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AREEYA BUMRUNGSUK : SHAPED BEAM MICROSTRIP
REFLECTARRAY FOR WLAN. THESIS ADVISOR : ASST. PROF.

PIYAPRON KACHODNOK, Ph.D., 154 PP.

MICROSTRIP REFLECTARRAY ANTENNA/HIGH PERFORMANCE LOCAL

AREA NETWORK TYPE 2/VIVALDI ANTENNA

This thesis proposes a microstrip reflectarray antenna designed to produce a
shaped-beam. The concept is demonstrated with a linearly polarized reflectarray
designed to provide a required coverage of the high performance local area network
type 2 (Hiperlan2) at 5.8 GHz. The reflectarray is illuminated by an external Vivaldi
antenna as a feeder at the proper pesition. The physical optic (PO) and optimized
coefficients of the polynomial fourier series (PFS) are used to determine the reference
curve that produce the design shaped beam. The phase pattern synthesis is applied to
obtain the phase-shift distribution on the reflectarray surface and the patch length in
order to achieve the phase compensation are determined. The antenna prototype will
be realized and experimented to validate the technique and the developing analysis

tool.
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NSUALIINIABSVDIYAUNAIR1IANT Y UA (Felsen and Marcuvitz, 1973; Balanis, 1989)
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ﬂTiﬂ@Uﬁu@Q@NWﬁﬁm@ﬂﬂTiﬂfﬂ@?@Eﬂ\1!L‘WfNﬂ’lluﬂﬂigllﬁﬂﬂﬂuﬂlﬁ@‘ﬁ'lﬁu'lll Llﬁﬂﬁhlﬁlﬂﬂﬁ

E.(F.7.J(F")=—Ge(F,7)-J () (3.11)
Epn (F.7.M (7)) = ~Gew (7,7)-M () (3.12)
H, (F. 7,3 (7)) = -G (7,7)-3 (T) (3.13)
H,, (F, 7 M () =G (7, F7)- M (F) (3.14)
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(3.15)

(3.16)
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A a o ¢ A = A
LIDUNUNITADUTUDIDUWAAUDIFUNITN (3.11) D4 (3.14) adluaumsn

4 1 [ (] I o 4
(3.5) uag (3.6) oM IMILHNTZMENaINUVoIauiman TS wiieaanmnszaie

VOULHAINWUANTELE (Felsen and Marcuvitz, 1973) awld
E(T)=—[Ge (7,7)-T(F)dV'~ [Gew (F,7')- M (F)V" (3.17)

H () ==[Gu (1,7)-T(F)dV' = [Gum (T, T)- M (F)AV" (3.18)
v o y Jd o ~ a { 4
auiuiiedanduniulauean awnsoldaunsi (3.17) uag (3.18) 1ive
o 1 J o =) 9 4 1 o A A 9
AIUMINMIUANTZIBV LN TINFUNT Uz IdaInnnmesvesrastutanszuai Ia
= v W 1 @ s A 9N ¥ A T J o &l a
Imsdnarediaazsamnumannaesive 1 laauuiudnszateeonli Wendunsulauedan
Jo o a v J
i lRInwamasYeIauMTIUNNEAAT RS UMINTZAUAIeBUNAT
J v G d
o Wendunsunuuanans
Jd v a @ R 1
Wansuniulaneansgldnumsdnatedavesnszud lilwaznszue
4

] < 4 1 @ 4 l < o [ a o
LLﬂJLWﬁﬂLﬁ@W'Iﬂ']ﬁLLNﬂi%ﬂWﬂWﬂQQTuﬂJﬂQL?ﬂLﬂﬂﬁﬁuWNLLMLWaﬂVl‘V\l‘%/}\h TINTUTUNITIBIDYNWUD

YoulanFuATUaIITan Iaanmsunuannsh (3.11) 89 (3.14) Tuaums (3.7) 59 (3.10) Ao

josGe (F,7)-J (F)=V x G (F,7)- I (T} =3 (F) (7 T (3.19)
jouG (F,F)-J(F)+VxGe (F,F)- J(F) =0 (3.20)
jeGan (T,7)-M(F) =V x G (F,F)-M(F) =0 (321)

jouGu (T, F)-M (F)+ VxGeu (F,T)- M (') = M (F) 5(F =) (3.22)

4 2 7 7 1 o a o o {
Lﬁ@lﬁﬂfluﬂlﬂi 0 LLﬂul’Jﬂm@iﬁu& Llagnﬂm’E]‘iLH’i’a\1ﬂuuﬂﬂ'WﬁJWiﬂﬂWﬂﬂ'ﬂ@ﬂﬂWﬂﬁNﬂWﬁﬁ

(3.19) 84 (3.22) 1ade
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jweGe (F,F) —VxGyu (F,F) =15(F — )

