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Tom tat:

Anten diéu hudng tai tan s6 trung tdm 2,4 GHz dugc trinh bay trong bai bdo nay. Anten diéu hudng
st dung ma tran Butler 4x4 cdu tric phang, tao thanh cac bd dich pha +135° va +45°, tir d6 hinh
thanh bdn blp sdng chinh cho anten. Thiét ké dé xuat dudc mo ta day du bai cac khdi nhu mang
anten, ma tran Butler tao thanh anten diéu hudng hoan thién. Anten diéu hudng dé xuat c6 do rong
bup séng hep theo phuong quét tir 21,5° dén 24,5°, d6 rdng blp séng theo phuong doc ~90°. Cac
hudng bup séng chinh ctia anten diéu hudng tir -37°, —12°, 12° t6i 36° theo phuang ngang. Thiét ké
da dugc mo phong dua trén phucng phap phan tr hitu han st dung phan mém CST.

T khéa:
Anten diéu hudng, ma trén Butler, anten dan xa, dau van tay.

Abstract:

A 2.4 GHz beam steering antenna array is presented in this paper. This antenna uses the 4x4 planar
Butler matrix as a key component of phase-shifter which exhibits +135° and +45° phase shifts
corresponding with four position of main beams. The proposed design is fully described, from the
element blocks (antenna element, butler matrix) to the full integrated beam steering antenna array.
The proposed antenna has the 21,5°+24,5° of beam-width in horizontal and ~90° of beam-width in
vertical. The main beam of this antenna can steer from -37°, —12°, 12° to 37° in horizontal. The
design has been simulated based on finite element method in CST software.

Keywords:

Beam steering antenna, Butler matrix, Yagi antenna, Fingerprinting.

1. MG PAU

Anten diéu huéng la phan tir quan trong
trong cac hé thdng truyén thdng khdng
day hién dai, thuong dugc ap dung trong
hé thong ra da, vé tinh hay hé théng dinh
vi vO0 tuyén [1]. Ky thuat mang pha
thuong duoc s dung dé diéu hudéng bip
song chinh cua anten mang, duva trén su

léch pha caa ngudn cip cho ting phan tir
trong mang. Ma tran Butler la b dich pha
hitu hiéu mang lai nhiéu thuan loi cho
thiét ké anten diéu hudng nhu: d& ché tao,
dé tich hop, hiéu suit cao, gia thanh
thip... Cac anten diéu huéng (APH) sir
dung ma tran dich pha Butler duoc trinh
bay trong cac bai bao nhu [2-6]. Bén canh
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nhitng vu diém cac cong b [2-5], ton tai
han ché chinh 13 6 rong bap séng con 16n
tir 25° dén 40°. [6] co do rong bap song
theo phuong quét hep tir 20° d&én 27°, tuy
nhién d6 rong bup theo phuong truc giao
qua rong 240° lam tang hién tuong da
duong do phan xa tir teong hay san nha.
Trong bai béo nay trinh bay thiét ké anten
diéu huéng mang pha sir dung anten phan
tir dan xa tich hop voi bo dich pha Butler
4x4 phang. Cac bip song chinh dwoc hinh
thanh c6 d6 rong theo phuong quét hep
gitp tang do chinh x&c cua h¢ dinh vi, bén
canh do6 do rong bup song theo phuong
tryc giao khong qué 16n dat xap xi 90°
gilp giam hién tugng da duong do han
ché cac tin hiéu phan xa tir tuong, tran
hay san nha trong hé théng dinh vi vo
tuyén trong nha.

2. THIET KE ANTEN DIEU HUONG

Thiét ké anten dan xa phan tir

Anten phan tir dan xa duoc lua chon boi
c6 @6 thi bic xa hinh dai quat, d6 rong
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bap s6ng theo mot phuong hep giup cho
blp séng tong cia APH theo phuong quét
hep lam tang d6 chinh xac cho hé dinh vi.
Bén canh dé, c6 thé d& dang diéu chinh d6
rong bup song theo phuong truc giao dua
trén s lwong chan tir dan xa su dung. Voi
canh btc xa cha dong duoc thiét ké udn
cong dam bao tinh chét nira buéc song,
giam kich thudc theo chiéu ngang, bén
canh d6 gitp tang d¢ dinh hudng theo
phuong truc giao véi canh buc xa. Pé
tang thém d6 dinh hudng, cac chan tir dan
xa dugc thém vao song song vai canh buac
Xa nhu hinh 1 tao thanh anten ludng cuc
dan xa mach in. Khoang céach gitra céc
chan tir din xa va canh bic xa thuong
(0,1+0,35) 4o [7]. Dua trén nguyén ly cua
anten ludng cuc dan xa va phuong phéap
phan ttr hitu han caa phan mém mo phong
CST (Computer Simulation Technology),
cac tham sé cua anten dugc lya chon nhu
trong bang 1 tai tan s6 2,45 GHz. Két qua
hé s6 S11 va gian do birc xa cua anten thé
hién trong cac hinh 2.a va hinh 2.b.

