT 25 STEPS 

4 

I WRITE POWER AND ANGLE IN SOURCE FILE I 

7 

CLOSE INPUT /OUTPUT FILES AND REMOVE EXCITATION 
FROM THE MOTOR COILS 

+ 
I STOP 1 

Figure 2.7: Flowchart for data acquisition of power (dB) vs. angle of rotation (8) 
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2.5 Results 

Standard horn antenna is antenna is at the receiving end to test the measurement system 

The radiation pattern acquired using the automated system is shown in figure 2 8 

Repetition of the measurements is carried out to verifl the accuracy of the results 

The time taken for complete set of measurement is about 4 minutes as compared to 

10- 12 hours for manual measurements 

The results show excellent repeatability The performance of automated system is 

detailed in table2 4 

Radiation Pattern Measurement @ 10 GHz 

Ang le(degree) 
Figure 2.8: Measurement of recelved power vs. angle for antenna under test 

Some spikes has been observed in the measured results The spikes generated in 

the measured results are due to the undesired reflections from different sources such as 

wall reflections and surrounding objects etc The curve could have been smoother if the 

measurements were taken in anechoic chamber However the measured radiation pattern P 
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results are almost same with the standard antennas tested for calibration accuracy and 

repeatability 

A performance comparison measurement results between manually obtained and 

fiom the developed automated set-up is carried out which justifies the cost effectiveness 

(non-anechoic chamber), time and less supervision of users summarized in the following 

table. 

Table 2.4: Performance evaluation of automated set-up 

2.6 Chapter summary 

A PC based automated pattern antenna measurement system has been developed. 

The system consists of a spectrum analyzer in the frequency range of 10 KHz to 20 GHz 

for measurement of the received test signal and an Agilent signal generator with a 

frequency range of 10 KHz to 20 GHz. Alternatively, a USB power sensor Agilent 

U2008 is also interfaced for power measurement. Antenna rotation in the azimuthal plane 

is carried out using a specially designed and fabricated wooden antenna turn table driven 

by a PC controlled stepper motor. Worm w d  spur gears are designed and fabricated to 

increase the rotation torque of the turn table. The gears are fabricated out of 1 cm thick 

nylon sheet. A coaxial rotary joint is mounted on the rotating shaft to couple the signal 

from the cable mounted on the rotating antenna mount on to the fixed end without 

twisting of cables. 

Driver circuit for the stepper motor is designed and implemented. The LPT1, LAN 

and USB ports in the controlling PC are used to communicate with the different modules 

including the stepper motor driver circuit. Computer program for complete automation of 

the measurement process is developed. System accuracy and repeatability are confirmed 

using tests on standard pyramidal horn antennas. Test patterns are continuous with 

smooth curves as compared to the manually obtained patterns as a large number of data 

points can be acquired with a relatively shorter time. Human involvement is required only 

for mounting the antenna and setting the frequency of measurement. A program for 

measurement of return loss is also developed and evaluated for repeatability. The 

Performance 

Time(for one complete set of data ) 

Number of data points 

Modified angle increment 

Ivhmum measurable angle 
increment 

Automated setup 

40 minutes 20 seconds 

1600 

0.225 degree 

0.009 degree 

7 

Manual setup 

10- 12 hours 

400 

1.8 degree 

1.8 degree 
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configuration is essentially a reflectometry measurement set up with a dual directional 

coupler. 

The overall system performs satisfactorily and many of the measured results 

presented in the subsequent chapters are obtained using the automated measurement 

system described in the chapter. 
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CHAPTER I11 

PLANAR AND ELEVATED MICROSTRIP PATCH 

ANTENNA WITH SLITS 
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3.6 Patch with single partial slit 
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3.1 Introduction 

The importance of the tuning approach can essentially be attributed to an emphasis 

on designing a simple patch antenna that can operate simultaneously in different bands as 

well as tuning of the resonant frequencies within these bands. Development of tunable 

antennai is of late a prime research interest because of the increasing number of global 

wireless standards [l-31. Multiband antennas are required in order to achieve 

miniaturization in mobile and wireless systems including personal communications, 

bluetooth, wireless local networks etc. MEMS, PIN diodes and varactor diodes are also 

used for tuning the resonating frequency of a patch antenna [4-S].Varying the substrate 

property using ferrites and ferroelectrics is another approach for tuning [6]. Microstrip 

patch antennas (MPA) can also be tuned by loading the patch with varying reactive 

elements (capacitive or inductive).One technique involves changing of the length of a 

small stub attached to the regular shaped MPA or using varying numbers of shorting posts. 

Resonant frequency of MPA can also be tuned by varying the air gap between the patch 

and ground plane [7]. Numerous applications such as satellite links, wireless local area 

networks, cellular telephones, synthetic aperture radar and radio frequency identifications 

require dual band antennas [8- lo]. Consequently, tunable and dual band antennas are 

important design considerations for these applications [ l  1 - 121. Moreover, two parasitic 

patch antennas can be gap coupled through cutting a slitnear a radiating edge 1131. 

Tuning of the resonant frequency covering different bands is an important aspect in the 

context of present day wireless communication and the design approach is focused on 

achieving reasonable tuning by suitable variation of structural parameters. The main 

objective of the work is to study the effect of electromagnetic coupling between different 

sections of the patch obtained by introducing slits near the radiating edges and 

subsequently profiling the isolated patch sections. 

Based on survey of the various techniques available in the literature, an antennais designed 

for bandwidth enhancement, size reduction as well as tuning. 

In this chapter, at first planar patch antenna with two slits parallel to the radiating edges 

is studied. The structure is then modified by introducing only one slit near one of the 

edges, once near the edge closer to the feed point and subsequently near the other edge. 

The single slit structure is then further modified with the slit length reduced to less than 

the patch width leaving the outer patch section connected partially to the inner patch 

section. 
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The isolated patch sections due to slits running through the patch width are profiled 

by raising the sections at an angle, the end at the slit side being at the substrate plane while 

the other end elevated above the substrate plane Effect of elevation angles on antenna 

performance is studied The antennas are fabricated and measured results are presented in 

this chapter The results indicate enhancement of bandwidth as well as tunability of both 

lower and higher frequencies with variation of elevation angles 

3.2 Planar patch prior to introduction of slits 

The following sections detail the design procedure of the planar patch antenna, which 

is used as the structural basis for the modified rectangular microstrip patch antenna with 

slits The antenna is fabricated and characterized for its return loss (RL) and radiation 

patterns 

The rectangular microstrip antenna (RMSA), because of its structural symmetry, can 

be analyzed using simple models and hence is one of the simplest and widely used MSA 

configurations Figure 3 1 shows the basic structure of a coaxially fed RMSA 

+ 

Conducting patch 

\ 
Ground plane 

\ 

Coax~al feed 

Figure 3.1: Coax~ally fed rectangular patch antenna 

(a) Top vlew 

(b) S~de  vlew 

(c) Coordinate system. 
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For the hndamental TMIO mode, the patch length L (figure 3 1) should be 

marginally less than A/2, where /Z represents wavelength in substrate medium Here A is 

equal to $ I fi where 1, is the free space wavelength and Eref is effective dielectric 

constant The value of E r e 8  is slightly less than E , ,  as the fiinging fields around the 

periphery of the patch are not confined within the dielectric substrate but also spreads in 

the air as is evident fiom figure 3 2 (a) The following expression gives the approximate 

value of Eref [14] 

Radiating Slots 

Figure 3.2: Rectangular microstr~p patch antenna In the TMIO mode 

(a) E-field distnbution 

(b) Voltage and current variation 

(c) Rad~ating slots of RMSA 

(d) Equivalent transmlsslon llne model. 
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RMSA operating in the hndamental TMlo mode can be modeled as a transmission 

line as the field is uniform along the width and varies along the length. For the 

transmission line model (TLM), the equivalent capacitance and radiation resistance are as 

shown in figure 3.2 (d) and the fringing fields along the edges and radiating slots are as 

shown in figure 3.2 (c). 

Ignoring the capacitance due to the fringing fields along the periphery the equivalent 

capacitance can be estimated by assuming two rectangular conducting plates of 

dimensions Land Wseparated by dielectric substrate of thickness h [15] using the 

following expression: 

The effective capacitancec, of the two parallel plates increases due to the fringing 

capacitance attributable to the fringing fields. The value of C, can be estimated from: 

where Le and We are the effective length and width of the patch. 

Because of the fringing effects, electrically the patch of microstrip antenna looks 

greater than its physical dimensions. For principal E - plane, the dimension of the patch 

along its length has been extended on each end by a distance AL , which is a fbnction of 

W 
effective dielectric constant E r e g  and width to height ratio-. A very popular and 

h 

practical relation for normalized extension of length is [16]: 

Since the length of the patch has been extended by ALon each side, the effective 

length of the patch is now 

L,=L+2AL ----------------- (3.5) 

Since the effective length of the patch is equal toAI2, Le can be calculated for a 

given resonant frequency f, as: 
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a C 
L, =L+2AL=-- ---------------- 

2 , l G  - 2 f o G  
(3.6) 

where c.= velocity of light in free space. Hence, equation (3.6) simplifies to: 

where Le is in cms and f, in gigahertz. For a given L ,  f, is calculated from 

c 15 fo=-=- ----------------- 
2~~ JZ ~e JZ (3.8) 

The resonant frequency for RMSA for any T, mode is generally obtained by the 

following equation [16] 

where, m and n corresponds to the sides L and W respectively. 

E ,  can be obtained approximately from [14] 

C ------------------ (3.10) w=2./q 
The antenna bandwidth (BW) is generally affected by the width ( W )  which increases 

or decreases with increase or decrease in W as does the antenna directivity. The BW and 

directivity @) of RMSA is given by the following equations 

------------------ (3.11) 

h 
where A = 180 for - 

h 
A =  200 for 0.0455 - 

h 
A = 2 2 0  for - 

where, Wand Lare the length and width of the RMSA. However, to avoid higher 

order modes, W should not exceed A .  The relationship between directivity and width of a 

RMSA can be approximated by 

D = 0.2 W + 6.6 + 10 log (1 6&)& ------------------ (3.12) 

The radiation pattern of an RMSA for TMlo mode can be calculated by combining the 

radiation pattern of two parallel slots of length We and width Mover an infinite ground 

3 7 
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plane separated by a distance of L+ AL, . The normalized patterns in the E - plane ( E, in 

@ = 0' plane (figure 3.1 (c)))  and the H -plane is given by the following equations 

k ,  AL sin 9 

Ee = cos ------------------ 
k, ALsin8 

(3.13) 

2 

L 

where 9 is the angle measured from the broadside direction as shown in figure 3.1 (c) 

and for very small thickness of the patch antenna(k,hLL 1) . 

In the above expression, kois the wave number given by ko =2n The fields are /a. 
normalized with respect to E, (8 = 0') and Yo is given by V, = h E ,  is the voltage across the 

slot. 

For thin substrates(k,h~~ 1) Ee can be reduced to 
, 

The radiated power can be obtained by integrating the radiated fields from which the 

radiation resistance can be obtained. An approximate method for finding radiation 

resistance is to first calculate the radiation resistance, R, of the slot, which is given by 

4 R,=120- for We224,  
w, 

1 
for 0.354 5 We S 2 4 

Rr = (&-&I 

Instead of using the above expressions, following single line formula could be used 

for better accuracy [17] 

2?r 
where, we = ko We and ko = free space wave propagation constant = 



Planar and Elevated Microstrip Patch Antenna with Slits Chapter 111 

The input impedance of the RMSA varies from zero at its centre to maximum value at 

the radiating edges. For co-axial feed at a distance x from the centre, the input impedance 

&) of the RMSA at resonant can be calculated using the following formula: 

1 
where Re = 

2 ( ~ r  +G,) 

where G,=L is the slot conductance and G, is the mutual conductance, which 
Rr 

accounts for mutual coupling between the two slots and is given by: 

F, = J ,  (I) + --- P' J,(I) 
2 4 - p 2  

where 1 = k(L + AL), p = k A L, J,(I) and J ,  ( I )  are zero- and second-order Bessel 

functions respectively. 

3.3 Simulation for feed point and slit widths 

The rectangular patch antenna is designed in the C - band at 4.85 GHz using TLM 

described in the previous section. The patch antenna specifications are given in table 3.2 

and the patch dimensions are marked in figure 3.8 (a). Simulated results show a resonant 

frequency of 4.2 GHz, which remains unchanged with feed point location as against 

4.85 GHz calculated using TLM model while the only return loss changes. Figures 3.3 

to 3.5 show the simulated values of return loss (RL), VSWR and impedance with feed 

point location respectively. 

Feed point distance from patch centre towards edge (mm) 

Figure 3.3: Simulated plot of return loss vs. feed point location (at 4.2CHz) 
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Feed point location for best matching is simulated by moving the feed point location 

in steps of 0.25 mm starting from the centre along the patch length towards the radiating 

edge. Simulated return loss (RL) value of -28.02 dB is obtained when feed point is moved 

2.5 mm from centre towards the radiating edge along the length of the patch as shown in 

figure 3.3. 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 

Feed point distance from centre towards edge (mm) 

Figure 3.4: Simulated plot of VSWR vs. feed point location 

The corresponding VSWR value at 4.20 GHz is 1.08 for the feed point location at 

2.5 mm from the centre towards the radiating edge as shown in figure 3.4. An impedance 

value of 46.43 R is obtained at this feed point location as shown in figure 3.5. Figure 3.6 

shows the simulated smith chart plot. 
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S-Parameter Smth (hart 

Figure 3.6: Simulated plot of smith chart at 4.2 GHz for frequency sweep 2-6 G H z  

A pair of narrow slits parallel to and near the radiating edges is introduced in the 

simple patch. The slits introduced are at a distance of 2.5 mm from the radiating edges. 

Thus, position of the slits on either side of feed point is not equidistant from the feed point. 

Further, slit widths are varied from Opm to10 pm in steps of 1 pm and 10 to100 pm in 

steps of 10 pm to study the effect of capacitive coupling between the main patch and the 

isolated patch sections. Effect of slit width variation on resonant frequency and RL is 

simulated prior to fabrication of prototypes. The simulated results indicate that when the 

slit width is varied from 1 pm to 10 pm, the resonant frequency remains unaffected at a 

value of 4.2 GHz (table 3.1 (a)). Subsequently, the slit width is varied from 10 pm to 

100 p.m when the resonant frequency changes from 4.2 GHz to 4.6 GHz. It is observed 

that the matching degrades as the slit width is increased as is summarized in table 3.1 (a) 

and (b), probably due to progressive weakening of the capacitive coupling between patch 

sections. The shift in resonant frequency with slit width variation is shown figure 3.7. 

From this table 3.1 (a), it is observed that the best return loss obtained is for a slit 

width (w,) before 4 pm, however fabrication facilities for such a narrow slits for which the 

edges along the conductor thickness also needs to be vertically flat, are not available. Due 

to this limitations, the smallest slit width that could be fabricated to a reasonably accuracy 

using the standared etching process is 100 pm. 