(3.23)
jouG (F,F)+ VxGe (F,F) =0 (3.24)
jweGew (F,7')—VxGum (F,F) =0 (3.25)
jouGm (F,F) +VxGen (F,F) = 15(F —F) (3.26)
MnauMsh (3-24) tag (3-25) v 1dAnudin g
G (F,F) == VxGes (F/F) (3.27)
Jou
Geu (F.7) RN (T.7) (3.28)
jwe

Wanns (3.27) unuastu (3.23) nazunudauns (3.28)unuaslu (3.26) uazlHinaes
nanYE VxVxA= V(VA) VA w14

VV-Ga (T,7)-V2Ge (T, 7')~k*Ge (F,T) = jepds (T —T) (3.29)

VV-Gr (F,7') = VG (T, 7))~ kGt (T, ') = jorels (T ') (3.30)

NTUNIN (3.29) 1A (3.30) Ansoudanmsldne

Ger = W(i ij)‘(f-”

k(i) G0
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= - VV)\é(r-r)
Guv =—jowe| 1+ (3.32)
. ( k? J(V2+k2)
naaumMs (3.31) ag (3.32) azilszneudlounnes
_ 5(r-r)
g(r-r)=- (3.33)
( ) (v2+k2)
Farienaumsn (3.33) 1 WIRFUATULUD NG5 (scalar Green’s function)
(V2+k2)g(T—F):—5(r—r’) (3.34)
MAVVDIAUMI (3.34) Tuo1mAI19AD
o IkR
R)= 3.35
g(R) iR (3.35)

4 =Y - I J J o Aa — —
e R=T—F ilunnwesszuineganiiauazgauesauiu uaz R :‘R‘ =[F-7|=0

d v
o Wanvunsulauedin
d o a I 4 H 1 < a {
Wansunsu'laveaniluasostonlsmiariuuaiman i luuS nani
1 o a 9 1 U a d’ a g’/
unastutala 9 laun Tueameanuazusnuigniany

Y =~ a < 1 ~ 9 A
ﬁﬁﬂ‘]fuﬂ‘iuhlmlﬁ)ﬂﬂg1JLL‘]J‘]JmNiu’i)’lﬂWﬁ’JN‘VﬂﬂMﬂﬂmﬂﬂWﬂWu’]ﬂ f A

Ges (R) = jau S (i_fefz)(l_i_ ji}éﬁ(iﬂij (36
= AR K’R. ' KkR KR? ' KR '




23

= _ 1 -jkR =

Gu(R)=| =+ Jk Rx1 3.38
» (R) (R Jj47zR g (3.38)

= = 1 . )e’ s =

Gem (R)z—(ﬁ+ ka iR Rx1 (3.39)

e laoa RR mviualae

R? RR RR

ux ux - uy ux " ‘uz
50 2
RR = Ruy RUX Ruy Ruy RUZ
RUZ RUX RUZ Ruy RLJZZ

{ I 4 A o
Tagd R, =(x—x)/R, R, =(y—y )[R uaz R, =(z-2z')/Riluesdlsznoviiia
A A 2 =
vdeuyunINYed R aauuesved (3.36) 04 (3.39) gnudaslumaruan n

~ v U o A a v J
auiurnzae Inoirasilianszuaduwaaausonaaslugiuyy

v o ' nre B [
SU’ENﬂ'JnJﬁiJWU‘ﬁ"Uf]\ﬁgElﬁ/ﬂﬂi%‘l’i’)'l\n!ﬂﬁ\?ﬂTLu@L!ﬁgﬂqﬂﬁQLﬂﬁﬁﬂ

£, (r.71,T(M)2E, (R.7)=-Gu (R)-J (3.40)
Fy (7,7 M (7)) = Ay (RM ) = G (R) - M (3.41)
A, (7.7, ()=, (R,7)=Gw (R)-J (3.42)
E, (7.7 M (7)) = E,, (R.M) =—Gew (R)-M (3.43)

NNz eesn lamnson 18 lagmsnude uauIuduitioannUaas unadIn il

1eae lano
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. = A\ 1) .,
:—Jwyj iR (1— RR)-J (F )(1_W_ jﬁjds (3.44)

} T BB \1 [+ _ 1 _ i '
”R(l—RR)~M(r)(1 S jds (3.45)

T

= 1 ~ D\ 71 /(+# ’ 1 H eiij 507 (+ ’
(7. 3)==[Gu(R)-T(7)ds :—j(Rﬂkj ~RxJ(F)ds (3.46)

—JkR

Em(r,M):_jEEM(R)-M(f)ds'zj( +ka RxM(F)ds” (47

47R

v g’/ . 1 o J { o &I a .
muuﬁumﬁuwmzﬁnﬂfnmﬂizuﬁ%ﬁumﬁmmamww%ﬂszuﬁmﬁmumuwum (Silver,

1949) aungant lanail

E(r):E(r 5)+E( =—IGEJ(R)J(r)dS' IGEM(R)M(r)dS’

E(f)— jj(

3

JRR(

kR kR2 "R )R (R+k2R2
(3.48)

k3 3))e IR 25! — HMXQW(H jkR)e Rk 2ds’

