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Toém tit: Cdc mo hinh birc xa cua anten tai tram goc hién nay da sir dung mang anten cdp nguon tuyén
tinh @ dat dwoc ddc tinh canh song bén thdp. Dé don gian cdu triic anten, mot so tac gia da thay thé mang
anten cdp nguon bdng mot anten ludng cuc lam nguon birc xa cho anten thdau kinh. Tuy nhién, nghién ciu lai
gdp vdn d@é la do ddy thdu kinh lom, ddn téi kich thudc anten cong kénh. Dé gidi quyét vdn dé nay, nhom tac gia
da nghién cieu viée sir dung théau kinh siéu vat liéu d@e thay thé cho théau kinh thong thuong. Trong bdi bdo nay,
nhém tae gia da thiét ké cdu tric anten va sir dung phén mém mé phong MATLAB d@é phan tich, tinh todn va

ddanh gia két qua dat dwoc ciia nghién cieu.

Tir khoa: Anten thiu kinh, nguon birc xa, mang tuyén tinh, thdu kinh siéu vat liéu

1. Mé dhu

Trong hé thong anten cho tram gdc trong
thong tin di dong hién hanh, cac anten mang tuyén
tinh dé dat duoc do loi theo yéu cau, cac phﬁn tr cua

anten la cac anten chan tu dap {ung duoc dai tan hoat
dong rong. Ngoai ra, cac phan tu cua mang duoc
chia thanh cac mang nho dé giam cac cap cap ngudn.
Trong nhiing niam gan day, anten cho tram gdc trong
thong tin di dong si dung 2 hodc nhiéu tan s6 diéu
nay dan téi cAu tric mang cap ngudn 16n.

Trong nhimg nam gin ddy, mot sb loai siéu
vat lidu co hé s6 khic xa am dang duoc nghién ciru
rong rii ¢ dai song siéu cao tan, song milimet va
viing anh sang nhin thay. Thau kinh c6 chiét suat Am
dang dwoc ung dung ngay cang nhiéu trong truyén
lan song dién tir [2] va cac loai thiét bi st dung thau
kinh 16m [3]. Ngoai ra, anten thau kinh dang duoc
dé suat 1a loai anten co goc quét bup song rong [4],
[5] Bo cong huong bang dién moi dua ¢6 cau tric
siGu vat lidu dugc s dung dé thiét ké va do tha
anten thau kinh [6]. Véi viéc str dung cau tric nay,
kich thudc cua anten thau kinh di duoc giam nho do
tiéu cu ctia thau kinh ¢6 chiét suat 4m ngan lai.

D¢ giam sb luong cac phan tir birc xa va kich
thudc cho anten tai tram gdc, bai bao nay di de xuat
giai phap sur dung vo boc siéu vat liéu va nguén cap
1a mot anten chn tu ludng cuc cho anten. Hinh dang
ctia thau kinh dugc thiét ké dua phuong phap dinh
hinh thau kinh trong truong hop st dung vat li¢u 1a
chat dién moi thong thuong.
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2. Vo boc siéu vt liéu
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Hinh 1. C4u hinh ciia (a) i ang ten tram goc thong
thwong va (b) dwoc dé xuat.

Hinh 1 thé hién cAu triic co ban cua anten tai
tram gbc thong thuong va cdu tric dé suat. Trong
anten tram gdc thong thuong, mang anten tuyén tinh
duoc chia thanh cac mang con. Mbi mang con bao
gdbm mdt s6 thanh phan birc xa. Vi du, mot mang co
16 phan tu dugc tao thanh tir 4 mang con va mdi
mang con co 4 phan tir bic xa. Mach cdp ngudn
duoc két ndi t6i tung mang con. Do do, doi hoi
anten pha1 c6 kich thudce lon dé danh khong glan cho
mang cip ngudn khi anten hoat dong da tan so.

Hinh dang cua thau kinh lam bang vat liéu
dién méi tu nhién co dang 16i. Khi st dung thau kinh
nay lam vo boc cho anten thi duong kinh cua anten
tai tram goc day. Mat khac, néu st dung thau kinh
¢6 chiét sudt Am s& giam duoc d6 day cua thiu kinh
do no ¢6 khic xa am. Vi vay, st dung vo boc si€u



vat liéu chg anten tram géc c6 kich thudc nho hon
trong khi van dat duoc cac dac tinh birc xa.

3. Phuong phap xac dinh hinh dang thiu kinh

3.1. Phuwong trinh xdc dinh hinh dang thiu kinh co bin

&

X

o7 L

Hinh 2. C4u hinh anten

Hinh 2 thé hiér} cac tham sd co ban cua thiu
kinh. Thau kinh c6 cau trac tron xoay quanh truc z.

