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Reflectivity of Reflectarrays Based on Dielectric Substrates

IM.Y. Ismail, *M. Inam and’A.M.A Zaidi
'Radio Communications and Antenna Design Laboratory,
Department of Communication Engineering, Facultileictrical and Electronics Engineering,
’Department of Mechanical Engineering, Faculty othmnical and Manufacturing Engineering,
University Tun Hussein Onn Malaysia, 86400 ParigRdohor, Malaysia

Abstract: Problem statement: Reflectarrays provide a low cost and low profiddusion for antennas
required for high gain applications but their usaéstricted in some applications due to the narrow
bandwidth and high loss performance. These perfocedimitations can be attributed to different
sources of reflectivity of the reflectarrays. Thigrk provides a thorough investigation on the
reflectivity performance of reflectarrays designed 10 GHz using different dielectric substrates.
Approach: The detailed analytical study of the charactersstand losses of the reflectarrays was
presented and a number of dielectric substratesised to design and analyze the reflectivity of the
reflectarrays based on the analytical investigatitiich is validated by Finite Integral Method (FIM)
Results: The results showed that the dielectric materigdhviowest dielectric permittivity and loss
tangent values (Teflon) demonstrates an optimureatfity performance when employed for the
reflectarray designConclusion: It was concluded from this research that matepedperties
significantly affect the reflectivity of the reflerrays and hence the bandwidth and loss perforenanc
can be pronounced improved by using a low dielesubstrate.
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INTRODUCTION with controllable phase shifters, allows wide-angle
beam scanning to be controlled electronically camga
Reflectarray antenna is a combination of a flatto the parabolic reflector. However in order to iavo
reflector and an array of microstrip patches. hsists the power inefficiency which occurs in the highdos
of a thin flat reflecting surface and an illumimagi beamformer and phase shifters, the amplifier madule
feed. The concept of reflectarray was introduced byhave to be used with the array antennas (Huadg an
Berry et al. (1963). A new interest in the reflectarray Encinar, 2007). These amplifier modules are usually
was triggered by the work of Malagasi (1978); Mumso high cost and make the array antennas a very exgens
(1987) and Huang (1991). Reflectarray antenna hasolution for high gain applications. On the othant
been acknowledged as a potential alternative to theeflectarray is a flat, light weight and a costeeffve
traditionally used high gain antennas such as péicab structure which permits the realization of widedang
reflectors or phased arrays. The need for finding aelectronic beam scanning. Although the reflectahay
alternative to the parabolic reflector and phasedya the primary advantages of flat structure and loofife
antennas is due to some characteristics of theses compared to parabolic reflector, however the
antennas which limit their use in some applicatidfesr ~ bandwidth and the loss performance of reflectareags
example, parabolic reflector is difficult to be considered as the main performance limitation & th
manufactured in many cases, in particular at highereflectarray antennas. The narrow bandwidth is hain
microwave frequencies (Huang and Encinar, 2007, dudue to the differential spatial phase delays (Huang
to curvature of its reflector. The shape of theapatic  1995) while the losses occur due to the energy
reflector also causes an increased weight ando$itee ~ absorption in the conductor and dielectric layer.
antenna. Moreover the wide-angle electronic bean$pillover and surface wave excitation also contekio
scanning is not feasible to be achieved using aljméic  the reduction in loss performance of reflectarrays
reflector. High gain array antennas which are eoeip however, due to the multiple bounces of the waviién
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dielectric layer, dielectric and conductor lossas a resistance added in series is termed as the Eguival
much more significant especially at millimeter wave Series Resistance (ESR). The ESR represents losses
frequencies (Pozaat al., 1997). Many researchers have the capacitor and can be given by:
been working on possible techniques to increase its

bandwidth and up to 15% bandwidth has been reporte _C

(Encinaret al., 2006). This work provides a thorough TewC

study on the reflectivity of reflectarrays. The aajpive

and resistive effects on the reflectivity performarof  \where:

reflectarrays and other factors that cause dedgoadat 5 = The conductivity of the material
reflectivity are discussed in details. The 10SSg' = The real part of the dielectric permittivity dfe
performance of the reflectarrays is analyzed using substrate

numerical equations and different dielectric swiis88 C = Represents the ideal or lossless capacitamce. |

(2)

are used to design reflectarrays at 10 GHz in otaler capacitor
investigate and maximize the reflectivity of
reflectarrays. Having low-loss, the ESR is very small and in a
lossy capacitor the ESR can be large. When
MATERIALSAND METHODS representing the electrical circuit parameters extors

in a complex plane, known as phasors, a capacit®ss
Analytical investigation: In the case of an ideal tangent is equal to tangent of the angle between th
reflectarray antenna design, due to high currensit}e  capacitor's impedance vector and the negativeiveact
of periodic array of resonant elements, all thedeot  axis, as shown in Fig. 1. The loss tangent can Heen
energy will be reflected back with the normalized given by:
reflection coefficientI. However, the value of the
normalized reflection coefficierit is always measured ESR o
to be less than one because the reflectarray alway@“5zx_:wC~ESR:m 3)
exhibits some losses and the reflected wave allags ¢
a bit lesser energy as compared to the transmittae.