As the objective of introducing the slits (and then fabricating them) is to study the its 

effect on antenna performance, it can be considered as reasonable compromise with the 

expectation that the general trends of change will be manifested. 
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Slit width variation (pm) 

Slit width variation (pm) 

(b) 

Figure 3.7: Simulated plot of slit width variation vs. shift in resonant frequency 
(a) 1-100 pm 
(b) 10-100 pm 
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Table 3.1 (a): Slit width variation (1-10 p) 

Table 3.1 (b): Slit width variation (10-100 pm) 

Prototypes of patches are fabricated and tested using the dimensions of simulated 

values as explained above. The following sections describe the experimental results of 

designed patch prototypes. 

3.4 Fabrication of patch with slits 

A double-sided copper laminated with glass epoxy substrate of thickness of 1.5 mm 

has been used for fabrication of antenna, as these are commercially easily available in the 

market. Although these substrates are relatively lossy as compared to standard microstrip 

patch antenna substrate materials, prototypes are fabricated using these laminated 

substrates as the present work essentially focuses on the effects of structural changes on 

resonant frequency and pattern characteristics. 
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A coaxially-fed RMSA having patch dimension of W= 18 mm and L = 15 mm (same 

as simulated patch). The patch is coaxially fed using an SMA probe connector at 2.5 mm 

from patch centre (table 3.2). Schematic diagrams for the prototypes for simple patch, 

patch with double slits is shown in figure 3.8 (a) and (b). The patch structure with single 

slit on one side nearer to the feed point and the side hrther to the feed point are shown in 

figure 3.8 (c) and (d) respectively. Table 3.2 gives its dimensions. 

Figure 3.8: (a) Planar RMSA 

(b) Planar RMSA with double slit 

(c) Planar RMSA with single slit (6 = 2.5 mm) near to the feed point 

(d) Planar RMSA with single slit (4 = 2.5 mm) further from the feed point 
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Table 3.2: Design parameter of RMSA 

The patches are fabricated using the standard ferric chloride (FeC13) etching 

process. The sample pieces are masked with adhesive tape over the copper surface on both 

sides. This tape is cut for etching in the requisite dimensions on one of the sides. For 

connecting the co-axial feed, a hole of diameter equal to the centre probe diameter of the 

SMA connector is drilled at the feed location on the ground plan side. A small circular 

section (2.3 mm) centered at this hole is etched on the ground plane for mounting the 

SMA probe feed. Once measurements on the RMSA is completed, the slits are introduced 

on the same patch by masking the patch using two parallel masking tape sections leaving a 

gap of the required width of 100pm. The specified gap between the tap sections is 

obtained by multiple cycles of trial and error attempts, each time the gap being measured 

under a travelling microscope by till eventually arriving at the required gap. A two-stage 

etching is carried out to obtain sharp and accurate edges of the slit. A relatively 

concentrated solution for faster etching is used until areas away from the patch are nearly 

cleared of copper, which is followed by the use of a diluted solution. For both the stages, 

stirring of the etching solution is done using a small-motorized stirrer. After removing the 

masking, the patch surface is cleaned using ethanol to remove any residual tape adhesive. 

A travelling microscope is used for confirming the width of the slit and its uniformity 

along the slit length. The prototype patch finally selected for measurements has been 

checked at seven positions along the slit length starting from one end to the other end, 

showing a maximum error of 5 % (Table 3.3). 

Parameter 

Patch width (W) 

Patch length (C) 

Substrate thickness (h) 

Relative dielectric constant (E,), tan6 

Feed point distance from centre @) 

Slit width (W,) 

Isolated patch section (4)dimension along 
the patch length 

Value 

18 mm 

15 mm 

1.52 mm 

4.8,O.OOl 

2.5 mm 

100 prn 

2.5 mm 
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Table 3.3: Fabricated slit width measurement using 
travelling microscope 

3.5 Measured results 

Return loss measurements are carried out for the simple patch and patch with slits. 

Figure 3.9 shows the return loss plot for the simple patch. Return loss plots for the patch 

with double and single slits on the original patch are shown in figures 3.10. From this 

figure, the return loss for the patch with single slit is shown separately in figure 3.11. 

- 18 
2 2.5 3 3.5 4 4.5 5 5.5 6 

Frequency (GHz) 

Figure 3.9: Return loss vs. resonant frequency for RMSA (feed point at 2.5 mm from patch centre) 

The fabricated simple patch resonates at 4.25 GHz with a return loss of -17.46 dB 

while the simulated results show a resonant fiequency of 4.20 GHz with a return loss of 

-28.74 dB. The shift in measured resonant fiequency fiom simulated value is 1.1% which 

may be due to fabrication tolerance. 
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The patch structure is then modified by introducing two slits at equal distances 

(4 = 2.5 mm) f?om both the radiating edges (figure 3.8 b). 

/ -p;tch nth single (f;re3.8 c) 
. Patch with single slit (figure 3.8 d) .-{ ........... i, 

i 1 -Patch with double slits (figure 3.8 b) j 
............ i ...................................................................................................................... J ............. : ........... L ........... i ............ .:. .......... i .......... .; 

2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2 
Frequency (GHz) 

Figure 3.10: Return loss vs. frequency for simple patch and patch with slits 

Introduction of a pair of slits results in degradation of matching (figure 3.10) although 

two resonant frequencies one at 3.75 GHz and 4.68 GHz can be seen. 

As results with two slits were not very encouraging, instead of changing the position 

of the slits (which would have required many prototypes, the geometry is modified with 

one of the two slits removed). The two possible geometries with one slit removed are 

shown in figures 3.8 (c) and 3.8 (d). 

With the single slit at the position shown in figure 3.8 (c), two resonant frequencies 

are obtained. The higher resonant fiequency is above but closer to that for the simple patch 

(4.25 GHz) at 4.86 GHz. The lower resonant frequency (LRF) on the other hand, is much 

below at 2.17 GHz in the S- band. Hence, corresponding to the frequency, a significant 

reduction in antenna size, by as much as 49%, is achieved as is evident from RL plot in 

figure 3.11. 
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3.5 4 4.5 5 5.5 
Frequency (GHz) 

Figure 3.11: Measured return loss vs. resonant frequency for simple patch and patch with 
single slit 

In contrast, for the single slit at the relative position as shown in figure 3.8 (d), 

there is only one resonant frequency which is higher than poorer return loss as compared 

to the simple patch (figure 3.10). Introduction of this single slit, therefore, results in two 

desirable effects; significant size reduction and dual frequency operation with the upper 

frequency moving to the higher side as compared to that of the original patch while a 

lower resonant fiequency showing up in the S- band. 

3.6 Patch with single partial slit 

The slit length, for the geometry shown in (figure 3.8 (c)) which runs through the 

entire width of the patch as described in the preceding sections is krther modified by 

reducing the slit length leaving a part of the isolated patch section now eclectically 

connected to the main patch (figure 3.12 (a)). Effect of variation of slit length s (< W) on 

return loss performance and resonant frequency is discussed in this section. 
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(a) (b) 
Figure 3.12: (a) Patch antenna with partial slit (table 3.4 (a)) 

(b) Fabricated patch antenna with partial slit 

Patch samples are fabricated with different slit lengths and measurements are carried 

out for experimentally evaluating the variation in antenna performance characteristics of 

the fabricated samples. 

3.6.1 Measured return loss for patch with v e n g  slit length 

Measured return loss characteristics for different slit lengths (s) are shown in 

figure 3.13 and plot for change in resonant frequency corresponding to different slit length 

is shown in figure 3.14. 

3.5 4 

Frequency (GHz) 
Figure 3.13: Measured return loss vs. frequency for different slit lengthls) 
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8 10 12 14 16 
Slit length (mm) 

Figure 3.14: Slit length vs. resonant frequency (measured) 

It can be seen from figure 3.13 that for different slit lengths (sw), the patch resonates 

at two resonant frequencies. The resonant frequency of the simple patch without slit lies 

between the two resonant fi-equencies with partial slits. Moreover, significant 

improvement in RL values, both at the lower and upper resonant frequencies are obtained 

for a slit length of (s) 16 mm. The RL bandwidth (BW) of 3.5% at the upper resonant 

fiequency ( U W )  is higher than the BW of simple patch without slit (2.33%). However, the 

B W  observed at the lower frequency is only 0 . 8 5  %. As the slit length is reduced from 

s = w to s = 9 mm in steps of 1 mm, both the upper and lower resonant frequencies vary as 

shown in figure 3 .14 .  As can be seen in the figure, the LRF has a general reducing trend 

while the U W  does not vary much with the increase in slit length, s. Figures 3.15 and 

3.16  show the RL plots for LRF and URF respectively for four of the slit lengths 

(s = 13 mm, 14 mm, 15 rnm, 16mm and 18 mm) for which RL peaks are at the least 

-10 dB. The measured values of resonant frequency and return loss for these five slit 

length are given in table 3 . 4  (a). 
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2 2.2 2.4 2.6 2.8 3 3.2 

Frequency (GHz) 

Figure 3.15: Measured return loss plot for different slit length (lower resonant frequencies) 

4 4.25 4.5 4.75 5 5.25 5.5 
Frequency (GHz) 

Figure 3.16: Measured return loss plot for different slit length (upper resonant frequencies) 
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Table 3.4 (a): Variation of resonant frequencies and RL with Merent slit lengths(s) 

Table 3.4 (b): Antenna size reduction corresponding to LRF for different slit lengths(s) 

The return loss value of -22.84 dB at 2.33 GHz for s = 16.0 mm is a significant 

improvement in RL performance compared to -12 dB at 2.17 GHz with single full (s=w) 

slit. However, the resonant frequency has slightly increased resulting in a marginal 

sacrifice on size reduction in achieving this improved matching. 

Return loss measurements are followed by radiation pattern measurements for all 

prototypes. The following sub section details the measured results. 

3.6.2 Radiation pattern measurements for patch with dijferent slit length 

Radiation pattern measurements are carried out using an automated pattern 

measurement system, which includes a signal generator as source, a spectrum analyzer, 

and a PC controlled turntable as described in chapter 2. E- plane and H- plane radiation 

patterns for the simple microstrip patch antenna, patch with single slit and patch with 

varying slit length are carried out at their respective resonant frequencies. 

E -plane and H -plane radiation patterns for the simple patch designed at 4.25 GHz are 

measured. The field patterns are as shown in the figure 3.17 (a) and (b). As can be seen 

from the figures, the patterns are broad side in nature and are generally obtained for simple 
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rectangular patch. The corresponding directivities are found to be 4.50 dBi and 3.98 dBi 

for E - and H - plane patterns. 

The field patterns for patch with full slit (s = W) at its corresponding LRF and URF 

are shown in figures 3.18 and 3.19 respectively. The dotted lines in the subsequent figures 

fiom 3.18 to 3.27 are for the corresponding simple patch at its resonant frequency. 

Figure 3.17: Measured radiation pattern of simple patch at 4.25 G H z  

(a) E- plane @) H- plane 

--- Simple patch at 4.25GHz 
- Patch with slit (s = W) at 2.17 GHz 

- - - Simple patch at 4.25GHz 
- Patch with slit (s = W) at 2.17 GHz 

Figure 3.18: Measured radiation pattern of patch with slit (s = W) at 2.17 G H z  

(a) E- plane (b) H- plane 
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- - - Simple patch at 4.25 GHz 
- Patch with slit (s = W) at 4.86 GHz 

- - - Simple patch at 4.25 GHz 

.. Patch with slit (s = W) at 4.86 GHz 

Figure 3.19: Measured radiation pattern of patch with slit (s = W] at 4.86 GHz 

(a) E- plane (b) H- plane 

The field pattern characteristics for patch with slit length (s =) 16 mm at both the 

respective frequencies of 2.33 GHz and 5.11  GHz are shown in figures 3.20 and 3.2 

- - - Simple patch at 4.25 GHz - Patch with slit (s = 16) at 2.33 GHz 

---  Simple patch at 4.25 GHz 
--- Patch with slit (s = 16) at 2.33 GHz 

Figure 3.20: Measured radiation pattern of patch with slit (s = 16) at 2.33GHz 

(a) E- plane (b) H- plane 

- - -  Simple patch at 4.25GHz 
- Patch with slit (s = 16) at 5.11 GHz 

(b) 
- - -  Simple patch at 4.25GHz 
---.a Patch with slit (s = 16) at 5.11 GHz 

Figure 3.21: Measured radiation pattern of patch with slit (s = 16) at 5.11GHz 

(a) E- plane (b) H- plane 
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(a) 
- - -  Simple patch at 4.25 GHz 
- Patch with sl i t  (s = 13) at 2.78 GHz 

- - -  (b) 
Simple patch at 4.25 GHz 

- Patch with sl i t  (s = 13) at 2.78 GHz 

Figure 3.22: Measured radiation pattern of patch with slit (s = 13) at 2.78 CHz 

(a) E- plane (b) H- plane 

- .m .. Simple patch at 4.25GHz - Patch with sl i t  (s = 13) at 5.04 GHz 

- - -  Simple patch at 4.25GHz - Patch with sl i t  (s = 13) at 5.04 GHz 

Figure 3.23: Measured radiation pattern of patch with slit (s = 13) at 5.04 GHz 

(a) E- plane (b) H- plane 

- - -  Simple patch at 4.25GHz 
- Patch with slit (s = 14) at 2.49 GHz 

Simple patch at  4.25GHz 
Patch with slit (s = 14) at 2.49 GHz 

Figure 3.24: Measured radiation pattern of patch with slit (s = 14) at 2.49 GHz 

(a) E- plane (b) H- plane 
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-1 
0 0 

- - -  (a) - - - (b) 
Simple patch at 4.25GHz Simple patch at 4.25GHz - Patch with sl i t  (s = 14) at 4.98GHz ---.-- Patch with slit (s = 14) at 4.98 GHz 

Figure 3.25: Measured radiation pattern of patch with slit (s = 14) at 4.98 GHz 

(a) E- plane (b) H- plane 

(a) 
- - -  Simple patch at 4.25GHz 

- Patch with slit (s = W) at 2.56 GHz 

(b) - - - Simple patch at 4.25GHz 
-- Patch with slit (s = W) at 2.56 GHz 

Figure 3.26: Measured radiation pattern of patch with slit (s = 15) at 2.56 GHz 

(a) E- plane (b) H- plane 

- - -  Simple patch at 4.25GHz 

- Patch with slit (s = 15) at 4.90 GHz 

- - -  
(b) 

Simple patch at  4.25GHz - Patch with slit (s = W) at 4.90 GHz 

Figure 3.27: Measured radiation pattern of patch with slit (s = 15) at 4.90 GHz 

(a) E -plane (b) H -plane 
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The pattern plots indicate that introduction of the full or partial slits have not 

significantly altered the radiation patterns of the antennas with slits from that of the simple 

patch antenna. 