H(r) = H,(F, J)+ H,,(F, M) =—[ G,,, (R).J(F))dS' - j G, (R).M(F)ds’
r 1 7 l jkR
H(r)=EjjJ <R (L jkR)e Mk Pds ”( (__
1 ) (3.49)

)+(|V| R)R( ))e *Rk?ds’

kR kR2 kR3
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uaz (3.49) gn e imsunnszevesaun szduna lannediuanvesaumsaziaven
o w ~ 1 [ = I U A o ] Yy 1
Maswes R Muanaenu gillugiunmiuaveuvavreansurnssaoauI laun aau
v949 1/R, 1/R?, 1/R® Ny (l— RR)-M, (l— RR)-T, RR-M uag RR-J uazaiuved
g = iy — o ¥ a
1/R, 1/R? fu RxJ uag RxM auiumiinsanveuva (7R < 1/2) AvauiwszezIngd
1 1 9
Iuan I AzHIITHURNIZAINYEY 1/ R ieszezmaunniu vzdlsingdiuves 1/R Tu
E4 1
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lumslianengadnyauzeIa g0 1NMNNNGa AU UIUUFUMIUANAII YYD 180 1NA
Tuguauinszes Inauaasdaaunis (3.50) kaz (3.51) o l¥msdszmnavesauiuszes lna
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Lﬁ'ﬁ) r LﬂuLﬂﬂlﬁﬂiﬁﬁﬂﬁuﬂﬂﬁTﬁﬁﬂﬂWU’JmLL‘UUg‘ﬂﬂTﬁLLNWaQQTL!"U’EN?ﬂﬂ@?ﬂWﬁiuﬂﬁ‘ﬂ%ﬁJﬂﬁ
U . [ v ~ ] A a
duinszey lna ludiuves exp(- jkr) 1uatasnvesmsuinszatenduluus nuauiy
J Ay U o = =2 o o J
igﬁl%klﬂﬁ tazosndsenovves .7 Tudiuveuens InuuFsauaasdennNuaunusvouna

TumsurnszaeauuluuSnaauusze: lna

~

I =a,cosgsingd+a, singsind+4a, cosd
v & 1 (% a 9 I
astunpugUmsuiwasaulusnaaunuszes Tnave Idit

ij e v

E™(r)=— ”(J (J.F)F)e ro|s+”j1 F x ”Me‘“ ds' (3.50)
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— jkr

B — jkr o _ S
q far(r) __Jke ke J‘J‘Jejkr s’ — kﬂerz J‘I(M —(M.f)f)e“‘r s’ (3.51)
0 s
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1 S/(v\ _ Jke o kr'.f
H (N =-=— rXHJe‘ ds (3.53)
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1S /= Jke r jkr'.f '

H (M =-=, rxjjJe J dx'dy’ (3.55)
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G(0.4) = 4”;}—_““’ (3.66)
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180° phase shift
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V.1 N394 IEEE 802.11 ttag ETSI HIPERLAN
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HIPERLAN HIPERLAN HIPERLAN HIPERLAN
TPYE 1 TPYE 2 TPYE 3 TPYE 4
Wireless IP and Wireless [P
Wireless Wireless broadband
Description ATM short range and ATM
LAN interconnect
access remote access
25 Mbps
Bit rate 24 Mbps Potential for 54 25 Mbps 155 Mbps
Mbps
50-100
Rang 50-100 meters 5,000 meters 50-100 meters
meters

AN V.2 115314 IEE 802.11a ttag HIPERLAN

5250-5350 MHz
to 5250 MHz

Network ETSI BRAND ETSI BRAND
IEE 802.11a IEE 802.11b
Standard HIPERLAN 1 HIPERLAN 2
Access CSMA/CA,
CSMA/CA TDMA/EY-NPMA TDMA/TDD
method SSMA
64-QAM-OFDM 64-QAM-OFDM
CCK (8
Modulat 16-QAM-OFDM 16-QAM-OFDM
complex chip GMSK/FSK
ion QPSK-OFDM QPSK-OFDM
spreading)
BPSK-OFDM BPSK-OFDM
6,9,12,18,24,36, | 1,2,5.5and 11 23 Mbps (HBR) 6,9, 12,18, 27, 36,
Data rate
48 and 54 Mbps Mbps 1.4 Mbps (LBR) and 54 Mbps
5150 to 5300 MHz
5150-5250 MHz
Frequen 2400-2483.5 Limited in some 5150-5350 and
5725-5825 MHz
cy band MHz countries to 5150 5470-5725 MHz
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20 MHz channel
5250 to 5350 MHz
1 We.ir.p.

5750 to 5850 MHz

4 W e.r.p

on country
administration

1 We.irp

100 mW e.i.r.p

10 mW e.i.r.p
Regulatory power
limit in CEPT
countries; 200 mW
maximum mean

e.ir.p

Network ETSI BRAND ETSI BRAND
IEE 802.11a IEE 802.11b
Standard HIPERLAN 1 HIPERLAN 2
Tx 5150 to 5250 MHz 1000 mW e.i.r.p | Three different 5150 to 5250 MHz
power 10 mW/MHz 100 mW e.i.r.p | classes of power 200 mW
200 mW e.i.r.p. in 10 mW e.i.r.p levels depending maximum mean

e.i.r.p and use of
transmitter power
control.