Nang luong birc xa cua nguén cép la £,* () . Nang
luong phan bd trén mat mo la £, (x). x, biéu thi
ban kinh cua thau kinh. 6,, chi goc buc xa t6i da toi
thu kinh. Thau kinh duoc thiét kéjdua vao phuong
phap tia do. Cac tia do dwgc the hi¢n bang cac
duong nét dut. Cac tia phat ra tir ngudn buc xa bi
khuc xa khi qua thau kinh va tr¢ thanh cac tia song
song v6i nhau. DiCu nay c6 nghia la pha cua anten
tai mat mo la dong pha.
Hinh dang cuia bé mat thau kinh co ban tinh
toan dua trén ba phuong trinh sau:
bidu kién khic xa trén mit trong cua thau
kinh (mat doi dién vdi nguon buc xa) duoc xac dinh
theo phuong trinh.
dr  nrsin(@—-6")
dé ncos(@-6")-1
Trong d6, n 1a chiét suit cua thau kinh, Ova &'
lan luot la goc t6i va goc khuc xa trén mat 1.
Biéy kién khuc xa trén mat ngoai cua thau
kinh (mat doi dién vé1 midt mo cua anten) dugc trinh
bay theo phuong trinh sau.
dz  nsin(@') dx @
d@ 1-ncos(6") do
Diéu kién tha ba la diéu kién bao toan ning
luong trude va sau khi buc xa qua thau kinh, duoc
thé hién theo phwong trinh sau.
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St dung phdn mém MATLAB dé tinh toan
ddng thoi ba phuong trinh vi phan & trén. D¢ dam
bao tinh chinh xac khi giai phuong trinh nay, mat
cong cuia thau kinh duoc thiét ké theo hinh hyperpol.

Trong tai li¢u [7], quan h¢ gifta ning luong cua

ngudn bue xa va ngudn phén bd trén mit mo cua

anten duoc xac dinh lan luot theo cong thic (4) va

(5).

(n—1)*(n——cos(6)) @
(ncos(8) -1y’

EX@)=1 )

E(0)=

Hinh dang cua thau kinh thiét ké dwoc thé
hién trong hinh 3 1a thau kinh dang hyperpol diéu
nay chimg to viée str dung phan mém mé phong 1a
chinh xac.

To+

x [mm]

40 500 60 70 80 90 100 110 120

= |mm]|

Hinh 3. CAu triic ciia thiu kinh dang Hyperbolic c6
chiét suit n=2.

3.2. Phwong trinh xdc dinh hinh dang vo boc ciia

anten

Trong truong hop thiét ké vo boc cua anten,
cAu trac thau kinh tré thanh truc doi xing quanh truc
x. Vi vay, viéc tinh toan sy bao toan nang luong
dwgc thay d6i nhur phuong trinh

s _[ E2(x)xdx
& _ £0) s 6)
de % E2(x)x
[ Ex@)do
0
X
1=
- Sy {cos(@—a.))"
0 .:.1 z

* (cos8)"

A==
Hinh 4. Dang dién hinh ciia Ep2 (9) .

Niang luong ciia ngudn birc xa duoc cho bai
phuong trinh (7). Trong do, 6, 1a goc chi huong cuc
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dai cua nguén bire xa. m 1a hé sb djnh dang chum tia
birc xa. D4 thi hinh 4 thé hién nguon nang luong buc
xa. Khi 6, = 0° , hudng buc xa cuc dai doc theo truc
z. Khi 6, = 60°, hudng bic xa cuc dai tai mép
ngoai cung cua thau kinh. Nguon birc xa nay dugc
tao ra boi mot ang ten ludng cuc co chieu dai xap xi
mdt bude song.
E7(0)=(cos(0-6,))" ()

Phan b niang luong trén mit md cua anten

duoc cho bdi cong thire (8).

s (1 )=
E20)=1 (1 Cj(xmj

O day, x, 1a mép ngoai cung cua mit mg. C la bién
do truong trén mat mo. Tai mép ngoai cung cua mat

®)

1 L
mo, mat do nang luong buc xa la E Khi C = 1,

phan b truong trén midt mo 1a dong dang. Phan bd
truong trén mat mo cua anten dugc thé hién nhu
hinh 5.
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Hinh 5. Dang dién hinh cia E&(x).

Mot vi du dugc thiét ké mAu nhu trong hinh
6avoin=2, 60,=0° m=2vaC =2 Hinh 6a thé
hién céu truc nua trén cua thau kinh 1am vo boc cho
anten nhu trong hinh 1b. Tng chiéu dai cia vo boc
1a 1500 mm. D6 day cua thau kinh 1a 500 mm. Diéu
nay kho khan cho viéc thiét ké anten cho tram géc.
Chinh vi diéu nay, nhom tac gia nghién ciru str dung
thdu kinh siéu vat liéu lam vo boc dé giam kich
thudc anten.
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Hinh 6. a) MAu thiét ké c6 chiét suit n = 2, b) MAu thiét ké c6 chiét sudt n=-2.

Hinh 6b thé hién anten c6 thau kinh siéu vat

0

lidu véi cac tham sé. O day n = -2, 6,, = 75°, 2
=0°va C = 2 dugc chon. Mic du do day cua thau
kinh duoc giam tuy nhién ban kinh cua thau kinh

X N ,
van con lon.