Directivities at their respective resonant frequencies calculated from measured 

radiation pattern plots for simple patch and patch with different slit lengths (s) are 

summarized in the following table (table 3.5). The directivities from table 3.5 are plotted 

in figures 3.28 and 3.29 for E- and H- plane separately. 

Table 3.5: Measured directivity with different slit lengths (s) 
r 

Slit length 

Simple Patch 

s = 18.0 nun 
= width of patch 

(Ws) 

s = 16.0 mm 

s = 15.0 mm 

s = 14.0 mm 

s = 13.0 mm 

Lmver resonantfiequency diredivity 

E- plane 
dire&'* (dB$ 

Upper resonant frequency directivity 

H- plane 
directivity (dBi) 

E- plane 
directivity (a) 

H- p h e  
diredrdrvity (dSi) 

(2.17 GHz) 

(4.25 GHz) 

- 

3.73 

4.50 

4.85 

3.98 

(2.33 GHz) 

(4.86 GHz) 

3.70 

4.39 

4.85 

3.91 

(2.56 GHz) 

(5.11 GHz) 

3.91 

4.13 

3.97 

3.73 

(2.49 GHz) 

(4.90 GHz) 

4.37 

4.27 

5.04 

4.57 

(2.78 GHz) 

(4.98 GHz) 

4.37 

4.55 

3.31 

3.96 

(5.04 GHz) 

4.36 4.36 
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10 

9 

C 8 
fP 7 3 
22 6 

E 5 

e 3 
is 2 

1 
0 

13 15 16 

Slit length (s) 

Figure 3.28: Measured directivity vs. slit length (s) for E- and H- plane 

15 16 

Slit length (s) 

Figure 3.29: Measured directivity vs. slit length (s) for E- and H- plane 

The E-plane directivities at the lower and upper resonant frequencies are similar to 

that of simple patch without slit (s = 0) whereas directivities in the H- plane for both the 

resonant frequencies vary to some extent with change in slit length. 

3.7 Patch with slit isolated elevated sections 

Most of the reported efforts in improving bandwidth performance and dual frequency 

operations are confined to modifications in the planar profile in microstrip antennas, which 

have their own advantages [17-191. A coupling mechanism was reported by Choi et a1 [18] 

which describes a dual polarized microstrip patch antenna based on both the CPW 

(Coplanar Wave Guide) fed and the microstrip -T line fed for obtaining dual band 

performance. There are very few reported works on profiling of the antenna geometry 

along the direction of its thickness. An out of plane quasi 3-D structure was reported by 
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Y. Kim et. al. [20] in which enhancement of radiation was obtained. The antenna showed 

increased radiation power level by 3 dB in both E- and H- plane compared to conventional 

planar patch antenna. Linear profiling was reported by J.C. Langer et al. [21], on a micro 

machined out-of plane reconfigurable microstrip antenna using plastic deformation 

magnetic assembly. 

This section presents investigations on a patch which is partially profiled patch 

conductor with narrow slits at the profile boundary. The profiling is linear where part of 

the length on both the sides of radiating edges raised (tilted) out of the patch making an 

angle 8, (elevation angle) with the plane of the patch. The elevation angle (8,) is varied to 

study the effect on antenna performance including bandwidth and resonant frequencies. 

The following sub sections include the structural design details and performance 

characterization of the elevated patch with the slits. The objective of the work is to design 

an antenna to explore the possibilities of bandwidth enhancement by changing only one 

parameter i.e. the elevation (8,) of the patch. 

3.7.1 Design and fabrication of elevated patch antenna with slits 

A simple rectangular patch antenna is designed at 4 49 GHz using CST Microwave 

Studio. Two slits parallel to the radiating edges on both the side of the feed point are 

introduced as shown in figure 3.30 (a). These isolated patch sections due to slits running 

through the patch width are profiled by raising the sections at an angle, the end at the slit 

side being at the substrate plane while the other end elevated above the substrate. The 

design parameter for the single patch and modification details are summarized in the 

table 3.6. 



Planar and Elevated Microstrip Patch Antenna with Slits Chapter 111 

Top view 

side view h 

(a3 

Oblique view 

Side view 

Substrate Feed point \ 

Ground plane 

qlmF 
, 4  

view / Isolated patch sections 

Oblique view 

Figure 3.30: Microstrip patch antenna with slits 

(a) Planar conventional structure with slits (top and side view) 

(b) Structure with slits and elevated sections (oblique and side view) 

(c) Fabricated profiled antenna with slits (top and oblique view) 
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Table 3.6: Design specscation of profiled RMSA 

The fabrication of the patch with elevated sections is carried out in a number of steps. 

First, the central planar section of the structure is fabricated using the etching process on a 

two sided copper laminated substrate O;R4) of thickness 1.5mm (figure 3.3 1). The elevated 

sections are fabricated by cutting single sided laminated substrate (FK) of thickness 3mm , 

at the required angle (0,) using a miter saw (figure 3.32(b)). Two of these sections are 

fixed on the substrate surface on both side of the main central patch shown in figure 3.30 

keeping slanted edge of lOOpm away and parallel to the central patch using synthetic 

adhesive. The gap 100pm is again checked under a travelling microscope. The section is 

removed and refixed until a gap accuracy of += 5% along its length is obtained. The 

dielectric beyond the outer edge of the elevated conductor section is raised to the level of 

its extending to the main substrate boundary. This is done by cutting a piece of lamination 

stripped substrate section at the same angle (8,) so that it can fit into the wedged gap on' 
I 

the outer side of the elevated sections as shown in figure (figure 3.33 (c)).   he extra 

portion of the raised substrate sections are then cut down the level of the outer edge of the 

elevated conductor section using a mechanical surface grinder. 

Parmneier 

Patch width (W) 

Patch length (L) 

Thickness of the substrate (h) 

Relative dielectric constant ( ~ , ) , 6  

Feed point location from edge 

Slit width(ws) 

Isolated conductor dimension along patch length (6) 

Elevation angle (6,) 

Value 

20.1 mm 

15 mm 

2.4 mm 

4.8,O.OOl 

4.0 nun 

100 pm 

2.5 nun 

45', 50',55',65', 70', 75', 85' 
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Top view 

Side view 

la) (b) 
Figure 3.31: (a) Planar conventional structure without slits (top and side view) 

(b) Fabricated central conductor (top view) 

Substrate material 

(b) 

Figure 3.32: (a) Miter saw with single sided copper laminated substrate sample 

(b) Fabricated elevated substrate section (O,= 453 
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Figure 3.33: (a) Isolated substrate section before adding to elevated patch section 

(b) Fabricated elevated section before addition (Be=  457 

(c) Isolated substrate section added to elevated patch section 

3.7.2 Return loss measurement of simple patch antenna 

The measured resonant frequency of the simple patch fabricated is 4.42 GHz that is 

designed at 4.49 GHz using CST Microwave Studio. The measured resonant fiequency 

shifts down by 1.56%. . 

4 4.5 

Frequency (GHz) 

Figure 3.34: Return loss vs. frequency of simple patch antenna (resonant hequency = 4.42 GHz) 

Measured results indicate an RL value of -16.3 1 dB at 4.42 GHz for the simple patch 

as shown in figure 3.34. 
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3. Z 3 Return loss measurement of elevatedpatch antenna 

Measurements on antenna performance characteristics is carried out for elevated 

angles 8, = 0' to 8, = 85' of the isolated radiating edges. The antenna performance 

characteristics including RL and radiation pattern are carried out for the fabricated patch 

prototypes. 

6 7 8 

Frequency (GHz) 

(a) 

3 4 5 6 7 0 9 10 11 

Frequency (GHz) 

(b) 

Figure 3.35: Measured return loss plot for patch with different 0, 

(a) 0, = 03453 5 0  554 65; 703 75", 85' 

(b) 0, = W, 65", 85" 
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Table 3.7: Resonant frequency and return loss for different elevation angles (0,) 

It can be seen from table 3.7 that for all the Be values, the antenna resonates at two 

frequencies with at least 10 dB return loss. The lower resonant frequency is near to the 

resonant frequency of the simple patch while the upper resonant frequency is almost 

double of that. When Be changes from 50" to 45", the RL peaks barely cross the 10 dB level 

and hence are not included in the table. 

For elevation angle of 85', there are two prominent return loss peaks in excess of 

-30 dB, the lower frequency being 4.23 GHz (C-band) and the upper frequency at 

8.83 GHz (X - band). Moreover, a wideband behavior is observed with a (-10 dB) 

frequency range from 8.43 GHz to 10.59 GHz which amounts to a 22.71 % bandwidth as 

shown in table 3.8. 

Table 3.8: Best bandwidth enhancement for two specific 
elevation angles 

f ~ i o d ~  cut offfiequenry in h e  band 

f~-10# upper cut offfequency in the band 

E W o n  
~ g k  (a 

65' 

85O 

From the measure results, it is observed that wide band characteristics as well as 

improved matching is observed for elevations beyond the elevation angle 8, =45' 

(table 3.6). Figure 3.36 shows measured values of return loss with different elevation 

angles. 

-1 0 dB bandwidh at upper opera'ng 
frequency band 

f~ 
(CHIS 

6.84 

8.43 

fu 
(GH4 

9.24 

10.59 

B a n d d h  
(%I 
29.82 

22.71 
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60 65 70 75 
Angle of elevatfon(9d 

Figure 3.36: Measured plot for two best return loss values [ath and fu) vs. angle of elevation [Oe) 

The measured results indicate that dual frequency operation can be obtained without 

any major size increase of the simple patch by simply introducing slits although both the 

frequencies are on the higher side. The small shift in the lower resonant frequency due to 

elevation angle change can be compensated by minor adjustments in the patch dimensions, 

as the shift in fkequency of the upper band is more sensitive to elevation angle change 

whereas the accompanying shift in the lower frequency is much smaller. 

Radiation pattern measurements are carried out for simple patch and patches with two 

of the elevation angles (8, = 65" and 85"). 

3.7.4 Radiation paftern measurements of profiledpafch antenna 

E - plane and H - plane radiation patterns for the simple microstrip patch antenna 

resonating at 4.42 GHz are measured. The patterns are shown in figure 3.37 (a and b) 

respectively. The corresponding directivities are found to be 4.64 dBi and 3.95 dBi for E- 

and H- plane patterns. Both the patterns are broadside in nature like the conventional patch 

antennas. 

Figure 3.37: Measured radiation pattern for simple patch at 4.42 GHz 
(a) E - plane @) H - plane 
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Patterns for the planar patch with slits (8, = 0") at the two resonate frequencies are shown 

in figures 3.38 and 3.39. 

(a) 
- - - E- plane for simple patch at 4.42 GHz 
- E- plane for patch with 0, = 0' at 7.53 GHz 

(b) 
- - - H- plane for simple patch at 4.42 GHz 

- . ... . H- plane for patch with 0, = 0' at 7.53 GHz 

Figure 3.38 Measured radiation pattern for patch with slits (Be = 0") at 7.53 GHz 

(a) E - plane (b) H - plane 

- - -  E- plane for simple patch at 4.42 GHz - - -  H- plane for simple patch at 4.42 GHz 

- E- plane for patch with 0, = 0" at 8.43 GHz .. H- plane for patch with 0, = 0" at 8.43 GHz 

Figure 3.39: Measured radiation pattern for patch with slits (Be = On) at 8.4 GHz 

(a) E - plane (b) H - plane 

As can be seen from the figures with the introduction of the slits, both the E- and 

H- plane patterns are deviated from the broad side direction at 7.53 GHz as compared to 

the simple patch. Patterns at the other resonant frequency (8.43 GHz) for the same 

structure (8, = 0") are also deviated from broadside direction as shown in figure 3.39. 

Measured E- and H- plane patterns for 8, = 65" and 85" at frequencies of peak return 

losses are measured shown in the following figures (3.40 to 4.43). 
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---  E- plane for simple patch at 4.42 GHz - E- plane for patch with 8, = 65' at 4.04 GHz 
- - - H- plane for simple patch at 4.42 GHz 
,, H- plane for patch with 8, = 65' at 4.04 GHz 

Figure 3.40: Measured radiation pattern of patch with slits (8, = 65") at 4.04 G H z  

(a) E - plane (b) H - plane 

For Oe= 65", the principal plane pattern at 8.83 GHz is given in figure 3.38 while 

figure 3.39 and 3.40 show the field patterns at 4.23 GHz and 10.26 GHz respectively for 

(a) 
- - -  E- plane for simple patch at.4.42GHz 
- E- plane for patch with 0, = 65' at 8.83 GHz 

- - - H- plane for simple patch at 4.42 GHz 
H- plane for patch with 0, = 65' at 8.83 GHz 

Figure 3.41: Measured radiation pattern of patch with slits (Be = 65") at 8.83 GHz 

(a) E - plane (b) H - plane 

- - - E- plane for simple patch at 4.42 GHz 
- E- plane for patch with 0, = 85' at 4.23 GHz 

- - -  H- plane for simple patch at 4.42 GHz - H- plane for patch with 8, = 85' at 4.23 GHz 

Figure 3.42: Measured radiation pattern of patch with slits (Be = 85") at 4.23 GHz 

(a) E - plane (b) H - plane 
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- - -  E- plane for simple patch at 4.42 GHz --- H- plane for simple patch at 4.42 GHz - E- plane for patch with 8, = 85' at 10.26 GHz -- H- plane for patch with 8, = 85' at 10.26 GHz 

Ngure 3.43: Measured radiation pattern of patch with slits (8, = 853 at 10.26 GHz 

(a) E - plane (b) H - plane 

Radiation patterns for the lowest resonating operating frequencies of the patches are 

similar to the conventional rectangular patch. At higher frequencies, the beam maxima of 

the E - plane shifts away from the broadside possibly due to the two slits together with the 

outer sections seeing a phase difference because of the asymmetric positioning of the feed 

point along the direction of the patch length. With the increasing elevation angles, some 

realignment towards the broadside direction is observed. As expected, the H - plane 

pattern at the first resonating frequency is symmetrical (figure 3.39 (b)) because of the 

symmetry of the structure. 

Table 3.9 gives the directions calculated from the radiation patterns in the two 

principal planes. Figures 3.44 and 3.45 show the variation of directivities at both the lower 

and frequencies with the two best RL values with change in angle of elevation (8,). 
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Table 3.9: Measured directivity for two frequencies and fu ) with best return loss values 

Lower resonantfiequency fL 
(GHt) 

Upper resonant frequencyfu 
(GHt) 

I Simple Patch 
4.25 GHz 

Angle of elevation (8,) 

0, = 65" 

Figure 3.44: Measured directivity vs. angle of elevation (0,) for E- plane 

4.04 GHz 

3.79 
I 

8.83 GHz 

4.41 4.04 4.84 
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40 60 

Angle of elevation (83 
Figure 3.45: Measured directivity vs. angle of elevation lee) for H- plane 

As can be seen from the figures, directivities in the E- plane for the two resonant 

frequencies VL and fu ) are almost identical except for the elevation angle of 8, = 85". 