5150 to 5250 MHz
1 W maximum
mean.e.i.r.p and
use of transmitter

power control
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Network IEE 802.11a IEE 802.11b ETSI BRAND ETSI BRAND
Standard HIPERLAN 1 HIPERLAN 2
Sharing | - OFDM provides - CDMA allows | - In 5150-5250 - OFDM provides
consider | low power spectral orthogonal MHz e.i.r.p. low power spectral
ations density. spectrum density limit density.
- CSMA/CA spreading. should be subject - In 5150-5250
provides “listen - CDMA/CA to MHz e.i.r.p.
before talk” access provides “listen | Recommendation density limit
etiquette before talk” ITU-R M.1454 should be subject
- In 5150-5250 MHz | access etiquette. to
e.i.r.p. density limit Recommendation
should be subject to ITU-R M.1454

Recommendation

ITU-R M.1454

Use of dynamic
band 5250-5350
and 5470-5725
MHz.

Regulatory
restriction to
indoor use only in
5150-5350 MHz in

CEPT countries
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The Shaped Coverage Area Antenna for Indoor WLAN Access Points

A BUMRUNGSUK and P. KRACHODNOK
School of Telecommunication Engineering , Institute of Engineering
Suranaree University of Technology
111 University Avenue, Muang District, Nakhon Ratchasima, 30000
THAILAND

Kaew_tcel 3@hotmail.com

Abstract: - The concept is demonstrated with a linearly polarized reflectarray designed to provide required coverage of
wireless local area network (WLAN) access point at 5.8 GHz. The reflectarray is illuminated by a feed. The design
process consists of two steps. First, a phase-only pattern synthesis technique is applied to obtain the required phase-
shift distribution on the reflectarray surface which generates the shaped pattern. The second stage is determining the
length of square patches in order to achieve the phase distribution synthesized in the previous step. The far-field
generated by the vivaldi antenna is used to compute the radiation patterns of the reflectarray and the radiation patterns
exhibit a shaping close to the requirements. To verify the proposed antenna, the reflectarray has been manufactured
and tested in an anechoic chamber, showing a good agreement between theoretical and measured radiation patterns.

Key-Words: - Shaped-beam, reflectarray

1 Introduction modified parabolic surface. Also, Wongsan and
The antenna is an important component to radiate signal Thaivirot [2] pr§sented the synthesis of radiatipn
energy in a desired direction for communication system. patterns of the variety of shaped backscatters to provide

The antenna type that generally is considered to have ~ the wide beam for indoor WLAN applications. From
high efficiency is the reflector type. A reflector antenna these papers, the backscatters have been fabricated from
consists of a primary feed homn illuminating and a the circular metal sheet that their surfaces are shaped to
secondary reflector surface. The reflectarray antenna be geomelric C'urvature, In case of WLAN systems, such
combines some of the best features of reflector and array antennas are improper because their structures suffer
antenna. In its basic form, a microstrip reflectarray from mechanical drawbacks such as bulkiness and the

consists of a flat reflecting surface, there are many  need for an expansive custom mold for each coverage

isolated elements (e.g. printed patches, dipoles, or ring), specification. .

which array on flat PCB or a thin dielectric substrate Recently, we proposed the synthesis of phase and
without any power division transmission line. This radiation pattern for microstrip reflectarray using
operation is similar in concept to a parabolic reflector discretization of elementary geomeirical functions [3].
that naturally forms a planar phase front when a feed is The reflectarray antenna duplicated the same radiating

aperture as curved backscatter reflector. A reflectarray
configuration is attractive because it allows a single
mechanical design to be used repeatedly for a wide
placed at the wall of rooms or buildings. However, most variety of different coverage specifications without the
kinds of these antennas have omnidirectional pattern. need for expensive fabrication of a new mold. The only
Therefore, they are not suitable for field radiating in the ~ ¢hanges are required that the printed reflecting element
room because of power loss in unnecessary directions dimensions be changed for each design in order to
such as outside of room. This argues if we can design an generate the different beam. Thus, many of the high
antenna to illuminate a predefined complex coverage recurring costs associated with shaped reflector antennas
area without substantial spatial variation, it will have ~ ¢an be eliminated with flat printed reflectarray. The flat
more efficient for field radiating. Thus for solve a ~ eometry of a reflectarray also lends itself to easier
problem aforementioned, the shaped beam antenna is an ~ Placement and deployment on the WLAN indoor base
alternative for WLAN applications. This antenna will station and also in terms of manufacture. In addition, a

placed at its focus. At present, the popular antennas for
WLAN access points are linear dipole, slot array, and
microstrip antenna. These antenmas will be usually

