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ANTEN DINH HUONG CAO
SU’ DUNG LOP SIEU VAT LIEU PHAN XA BE MAT (PRS)

USING PARTIALLY REFLECTIVE SURFACES (PRS)
IN SUPER DIRECTIONAL ANTENNAS

Bui Thi Duyén® @, Ngé Van Dirc®
L& Minh Thuy®, Nguyén Quéc Cwong®

D) Truwong Pai hoc Dién lue
@Truong Dai hoec Bach khoa Ha Noi

Tém tat:

Nhiing nam gan day, siéu vat liéu dugc nghién cfu va irng dung rong rai, va la mot trong nhiing
ky thuat gilp nang cao chat lugng cho anten nhu tang dai tan hoat dong va do Igi clia anten. DGi
v3i cac hé thdng thong tin cu' ly ngdn DSRC, hé théng dinh vi sir dung séng vo tuyén, hé thdng
truyén nang lugng khong day tai tan so trung tdm 5.8 GHz... yéu cau anten phai cé do dinh hudng
cao, gon nhe, dé tich hgp vao cac bd truyén nhan. Trong bai bdo nady ching ti dé xudt mot cau
tric siéu vat liéu phan xa bé mat, pha phia trén anten vi dai phan cuc tron d€ nang cao dd Igi tir
6.8 dBi 1&n 19.2 dBi ddng thdi van gilt nguyén tinh phan cuc tron clia anten.

T khéa:
Anten vi dai, phan cuc tron, siéu vat liéu, IGp siéu vat liéu phan xa bé mat.

Abstract:

In recent years, metamaterials (MTM) have been broadly introduced and rapidly used as a
technique to increase performance of antennas. For 5.8GHz dedicated short range communication
(DSRCQ) in indoor localization system, wireless power transmission..., antennas must have high
gain, low profile, and compatibility with monolithic microwave integrated circuit (MMIC) as well as
be simple and low-cost to manufacture. In this paper, we propose a new metamaterial structure
which is called partially reflective surface (PRS) to improve the gain of a circularly polarized
microstrip patch antenna from 6.8dBi to 19.2dBi while the circular polarization is maintained.

Keywords:
Microstrip antenna; circular polarization; metamaterials; Partially Reflecting Surface (PRS).

1. MO PAU nhu: kich thudc nhd gon, trong luong
nhe va dé dang tich hop vao trong cic
module mach in truyén nhan khong day.
Ngay nay, chung ta c6 thé thay cac anten
vi dai duoc st dung phd bién trong cac

Anten vi dai c6 nhiéu uvu diém ndi bat
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hé théng khoéng day nhu: hé thong thu
phi giao théng khoéng dung, rada,
RFID,... Nham cai thién khoang cach
truyén/nhan trong cac hé thong truyén tin
khong day noi trén, gidi phap dat ra la
thiét ké cac anten vi dai c6 do loi cao,
bang thong rong, kich thudc nho...
Thong thudng, mot anten vi dai truyén
théng c6 d6 loi chi vao khoang 6-7 dBi
va hoat dong trong biang thong hep. Dé
nang cao dd loi cua anten vi dai, thong
thuong cac ky thuat ghép mang anten,
dung 16p phan xa va cac 16p si€u vat li¢u
da va dang la cac giai phap dugc cac nha
thiét ké anten st dung. Khai niém siéu
vat liéu hay con goi la vat liéu meta bién
hinh duoc dich tr tr tiéng Anh
“metamaterial”. Pay 1a tén goi danh cho
cac vat liéu nhan tao c6 dac tinh dién tu
truong dic biét tai mot dai tan sb cu thé,
cac vat liéu nay khong co6 sin trong tu
nhién nhu: vat liéu c6 mdi trudong chiét
xuat am (Negative Infraction index) hay
Double Negative (DNG), vat li¢u
Electromagnetic Band Gap (EBGQG), vat
liéu tr nhan tao-Artificial Magnetic
Conductor (AMC), vit liéu phan xa bé
mat-Partially Reflecting Surface (PRS).
Trong thiét ké anten, cac siéu vat lidu
nay dugc Gmg dung dé giam nho kich
thude anten [1-3], giam anh huong tuong
hd giita cic anten phan tir khi ching
duogc dit trong cting mot hé thong [4-6],
tang do loi anten [7-8], m& rong bang
thong [9-11]...

Trong bai bao nay, ching téi phan tich
va dé& xuat mot 16p siéu vat liéu phan xa
bé mit PRS, 16p PRS nay dugc phil phia
trén mot anten patch dé cai thién do loi
cua anten tir 6.8 dBi 1én t4119.2 dBi tai
tan sb trung tim 5.8 GHz.