However, directivity in the H-plane forfu is increased for the elevation angle value of 

e, = 850. 

3.8 Chapter Summary 

Two structures of microstrip patch antenna has been designed, fabricated and tested in 

this chapter. The first structure is a planar patch antenna with a 100 pm slit near the 

radiating edge closer to the feed point location. The design is modified by varying the slit 

lengths to less than the width of the patch. The second structure is a profiled patch antenna 

with two slits. The patch sections isolated due the slits are linearly profiled with slit side 

end being at the substrate plane while the other end elevated above the substrate plane. 

Both the structures yield dual and multi band characteristics with tunability of lower and 

higher frequencies. Measured results of first structure have demonstrated that introduction 

of the slit results in both size reduction and dual band operation. In addition, variation of 

slit length results in tuning of both the lower and upper resonant frequencies. Slit length of 

16 mm results in improved matching at both the frequencies with return loss values 

-22.84 dB and -29.90 dB corresponding to the dual operating frequencies of 2.33 GHz and 

5.1 1 GHz respectively. The size reduction achieved is as high as 49 %. Hence, the antenna 

design can be used as a reconfigurable structure with tuning of both upper and lower 

frequencies though both the frequencies cannot be tuned independently. Although, in this 

work, separate patches are made for different slit lengths to study the effect of slit length 

7 1 
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variation on two resonant frequencies, the design can be used for reconfigurable; antennas 

using switching technologies including MEMS to vary the slit length electronically. 

Understandably, the use of active switching technologies to alter the effective slit length 

for tuning will lead quantitative change in the results obtained here. Inevitably, this will 

require hrther investigation but nonetheless the essential feature of tunability is clearly 

established in the present investigation. 

Measured results for the second structure have demonstrated that dual frequency 

operation can be obtained without any major size changes of the simple patch by simply 

introducing slits although both the frequencies are on the higher side. Moreover, for 

specific (8, = 65", 85") the lowest resonant frequency is restored nearer to that of the- 

simple patch while at the same time a broadband upper frequency operation is achieved. 

For these elevation angles, the structure can operate simultaneously at both C - and 

X - band with a -10 dB bandwidth of > 2.0 GHz at the upper operating frequency band 

which is a considerably large bandwidth, which is not seen for its conventional 

counterpart. The large upper frequency operating band can be adjusted according to 

specific application requirements by changing the elevation angles, even while the lower 

resonant frequency is kept the same. The small shift in the lower resonant frequency due 

to elevation angle change can be compensated by minor adjustments in the patch 

dimensions, as the shift in frequency of the upper band is more sensitive to elevation angle 

change whereas the accompanying shift in the lower frequency is much smaller. 
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4.1 Introduction 

A single tunable antenna eliminates the need for multiple antennas for operation in 

multiple frequency bands. Various techniques have been used to tune the resonant 

frequency, which include adjusting the effective length of the patch using varactor diodes 

[I-41. Patch antennas can also be optically tuned over a narrow frequency range of about 

100 MHz using an optically controlled pin diode as reported in [3]. A microstrip patch in 

L-band was reported where tuning was achieved with multiple varactors mounted at both 

the radiating edges [4]. In the early 1980, a manually tunable circular microstrip patch 

antenna was reported by Lee et al. [5, 61. The tuning was achieved by manually adjusting 

the air gap between the substrate and the ground plane using a spacer. ~ { c e n t l ~ ,  

MEMS-based electro statically tunable microstrip antennas had been reported in 17, 81 

where a MEMS-based tunable square patch antenna was fabricated on a flexible 

Kaptonplymide film using printed circuit processing technique. 

Size reduction has been of considerable interest in the development of compact 

broadband microstrip antenna for present day wireless hand held devices. Several 

techniques have been proposed to effectively reduce the size of the patch antenna. 

Theseinclude use of high dielectric constant materials 191, using shorting post I wall [lo] 

and cutting slots on the patch [ l  I]. 

In this chapter, a simple patch antenna is initially designed in the C-band. The patch 

is modified leading to a geometry obtained by asymmetrically superposing a finite strip 

line section near one of the radiating edges as shown in figure 4.1 (b). As shown in the 

figure, the line section is tilted at an angle 8, with respect to one of the radiating edges. 

Throughout this chapter, the notionally superposed strip line section will be referred to as 

strip line. 

The effect on resonant fiequency with change of tilt angle Ot is studied to explore 

the possibility of tuning the patch antenna by simply rotating (changing Ot) the strip line. 

In addition, possible shift of resonant frequency (due to the tuning achieved) to the lower 

side can effectively result in size reduction of the antenna. 

4.2 Design of patch with asymmetrically superposed strip line section 

4.2.1 Feed point location 

The rectangular microstrip patch antenna (RMSA) in the C- band is designed using 

CST Microwave Studio to resonate at 4.55 GHz. Dimension of the patch antenna are 

shown in figure 4.l(a). As an initial design aid, simulated results using CST 

Microwavestudio for different feed point location are obtained for maximizing the value 
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the simple patch. Simulation is carried out for evaluating antenna performance 

characteristics before fabricating the sample prototypes. Before deciding on the 

Figure 4.1: (a) Dimension for simple patch resonating at 4.55 GHz (CST Microwave Studio) 

(b) Simple patch shown with notionally superposed strip line section 

(Dimensions are given in table 4.2) 

(c) Actual modified patch geometry 

specifications of the modified patch, the strip line centre position is varied for both m and 

n (figure 4.1 (b)) to ascertain the position which yields the best RL performances. The 

patch specifications are given in table 4.2. Simulated values of return loss (HI,), 

impedance (real) and VSWR corresponding to different feed point location are obtained 

as in figures 4.2 to 4.4 respectively. 

I I 

+; l l m m  ;+ 
9 Fl A 

Results are obtained by moving the feed point in increments of 0.25 mm along the 

1 I 
I I 
I I 
I I 

I I 
I I 

I I 

length from the patch centre (figure 4.2) 

< P- v 
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Feed point distance from centre towards edge (mm) 

Figure 4.2: Simulated return loss vs. feed point location (from patch centre) 

Simulated results indicate that a maximum return loss (RC) value of -33.25 dB is 

obtained when feed point is located at 3 mm from the centre towards one of the radiating 

edges. 

Feed point distance from centre towards edge (mm) 

Figure 4.3: Simulated plot of impedance (R) vs. feed point location 

Impedance (real part) value at this feed point location is 50.36 (figure 4.3). The 

corresponding value of VSWR is found to be 1.035 as shown in figure 4.4. 
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Feed point distance from centre towards edge (mm) 

Figure 4.4: Simulated plot of VSWR vs. feed point location 

With this feed point, a simple strip line section near one of the radiating edges is 

superposed (figure 4.1 b). 

4.3 Antenna performance studies with varying strip line width and tilt angle 

Simulation studies using CST Microwave Studio has been carried out on the effect 

of strip line width ( t ~ )  and tilt angle (Bt) on the return loss performance and resonant 

frequency. The same set of data from simulated results are presented in two separate sub 

sections, 4.3.1 and 4.3.2 to highlight the effect of Ot and cu on return loss performance 

4.3.1 Variation of strip line width and its eflect on RL perfonttance 
The width of the strip line is varied with four values of cu (=lmm, 2mm, 3mm, 

4mm) with different tilt angle Bt (= lo", 20°, 30°, 40°, 45") .The effect of width variation 

of the strip line on antenna performances including resonant frequency and RL are shown 

in figures 4.5 to 4.9 for different tilt angle (0,). It is observed from figure 4.5 that with 

varying strip line width (cu), return loss value corresponding to the lower resonant 

frequency (LRF) is almost same for tilt angle Bt = 10" with very little change (0.05 GHz) 

in the resonant frequency. However the return loss for the upper resonant frequency 

(URF) marginally degrades from -26.13 dB to -24.72 dB when the strip line width 

changed from 1 mm to 2 mm. Subsequent increase in width to 3 mm and then onto 4 mm 

results in an almost linear improvement in the return loss values &om -24.72 dB 

to -3 1.92 dB. Increasing cu to 5 mm results in a degradation of the RL values for both the 

78 
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resonant frequencies. Hence, the best trade off for both the resonant frequencies from the 

return loss performance aspect is for a strip line width of 4 mm. 

+RL at upper resonant frequency 

2 3 4 
Strip line section width Cu (mm) 

Figure 4.5: Variation of RL value with strip line for Ot = lO"(resonant frequency shown in brackets) 

------ .--&- -ll----L-- k--- ----- L -2.- 11-111111 

1 ! 

-+RL at lower resonant frequency 
T--- 

.. -. - + ----. L- -------. 
-RL at upper resonant frequency ! 

i 
- - _ _ L  

Strip line section width Cu (mm) 

Figure 4.6: Variation of RL value with strip line for Oc = 2O0(resonant frequency shown in brackets) 

For tilt angle =20° 

Figure 4.6 shows the variation ofRL values with clc for Ot = 20". While the return loss for 

the LRF initially increases reaching a maximum value of -13.18 dB for clc = 3 mm, the 

return loss value for URF'is much less affected with change in t~ as compared to Ot = 10" 

The best trade off for both the resonant frequencies from the return performance aspect is 

a strip line width of 3 mm. Although for co = 3 mm, the best RL value obtained 
79 
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is - 13.18 dB for the LRF. The RL for the URF is -2 1.2 dB which improves to -22.80 dB 

for cu = 4 mm with only a slight degradation (a difference of 0.58 dB) of RL value for the 

LRF from - 13.18 dB to - 12.60 dB. Further increase in tu leads to poorer RL performance 

for both the resonant frequencies. 

3 4 5 

Strip line section width d ~ r  (mm) 

Figure 4.7: Variation of RL value with strip line for at = 3O0(resonant frequency shown in brackets) 

For tilt angle 8, = 30" 

The simulated results indicate that when the strip line width (u) is changed from 

1 mm to 4 mm with tilt angle Ot = 30°, RL values corresponding to the LRF gradually 

improves from -10.98 dB at 1.96 GHz for cu = 1 mm to -15.58 dB at 1.95 GHz for 

cu = 4 mm . For the URF a slight degradation of return loss value is observed when the 

strip line width is changed from 1 mm to 2 mm with return loss value changing from 

-21.45 dB to -20.66 dB while the value is almost same when the strip line width is fbrther 

changed to 3 mm. For cu = 4 mm, the return loss improves to -1 5.58 dB for the LRF while 

for the URF, the return loss degrades to -17.73 dB. When ell is increased to 5 mm, RL 

performance for the LRF, which in any case is poorer than that for the U W ,  deteriorates 

even hrther although the RL for the URF improves. For a dual frequency antenna, 

therefore, a strip line width of 4 mm will be the desired width from amongst the five 

different width studied. 
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+RL at lower resonant frequency 
"" ;.. . -  

; 
i 

-RL at upper resonant frequency \ 
f 
1 
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2 3 4 5 
Strip line section width & [mm) 

Figure 4.8: Variation of RL value with strip line for Or = 4W(resonant frequency shown in brackets) 

For tilt angle Ot = 40 " 

As can be seen from the figure 4.8, for tilted angle Ot = 40°, return loss value for the 

LRF improves from - 10.3 1 dB at 2.03 GHz. to - 15.66 dB at 1.93 GHz when ul changes 

from 1 mm to 4 mm as against the degrade in the return loss value for the URF 

from -21.06 dB at 4.53 GHz to -18.86 dB at 4.63 GHz. As is the case with Bt = 30°, the 

RL in this case degrades for the LRF with an accompanying improvement in RL for the 

URF. Hence, for Bt = 40°, the best trade off for both the resonant frequencies from the 

return loss performance aspect is a strip line width of ul = 4 mm. 

For tilt angle 8, = 45" 

For Bt = 45", change in return loss value for both the upper and LRF with change in 

w is similar to that for Ot = 40" with minor difference in resonant frequency and return 

loss values as can be seen by comparing figures 4.9 with 4.8. It is therefore apparent that 

for Ot = 45", a strip line width (ul) of 4 mm is desirable for best RL performance in both 

the resonant frequencies. 
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+RI at upper resonant frequency 

3 4 5 
Strip line section width w (mm) 

Figure 4.9: Variation of RL value with strip line for 8t = 45" (resonant frequency shown in brackets) 

4.3.2 Variatrion of tilting angle and its effect on RL peflormance 

As the RL performance is dependent for this modified patch structure on both the 

strip iine width u and the tilt angle Bt, the same set of data used in subsection 4.3.1 are 

again used here to show the effect of tilt angle on the RL of antenna which are shown in 

figures4.10 to 4.13. 

. . -. - - - -- 

*RL at lower resonant frequency 

Tilt angle 0, (degree) 

Figure 4.10: Variation of RL value with tilt angle (04 for strip line w =1 mm 

Strip width 1 mm and 2 mm 

The return loss value for both the upper and lower resonant frequencies degrade 

with increase in 8, from 10" to 45" (figure 4.10). For w = 2 mm, there is some 
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improvement in the return loss value for the LRF at the cost of the return loss value of the 

URF from Ot = 10" to 20" (figure 4.11). There is no significant change in the RL value for 

both the resonant frequency when Ot increases from 20" to 30" and to 40°, which 

eventually shows deteriorating trend when 8, increases to 45". 

0 10 20 30 40 50 
Tilt angle 8, (degree) 

Figure 4.11: Variation of RL value with tilt angle let) for strip line C C ~  =2 mm 

I 1 _( +RL at upper resonant frequency 1 1 -40 -- L "A 
I 

20 30 

Tilt angle 8, (degree) 

Figure 4.12: Variation of RL value with tilt angle (&) for strip line w =3 mm 

Strip width 3 mm 

Simulated results indicate that for w of 3 mm (figure 4.12), the return loss value for 

the LRF improves with change in Ot from 10" to 20°, but to a lesser extent as compared to 

the degradation of return loss value for the URF. For 8, = 20°, 30°, 40" and 45" the return 
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loss values for both the resonant frequencies do not differ by much but nonetheless, the 

best compromise again can be seen for Ot = 40". 

20 30 

Tilt angle 0, (degree) 

Figure 4.13: Variation of RL value with tilt angle (Ot) for strip line ~ l r  =4 mm 

Strp width 4 mm 

Figure 4.13 shows the variation of return loss with tilt angle (Of) for a line width of 

4 mm fiom amongst all the tilt angles and strip line widths studied, the best return loss 

value of -31.92 dB is observed for the URF whereas the return loss for the LRF is just 

near the acceptable level of -10.00 dB. From 10" through 20" onto 30" the return loss 

value for the URF degrades rapidly with a much lesser improvement in the return loss for 

the LRF. 

From Of = 30" to 40" and then to 45", although the change in return loss value is not 

significant, the best RL for the LRF again is found to be for 0,= 40". 