use installation area on the ceiling, The associated flat printed 'reﬂectar'ray ful'fils the antenna requirement
literatures have been reported by several authors. for low pfoﬁle anq llght weight. ) '
Smulders et al. [1] presented the design of a 60 GHz In this contribution, a shaped-beam microstrip

reflectarray antenna have been designed for required

shaped reflector antenna for WLAN access points by
area service in WLAN. To achieve such coverage area,

using backscatter reflector, which fabricated from the

ISSN: 1790-2769 193 ISBN: 978-960-474-171-7
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phase of each array element in the reflectarray antenna is 2.1 Feed Vivaldi Antenna
specific designed to emulate the curvature of the With a design feed antenna as shown in Fig.2 [4]. A

reference reflector by using patches of different size. vivaldi antenna is useful a configuration because of its
These patch elements are built on the FR4 substrate. The simplicity, wide bandwidth, and high gain. The
reflectarray geometry and the radiating element are simulated results show that the directivity of 7.681 dB
shown in Fig.1. as illustrated in Fig.3. The parameters of a feed vivaldi

antenna with the features are summarized in the Table 2.

2 Reflectarray Design Table 2 Feed vivaldi antenna data.

The idea of a reflectarray antenna which has flat surface Parameter Size (mm)
is the principle work as same as a reflector antenna. For ay 1875
this paper the design of shape-beam reflectarray for ay 90
indoor WLAN access points is presented. Once the I 1547

phase required for the reflection coefficient at each

reflectarray element has been determined, the D; 17.8
dimensions of the printed patches have to be adjust for Wsr 30.1
match that phase, see Fig.1(a). In this case, a single layer H 1.6

configuration is shown in Fig.1(b) and the design of a
reflectarray with the features is summarized in the
Tablel. The reflector has project aperture of 35x35 cm,
with focal lengths of 12 cm. The coverage requirements
for the reflectarray antenna and the performance actually
is achieved by the baseline design using the girded
shaped reflector are directivity at edge coverage 20 dB
for the frequency ISM band of 5.8 GHz (5725- 7S
5825 MHz). The three of design stages are description of P sutirae |
the reference antenna by radiation pattern specification, )
translating the desired aperture phase to the patch
reflectarray phases, and determination of patch
dimension.

-

-
= Wyr
Stripline foed

Fig.2 Feed vivaldi antenna.

Table 1 Reflectarray data.

Reflectarray diameter (cm) (35x35)
Number of elements 361
Period (cm) 2.06
The center of reflectarray 0,0,0)
Feed position (cm) (0,0,12) \
Reflactarray T T
¥ a
L : L
. -
Feed
; Patch
- K
1
” * =
Ground plane o ~—
Unit cell (b)
(@) (b) Fig.3 The radiation patterns of the feed vivaldi antenna,
Fig.1 The geometry of microstrip reflectarray. E-plane (a} and H-plane (b).
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2.2 Synthesis of The Reference Reflector

The reference shaped-reflector is calculated from (1) can
be achieved by the use of all the optimized coefficients
of the polynomial Fourier series (PFS) to produce the
desired radiation pattern for the simple coverage such as
rectangle and circular. Physical optics (PO) is employed
in the synthesis stage and physical theory of diffraction
(PTD) is employed to calculate the accurate far field
pattern in the analysis stage as shown in Fig.4. The 5.8
GHz reflectarray will be designed with the aperture size
and coverage specification as a reference reflector
designed to illuminate room with a shaped coverage
pattern. The radiation patterns are sectored in elevation
and azimuth,

2 3
zp(Xp, yp) = apxp +ax, tagx, tayy.tagy, +agyy
2 2 Ne Ny
PRy Y hEg RNyt AgNp Ky A HE] ;:'_1 Cnn r}n(“f)‘rn (}’)

1
where
f. =1,cos(x),sin(x),cos(2x),sin(2)....,cos(nx), sin(nx)
for r=123,...N,
£.(y) =1,cos(y),sin{y),cos2 y),sin(2 1),...,cos{m},sin{ny)
for s=1,23,.... N, .
and (x,y,2) is the position rectangular coordinate
system for the reflector surface. N and N}a['e the

number of Harmonic Fourier of x and y dimension,
respectively.

cld radiation paticrn of

raddiation parern ‘

ﬂ,

Loclfxacnt of refloctor surface

Calesliti Reflector S ) Calculats Radiation
Surface [4 | Patsern

|
|
| \
P )
| Al &
l Recovered ) P
| Cosflicient Vunction Ubjective A ‘

|
| qp db !
| - - ; o Y ]
b [ opimed i |2 NS o[ Refereoce Reflecr
: | Coafficient ] Q—'\E:“P;/‘—" ,I/| Surface I
| ; |
e == -

Fig.4 The optimum parameter of shape
reflector surface coefficient

2.3 Translating the Desired Aperture Phase to
the Patch Reflectarray Phases

Fig.1(a) illustrates the incidence of wave on the surface

of an analysis model of printed microstrip reflectarray.
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(a) Circular coverage.