The reflection coefficient for a reflectarray camdiven The loss tangent is also the ratio of the regstiv
by the same expression as for the microstrip liae i power loss in the ESR to the reactive power
oscillating in the capacitor because the same AC
z.-2, current flows through both ESR and.. XFor this
r= 7 +7 1) reason, a capacitor's loss tangent is also stateiisa
¢ dissipation factor. From Eq. 2 and 3, it can beeobed

that the series resistance which represents tisedas

a reflectarray is dependent on the dielectric pridge

of the substrate used for the reflectarray antei@sagn.
Moreover it can also be observed that ESR decreases
¥vith the decrease in the loss tangent value of the
substrate. Therefore a reflectarray designed vath |
loss tangent material will have a value Iofcloser to
unity and hence exhibits lower reflection loss.

Where:

Z. = The characteristic impedance of the air

Zy = The impedance of the reflectarray which is
caused by the material used in the reflectarra
design

Unlike the conventional microstrip patch antenna,
in case of reflectarrays a complete mismatch betwee
the two impedances is required in order to reftbet
maximum signal from the reflectarray surface. From pmmmmmsmmmmmeeeoy
Eq. 1 it can also be observed that for complete ! :
reflection, the value of impedance of the refleetar _T_{ I_J\NV\” °
have to be made as close to zero as possibleideah | Cideal ESR 0k
case equal to zero. In order to further elaborate t :
effect of material properties on the reflectivithe —  hedd? :
reflectarray can be represented by a parallel plate
capacitor having a dielectric substrate between the v
ground and the conducting patch element. The lumped
element model of a capacitor can be represented byFig. 1: Real capacitor and the loss tangent shawn i
lossless ideal capacitor in series with a resistdre impedance plane
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Fig. 2: ESR values for different dielectric subsisa different dielectric substrates

The variation in the ESR with the loss tangent forTable 1: List of dielectric substrates and theoperties

different dielectric substrates is shown in Figltzcan ~Material & Tans
be observed from Fig. 2 that ESR depends on tte Io%:fs'gﬂne 22'0186 %%%01%
tangent value and capacitance which is affectethby Rroger 5880 290 0.0004
dielectric permittivity of the substrate. The degency  Roger 5870 2.33 0.0012
of reflectivity of the reflectarray on the dielégctr CEM 4.50 0.0250
permittivity can also be defined by representing th /Eiﬁm:'r?a 95% %57% %%%00“3
reflectarray with a parallel plate capacitor in @hi gjjicon 11.90 0.0040
capacitance can be given by: Gallium Arsenide 13.00 0.0060
c:ﬂ (4) The losses in a reflectarray are mainly causedhey t
d attenuation of microwave energy in the dielectagelr
and the conductor (Ismail and Inam, 2010).
Where: Therefore the reflection loss of a reflectarray ca
C = The capacitance of a parallel plate capacitor be given as:
A = The area of the conducting plates (conductar an
ground plane in case of reflectarrays) R =a,+a, (5)

d = The separation between the parallel plates

(substrate thickness for reflectarrays) .
where,oq and o, are the attenuation factors due to the

The capacitance is therefore greatest in deviceg,!e'ectriC and the conductor respectively and can b

made from materials with a high permittivity andder given by:

distance between the plates. This higher value of

capacitance causes a higher value g@inZzequation 1 q =9 (HeE£,) tand (6)

and hence causes a reduction in the reflection

coefficient value. The reduced reflection coeffitie

value then degrades the reflectivity of the retiectys. , _8.68R @)