0 10 20 30 40 50 
Tilt angle 0, [degree) 

Figure 4.14: Variation of RL value with tilt angle (Ot) for strip line dcc =5 rnm 
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Strip width 5 mm 

With the increase of 8, , improvement of RL of the LRF is observed from Ot = 10" to 

20" and then on to 30" to 40" as shown figure 4.14. However, for the URF, a steep 

degradation of the RL value is observed when Ot changes from 10" to 20". Thereafter, 

with increase in 4 ,  the pattern of variation of RL follows almost that for the LRF. 

As can be seen from figures 4.5 to 4.14, when the simple patch is modified by 

superposing the strip line, the patch resonates at two different frequencies instead of one 

in the unmodified simple patch. While both the frequencies are lower than the resonant 

frequency of the simple unmodified patch (4.55 GHz), one of the resonant frequencies 

(the lower one) is less than half the URF for all combinations of Ot and w studied. 

From the simulated, plots, the best RL performance trade off for both the resonant 

frequencies is found for strip line width of w = 4 mm, for 8, = 30°, 40" and 45" and the 

antenna behaves as dual band patch with acceptable range of return loss values for both 

the frequencies. Moreover tuning of both the resonant frequencies is observed for 

different strip width (w) with maximum tuning observed for patch with strip line width 

tu = 4mm. URF tuning is found to be 0.82 GHz and corresponding tuning in LRF is 

0.140 GHz for varying value of tilt angle with the strip width of 4 rnm. The shift in upper 

and lower resonant frequencies is simultaneously accompanied by improvement and 

degradation of RL values at both the resonant frequencies. The variation of return loss 

values for both the resonant frequencies with different strip line width for varying values 

of tilt angle is shown in figures 4.15 (a & b) which visualizes the variation's more 

distinctly. 
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Ftg-ure4,15(a): 3-R p11A oaf return lass as a function of Brand cg 

[simulated] far l m r  and upper resonant frequency 

Figure 4.15fb): 3-D plot of resonant frequency as a function of Bt and 
~lr [simulated] for lower and upper resonant frequency 

4.3.3 Variation of tilt angle and its effect on antenna size 

Simulated results indicate that the antenna with different values of strip width(&) 

with varying tilt angle&, the modified patch antenna resonates in two distinctfrequencies, 

as can be seen fiom figures 4.5 to 4.14. Since the LRF is less than half ofihe resonant 

frequency for the simple patch for all the values of 8, and w studied, the modified patch 

can reduce the size in excess of 54%. Following figure 4.16 shows the size reduction (%) 
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for the modified patch with different strip line with tilt angle (Ot) for different strip line 

width (u). 

+Strip line width w = 2mm 

Strip line width w = 3mm 

25 30 
Tilt angle 8, (degree] 

Figure 4.16: Size reduction (%) for with different strip line width (ur) for varied tilt angle (Or) 

As can be seen from the figure, a size reduction of 57.80% is achieved for a strip 

line width (ur) of 4 mrn and 5 mm with Bt= 45". With equivalent size reduction for the two 

strip line widths,& = 4 mm is preferable because of its better RL performance. Table 4.1 

gives the LRF values and the corresponding size reduction for different Ot with ur = 4 mm. 

Table 4.l:Size reduction for strip line width w of 4 mm 
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4.4 Measured results 

The fabricated simple and modified patches are shown in figure 4.17 (a) and 

4.17 (b) respectively. A standard SMA connector is used to feed the antenna. 

Measurements carried out on the modified path structure shown in figure 4.1 (c) 

mainly focuses on studying the following aspects: 

1. Size reduction 

2. Multiple1 dual resonant frequency 

3. Tuning of the resonant frequencies. 

The simple and modified patch geometries shown in figures 4.l(a) to 4.l(c) are 

fabricated on glass epoxy copper laminated substrates with specifications given in 

table 4.2. 

Table 4.2: Specifications of RMSA and strip line (in reference to figure 4.1 (b)) 

(a) (b) 

Figure 4.17: (a) Fabricated simple patch designed at 4.75 GHz 

(b) One of the fabricated patch antenna with superposed strip line (Ot = 403 
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4.4.1 Return loss measurements of simple and modified paich with the strip line 

Measurements are carried out for all the fabricated patch antenna structures 

including the RL plot for the simple patch is shown in figure 4.18 along with the 

simulated plot. 

3.5 4 

Frequency [GHz) 

Figure 4.18: Measured and simulated return loss plot for the simple patch 

Measured results incbcate that the simple patch antenna resonates at 4.75 GHz with 

a RL value of -25.57 dB whereas the simulated value with the same dimension of the 

patch resonates at 4.7 GHz with RL of -32.25 dB. The measured resonant frequency is 

deviated from the simulated value by about 1%. This frequency difference may be due to 

fabrication tolerances. 

Measured RL plots of the modified patch structures with varying tilt angle (Ot = 1 O D ,  

20°, 30°, 40Q, 45") are shown in figure 4.19. KL plots for both the upper and lower 

frequencies are shown separately in figures 4.20 and 4.21. The relevant values from these 

plots are given in table 4.3. 
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Frequency (GHz) 

Figure 4.19: Measured return loss plots for different values of tilt angle, Bt (both LRF and URF) 

It is observed fiom the measured results that the patch with tilt angles (8,) resonate 

at two frequencies, which are widely separated. The results indicate change in both the 

upper and lower resonant frequencies with varying tilt angle (8,). The LRF which is 

2.17 GHz for Ot = 1 OOand 40" with RL values of - 1 1.32 dB and 12.08 dB respectively 

goes down to 2.04 GHz with a significantly improved RL value of -21.22 dB. 

-- 

--w Patch with Bt=4O8 

Frequency (GHz) 

Figure 4.20: Measured return loss plot for different values of tilt angle, Bt for lower resonant 
frequency 
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From the measured result (figure 4.20), it is observed that the patch with tilt angle 

8, = 10" resonates at a lower frequency of 2.17 GHz with a RL value of -1 1.32 dB. When 

'the tilt angle is increased to 20°, resonant frequency comes down to 2.13 GHz with an 

improved RL value of -13.37 dB. As the 19, is increased to 30°, resonant frequency hrther 

comes down to 2.08 GHz with slight degradation of RL value (-12.99 dB) in comparison 

to the patch with tilt angle Or = 20". For tilt angle 8, = 40°, the patch resonates at 

2.17 GHz, the same frequency at which resonates for tilt angle, 8, = 10" accompanied by 

a slightly better RL value of -12.08 dB. The measured results show that for the patch with 

tilt angle, Bt = 45", the resonant frequency shifts to the lowest value of 2.04 GHz 

accompanied by the best RL of -21.22 dB amongst all the tilt angles studied (Bt = 10°, 

20°, 30°, 40" and 45"). The tuning range for the LRF is 0.13 GHz. 

The URF (figure 4.21) also goes down from 5.19 GHz for, 0, = 10" and 5.05 GHz 

for 8, = 40" to 5.01 GHz for Bt = 45". However, as can be seen from table 4.3 the RL for 

the LRF with Ot = 40" is 12.08 dB while for the URF it is much better with a RL 

of -24.74 dB. The condition reverses when Ot is increased to 45" for which the RL of the 

LRF is -21.22 dB while for the URF it is reduced to -14.04 dB. 

Frequency (GHz) 

Figure 4.21: Measured return loss plot for different values of tilt angle, Bc for upper 
resonant frequency 
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Table 4.3: Variation of resonant frequencies and return loss with Merent tdt angle (133 

As is evident from the measured data (table 4.3), tuning ratio upto 2.46 between 

LRF and URF is achieved. Moreover, size reduction up to 57% is obtained for varying tilt 

angle of 8t summarized in table 4.4. It may be mentioned that while calculating the size 

reduction, contribution of the strip line to the area is ignored, which if taken into account 

will result in a slightly lower size reduction but will still remain significant being as much 

as 55.4%. In addition, if the overall rectangular area (marked by the dotted line in 

figure 4.l(c)) occupied by the modified patch is considered, the size reduction works out 

to be 44.3%. 

Table 4.4: Size reduction with Merent angle of rotation (0,) 

Variation of resonant frequency corresponding to different tilt angles (Ot) is shown 

figure 4.22. 
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5 10 15 20 25 30 35 40 45 50 

Strip line section with different tilt angle(0,) 

Figure 4.22: Variation of resonant frequency with different tilt angle (Or )  

4.5 Comparison of measured and simulated results 

The measured results obtained for the patch with strip line width u of 4 mm are 

compared with simulation results obtained for the patch with the same dimensions 

(table 4.3). 

4.5.1 Return loss peflormance 

 h he simulated and measured RL plots for both the resonant frequencies of the patch 

antennas with different tilt angles (8,) are shown in figures 4.23 to 4.32. (Variations of the 

lower and upper resonant frequencies are shown in separate figures). 
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1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.8 2.8 J 
Frequency (CHz) 

Figure 4.23: Return loss vs. frequency for Ot =loo (lower resonant frequency) 

3 3.5 4 4.5 5 5.5 

Frequency (GHz) 

Figure 4.24: Return loss vs. frequency for Ot =10" (upper resonant frequency) 
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1.8 2 2.2 2.4 2.6 2.8 3 

Frequency (GHz) 

Figure 4.25: Return loss vs. frequency for Eft =20' (lower resonant frequency) 

3.5 4 4.5 S 3 5.5 

Frequency (GHz) 

Figure 4.26: Return loss vs. frequency for Bt =Zoo (upper resonant frequency] 
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1 1.5 2 2.5 3 
Frequency (GHz) 

Figure 4.27: Return loss vs. frequency for Bt =30" (lower resonant frequency) 

3 3.5 4 4.5 5 $5 
Frequency (GHz) 

Figure 4.28: Return loss vs. frequency for Ot =30" (upper resonant frequency) 
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Figure 4.29: Return loss vs. frequency 8, =40" (lower resonant frequency) 

4 4.5 S 5.5 

Frequency (GHz) 

Figure 4.30: Return loss vs. frequency for Ot =40' (upper  resonant frequency) 
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1 1.5 2 2.5 3 

Frequency (GHz) 

Figure 4.31: Return loss vs. frequency for Bt =4S0 (lower resonant frequency) 

Figure 4.32: Return loss vs. frequency for Ot =4S0 (upper resonant frequency) 

It is seen from figures 4.17 to 4.26 that the measured operating frequencies (both 

upper and lower) are higher than the simulated ones. Nonetheless, the performance trends 

indicated by simulation have been, to a large extent, qualitatively in agreement with 

measured results for the fabricated prototype. The difference between measured and 
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simulated values of resonant frequencies range from 0.1-0.2 GHz for the URF for Bt =40° 

and 45" (table 4.6 and figures 4.35 and 4.36). For Bt =lo0 the difference is large between 

measured and simulated values. In the case of return loss values at the lower resonant 

frequencies, there is reasonably good agreement for Bt =loo and 20" while for Bt = 30°, 

40" and 45", the difference ranges from 2.59 dB to 5.5 dB (figure 4.33). As is the case of 

LRF agreement between measured and simulated RL values is poor for Bt =lo0. For 

8, =20° and 30°, the agreement is reasonably good while for Of =40° and 45" the 

difference between measured and simulated RL values is greater, the difference being of 

the order of 5 to 6 dB (figure 4.34). 

Strip line with different tilt angle (83 
Figure 4.33: Comparison plot of return loss values with tilt angle Or for lower resonant frequency 



Microstrip Patch Antenna with Notionally Superposed Microstrip Line Chapter IV 

-35 

5 10 15 20 25 30 35 40 45 50 

Strip line with different tilt angle (83 

Figure 4.34: Comparison plot of return loss values with tilt angle 8, 
for upper resonant frequency 

The measured and simulated values for the LRF and URF for different tilt angles 

(8$ are summarized in the table 4.5. 

Table 4.5: Resonant frequencies for different tilt angles (83 

Simple patch Mepswed 

4.75 

Simulated 

4.55 
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1 

10 15 20 25 30 35 40 45 
Strip line with different tilt angle (83 

Figure 4.35: Measured and simulated values of the lower resonant frequency as a 
function of tilt angle (83 

Strip line with diffrent tilt angle (8,) 

Figure 4.36: Measured and simulated values of the upper resonant frequency as a 
function of tilt angle (Or)  
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Table 4.6: Resonant frequency difference between measured and simulated values 

4.5.2 Antenna size reduction 
The modified patch structure with all varying parameters of strip line widths (w) and 

tilt angles (0,) results in size reduction. Figure 4.37 shows the percentage of size 

Difference of 
lon7er resonattt 
frequencies 

(GHU 

0.2 

1.06 

0.06 

0.16 

0.42 

0.37 

reduction with strip line width of 4 mm for varying tilt angle (Or). 

Simple Patch 

O t =  10" 

B t =  20" 

8, = 30" 

O r =  40" 

8, = 45' 

As already discussed the modified patch structure shown in figure 4. I (c) resonates 

Differet~ce of 
lower resonanf 
frequencies 

fGH3 

0.2 

0.11 

0.12 

0.13 

0.24 

0.12 

at two distinct frequencies, one of which is less than half of that for the corresponding 

Lower resonant 

frequency (GI13 

simple patch. The uniqueness of the modified patch with superposed strip line lies in the 

L'pper resonant 

frequency (GHQ 

Measured 

4.75 

2.17 

2.13 

2.08 

2.17 

2.04 

fact that, this significant lowering of one of the resonant frequency has been observed for 

Measured 

4.75 

5.19 

5.02 

4.83 

5.05 

5.01 

Simulated 

4.55 

2.06 

2.01 

I .95 

I .93 

1.92 

all the combination of Ot and w that are studied in simulation and the ones for which 

Simulated 

4.55 

4.13 

4.96 

4.67 

4.63 

4.64 

measurements are carried out. 

10 15 20 25 30 35 40 45 

Tilt angle (83 

Figure 4.37: Comparison plot showing the reduction in size with different tilt angle (03 
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As can be seen from the figure 4.35, antenna size reduces with increase in tilt angle 

(Of) from 10" to 30" in both measurement and simulation. In fact, for simulated results, 

the trend of increase in size reduction with increase in 8, from 10" to 45" is closely 

followed by the measured results but with a lower size reduction. The only point where 

some visible anomaly in this correlating trend between measured and simulated results is 

seen is for a tilt of 40". Here, the measured size reduction goes down close to 54% as 

against a regular increasing behavior for the simulated results. Incidentally, when the tilt 

angle (8,) hrther increases to 45", the measured result reverts back to follow the original 

increasing trend. 

Radiation pattern measurements for all the fabricated patch structures are carried 

out to obtain a comparative understanding of the effect of the patch modification on the 

spatial radiation characteristics of the antenna. 

4.6 Radiation pattern measurements of modified patch with tilted superposed strip 
line section 

E - plane and H - plane radiation patterns for the simple microstrip patch resonating 

at 4.75 GHz are measured. The field patterns are shown in figures 4.38 (a & b). The 

corresponding directivities are found to be 4.61 dBi and 5.55 dBi for the E- and H- plane 

patterns respectively. Both the patterns are broadside in nature and are similar to the 

conventional patch antenna. 