B2 @15 01 005 0 005 01 015 02
Pabeh postsan i v-avig

(b) Horizontal rectangle coverage.
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01
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(c) Vertical rectangle coverage.
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{d) Dual circular coverage.

Fig.5 Phase distribution of the reflection coefficient

obtained from the reference reflectors.
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The idea of a reflectarray antenna, It has flat surface
which is the principle works same as a reflector antenna.
Also, the required phase distribution on the reflectarray
surface has been synthesized complying with the service
area specifications. The required phase-shift on the
reflectarray is obtained from the distances between the
plane and the reflector as illustrated in (2). For each cell
of the equivalent reflectarray, the reflection coefficient
of the equivalent reflectarray is calculated with the
following equation. Fig.5 shows phase distribution of
the reflection coefficient is obtained from the reference
reflectors for circular and rectangle coverage.

¢ =2k, (2)
400 T T T
kL ]
300 1
T
e
g 2501 1
=
2
2 2000 1
&
c
S
E, 150 B
]
-4
100+ -, i
50 1
0
8 9 10 1 12 13 14 15
Patch size (mm)

Fig.6 Phase of the reflection coefficient provided by the
radiating element at 5.8 GHz.

2.4 Determination of Patch Dimension

To compensate of a desire aperture phase above, the
lengths of the patches are determined, element by
element, using CST software. The routine takes into
account the incidence angle of the impinging wave at
each radiating element position and the dissipative
losses introduced by the dielectric layers. The mutual
coupling between elements is computed by the
assumption of local periodicity. A feed has been
comnsidered in the far field and has been modeled through
a cos® function in order to determine illumination levels
on the reflectarray surface. In this example, the dielectric
substrate with the relative dielectric constant & with 4.5

was used. Fig6 shows the phase of the reflection
coefficient provided by the phase-shifter as a function of
the patch size at central frequency. Basically, the
available phase shift rang is limited by the reflectarray
antenna bandwidth (around 4%).

ISSN: 1790-2769
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3. SIMULATION RESULTS

Simulation is done in a far-field range by using (3), the
possibility of using different types of reflectarray
elements also exists. The design has been carried out for
dual linear polarization, being the results obtained for
the y-polarization very similar to x-polarization. If the
beam is compared with the requirements shown in
Figs.7 and 8, (dash line is the requirement coverage and
solid line is simulation results), general good agreement
is found. The coverage area is illuminated with the
minimum desired gain of 20 dB which is sufficient for
the system requirements. In Fig.9, the crosspolar pattern
are shown.

- M N - - - - - a
Bi)= T 3 Flipy-d)- Ay ig)- Aliip)
m=ln=l

3)

X eXp [—ﬂ(o (‘;Hm‘ + f} &)— jAgﬁﬂm}

(b) Crosspolar radiation pattern.

Fig.7 Dual circular coverage.
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a) Circular coverage.

(

Circular coverage.

)

a

(

PRz ypsssat
LLL PV

AT 276

015

01

005

ih) Horizontal rectangle coverage.

Horizontal rectangle coverage.

(b)

(c) Vertical rectangle coverage.

Vertical rectangle coverage.

(c)

Fig.9 Crosspolar radiation patterns.

Fig.8 Copolar radiation patterns.
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Fig.10 The shape-beam reflectarray prototype for
WLAN (dual coverage area) at 5.8GHz.

(a)

(b)
Fig.11 Comparison between requirement coverage (a)
and measurement results (b) for dual circular coverage.

4 Experimental Results

The design technique has been validated by comparing
the different radiation pattern obtained from simulation
and measurement. Since, the antenna has been designed
for linear polarization, required coverage for WLAN, the
shape-beam reflectarray has been analyzed though the
technique. The designed reflectarray has been used as
the reflector antenna. A feed vivaldi is used to illuminate
the array that had edge taper 20 dB beamwidth
characteristics. The field on an aperture and radiated
field in (u,v) coordinates can be calculated by the
conventional array theory expressed by (3) [5], where
u=sinfcosg and v=sindsing. In this case, the field at

the projected aperture is calculated at points of a regular
periodic mesh along x; and y; directions

ISSN: 1790-2769
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A picture of the manufactured shape-beam
reflectarray antenna is presented in Fig.10. The beam is
compared with the requirements shown in Fig.11, it is
good agreement between the simulation and
measurement of shape-beam at 5.8 GHz. Because we
have small anechoic chamber, the contour pattern is
shown in some part at -0.27<w<027 and
-0.69<v<0.69.