The capacitive effect of the reflectarray antenna, = WZ,

designed at 10 GHz using different dielectric staiss

given in Table 1, is presented in Fig. 3 for a tants From Eg. 6 and 7, it can be observed that the
conductor separation of 1 mm. As depicted in Edt 4, dielectric attenuation depends on the dielectric
can be observed from Fig. 3 that the capacitancgermittivity and the loss tangent value which are
increases as the dielectric permittivity of thesrdites  discussed above in details. Moreover it can berobge
used for reflectarray design is increased. Thiseiases from Eq. 7 that the conductor loss depends on the
the dissipation of energy in the dielectric layeda resistivity of the conducting material used for traich
hence increases the reflection loss ofectdrrays. element design.
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Reflectarray design: Table 1 shows a list of dielectric As depicted in Fig. 4, it can be observed that at
substrates with different dielectric permittivitpdiloss  resonant frequency of 10 GHz, Teflon shows a vewy |
tangent values. These materials are used to désign reflection loss value of 0.135 dB as compared t&CE
reflectarrays using commercially available CST Mwsand Gallium Arsenide which offer the reflectiondasf
computer model with 1mm substrate thickness. Ieord 4.51 and 3 dB respectively. This is because Tefiias
to characterize the reflectivity of reflectarraytga Very low values of loss tangent and dielectric
elements, the reflection loss and the reflectioaggh Permittivity as compared to the other two materss
curves were obtained using dielectric substrategnga SNOWn in Table 1. It can be observed from Fig.& &t

a variety of dielectric constants and loss tangehtes 10 GHz Teflon has the minimum reflection loss value

ranging from 2.08-13 and 0.0004-0.025 respectivelymc 0.183 dB while Gallium Arsenide and CEM have

. . higher reflection loss values of 4.28 and 6.74 dB
Moreover the equations given above are analyzed tg

find out the losses for the reflectarravs using sah respectively. The difference in the reflection lestues
th terials f Table 1. The refi 3{ hg for different materials is due to the differencetie

€ materials form 1able L. 1he refiection pnasy/esl reflectivity of reflectarrays as discussed abovée T
were obtained using MATLAB Y with the help of the

. . i difference in the reflection loss values of botle th
predictions presented in (Inam and Ismail, 2009). analysis is due to the fact that in Fig. 4, onlg th

effects of conductor and dielectric loss are cossd
RESULTSAND DISCUSSION and the CST MWS simulations (Fig. 5) are carrietl ou
taking into account all other factors such as
Figure 4 shows the reflection loss curves obtainednterelement spacing, boundary conditions and port
by so|ving the equationsy discussed in the previ0u§XCitati0n distance. Table 2 shows the reflectioss|
section, using MATLAB V*° while Fig. 5 shows the Values of all other materials used for reflectarray
reflection loss curves obtained by CST MwsSimulations in CST MWS. From Table 2, it can be
Simulations for different materials. It can be age  Observed that the reflection loss increases adidiiectric

from Fig. 5 that the trend of the reflection loss i PErmittivity and loss tangent values areréased.

exactly the same as the one obtained by solving the S —
analytical equations. Another important measurd tha . T LT
can be used to analyze the reflectivity of the LT f:’
. . A T
reflectarray is the reflection phase performancke T & 27 v
reflection phases for some materials used to design < ;| | ‘:‘IF
reflectarrays at 10 GHz with 1mm substrate thicknes R b Teflon
. . - -4 A Gallium arsenide
are shown in Fig. 6. 2 LI
g 5 [ ———- CEM
5 by
O‘W“":’ . ] I.\ {J
—— , g = \
0.5 4 NN L7 2 J
A s
14 N /
L iy -8 ‘ - ‘ -
— 15 1 : 8 9 10 11 12
@ ‘\ ' Ir Fesonant frequency (GHz)
@ 2 4 '
e Vioord . . :
T 55 iy Teflon Fig. 5: Reflection loss curves obtained by CST
g A EEEE Galium arsenide simulations
34 b
% ) — — — CEM
R vt Table 2: Reflection loss values of different di#liecsubstrates used
LI for reflect array design
41 “ ,“ Material Reflection loss at Fr = 10 GHz (dB)
45 V] Teflon 0.179
Vaseline 0.261
-5 . . . w Roger 5880 0.180
8 s 10 11 12 Roger 5870 0.313
Resonant frequency (3Hz) CEM 6.875
Beryllia 0.395
) ) ) _ Alumina 95% 0.519
Fig. 4. Reflection loss curves obtained by anadjtic Silicon 2.857
equations in MATLAB Vo Gallium arsenide 4.326
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R properties can be exploited to reduce the refladiiss

o and enhance the bandwidth of reflectarrays. Howaver

' Teflon _ tradeoff is required to be established in ordefigore

Gallium arsenide . .

. CEM out the relationship between phase errors and
bandwidth performance.
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