(ISSN: 1859 - 4557)

2. THIET KE ANTEN VI DAI PRS
PO LOT CAO

2.1. Thiét ké anten vi dai phan
cuc tron

Anten 13 phan tir c6 vai trd quyét dinh
quan trong dén chét lugng truyén thong
tin trong hé théng truyén thong khong
day. Tinh chit phan cuc cta anten c6 vai
trd rat quan trong vi né sé anh huéng dén
chit lwong giao tiép giita hai anten
truyén va nhdn trong hé théng. Anten
phan cyc tron thuong dugce wa chudng vi
ching c6 thé giao tiép voi moi anten co
tinh chat phan cuc khac. Hai anten phan
cuc tron ludn giao tiép dugc véi nhau ma
khong bi ton that trong khi hai anten
phan cuc thiang s& khong thé giao tiép
v6i nhau hoan toan néu truong dién cua
ching nam ¢ hai phuong khac nhau. Do
d6, viéc thiét ké anten phan cuc tron la
mot giai phap nham tang hidu suét ciia hé
thong. Hinh 1 13 hinh dang va kich thuéc
cua anten vi dai phan cyc tron duogc thiét
ké tai tan s6 5.8 GHz.

Xsub

L pat| . :X £ Ysub

Kich thu'dc anten vi ddi:

Lpat =13,1 mm; Wpat =13,1 mm
Xc =1,37 mm; Yc =1,37 mm
Xsub =200 mm; Ysub =200 mm

Chét nén: RO4003

Hinh 1. Céu tric cua anten vi déi
phdn cuc tron
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Str dung phuong phép sai phan hiru han
trong mién thoi gian (Finite Difference
Time Domain-FDTD) cta phin mém
CST 2014 d mo phong anten. Hinh 2 1a
két qua mo phong anten vi dai véi do
chinh xéc -80 dB, hé sb phan xa S11 dat
—15.72 dB tai tan sd 5.8 GHz, d6 rong
bang thong cua anten 1a 164.28 MHz. B
thi buc xa 3D cuia anten vi dai phan cuc
tron duoc biéu dién trén hinh 3, anten c6
d6 loi 6.8 dBi v&i hi¢u sudt buc xa
89.4% va hiéu suit tong 87.02%. Hinh 4
cho thiy anten c6 ty sd phan cuc tron &

dB
6.8
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1.7
-2.87
-12.4
-22.8
-33.2

Type Farfield

Approimation enzbled (kR == 1)

hanitar farfield (f=5.5)[1] ¥
Component Abs

Ouatput Gain

Freguency 2.8

Rad. effic. -0.4367 dB x
Tet. effic. 05038 dB
Gain 6801 oB

tan 6 5.8 GHz rat tot (AR = —0.49 dB tai
¢ =0), gbc mo cua anten dat 86°.

S-Parameter [Magnitude in dB]

77777777 — 51,1

6 4o [ |51 15725904

5.5(5.8]6 6.5 7 7.5 8
Frequency / GHz

4 4.5 5

Hinh 2. Két qué hé sé phén xa
S11=-15,72dB tai f = 5,8GHz; d6 rdong bdng
théng BW = 164,28MHz (S11<-10dB)

4.79

3.74
2.99
2.24

8.748

Type Farfield

Approximation enabled (kR == 1)

Monitor farfield (f=5.8) [1] ¥
Component Abs

Output Gain

Frequency 58

Rad. effic. 05940 o
Tot. effic. 0.8702
Gain 4788

Hinh 3. D6 thj birc xa 3D cua anten vi dGi phén cuc tron

Farfield Inverse Axial Ratio (Phi=0)

30

— farfield (f=5.8) [1]

o

-30

( 0.001774, -0.4912 )
& (-86.36, -3.001)
g (79.94,-3.013)

Frequency = 5.8

Theta / Degree vs. dB Main lobe magnitude = -0.137 dB

Hinh 4. Ty s6 phén cwc cta anten vi ddi tai tén sé 5.8GHz
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2.2. Thiét ké I6p phan xa bé mat
PRS

bé tang do loi cho anten vi dai phan cuc
tron da thiét ké o phan A, chiing ta c6 thé
ding cac ky thuat nhu: ghép mang nhiéu
anten phan tir, dung 16p phan xa hodc sir
dung siéu vat liéu. Viéc ghép mang c6
thé 1am giam hiéu suét tong vi nang
lwong bi suy hao & mang cip ngudn (feed
network). Mot trong nhitng k¥ thuat dang
dugc cic nha khoa hoc trén thé gidi
nghién ctru mang cho d¢ loi cia antenna
1én t6i 15 dBi + 20 dBi 1a viéc st dung
thém 16p siéu vat liéu phan xa bé mit
PRS [12-14]. Trong phan nay, ching toi
dé xuat mot 16p phan xa PRS mdi, dugc
mo tad & hinh 5b va ciu triic ghép 16p
PRS véi anten nhu hinh 5a dé cai thién
d6 loi cao nhat cua anten tir 6.8 dBi 1én
19.2 dBi. Theo do6, 16p vat liéu PRS co
tinh chét chu ky (periodic), mdi 6 co s&
(unit cell) duoc thiét ké nhu hinh 6. Viéc
sir dung md hinh 6 co s o tinh chat lap
lai trén phdn mém mod phong trong mién