Figure 4.38: Measured radiation patterns of simple rectangular patch at  4.75 G H z  

(a) E- plane (b) H- plane 

The E- plane and H- plane radiation patterns for 6, = lo0, 20°, 30°, 40" and 45" in 

both LRF and URF respectively are shown in figures 4.39 to 4.48. 
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- - - E- plane for simple patch at 4.75 GHz 
- E- plane for patch with O,= 10' at 2.17 GHz 

- - - H- plane for simple patch at 4.75 GHz 
,. H- plane for patch with 8, = 10' at 2.17 GHz 

Figure 4.39: Measured radiation patterns of patch with Bt = 10" at  2.17 GHz 

(a) E- plane (b) H- plane 

- - -  E- plane for simple patch at 4.75 GHz - E- plane patch for with 8,= 10' at 5.19 GHz 

- - - H- plane for simple patch at 4.75 GHz 
-. H- plane for patch with Or= 10' at 5.19 GHz 

Figure 4.40: Measured radiation patterns of patch with Bt = 10" a t  5.19 GHz 

(a) E- plane (b) H- plane 

- - - E- plane for simple patch at  4.25 GHz 
- E- plane patch with 9 = 20') at 2.13 GHz 

--- H- plane for simple patch at 4.25 GHz 

H- plane for patch with 8 = 20' at 2.13 GHz 

Figure 4.41: Measured radiation pattern of patch with slit (0 = 20") at  2.13 GHz 

(a) E -plane (b) H -plane 
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- - - E- plane for simple patch at 4.75 GHz - E- plane for patch with 8, = 20' at 5.19 GHz 

--- H- plane for simple patch at 4.75 GHz 
.- .- .- H- plane for patch with 8,= 20' at 5.19 GHz 

Figure 4.42: Measured radiation patterns of patch with Elt = 20" at 5.09 GHz 

(a) E- plane (b) H- plane 

---  E- plane for simple patch at 4.75 GHz - E- plane for patch with 8, = 30' at 2.08 GHz 

---  H- plane for simple patch at 4.75 GHz - H- plane for patch with 8,= 30' at 2.08 GHz 

Figure 4.43: Measured radiation pattern of patch with Ot = 30" a t  2.08 GHz 

(a) E- plane (b) H- plane 

- - - . E- plane for simple patch at 4.75 GHz 

- E- plane for patch with 8, = 30' at 4.83 GHz 

- - - H- plane for simple patch at 4.75 GHz 
-. -. -. H- plane for patch with 0, = 30' at 4.83 GHz 

Figure 4.44: Measured radiation patterns of patch Or = 30" at 4.83 GHz 

(a) E- plane (b) H- plane 
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- - - E- plane for simple patch at 4.75 GHz 
- E- plane for patch with Ot = 40' at 2.17 GHz 

- - - H- plane for simple patch at 4.75 GHz 
-- H- plane patch with 19, = 40' at 2.17 GHz 

Figure 4.45: Measured radiation patterns of patch Bt = 40" at 2.17 GHz 

(a) E- plane (b) H- plane 

- - -  E- plane for simple patch at 4.75 GHz - E- plane for patch with 0, = 40' at 5.05 GHz 

- - -  ti- plane for simple patch at 4.75 GHz - H- plane for patch with 8, = 40' at 5.05 GHz 

Figure 4.46: Measured radiation patterns of patch with Ot = 40" at 5.05 GHz 

(a) E- plane (b) H- plane 
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(a) 
- - -  E- plane for slrnple patch at 4.75 GHz - E- plane for patch with Bt = 45" at 2.04 GHz 

- - -  H- plane for simple patch at 4.75 GHz 

H- plane for patch with Ot = 40' at 2.04 GHz 

Figure 4.47: Measured radiation patterns of patch with Bt = 45" at  2.04 GHz 

(a) E- plane (b) H- plane 

(a) (b) 
- - -  E- plane for simple patch at 4.75GHz - - - H- plane for simple patch at 4.75GHz 
- E- plane for patch with Bt = 45' at 5.01 GHz ------- H- plane for patch with r3t = 45' at 5.01 GHz 

Figure 4.48: Measured radiation patterns of patch with Bt = 45" at  5.01 GHz 

(a) E- plane (b) H- plane 



Microship Patch Antenna with Notionally Superposed Microship Line Chapter IV 

Table 4.7: Measured directivity for different tilt angles (03 of the strip line section 

Simple patch 

Patch ndh tiff 
(B) 

of= 10' 

et = 20' 

Bt = 30" 

et = 40' 

et = 45- 

Table 4.7 summarizes the measured directivities obtained fiom radiation patterns in 

figures 4.38 to 4.48 for the modified patch with Ot =lo0, 20°, 30°, 40" and 45" for the 

E- plane and H- plane in both the LRF and URF. The same values are plotted in figures 

4.49 and 4.50 for the E- plane and H- plane respectively 
10 

Directrectr&y (dBi, 

25 30 

Angle of rotation (83 

Direui&y (dBi) 

Figure 4.49: Measured directivity vs. tilt angle (Or) for E- plane 

LRF(GHql 

&plane 

E- plane 

URF (GHQ 

H-plane 

H- plane E- plane H-plane 

at 4.55 GHz 

at 2.17 GHz 

4.61 

3.77 

at 5.19GHz 

4.35 

3.88 5.99 3.56 

at 2.13 GHz 

3.68 

at 5.09 GHz 

4.03 5.90 3.26 

at 2.08 GHz 

4.17 
I 

4.00 

at2.17GHz 

3.76 

at 4.83 GHz 

4.25 
I 

3.30 

at 5.05 GHz 

3.89 5.42 3.85 

at2.04 GHz 

4.36 

at 5.01 GHz 

4.37 3-36 3.31 
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-H-plane (lower resonant frequency) 

Angle of rotation (83 

Figure 4.50: Measured directivity vs. tilt angle (80 for H- plane 

From figures 4.39 to 4.48, it is seen that E- plane radiation patterns for both LRF 

and URF are reasonably similar for all the fine Ot values to that for the simple patch at its 

resonating frequency. In case of H-plane patterns, again similarity with the H-plane 

pattern for the simple patch can be seen with no significant difference. However, for the 

H-plane patterns at higher resonating frequency for the modified patch, an asymmetrical 

dip slightly away from the broadside direction is seen. It may be mentioned that 

comparisons are made with patterns for the simple rectangular patch which resonates at 

4.75 GHz which is near the URF for the modified patch. 

The directivity measured from pattern plot is summarized in the table 4.7 and 

shown in figures 4.49 and 4.50. 

4.7 Chapter summary 

A patch geometry obtained when a finite strip line section is notionally superposed 

on the rectangular patch near one of its radiating edges has been studied for its frequency1 

frequencies of resonance and return loss performance. The modified structure is 

simulated for different relative orientations of the strip line section before fabricating the 

prototypes. The fabricated modified patch resonates at two different fi-equencies, one in 

the S- band and another in the C- band for all the 8, values studied. Both the resonant 

frequencies can be found over a small range by changing Or. The LRF is tuned from 

2.04 GHz to 2.17 GHz by varying fiom 10" to 45" while the URF is tuned fiom 

109 
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4.83 GHz to 5.19GHz. However, since both the resonant frequencies shift 

simultaneously, only one of them can be independently tuned by adjusting Or. 

Importantly, a significant reduction in size which is about 54% for all values studied is 

obtained, with a maximum reduction of 57% for 0, = 45". For all Or values, an RL of at 

least -10 dB is obtained. The best RL for the LRF is obtained at Ot = 45" while for the 

URF, it is for Ot = 40". Hence, according to application requirements, the RL can be 

maximized for either the URF or the LRF simply by changing the tilt angle. There is no 

major deviation of the directivity from that of the simple patch. The E- plane and 

H- plane radiation patterns excepting the H- plane patterns for the higher resonant 

frequencies where a dip in the pattern slightly away from the broadside direction is seen. 

The designs studied in this chapter is essentially to study the performance of a 

modified patch where, possibly, an equivalent structure can be fabricated using an actual 

strip line pivoted through its centre at the appropriate location of the patch and rotated to 

tune the fiequency or adjusting the RL while at the same time obtaining dual- fiequency 

operation. There is likely to be some shift in the results obtained here with such a 

reconfigurable structure. In addition, precise mechanical fabrication and ensuring of 

reliable electrical contact over the overlapping region of the rectangular patch and the 

strip line will be a challenge for the designer. 
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5.1 Introduction 

The advantage of microstrip antenna for modem day communication is well known 

and has already been highlighted in preceding chapters including chapter I [l-81. Many 

designs of single and dual band microstrip patch antennas using E slots and U slots have 

been reported for triangular, square and circular [7-81 MPA shapes. The inherently 

bandwidth of conventional microstrip patch antenna poses a challenge for microstnp 

antenna designers to meet broadband requirements [2-31. Various broadband techniques 

had been reported in the literature to address this limitation, which in general include 

increasing patch height over ground plane [4], using a lower substrate permittivity [ 5 ] ,  and 

multilayer structures consisting of several parasitic radiating elements with different sizes 

above the driven element [6] .  

In this chapter a spike edge rectangular patch antenna (SEMPA), where spike shaped 

triangular conductor sections are added to the rectangular patch at the radiating edges has 

been investigated. The effect on resonant frequency on addition of a number of spikes in 

the shape of equilateral triangle is studied. The antenna is fabricated and measured results 

are presented in this chapter. In addition, two adjacent spikes have been bridged using a 

strip line section for studying,its possible effect on resonant frequencies and matching. In 

addition, the position of the strip line is moved from the spike tips to below the tips. The 

approach is adopted with an objective of achieving tuning by variation of only one 

parameter which may reduce design complexity. 

5.2 Design of patch with number of spike sections on radiating edges 

5.2.1 Feed point location 

The basic square patch antenna is designed in the C- band using CST Mcrowave 

Studio at 4.40 GHz. Dimension of the patch are indicated in the figure 5.1. Simulated 

results for dfferent feed point locations are obtained for maximizing the value of RL of 

the simple patch. The values of return loss (RL), impedance (real) and VSWR 

corresponding to different feed point locations are shown in figures 5.2 to 5.4 respectively. 
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Figure 5.1: Simple square patch resonating at 4.40 GHz (CST Microwave Studio) 

Results are obtained by moving the feed point in increments of 0.5 mm along the 

length of the patch fiom the patch centre (figure 5.2) 

Feed point distance from centre towards edge (mm) 

Figure 5.2: Simulated return loss vs. feed point distance from patch centre 

Simulated results indicate two feed point location for which more than -35 dB Rt is 

obtained. The RL values observed at the locations of 7 mm and 9.5  mm are -38.35 dB 

and -36.98 dB for the resonant frequency of 4.4 GHz in the C- band. 
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Feed point distance from mcentre towards edge (mm) 
Figure 5.3: Simulated plot of impedance (a] vs. feed point location 

Impedance (real part) values at these two feed point locations are 49.54 R for 7 mm 

and 5 1.41 f.2 for 9.5 mm. The corresponding values of VSWR are 1.024 and 1.029 

respectively as shown in figure 5.4. 

Feed point distance from centre towards edge (mm) 

Figure 5.4: Simulated plot of VSWR vs. feed point location 

The patch is modified by adding six numbers of equilateral triangles on each radiating 

edge, each with sides 5 mm measuring, as shown in figure 5.5. The design parameters of 

the patch with spike edge are given in table 5.1. 
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L 
I 
I+ 

7 7 '  
P 

Figure 5.5: Patch structure with spikes at  radiating edges 

Table 5.1: Design parameters of the spike edged patch 

As the simple patch with two feed point locations gives return loss values 

below -35 dB (figure 5.2), the best feed point location out of these is studied with the 

modified patch structure shown in figure 5.5. 

Pwmnelers 

L 

W 

P 

4 

Sb 

5.3 Simulated antenna performance studies with spikes at radiating edges 

Simulations are carried out for RL performance on the spike edged patch (figure 5.5). 

Thereafter, alternate spikes are removed from both the edges leaving three spikes on each 

edge. One design is obtained by removing these spikes from the same end (figure 5.7) and 

another in which spikes are removed from opposite ends of the two edges (figure 5.9). 

I blues (mm) 

30 

30 

7 19.5 

8 15.5 

5 

Although, modification of the geometry in general might alter the feed point location 

for best match, in this study, the feed points considered are limited to the two locations for 

which good match is obtained for the simple patch. The modified spike edged rectangular 

microstrip patch antenna (SEMPA) antenna with six spikes at both the radiating edges is 

initially studied (figure 5.5). 
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5.3.1 Return loss pejbrmance of patch with six spikes on each edge 

The return loss performance of the patch shown in figure 5.5 is evaluated for the two 

feed point locations obtained (figure 5.2) at 7 mm and 9.5 mm from centre toward the edge 

.along the patch length. 

The simulated RL plot for the two feed point locations are shown in figure 5.6. 

. . . . - . .. . 

-SEMPA with feed point at 
........ 

Frequency (GHz) 

Figure 5.6: Simulated return loss plots for feed points at 7 mm and 9.5 mm from patch 
centre 

As can be seen from the RL plots in figure 5.6, the resonant frequency of 4.4 GHz for 

the simple patch slightly shifts to the higher side at 4.48 GHz for feed point, p = 9.5 mm. 

without any appreciable loss in RL performance. Noticeably a second RL peak at 

5.33 GHz with a value of -17.4 dB is observed. From the figure, it is seen that for 

p = 7 mm, the structure shows two feeble resonances, one at 4.17 GHz with an RL value of 

-1 1.54 dB and other at 4.46 GHz with an RL value of -10.91 dB. However, a prominent 

twin peaked RL is seen. These peaks are -30.91 dB at 5.37 GHz and -22.97 dB at 5.5 GHz. 

As a good RL is obtained at lower frequency the feed point at p= 9.5 mm is use in the 

subsequent studies. 

As already mentioned, the spike edged geometry shown in figure 5.5 is fbrther 

modified by removing alternating spikes symmetrically from both the edges. The resulting 

structure is shown in figure 5.7. The RL performance of this structure is compared with 

that for the structure shown in figure 5.5 as is shown in figure 5.8(a). It can be seen that 
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the RL performance degrades when the alternate spikes are symmetrically removed fiom 

the structure in figure 5.5. 

Figure 5.7: Patch structure with alternate spikes at symmetric positions 

-SEMPA with 12 spikes (figure 5.5) 

-40 

3 3.5 4 4.5 5 5.5 6 

Frequency (GHz) 

Figure 5.8(a): Simulated return loss plots for patch with 12 and 6 symmetrically 
placed spikes (p=9.5 mm) 
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placed spikes (figure 5.9) 

-SEMPA with 12 spikes 

Frequency (GHz) 

Figure 5.8(b): Simulated return loss plots for patch with 1 2  and 6 asymmetrically placed spikes 
p=9.5 mm] 

Another geometry is obtained by removing alternate spikes from opposite ends of the 

two edges from one structure shown in figure 5.5. The resulting geometry is shown in 

figure 5.9. The simulated return loss plot for this geometry along with the plot for the 

patch with 12 spikes is shown in figure 5.8(b). 