5 Conclusion

The paper pr(-strnls a IFJiCI'(lSll'iP l'cﬂcclarl'ay antenna that
is designed to produce a shaped-beam coverage pattern.
The concept is demonstrated with ISM-band (5725-5825
MHz) linearly polarized reflectarray. The proposed
antenna is designed for provide coverage of large-scale
indoor at 5.8 GHz. The reflectarray is illuminated by a
single feed. The beams are shaped both in azimuth and
in elevation. A phase-only pattern synthesis technique is
applied to obtain the phase-shift distribution on the
reflectarray surface required that produces the shaped
pattern for the central beam. Then, the dimensions of the
printed patches are adjusted to produce the required
phase-shift at each element. Finally, the far-field
generated by the feed is used to compute the radiation
patterns of the reflectarray and the results are closed to
those obtained. The radiation patterns for beams
exhibited a shaping close to the requirements.
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1. Introduction

At current stage, the antennas for WLAN access points are the linear dipole, slot array, and
microstrip antenna, ect. [1-2]. These antennas are not suitable for field radiating in the large room
and complex shaped room because of power loss in unnecessary directions. In many applications,
reflectarray antenna requires radiation patterns to be shaped such that the pattern contour fits the
shape of the desired coverage region [3] which the antenna is placed on the ceiling. The shaped
contour radiation pattern reduces wasted transmitted power by minimizing the illumination of
unwanted areas such as out of the room. The advance of the reflectarray antenna is low profile and
light weight to easier placement and deployment on the WLAN indoor [4]. This paper will present
the synthesis and simulation results of reflectarray. The physical optics(PO) [5] and optimization
method are employed for reflector surface shaping to praduce the desired contoured beam.

2. Reflectarray Design

Even though, the almost reflectarray antenna has the flat surface, but its principle operation
likes as the reflector antenna. In this paper, the synthesis of shape-heam reflectarray for indoor
WLAN access points will be presented. Once the phase required for the reflection coefficient at
each reflectarray element has been determined, the dimensions of the printed patches have to be
adjusted for matching to that phase. In addition, a single layer configuration is shown in Fig.1 and
the design of a reflectarray with the desired features is summarized in the Tablel. The coverage
requirements for the reflectarray antenna and the performances are actually achieved by the baseline
design using the grided shaped reflector that is directivity at edge coverage 20 dB. The design stage
consists of three parts that are determining the reference curve surface using radiation pattern
specification synthesis, translating the desired aperture phase to be the patch reflectarray phases,
and determination of patch dimension.

1 Table 1: Reflectarray Data.
Reflactarray
e Design frequency (GHz) 5.8
Reflectarray diameter (cm) (35x39)
Number of elements 361
Feed z
545 paieh Period (cm) 2.06
s/ U.,})iﬁmm‘
Y=Lomm | substeae ] X Feed position (cm) (0,0,12)
- \grnund plane
Unit cell Gain requirement(dB) 20
@ ®) Radiation pattern specification | Rectangular

Figure 1: The Geometry of Microstrip Reflectarray.
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2.1 Calculation reference curve surface

The reference curve surface is calculated from (1), which can be achieved by the use of all
the optimized coefficients of the Polynomial Fourier Series (PES), that obtains the desired radiation
pattern. Physical optics (PO) is employed in the synthesis stage to calculate the accurate far field
pattern. The reference shape is controlled by coefficients in (1) and these can be varied so that the
gain of the antenna conforms to that specifies at the sample points. The 5.8 GHz reflectarray will be
designed with the aperture size and coverage specification as a reference curve surface that was
designed to illuminate room with a shaped coverage pattern.

N, N,
_ ) ] 2 2 ] -~ 1
z(x.y)=ax +ax+ax +ay +ay + 35);; +axy +axy +ay.x +ZZ C..L(x) () (1)
m=1 a=1
Reference reflector "Radiation patiern
Fix ’ required
— =
Iniial reference Radiation pattem ‘
reflector surface f . 1 ‘
~ / N & [ f_‘ /
; ’ ( : y ~z 1/
2 \ / D H ~A ‘
| S [ |_ U5 ¥p2s)
OPTIMIZATION A b -
Mew radiation \ [
New reference . H
reflector surface f _?—‘!“9"1,\. : .
/ L \ ) SRy
S I'd | »
o~ J2 M — Reflectarray f

OPTIMIZATION .

Figure 3: Geometry of the Surface Calculation.

Reference abon 2:"‘3“"
reflector surface _ fequin
-~ y -~ . M.,
- F \
( dn \‘“--n__‘__ A 0
J — i
Calculate phase and determination g )
of patch dimension 1
& ™
Reflectarray Radiation patterm 5
Py required g 150k
» S 3
- T— i«
Phase :./ 100k
~— L Y

o

8 ;1 |I:| T 'Iz |I3 4 1%
Pach sze (mm)

Figure 2: Contour Beam Reflectarray Technique. Figure 4: Phase of the Reflection Coefficient

For the reference surface synthesis as illustrated in Fig. 3, the PO expression for the electric fields
radiated from the reference surface is given by

2l . PO R e
E™ (@) = - jouE—) II J0r) = (I () D) Vi + V' + V. ds @)
dmr 5 ’
Ne ) .
where V,=-(a+2a,x +3a, sz ta )y + aa.}',-z +2ax.y, +z Con 1,5 df:;r(xr) ),
=l o=l X,-
Ne Ny
V, =—(a,+2ay,+ 3a,y) +ax +ax +2axy + Zz C f(x) —dfﬁ}(‘y"} ).
. m=l p=1 ay,
v, =1.