<+ Xsub——>

VIS

G VAVAVAY

(a) (b)

Hinh 5. Tém phén xa bé mdt PRS
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tan sb CST 2014 va phuong phap tinh
toan hé s6 dién moi hiéu dyng va h¢ s tir
thAm hiéu dung caa Chen [11], mbi 6 co
s& PRS dugc thiét ké co do tir thim higu
dung gan bang khéng va hing sb dién
moi hi¢u dung vo cung cao tai tan sb
trung tdm 5.8 GHz: &rs~ 300 — j390;
tprs~ 0.01 + j 0.04.

Bién d6 va pha cta song phan xa trén bé
mét 6 co s PRS dugc trinh bay ¢ hinh 7.
Tir két qua mo phong nhén thiy hé sé
phan Xa cao, tai tan sd quan tam 5.8 GHz
hé s phan xa xap xi 1. Theo [13,14] dé
nang lugng buc xa theo phuong 6 = 0°
cuc dai thi khoang cach h tir ngudn t6i
dén mat phan xa PRS phai thoa man diéu
kién sau:

h=(%-05)2+ N2 (1)
Trong d6: y 14 goc pha cta hé sd phan xa
cua mat PRS.

N=0,1,2,3..

Wprs

Kich thwdc cua 6 co s& PRS:
Lprs =27 mm;

Wprs =23 mm;

Xcprs =11 mm;

Ycprs =4 mm;

Xsub =200 mm;

Ysub =200 mm;

dxprs = 24mm

Hinh 6. Céu truc cia 1 6 co’ s& PRS
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Complex Reflection Coeficients (S11)
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Hinh 7. Két qud khdo sdt bién dé véa pha cda hé sé phdn xa phire khi séng tdi gép Iop PRS

2.3. Anten patch két hgp véi I6p phan xa siéu vat liéu PRS

Moritor farti
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Hinh 8. Cdu tric caa anten vi déi
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Hinh 10. Két qué hé sé phan xa S11=-15.72 dB
taif=5.8 GHz; BW = 285.56 MHz
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Hinh 9. D6 thj birc xa 3D ctua anten vi déi
két hop voi PRS véi Gain = 19,2dB

Farfield Inverse Axial Ratio (Phi=0)
—— farfield (f=5.8) [1]

Theta / Degree vs. dB Man lobe magnitude = -0.129 dB

Hinh 11. Ty sé phén cuc cia anten vi dai
két hop véi I6p PRS tai tén s6 5.8 GHz
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Véi 16p PRS thiét ké noi trén, khi dugc
phu 1én trén anten phan cyc tron & muc
2.1 (xem hinh 8), ta thu dugc d6 loi la
19.2 dBi (hinh 9) vd&i bup soéng phu
nho SLL= -14.6 dB; bang thong rdng
285.56 MHz (hinh 10). Nhu vay, khong
nhiing d6 loi taing ma bang thong cua
anten cting rong thém tir 164.58 MHz 1én
285.56 MHz. b6 loi cua anten PRS
tuong duong voi mdt mang anten 3x3
phan tir theo 1y thuyét, tuy nhién véi céu
trac trén hé théng tré nén don gian trong
ché tao va hiéu sudt cao hon vi khong
can mang cdp ngudn cho mang. Trén
Hinh 11 cho thay tai tan sd 5.8 GHz
anten gitr nguyén tinh phan cyc tron ty sd
phan cuc AR = -0.1295 dB, tuy nhién
goc phan cuc hep hon anten ban dau
chua két hop PRS.

Hinh 12 1a két qua khao sat do loi va ty
s6 phan cyc cua anten phan cuc tron két
hop voi 16p PRS. Két qua cho thdy tir
5.5 GHz dén 6.5 GHz d6 loi cua anten
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kha cao, tuy nhién ty §6 phan cuc tron

dat gia tri tot chi ¢ dai tan hep 5.8 GHz.
25.00
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Hinh 12. Dé thj khdo sat dé lgi
va ty sé phén cuec tron cla anten
két ho'p Iop PRS theo tén sé

4. KET LUAN

Bai bdo da dé xuat cdu tric anten sir
dung 16p phan xa bé mat PRS. Anten
nhe, don gian trong ché tao va dé dang
tich hop trong cac mach truyén nhan cao
tan. Lop PRS di cai thién do loi cho
anten patch tir 6.8 dBi 1én 19.2 dBi tai
tan s6 5.8 GHz, déng thoi dac tinh phan
cuc tron cua anten van dugc bao dam.
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