There are two prominent and almost equal return loss peaks at 4.22 GHz (-19.5 dB) 

and 4.68 GHz (-20.27 dB). It is evident, therefore, that for the asymmetrically positioned 6 

spike geometry, the return loss performance as a dual band antenna is better than that for 

the symmetrically positioned 6 spike geometry. In addition, the lower resonant frequency 

is lower than that for the simple patch, although at the cost of return loss performance. 

Figure 5.10 shows the same plots together with the plots shown in figure 5.8(a). 

Figure 5.9: Patch structure with alternate spikes at asymmetric positions 
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Figure 5.10: Simulated return loss for simple patch and modified geometries 

To sum up, the patch with asymmetrically placed spikes on both the radiating edges 

exhibits the best dual band characteristics. 

5.4 Measured results 

The simple and modified patch geometries as shown in figures 5.1 and 5.9 are 

fabricated on glass epoxy copper laminated substrate with specifications given in table 5.2. 

The fabricated simple and the modified patch structures are shown in figure 5.11(a) and 

5.1 l(b). Measurements are carried out on the fabricated patches. 

Table 5.2: Design parameter of MPA with spikes 

Parameter 

Patch width (W) 

Patch length (L) 

Height of the substrate (h) 

Dielectric constant (E,) 

Feed point distance &om centre (p) 

Spike dimension (each side) 

Value 

30 mm 

30 mm 

1.52 mm 

4.8 

9.5 mm 

5mm 
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Figure 5.11: (a) Fabricated simple patch. 

(b) Fabricated patch antenna with spikes 

5.4.1 Return loss measurement of simple patch 

Measurements are carried out for the fabricated simple patch antenna. RL plot for the 

simple patch is shown in figure 5.12 along with the simulated plot. 

............ 4 
I 
i 

........ i 
1 ...-.................... ..................... ........................ i 

! I 
.2 1 llll-ll.l.! .I 

3 3.5 4 4.5 5 5.5 6 

Frequency (GHz) 

Figure 5.12: Simulated RL plot (p=9.5 mm) 

Measured results indicate that the patch resonates at 4.34 G H .  (with a return loss 

value of -25.72) which indicates a slight shift of 1.36% from the simulated frequency of 

4.4 GHz (-36.97 dB), possibly due to fabrication tolerances. 

The antenna is thereafter fabricated with spikes added as shown in figure 5.11 (b). 

5.4.2 Return loss measurements of d j i e d p a t c h  with spikes 

Measurement is carried out for the spike edged antennas which are positioned at the 
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radiating edges asymmetrically Figure 5 13 shows the measured return loss plot of the 

spike edged square patch (SEMPA) antenna along with the plot for the simple patch 

SEMPA with six 
+ -  - - -  -- +. - 

Figure 5.13: Return loss plot for simple patch and SEMPA 

It can be seen from the plots that when spikes are added to the simple square patch, 

the resonant frequency shifts to a higher value at 4 67 GHz with a return loss value 

of -21 27dB In comparison to the resonant frequency of 4 34 GHz for the unmodified 

patch The shift in resonant frequency is accompanied by slight degradation of return loss 

value by about 4 dB Moreover, the patch resonates at another frequency at 5 09 GHz with 

a return loss value of - 11 92 dB It can be seen that both the measured resonant 

frequencies are higher than the correspondtng simulated values shown in figure 5 10 

Moreover, the measured return loss at the higher resonant frequency ts poorer than the 

simulated value at its higher resonating frequency 

The patch structure is fbrther modified by connecting two adjacent spike vertlces on 

the far side of the feed point by a strip line of width 2 mm (charactenstic impedance of 

strip line = 50 53n) as shown In figure 5 14(a) This strip line is then extended to connect 

the remaining vertex by the third spike figure 5 14(b) return loss characteristics for these 

two geometries (figure 5 14(a) and (b)) are shown In 5 15(a) and 5 15(b) respectively As 

is seen from figure 5 15 (a), the patch geometry in figure 5 14(a) resonates In only one 

frequency at 4 79 GHz with return loss of -24 20 dB Thls is almost slmilar to the return 

loss characteristic of the baslc simple square patch, with only an increase in the resonant 

frequency and a marginally inferior return loss value 

On extending the strip line to connect all three vertices on one side of the SEMPA 
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(figure 5.14(b)), the structure resonates at 3 different frequencies, two of them close 

together (twin peaks) forming a common -10 dB bandwidth of 4.42 %. Figure 5.15(b) 

shows these three resonant frequencies; the twin frequencies are 4.89 GHz (-17.78 dB) and 

5.04 GHz (-19.93 dB) while the third resonant frequency is at 5.40 GHz with a return loss 

of -20.24 dB. 

(a) (b) 

Figure 5.14: (a) SEMPA with strip line connecting 2 spike vertices 

(b) SEMPA with strip line connecting 3 spike vertices 

Figure 5.15 (a): Return loss plots for SEMPA with strip line connecting two outer spike vertices 
(figure 5.14 (a)) 
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SEMPA with six 
asymetrical spikes 

Figure 5.15 (b): Return loss plots for SEMPA with strip line connecting three outer 
spike vertices [figure 5.14 (b)) 

Figure 5.15 (c): Return loss plots for in figure 5.14 (a) and 5.14 (b) 

The resonant frequencies with the corresponding return loss values for the SEMPA 

and modified SEMPA are summarized in table 5.3. 
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Table 5.3: Variation of resonant frequency and return loss of the modified SEMPA 

As the SEMPA of figure, 5.14(a) with the strip line connecting a pair of vertices is 

found to resonate at only one frequency, the strip line is moved down along the height of 

the spike (figure 5.16(a)) to study its effect on resonant frequency. One of the fabricated 

patches with d=l mm is shown in figure 5.16 (b). The return loss plots for three different 

positions of the strip line (d = 0 mm, 1 mm, 2 mm) are shown in figure 5.17. It is seen that 

for d = 1 mm and 2mm, the antenna resonates again at two different frequencies exhibiting 

dual band performance. Both the upper and lower resonant frequencies for these two'd' 

values are slightly higher than those for the SEMPA geometry without the strip line. 

The best combination of return loss values for both the resonant frequencies is seen 

for d=2 mm. Its performance is comparable to the other geometry (figure 5.14(b)) 

demonstrating the best return loss performance as is observed from tables 5.3 and 5.4. 

Figure 5.16: (a] SEMPA geometry with strip line showing shifting of the strip line 
(b) Fabricated SEMPA with single strip (d=lmm] 
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- SEMPA with single strip line (d= Omm) 

-SEMPA with strip line d= lmm 

-SEMPA with strip line d= 2mm 

Frequency (GHz) 

Figure 5.17: Return loss plots for SEMPA with strip line at 3 different positions 

Table 5.4: Resonant frequencies and RL values of SEMPA with strip line positions 

5.5 Radiation pattern measurement of SEMPA and SEMPA with strip line 

The radiation pattern for SEMPA and SEMPA with single and double strip line 

sections are shown in figures 5.1 8 to 5.23 

Strip line position 
(Fig 5. zq41 

SEMPA with single 
strip line at d = 0 mm 

SEMPA with stnp 
line at d = 1 mm 

SEMPA with strip 
line at d = 2 mm 

Figure 5.18: Measured radiation pattern of SEMPA at 4.67 G H z  

[a) E -plane (b) H- plane 
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4.79 

4.80 

4.71 

Return h s  at hver 
r ~ ~ f r e ~ l u e n c ~  

(dB) 

-24.20 

-11.97 

-17.04 

Upper resonant 
f r q u e ~  

(GHZ) 

-- 

5.28 

5.18 

Return h s  at upper 
resonMtfrequency 

(dB) 

--- 

-1 1.06 

-13.72 
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Figure 5.19: Measured radiation pattern of SEMPA at 5.09 GHz 

fa) E - plane (b) H-plane 

Figure 5.20: Measured radiation pattern at 4.79 CHz of SEMPA with strip line connecting 

2 vertices 

(a) E - plane (b) H - plane 

(a) (b) 
Figure 5.21: Measured radiation pattern at 4.89 GHz of SEMPA with strip line connecting 

3 spike vertices 

(a) E - plane (b) H - plane 
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show some variation including asymmetric with respect to the broadside direction. For the 

- pattern at 5.09 GHz (SEMPA), interestingly, the pattern closely conforms to that of a 

simple rectangular/square patch. 

Table 5.5: Measured directivity with SEMPA and SEMPA with strip line 

Table 5.4 summarises the measured directivities obtained from radiation patterns in 

figures 5.18 to 5.23 for with SEMPA and SEMPA with strip line bridging of vertices for 

both the E- and H- planes. 

5.6 Chapter summary 

A square patch antenna is modified by adding equilateral triangular spikes at both the 

radiating edges. The numbers of spikes are changed and strip lines in different 

configuration connect spike vertices. It is seen that the patch exhibits dual frequency 

behaviour when three numbers of spikes are asymmetrically added to the two radiating 

edges, the spikes being spaced apart from each other by 5 mm, a distance equal to the 

length of a side of the equilateral triangular spike. On bridging to adjacent and extreme 

spike tips on the far side of the feed point using a strip line of width 2 mm, the dual band 

behaviour disappears. However, when the strip line is moved down the height'of the 

spikes, dual band is again obtained. For a particular moving distance (2 mm), the return 

losses at the two resonant frequencies are comparable to the best obtained amongst the 

geometries studied in this chapter. The best dual band return loss performance is obtained. 

The value being -19.93 dB at 5.04 GHz and -20.24 dB at 5.40 GHz. The E- plane patterns 

SEMPA 

SEW* 
single stnp line 

SEMPA with 
double strip line 

Lower resonantfiequency (GHT) Upper resonant frequency (GHT) 

E- plane directivity 
(dB3 

-------- E- plane direaivity 
(dB3 

H- plane direaivity 
( a 3  

- - - - - - - - H- plane direaivity 
(W 

(4.67 GHz) (5.09 GHz) 

-------- 

1 

5..40 GHz 

3.59 4.41 

3.83 . 

4.35 4.12 

5.90 

-------- 

(4.79 GHz) 

-- - -- - - - 4.41 4.12 

3.36 7.60 3.59 4.35 

4.89 GHz 

\ 

3.36 

5.04 GHz 

7.6 3.81 5.08 
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in general show a dip in the broadside direction for the SEMPA which also seen for the 

SEMPA structures with strip lines. The H- plane pattern maxima coincides with the dip of 

the E- plane pattern (in most cases) indicating higher radiation in the E- plane. Such 

pattern behaviour may find applications where radiation in one plane is desired in 

preference to its transverse plane. 
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6.1 Introduction 

Tuning in microwave antennas can be achieved using various techniques, such as, 

by using pin diodes, varactor diodes and MEMs switches [4, 51 as well as by varying 

substrate properties with fenites [6] and ferroelectrics. There has been considerable 

interest in the development of tunable antennas because of increasing number of global 

wireless standards [1-31. Multiband antennas are required in order to achieve 

miniaturisation in mobile and wireless systems such as PCs, bluetooth and wireless 

local area network. 

A tunable antenna provides an alternative to a broadband antenna in which an 

antenna with a small band width is tuned over a frequency range. Tunable multi- 

frequency antennas, rather than broadband antennas, can be a preferred alternative 

when the system needs to operate only at one fiequency at any given time. Various 

tunable configurations have been reported in the literature. One method to realise post- 

fabrication tunability is by changing the length of a small stub attached to the regularly 

shaped microstrip antenna [6, 81. 

In this chapter, a technique for tuning a microstrip antenna by moving a 

dielectric plunger in and out of a cut out pocket in the patch substrate is presented. The 

pocket is created underneath the patch with a thickness equal to or less than the 

thickness of the substrate with the same cross section as that for the plunger. 

Two patch prototypes are fabricated using a vertical milling machine using two 

different approaches to introduce the pocket in the substrate layer. 

6.2 Design and fabrication of patch with air pocket underneath the patch 

(Prototype 1) 

A single side copper laminated FR4 substrate board is used as the base layer for 

assembling the antenna structure. Two dielectric slabs, DSl and DS2 (figure 6.1) are 

machined to the requisite dimensions (table 6.1) fiom the same type of laminated 

board. Another dielectric section, DS3, is cut out on a milling machine. All these three 

sections are secured at appropriate locations on the base layer substrate using 

cyanoacrylate based adhesive. The patch and the feed line is cut out together fiom a 

copper foil of thickness 0.025mm. This is secured at the position shown in figure 6.1 

(b) using the same adhesive. To prevent sagging of the copper foil section, a brass slab 

accurately fitting into the recess beneath the patch area is placed before applying the 

adhesive and pressing the patch-feed line sheet with a weight of 5 kg. The dielectric 
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plunger section is also cut out to accurately fit the substrate pocket with the length 

extended out of the patch ground plane when the plunger is completely inserted into 

the pocket (figure 6 l(c)) Figure 6 2(a) and (b) shows the fabricated structure without 

and with the plunger section respectively 

Table 6.1: Specdicahons for the patch and assembled segments 
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Figure 6.1: Antenna geometry demarcating assembled segments 
(a) End view looking into air pocket 
(b) Top view 
(c) Plunger dimension 
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Measurements are carried out for return loss performance of the fabricated patch 

prototype (figure 6.1 (a)). 

6.2.1 Return loss measurements of patch with substrate pocket and plunger 

(Prototype 1) 

Return loss measurements are carried out for the patch structure with the dielectric 

plunger section inserted into the air pocket as shown in figure 6.2 (b). Figure 6.3 shows 

the measured return loss plots for the patch antenna for plunger positions resulting in 

different percentages (87.5%, 75%, 62.5%, 50%, 25% and 0%) of the air pocket filled 

by the plunger beneath the patch conductor. 

Figure 6.2: (a) Fabricated patch with air pocket beneath the patch 
(b) Fabricated patch with plunger section inserted into the air pocket 

Table 6.2: Resonant frequency with position of plunger 
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Figure 6.3: Measured return loss plot for patch with different dielectric section (%) below the 
patch 

Measurements show that the resonant frequency of the structure can be fine tuned 

over a small range by moving the plunger within the air pocket (figure 6.3 and 

table 6.2). However, the resonant frequency values given in table 6.2 show an erratic 

trend of change in resonant frequency with effective volume of the air pocket. It is 

observed that with increase in the effective air pocket volume, the return loss degrades 

but partially recovers when the plunger is hlly out of the air pocket. The resonant 

frequency with plunger end position (x) (indicated in figure 6.l(b)) is shown in 

figure 6.4. It is evident from the results presented in figure 6.3 and table 6.2 that the 

return loss in general is very poor, not even reaching the -1OdB level which is generally 

considered as a standard minimum performance criteria. One reason may be that the 

patch, even without the air pocket, shows a poor matching as it is edge fed using a strip 

line, to start with. Notwithstanding this shortcoming, measurements on this prototype 1 

have exhibited the viability of tuning the antenna using this technique. The resonant 

frequency with different air pocket in the dielectric is shown in figure 6.4. 
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Figure 6.4: Shift in resonant frequency with different air pocket beneath the patch 

6.3 Design and fabrication of patch with air pocket underneath the patch 

(Prototype 2) 

A single sided copper clad substrate board is cut to the required ground plane 

hmensions given in table 6.3. The substrate side is then machined in a vertical milling 

machine through its length, GL at the centre of the substrate width G, to a depth of 

1.5mm with a width of 20rnm (figure 6.5(a) and (b)). The cuttmg has to be carried out 

all through the length of the ground plane since the cutting tool is round and would 

have left rounded comers if cut only upto the required Qstance. As the substrate has to 

be removed down to the copper cladding, the copper side is stuck using adhesive on a 

smooth metal plate to avoid deformation and resultant damage to the copper cladding 

before machining. Thereafter, the board is carefully removed from the metal plate 

using a combination of heating and cleaving. 

