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ANTEN MANG BUP SONG HINH DAI QUAT RONG UNG DUNG NGOAI TROI

A WIDE FAN BEAM ANTENNA ARRAY FOR OUTDOOR APPLICATIONS
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Tém tit:

Bai bao trinh bay anten mang mdi d6 Igi cao, bang thong réng Ung dung cho cac thiét bi vo tuyén
ngoai trdi & tan s6 trung tdm 5GHz. Mang anten dudc dé xudt gdm cé mang phang 2x9 phan tir va
mot mat phan xa. Anten dé xuat cd do Igi cuc dai la 15,7dBi va do rong bang thong la 2GHz tir 4,0
GHz dén 6,0GHz (tng vdi S11 nho han 10dB. DO réng blp song theo phuong dai quat la 240° (ing
véi dd Igi I6n hon 2dBi. Kich thudc tdng cla anten 1a 31,5x13,4x1,2cm3 va dudc ché tao tir chat
nén RO4003C. Anten da dugc ché tao va do ki€ém, két qua do tuong ddng vdi két qua md phong.

T khoa:

Anten mang, anten ludng cuc dan xa mach in, blp séng hinh dai quat, mang ti€p dién ndi tiép.

Abstract:

This paper introduces a novel high gain and wideband antenna array at 5 GHz for outdoor
applications. The proposed array consists of a 2x9 elements planar array and a reflector. This
antenna has a gain peak of 15.7 dBi and a bandwidth of 2 GHz from 4.0 GHz to 6.0 GHz. The angle
coverage of 240° in the azimuth plane with gain 2dBi higher. The total dimension of the antenna
array is 31.5x13.4x1.2cm3 which is fabricated on RO4003C substrate. The antenna has been

fabricated and measured, the measurement and the simulation results are in good agreement.

Keywords:

Planar array, printed dipole-Yagi antenna, fan beam, series feed.

1. GIOI THIEU CHUNG

Ngay nay, truyén thong khong day Wi-Fi
ngay cang phd bién dua trén chuan IEEE
802n/ac tai dai tan 5GHz, mang cuc bo
khong day (WLANs-Wireless local area
networks), mang c& nhan (PAN-Personal
area network), mang giao tiép tim gan
chuyén dung (DSRC-Dedicated short
range communication) [1-2]. Cac diém
truy cap ngodi troi c6 anten gan trén

tuong hoac gan nhimg noi cong cong, cac
may quay truyén hinh anh khong day truc
tiép, hé thong giao thdng thong minh, cac
thiét bi ty hanh khong nguoi lai [3-4].
Nhitng tng dung nay déu can cé anten véi
gia thanh thap, gon nhe, do loi cao, bing
thdng rong. Néu mudn truyén tin quang
ba theo phuong ngang va trai rong,
thuong st dung anten da hudng. Dé
truyén xa can phat cong suat c6 cuong do
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I6n vi do loi cua loai ndy Ion nhét 1 2dBi.
Mudn truyén xa, rong, nhanh yéu cau do
lgi cao, bang thong rong va goc phu 16n
[5-8] hoic dang MIMO dé ting goc phu
[9] hodc dung anten thong minh ciing la
mot giai phap [10-11] nhung hé sé phuc
tap. Nhu vay, anten c6 do loi cao va vung
phu rong 1a can thiét cho cac ung dung
ngoai troi nhu da ké trén.

Trong bai bdo niy, ching toi d& xuat
anten gon nhe, d6 lgi cao, bang thong
rong va cé bup song dai quat tao d6 phu
rong theo phuong ngang. Anten dé xuat
c6 d6 lgi 16n nhat 1a 15,7 dBi va do rong
bang thong 2 GHz dat 40%. D rong bup
song ung vai ving ¢ do loi Ion hon 3dBi
la 240°. Anten phan tir 13 loai ludng cuc
dan xa mach in gon nhe, don gian, hiéu
XUt cao dugc ché tao dua trén chat nén
Roger4003C. Anten dé xuat dé lip dat,
tich hop vao cac thiét bi vo tuyén.