JY = 2ax H' is the so-called surface electric current densities or equivalent surface current

sources on S surface and 7 is the unit normal vector outward from the reflector surface. The
calculation of the electrical field can be led to the antenna characteristics, namely, the radiation
pattern and gain. The shaped beam are designed by the antenna characteristics for coverage area
where is complicated.

Note that the normalization is such that the gain in dB; of the j th element is given by

2
G (0.4) =10log,, (|E;’0 (0,¢)| ) 3)
The gain GJ,PO of the antenna is calculated using PO currents on the reflector and are compared to

the specified gains st called objective function ( /') as shown in the equation below.
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F(position, coefficient) = 3 ’Gmf G§| (4}

positian
Fig. 2 shows the optimization method which is calculated by (5) [6]. The coefficients of the
Polynomial Fourier Series are varied in a search to minimize. Minimizing of F is the criterion for

the optimization procedure. The difference between the gain desired (ij) and the gain achieved
( Gj.P ) is minimized, when F is minimized. Then, the set of /¥, + Vi +V* is minimized.
¥ <r ¥ (5)
where f[m denote f (E(k), Zn.(k)) and k is iteration, k=0
2.2 Translating the desired aperture phase to be the patch reflectarray phases
The amount of phase requirement of array elements is simply obtained by comparing the
configuration of a reference reflector with that of a flat microstrip reflectarray as shown in Fig. 3.

The required phase-shift on the reflectarray is obtained from the distances between the plane and the
reflector as calculated in (6).

¢j = Zk[] Z (6)
where &, is the wavenumber and 2, is the distance along the axis of the reflector from the focal
point to the edge of the rim that is calculated from (1). For phase optimization, the set of phase ¢,
that minimize F'is sought.

2.3 Determination of patch dimension

To compensate a desired aperture phase above, the lengths of the patches are determined,
element by element, using CST software as shown in Fig. 4. The routine takes into account the
incidence angle of the impinging wave at each radiating element position and the dissipative losses

introduced by the dielectric layers. The mutual coupling between elements is computed by the
assumption of local periodicity.

3. Simulation Results

The iterative technique outline shown in Fig. 2 was used to design radiation pattern
requirement which the far-field points are 11 by 31 points rectangle grid. To begin the optimization,
we are assigned the reference reflector using parabolic equation. The current is calculated using PO

and the reference far-field radiation pattern as shown in Fig. 6(a). Then comparing between st and

Gj‘DO are called function objective. If the difference value of st and GJ,PO is a few. The radiation

pattern is correcting. After that, the calculation phase and determination of patch dimension are
determined as shown in Fig 5. The field on an aperture and radiated field in (z,v) coordinates can be
calculated by the conventional array theory expressed by (7) where y=sindcosg and

v=sin&sin ¢.

M . o .
E@)= % ¥ Flign: az)- AG-ip)- Al i) exp| — kg (innl + 7 )= i0pan | (7
m=1 =1

where F is the feed pattern function, A is the reflectarray element pattern function. I is the
vector from center of reflectarray to mmn-th element. i is the reflected field pointing direction.

Ag_. is the required compensating phase of the mn-th element, respectively.

In this case, the field at the projected aperture is calculated at points of a regular periodic
mesh along x, and y, directions. The far-field of feed has been considered and has been modeled
through a cos? function in order to determine the illumination levels on the reflectarray surface.
Then, the optimization for the far-field pattern of reflectarray antenna at 670™ iterations and the last
iteration at 2640™ as shown in Fig. 6(b) and Fig. 6(c), respectively. If, the far-field pattern did not
change, so the iterative process was ended. The beam is compared with the requirements which are
shown in Fig. 6, the general good agreement will be found. The coverage area is illuminated with
the minimum desired gain of 19.58 dB, which is sufficient for the system requirements.
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(a) The 374th iteration, (b) The 670th iteration. () The 2640th iteration.
Figure 5: Phase Distribution of the Reflectarray Element for Rectangle Coverage.

(b) The 670th iteration.

(a) The 374th iteration.
Figure 6: The Iterative Technique for Far-Field Pattern of Reflectarray Antenna.

4, Conculsion

A method has been presented for synthesizing a reflectarray surface that accurately
produces a shaped contour radiation pattern. The shaped reference curve is verified by physical
optics. Another approach being studied is to optimize the coefficients of a set of function objective.
The iterative technique outline in this paper (see Fig. 2.) can be use to arrive at an optimization
reference reflector. Next, a phase-only pattern synthesis technique is applied to obtain the phase-
shift distribution on the reflectarray surface requirement that produces the shaped pattern for the
central beam. Then, the dimensions of the printed patches are adjusted to produce the required
phase-shift at each element. Finally, the far-field generated by the feed is used to compute the
radiation patterns of the reflectarray. The radiation patterns for heams exhibited a shaped beam
close to the required service area.
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