4. Thiét ké thiu kinh siéu vat lidu 1am vé boc cho
anten tram goc

4.1. Cdc tham sé dé thiét ké vé boc cho anten

Y nghia va vai tro cua cac tham s6 trong viéc
thiét ké vo boc anten dwoc téng hop nhu trong bang
1. Bing cach diéu chinh cac tham sb, chung ta s& dat
dwoc ciu tric vo boc cho anten mong va duong kinh
nho.

Bang 1. Vai trd ciia cic tham s6 trong viée thiét ké vé boc anten.

Tham sb Y nghia Vai tro
e a PO Anh hudng t6i d6 mong va duong kinh cia
n Gia tri am th¢ hién 1a siu vat licu £ 1, £ j & &
thau kinh

P Goc tinh tir diém cip ngudn téi mép ngoai cung | Tac dong t6i duong kinh cuia vo boc anten

M cua thau kinh

\ , g, A % C6 thé anh huong duong kinh vo boc anten
0. Huong buc xa truc ti€p cua ngudn cap
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L, . A & Anh huong dén phan bd truong trén mat mo
m Dang bup song cuia nguon cap
A AA 1A NV o Xac dinh do rong cua tia birc xa tir vo boc
C Bién do6 ¢ bién cua phan bo truong tai mat mo anten ’ > Tong ; ;

4.2. Giam dwong kinh vo boc anten

Po6i voi anten cua tram gbc, duong kinh vo
boc anten can duge giam nho dé han ché sy anh
huong cia gio. Pé giam duoc dudong kinh cua VO
boc ching ta cAn xem xét va tinh toan cac tham sé
dugc thé hién trong bang 1. Bing cach thay doi gia
tri cac tham sé n (n=—1, =2, —4), 0, = 65° 75°

85°, 6, = 60°va C = 15 ta dat duoc két qua nhu biéu

di&n trén hinh 7. Tir hinh 7 ta co thé thiy, khi ta ting
cac gia tri n va 6,, thi duong kinh cua thau kinh lam
-4, 6,, = 85° ban
kinh cua thau kinh dwoc giam ,xué\ng con 300 mm.
Dicu nay giup cho viéc thict ké anten cho tram goc
gon nhe hon nhung vin dam bao dugc cac dic tinh
co ban cua anten.

vo boc cho anten giam. Khi n =
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Hinh 7. MAu thiét ké thau kinh siéu vat liéu.

5. Két luin

M6t trong s6 cac tinh chit quan trong cua siéu
vat 1iéu 1a vat liéu nhan tao c6 chiét suit am (trong
do6 ca d6 tir tham va d6 dién thim déu c6 gia tri 4m).
Trong bai bao nhom tac gia ap dung dong thoi 3
phuong trinh vi phan (1), (2), (3) cho hai gia tri chiét
suét duong (n>0) va chiét suat 4m (n<0) su dung
phin mém Matlab dé tinh toan cho thy vi n<0 nén
kich thudc thau kinh duogc giam rat nhiéu so voi
truong hop n>0, va két qua cho thiy sy hidu qua cua
viéc ap dung thau kinh co chiét sudt &m trong viéc
thiét ké ang ten tai tram géc.

Viéc ap dung anten thau kinh, cu thé 1a thay
thé thau kinh c6 chiét sudt ty nhién théng thuong

bang thau kinh co chiét sudt 4am di duoc thuc hién
va cho thiy sy hiéu qua. Cu truc cdp ngudn cho
anten ciing dugc don gian hoa bing viéc thay thé
mang anten tuyén tinh bing mét anten ludng cuc.
Két qua dat dugc, cho théiy viéc nghién ctru la chinh
xac va 1o rang khi thiét k& duoc thau kinh chiét suét
am lam vo boc cho anten ¢6 cu tric mong hon va
duong kinh nho hon cau tric anten chiét sudt théng
thuong.

Con siéu vat liéu nhom tac gia khong dé cap
trong bai bao nay. nhom tac gia chi tdp trung vao
nhiing vt liéu co chiét sudt 4m noi chung. Hay nhén
manh vao tinh chét chiét suit Am cua siéu vat licu.
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USING SUPER MATERIAL LENS FOR ANTENNA AT THE ORIGINAL
STATIONIN MOBILE INFORMATION

Phan Thanh Minh, Vo Phwong Lam, Tranh Vin Khich, Nguyen Anh Duc

Telecommunications University

Abstract: Radiation patterns of present mobile base station antennas are designed to be low sidelobe
characteristics. To achieve this radiation pattern, linear array feeds are employed. For simplicity of antenna
configuration, authors considered to replace antenna radome by a lens antenna. The array feed also replaced
by a single feed. However, it is considered that lens thickness will be main problem. This problem may be solved
by employing metamaterial lens. In this paper, design method of lens antenna and developed MATLAB program
are explained. And important antenna parameters to achieve practical radome shapes are studied. In order to
achieve a slender radome shape, metamaterial is shown to be effective. And, adequate feed radiation pattern is
also clarified.

Keywords: Shaped dielectric lens antenna, radiation pattern shaping, linear array feed, metamaterial
lens antennag.
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