Table 6.3: Specifications for the patch with air pocket 

Resonant frequency of patch with air pocket and 
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Substrate to be 
machined out / 
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Figure 6.5: (a) Single side copper clad substrate showing region to be machined out (end view) 
(b) Copper clad substrate after machining of region R (end view) 
(c) Patch on substrate after etching (end view) 
(d) Patch on substrate wlth ground plane introduced (end view] 
(e) Top mew of the antenna structure 
(g Plunger dimensions 
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The patch and the feed line is etched out chemically to the required dimensions 

(figure 6.5 (c)). A filler dielectric slab with dimensions given in table 6.3 is pasted 

underneath the feed strip line to fill  the cut out region under the line. A copper foil of 

thickness 0.025 rnrn is pasted onto the substrate on the side opposite to the patch to 

form the .ground plane (figure 6.5 (d)). Again, sufficient pressure is applied to squeeze 

out the extra adhesive and secure a good bonding (figure 6.5(d)). Figure 6.5(e) and (f) 

shows the top view of the patch structure and the plunger dimensions respectively. 

Figure 6.6 shows the substrate being cut on the vertical milling machine to create the 

air pocket. 

The substrate material is thus aligned and milled away with 20 mm cutter leaving 

two substrate section attached above the copper layer (on other side of the substrate 

material) as shown in figure 6.6. 

Substrate with milled away sectton 

Figure 6.6: Picture showing the process ofprepar~ng patch with milled away section. 
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Patch section 

Sliding arm section i 

Air pocket underneath the patch 
(a) 

Figure 6.7: (a) Fabricated patch structure with air pocket (oblique end view) 
(b) Fabricated patch and plunger section. 

6.3.1 Return loss measurement of patch with substrate pocket andplunger 

(Prototype 2) 

Figure 6.7 (a) and (b) shows the fabricated patch structure and plunger. The 

measured return loss performance with the variation of dielectric (%) below the patch 

using the second technique (subsection 6.2.2) is shown in figure 6.8. Percentage of air 

pocket in dielectric substrate with the sliding is given in table 6.3. Return loss 

measurements are carried out for the patch structure with plunger section inserted into 

the air pocket. 

Table 6.4: Resonant frequency with plunger end position 
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Frequency (GHz) 

Figure 6.8: Measured return loss plot for patch with different dielectric section (%) below the patch 

The measured results indicate that as the air pockel beneath the patch is reduced 

by moving the plunger inwards, the resonant frequency is lowered (figures 6.8 

and 6.10). The measured return loss, however, varies erratically with plunger position. 

Variation in return loss ranges from -12.57dB to -26.59dB7 all being better than - 10 dB 

(figure 6.8 and 6.9).The maximum value of return loss is found to be -26.59 dB at 

4.25 GHz. Minimum value of return loss as observed'from figure 6.9 is -12.52 dB at 

4.05 GHz for a plunger position of x=l8.7mm. 

Figure 6.9: Measured return loss for patch with different air pocket dimension at the respective 
resonant frequencies 
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40 50 60 70 80 90 100 

Air gap (%) 

Figure 6.10: Measured resonant frequency vs. different air pocket dimension 

6.4 Chapter summary 

Two patch structures are fabricated with an air pocket in the substrate. A plunger 

with the same width and thickness as the air pocket is inserted into the air pocket to 

different depth. In one prototype, the structure is assembled using dielectric slabs of 

appropriate dimensions on a copper clad substrate. The patch is a copper foil pasted at 

the appropriate location. Tuning over a small range is achieved by moving the 

dielectric plunger in the air pocket. The return loss obtained was poor. This is possibly 

due to poor matching of the strip line edge feed, as the same structure without the air 

pocket also showed poor return loss performance. Moreover, the resonant frequency 

shift is also erratic with a unidirectional movement of the plunger in the air pocket. A 

possible reason for this may be the fabrication method where the copper foil patch 

pasted gets little support on the dielectric sides. This causes deformity of the patch 

surface contour (convexing). Movement of the plunger randomly distributes this 

convexed profile creating variable air gap between the patch conductor and the plunger 

dielectric. 

A second prototype is made using a different fabrication approach. The air pocket is 

created &om the dielectric side by milling out the dielectric material down to the 

copper cladding. Hence, in this approach, the ground plane is pasted, which gets better 

supporting dielectric surface area, instead of the patch conductor as has been done in 

the first prototype. The resonant frequency, in this prototype, decreases in general with 
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the plunger moving in to the air pocket. It is, therefore, possible using the air pocket 

and plunger approach to design a reconfigurable antenna which can be tuned over a 

small fiequency range. Possible applications of the technique may be in retuning the 

resonant frequency of a patch which may have drifted due to factors such as ageing1 

degradation of substrate material. Other possible uses may be in precisely tuning the 

resonant frequency after fabrication where manufacturing tolerances do not allow 

requite precision of the resonant frequency of the antenna manufactured. 
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CHAPTER VII 

CONCLUSIONS AND FUTURE WORK 

7.1 Conclusion 

7.2 Future work 
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7.1 Conclusion 

The work carried out is essentially motivated by the need to address the well 

known and inherent limitations of the most popular antenna type in the current era-the 

microstrip patch antenna. Its low bandwidth limitation has led to numerous 

innovative designs to enhance the bandwidth, with accompanying trade off, to cater to 

specific needs. In this same context of bandwidth limitations, a tunable or a multi- 

frequency antenna may be a more convenient approach in circumventing these 

limitations, at least in many of the applications. 

Intuition plays a major role in antenna technology and hence ideas and approaches 

of earlier workers form the basis for newer design concepts. The designs presented in 

this work, draw clues from earlier designs in tackling the limitations mentioned. 

In one of the designs studied, a pair of very narrow parallel slits (compared to 

patch length) is introduced on the patch conductor. The modification~results in two 

resonant frequencies, both on the higher side of the resonant frequency of the original 

patch, but with lower return loss values. Two resonant frequencies are observed again 

when one of the slits is removed, retaining only the slit nearer to the feed point. The 

return loss values are less than that for the simple patch at its resonant frequency 

(4.86 GHz,-17.46 dB). The lower resonant frequency of 2.17 GHz has a return loss of 

-12 dB while for the higher resonant frequency at 4.86 GHz, it is -16.4 dB. A size 

reduction of 76% corresponding to the lower resonant frequency is achieved, which is 

comparable to the best reported in the literature, using a very simple design. On 

varying the length of this slit, both the resonant frequencies change and the return 

losses also vary. This length variation can, therefore, be used to tune the resonant 

frequencies and adjust the matching. The best return loss performance for both the 

resonant frequencies can be seen for a slit length of 16 mm (patch width = 18 mm). For 

this slit length, the lower resonant frequency is 2.33 GHz with a return loss of 

-22.84 dB while for the upper resonant frequency, these values are 5.11 GHz and 

-29.9 dB respectively. Both the E- and H - plane patterns at the two resonant 

frequencies are consistent with the patterns for the conventional simple patch. When 

the isolated patch sections due to the two parallel slits mentioned earlier are elevated 

symmetrically at an angle above the substrate, multiple resonant frequencies are 

observed at different elevation angles which were not seen for the original simple 

patch. The best results are obtained for elevation angles of 65 "and 85 3 For an elevation 
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angle of 65 ",he two best resonant frequencies are at 4.04 GHz and 8.83 GHz with 

return losses of -20.02 dB and -28.48 dB respectively. For an elevation angle of 85 ", 

the two resonant frequencies are 4.23 GHz and 10.26 GHz with return loss values of 

-36.61 dB and -32.3 1 dB. All these four return loss values are better than - 16.3 1 dB for 

the original simple patch at 4.42 GHz. Significant bandwidth enhancements are also 

obtained at these two elevation angles. A large -10 dB return loss bandwidth is 

obtained covering the fiequency range from 6.84GHz to 9.24 GHz for the 65 "elevation 

angle which amounts to a percentage bandwidth of 29.9%. For elevation angle 85 ",he 

frequency range is fiom 8.43GHz to 10.59 GHz with a bandwidth of 22.71%. 

Size reduction is obtained for another patch geometry formed by notionally 

superposing a stripline on a rectangular patch making an angle (tilt angle) with the 

radiating edge. In addition to one resonant frequency near that for the simple patch, 

another resonant frequency, which is less than half of that for the simple patch, is 

observed. Hence the design can be used as a dual frequency antenna with one 

frequency in S- band and the other in the C- band. Both the resonant frequencies 

change to some extent with change in tilt angle; again providing a method for tuning. 

For a specific tilt angle, a size reduction of 57% is achieved. All the radiation patterns 

are similar to the patterns for the conventional patch. This is an advantage as 

transmitted, received power level concerns are eliminated for communication link in a 

particular direction when frequencies are tuned or bands are changed. Moreover, the 

notionally superposed stripline can be converted to an actual stripline which can be 

rotated, converting the structure into a reconfigurable antenna. The limitation is that 

only one resonant frequency can be independently tuned. 

Dual band operation is obtained when triangular conductor sections (spikes) are 

added to the two radiating edges of a rectangular patch. The two operating frequencies 

are closer (less than 1 GHz apart) in comparison to the previous patch structures 

studied, where the band separation was higher. The structure turns into a tri-band 

antenna when all the three vertices of the three spikes on one particular edge of the 

patch are connected by a strip line. Also, when a strip line section connecting two of 

the vertices is moved down the height of the spikes, dual band performance is achieved 

at specific heights. The resonant frequencies can be slightly tuned by changing the 

stripline position along the spike height. 
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A dielectric plunger moving within an air pocket in the substrate layer of a 

rectangular patch is found to tune the operating frequency. However matching is poor. 

A second fabrication approach is adopted allowing extension of the air pocket 

throughout the substrate height which was not possible with the first approach used for 

fabricating the antenna. The structure fabricated using this approach yields better 

results with the return loss being at least -10 dB for all plunger positions. The feeding 

method, which in this study is microstrip line edge feeding, can also, be modified 

through further study to improve the matching. 

The investigations on the different patch structures designed indicate that 

performance improvement; specifically broadband characteristics, dual or multi- 

frequency operation, pre- or post fabrication tuning as well as size reduction can be 

achieved to a reasonable extent without seriously compromising on the basic 

advantages of the microstrip patch antenna. Many of the designs are simple as 

compared to other techniques reported in the literature with equivalent performance 

enhancements. 

7.2 Future work 

The work presented in the dissertation is, in some sense, time limited for a degree. 

It is therefore inevitable that a more detailed study of parameter variation is left to be 

done. In addition, the work was carried out within the limitations of available 

resources. 

The slitted patch structures, presented in the third chapter, can be fabricated 

using accurate CNC prototyping techniques to obtain more accurate results. Further 

studies with slits of different configurations, such as meandered slits etc. can reveal 

interesting results. The notionally superposed strip line design can be made 

mechanically reconfigurable by incorporating a rotating strip line section. 

A more detailed study with different spike dimensions, number of spikes, non 

linear spike profile and spike loading can be areas for further study. 
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Appendix A 

LPT port testing test programme: 

Void main 0 

{ 

char r n=(2,4,6,8); 

FILE * fl ; 
int a[180003; 

int b[l8000]; 

clrscr 0; 
h t  k=l, x=O; 

float s= 0.01; 

float d; 

fl= fdpen ("deg.txt","w"); 

for (int i=O;i<=l8000;i++) 

{ 

outportb (0x3 78,r[i%4]); 

d=(s* k); 

printf ("%.4f deg:bw,d); 

fprintf (fl , "%Ah ",d); 

a[x]=d; 

xu; 
delay (I); 

I&++; 

1 
for (int m=O;m<=18000 && d<=360 ;m*) 

(outportb(Ox378,r[m%4]); 

d=(s* k); 



printfTW%.4f deg:\nn,d); 

fprintf(fl,"%.4f\n ",d); 

b[x]=d; 

x u ;  

delay (1); 

k U ;  

1 
outportb (Ox378,15); 

1 

- --- 

Measurement of power Vs frequency: 

#include"StdAfx.b" 

#include<visa.h> 

#include<iostream> 

#include<windows.h> 

#include<stdlib.h> 

#include<dos.h> 

#include<conio.h> 

#include<stdio.h> 

short-stdcall Inp32(short PortAddress); 

void-stdcall Out32(short PortAddress, short data); 

void main () 

char a[] = (2,4,8,16);//motor 4 bit sequence(anti-clockwise) 

int y, stepsperreadingi,g,freq; 

float readingangle,stepsperreading,angularposition; 

FILE *fp; 

ViSessiondefaultRM,vi,defaultRMsp,visp;//Declares variablesof 

type ViSession 

N for instrument communication 



ViStatus viStatus = 0,viStahissp = 0; 

Declares a variable of type ViStatus 

char rdBuffer [2000],rdBu€fersp [2000]; 

Declare variable to hold string data 

viStatus=viOpenDefault~(&defaultRM);//Initialize VISA system 

viStatussp=viOpenDefaultRM(&defaultRMsp); 

viStatus=viOpen(defanltRM, 

"USBO::0x0957::Qx1F01::MY49060341: :O::INSTI<" ,VII1\('ULL,MMNULL, &vi); 

if(viStatus) I/ If problems then prompt user 

printf("Cou1d not open USE signal Geu!\nW); 

printf("Check instruments and co~ections\n"); 

printf("\nM); 

exit(0);) 

viStntussp=viOpen(defa111tRM~1~, "TCPIPO::393.1CS.100.4::inst0::INSTN1~, 

VI-NULd,, VI-RULL, &visp); 

if(viSta tussp) 
f 
t !I If problems t l~en prornl~t user 

printf("Cou1d not open Spectiurn AnaIyser!\n"); 

printf("Chcc1~ instrunlents and counectionsh"); 

printf("\n"); 

exit(0); 

if (g>O ) 

{ 

printf("Source RF state is : onh"); 

1 
else 

7 
printf("Source RJi' state is : off\nW); 

1 
1 