Bang 1. Cac tham s6 cta anten phan t& (don vi mm )

Tham s6 Lam Warm L g Pu Leub Weyo Woaen
Gia tri 23,3 4,2 23 0,7 0,8 74 57,1 2,1
Tham sd L, Ly Wreed Lairec Wiairec Y Y2 Lgna Wan
Gia tri 20 15,1 42 30 4.2 14 7 24

Anten din xa phan tir hoat dong tai dai
2,4 GHz gém hai chan tir dan xa c6 d6 thi
buc xa dang hinh dai quat, d6 rong bup
song theo phuong xoy 67° va 100° theo
phuong yoz. Anten ndy s& dugc dé xuit

lam anten phéan tir cho ADH mang pha dat
dugce do rong bup song hep theo phuong
quét giup tang d6 chinh xac cho hé dinh
vi VO tuyén.
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Hinh 2. Hé s6 S11 va gian d6 bilrc xa ctia anten phan t

Thiét ké bé dich pha vi dai svdung ma  ting hiéu suat cho mach, giam thiéu sé

trén Butler cau ndi, loai bo phan tir chuyén mach sir
Chuyén mach B3 dich pha ma tréin Butler N =4 Anten mang dung PIN diot, bai bao st dung b(-) dlCh
T —— ~ 3 pha ghép song song dua trén ma tran
]
ST X[~ 6! Butler.

Bé chia déi nguén vuéng pha:

1 EZ]
Nguénf'v'_\ ;3 Ry

o
M

vio s X @ Bo chia dbi ngudn vudng pha (QPD-
%) ';1kh':' Lo o o L N~ — N .
(B0 Dita i - ' Quadrature Power Divider) hay con goi
@QPD E[Céunéichéo n ., , o . A A N s
_ bo lai co chirc nang chia d6i nguon va tin

Cécbé dich pha ¢6 dinh

hiéu dau ra léch pha nhau mot goc 90°.
QPD la mach dién bbn cta c6 bo tham s6
S dugc xac dinh theo cong thuc (1) [8],
C6 nhiéu lya chon khac nhau dé thiét ké  céu tric cua bd QPD duoc thiét ké nhu
mach dich pha vi dai [7], voi muc dich  hinh 4.a.

Hinh 3. ADH mang pha str dung ma tran Butler
4x4
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b) Cac tham s0 cia cau noi chéo

Hinh 5. Cac bd tham sé S va dé léch pha giira hai céng ra ctia bé QPD

Qua két qua mod phong hinh 5a, nhan thay
céc tham sé S11, S22 nho va cac tham sb
S31, S41 I6n phan anh dudng truyén hiéu
c6 suét cao tir cac cong 1, 2 ra cong 3, 4.
Két qua tham s6 S12 hay S21 phan anh su
cach ly gitra hai cong vao, két qua do léch
pha gitra hai dau ra cua QPD bang 90,2°
cling duogc biéu dién trén hinh.

Cau néi chéo:

CAu trdc cua cau ndi chéo duoc thé hién
trén hinh 4b, dic diém cua cau nay la
truyén tin hiéu theo duong chéo: tin hiéu
tir cong 1 truyén sang cong 4 va cach ly
Vvé6i hai cong con lai, tin hiéu tir céng 2
truyén sang cng 3 cach ly vai hai cong 1
va 4. Cau ndi chéo co dic diém tin hi¢u
vao va ra ddng pha nhau. Truong hop don

gian ngudi ta 6 thé dung cap dong truc
dé thay thé cau nay, tuy nhién méi han sé
lam suy giam tin hiéu dang ké so véi
duong vi dai khdng méi han. Céc tham s
vé chiéu dai va tré khang duoc thé hién rd
trén hinhf 5b. Cau ndi chéo 1a mach bén
ctra, cac bo tham s S duoc mé ta theo
cong thuc (2).
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Hinh 5b thé hién két qua bo tham sé S khi
dau vao tich cuc, tham sé S11 rat nho thé
hién tin hiéu truyén di tdt, tin hiéu phan
xa nho. Tham sé S21 va S31 nho thé hién
su cach ly tin hiéu gitra cac cong nay
dugc dam bao. Thong sb S41 phan anh
viéc tin hiéu truyén tir cong 1 dén cong 4,
trong dai tan tir 2,2+2,4 GHz tin hiéu
truyén tbt (dat —0,19 dB tai 2,45 GHz),
cac dai khéc bi suy giam dan, tin hiéu vao
va tin hiéu ra la d¢ong pha.

Bé dich pha cé dinh 45°

Bo dich pha ¢ dinh 45° dya trén su tré
pha do chiéu dai duong truyén vi dai,
dugc thiét ké va két qua md phong do
léch pha 45 ° duoc thé hién trong hinh 6.

CAu trGc ma tran dich pha Butler 4x4 gém
c4c phan tur ciing nhu viéc phdi hop tro
khang duoc thuc hién trén hinh 7a. Cac hé
s6 phan xa khi cac dau vao duoc tiép dién
lan luot dugc thé hién trén hinh 7b.

Tir két qua cho thdy bo dich pha c6 bang
thong rong BW = 500 MHz, phéi hop tro

0

khéng tot trong dai 2,2+2,7 GHz. Céc tin
hiéu truyén qua va pha tng véi cong vao
1 va 2 dugc mo ta trén hinh 8, cho thay
tin hiéu truyén qua véi bién do dong déu
va goc léch pha giita cac dau ra theo diang
tiéu chi (cong 1: ~+45°; cong 2: ~ —135°).
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Hinh 6. CAu truc bé dich pha 45°

va két qua mé phong cua dwong vi dai
Do tinh chat d6i xang cua ma tran Butler
nén cong vao 3 va 4 khi duoc kich hoat
cling c6 cac tham s6 bién twong tng dong
thoi tao ra goc léch pha giira cac cong ra
la ~135°, ~—45° khi cong 3, 4 kich hoat.
Lua chon mét trong bén cong vao s& hinh
thanh bén bup song twong Gtng & CAC Vi tri
dugc thé hién trong hinh 10.
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Hinh 7. C4u tric cia ma tran Butler 4x4 thiét ké va tham s6 S mé phong
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Hinh 8. Két qua cac tham sé truyén qua va dd léch pha giiva cac daura

C. Anten diéu hwé'ng méng pha

Sau khi tich hop bén anten phan tir vao
mang tuyén tinh, thyc hién md phong
mang khong ghép bo dich pha. Xuét hién
su léch tan nhe cua cac anten phan tu
trong mang la do anh huong cuaa hién
tuong twong hd gitra c4c phan tir gay nén.
Sau khi hiéu chinh lai cac tham sé cua
anten phan tir trong mang sao cho ching

cong huong tai tan sé trung tdm 2,45 GHz
tét nhat, tién hanh ghép bo dich pha
Butler 4x4. Hinh anh ADH mang pha
dugc md phong thé hién trong hinh 9.
Két qua md phong tham sb S tai cac cong
vao cua anten dai tin hoat dong tur
2,3 dén 2,7 GHz. Gian d6 buc xa theo
phuong xoy va yoz cia APH trinh bay
trong hinh 10 .
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Hinh 9. Hinh anh APH mang pha va tham sé S ctia anten
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Hinh 10. Két qua mé phéng gian dé birc xa cia ADH

Dé danh gia két qua ADH dé xuat véi cac
nghién ctu cé lién quan trén thé gioi, tac
gia tién hanh so sanh véi cac cong bd &
cuing dai tan thiét ké, cung sé luong anten
phan tir va ¢ mach dich pha tuong tu
[2-5]. Trong d6, uwu diém noi bat cua
APH d& xuét c6 do rong blp song theo
phuong xoy cua ADH dai quat dé xuét
hep tir 21,5° + 24,5°, diéu nay la mot trong
nhimg tiéu chi lam tang d6 chinh x&c
trong dinh vi khi quét hay do tim ddi
tugng. Hé sb tang ich cua bon bup tur
9,13 dn 9,8 dBi cao hon han so véi cac
nghién ctu [3-5]. Pbi vai cong bd [2]
gian d6 buc xa dang hinh but, ning luong
tap trung hon nhiéu so véi anten dé& xuat
hinh dai quat, mat khac ché tao duya trén
chat nén Duroid 5880 ton hao thip hon ba
lan so v6i RO4003C nén ting ich ¢ cao
hon so véi anten dé xuat. Boi d6 rong bap
song theo phuong quét hep, do d6 goc
quay ciing hep theo dé tranh hién tuong
lot khe khi do d6i twong, goc quét gom:
—37°, —12°, 12°, 36°, do d6 vung quét cua
anten dé xuit 1a 97° phu hop véi yéu cau
thiét ké. Do rong blp song theo phuong
yoz cua anten dé xuat ~90° phu hop véi

tng dung di d& ra: (1) ving phu theo
phuong thang ding rong hon, c6 thé do
dugc d6i twong & cac chiéu cao khac
nhau, diéu nay 1a nhitng han ché cua céc
cong bé sir dung anten phan tir tam; (2) so
véi nghién cau [6], [9] g6c mo cua dai
quat khdng qué rong ~90° sé tranh dugc
hién tugng phan xa lai tir san hay tran khi
lap dat trong hé théng, giam thiéu tin hiéu
da dudng. Dé dat duoc tiéu chi vé gian do
birc xa, hiéu suat cao va cau tric phang,
anten ludng cuc thiét ké dang mang tuyén
tinh ngang, khoang cach gitr cac phan t
phai 16n hon nira budc séng dan dén han
ché cia ADH d& xuat 1a kich thuéc cua
anten con lén 220x260mm.

4. KET LUAN

Bai bao da dé xuat anten diéu hudng bon
blp & dai tan 2,4 GHz, st dung ma tran
Butler 4x4 va anten phan tir ludng cuc.
Anten thiét ké di c6 nhitng vu diém nhu
d6 tang ich cao, d6 rong bup song nho
theo phuong quét trong khi phuong truc
giao khdng qua hep hoac qua rong giup
cho viéc tich hop vao hé théng dinh vi
duoc dé dang, dong thoi gitp cai thién do
chinh xac cho hé théng dinh vi.
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