Trinh ty cua bai bdo gom ba muc: myc 1
m& dau; muc 2 trinh bay co so ly thuyét,
cau tric va thiét ké ché tao anten phan tir
va anten mang; két qua moé phong va do
cua anten. Trong muc 3 1a két luan cua bai
béo.

2. THIET KE ANTEN MANG BUP SONG
HINH DAI QUAT

2.1. Anten phan tl lwéng cwc dan xa
mach in

Anten ludng cuc dan xa mach in duogc lya
chon thiét ké trong bai bao nay bat ngudn
tir y twdng cua anten ludng cuc véi bo can
bang tin hiéu (goi 1a balun) ¢ dau ra 2 cuc
anten cua W.Roberts [12]. Chung t6i da
dé xuét bo tao can bang tin hiéu vi dai ¢
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dau ra dya trén nguyén ly balun day cua
W.Roberts. Cau tric caa anten phan ti
bao gom anten ludng cuc mach in nua
budc song hai canh birc xa udn cong gidp
giam kich thudc chiéu ngang va hai chan
tir dan xa dugc thém vao phia trudc song
song véi canh birc xa. Anten phan tir dugc
mo ta nhu hinh 1 tao thanh anten ludng
cuc dan xa mach in. Khoang céch giira
c4c chan tir dan xa va canh bic xa thuong
(0,1 + 0,35)4, [13]. Anten st dung nén
Rogers 4003C vé&i do tir tham 3,55, bé
day chat nén 12 0,8mm va c6 ton hao nho.
Anten dugc md phong dua trén phan
mém CST phuong phap phan ti hitu han,
thuc hién khao sat so bo anten phan ta voi
s6 lugng céac thanh din xa khéc nhau (n =
0 - 9). Bac diém caa anten ludng cuc dan
xa van duy tri cac tinh chét cua anten dan
xa thong thuong, khi tang s6 thanh dan xa
thi do loi ciing ting theo. Viéc téi wu
anten ludng cuc dan xa 1am céc tham sb
nhu Lgng, Larm, Lteeds 9, Warm, Lairec thay doi
khong dang ké khi ting sé chan tir dan xa
yi (i =1, 2, 3...n). Két qua vé biang thong
va d6 loi dugc biéu dién trong Bang 2, do
lgi cang cao thi kich thudc cua anten cang
Ion.

Két qua khao sat vé do lgi va biang thong
dugc trinh bay trong Bang 1. Qua khao
sat, voi n 16n hon 2 d9 loi tang nhung
kich thugc chiéu cao cua anten ciing ting,
xét dén bat lgi vé kich thudc nén bai béo
da Iya chon anten phan tr c6 sé luong
thanh dan xa la n = 2 goi la LC-DX2. Céc
tham s caa LC-DX2 duoc lya chon dua
trén md phong sao cho d6 lgi tét nhét tai
tan s 5GHz va duoc thé hién ¢ bang 2.
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Anten véi LC- DX2 ¢é hai thanh dan xa
dat duoc d6 loi la 7,64 dBi tai 5GHz, do
rong bang thong 1a S00MHz va c6 hi¢u
suat burc xa trén 96,2%. Anten phan tir co

kich thugc 1a 29x37x0,8 mm®. Két qua
md phong S11 va gian d6 bac xa hai
chiéu cua anten duoc thé hién trong hinh
2 va hinh 3.
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Hinh 1. Hinh anh nguyén ly va ché tao cua anten lwéng cwc dan xa mach in

Bang 1. Bang théng va do l¢ii cua anten lwéng
cwc dan xa mach in khi thay déi sé lwong chéan

Bang 2. C4c tham sé cha anten LC-DX2 tai

ttr dan xa (n) tai tdn sé trung tam 5GHz SeHz
DPon vi mm
n BW [MHz] | Do loi [dBI]
0 770 6,03 T:gm Giatri | Thamsé Giatri
1 592 7,00
, c00 76 Lam | 11,4 Vi 7 (0,15M)
3 250 5.8 Wom | 21 Y2 7(0,151y)
4 820 8,43 Ls 8,0 Lgna 3,5
5 580 8,77 9 0,7 Wong 12,0
6 470 9,28 Nsub 0,8 Whatun 2,1
7 450 9,64 Lsub 37,0 La 10,1
8 588 9,81 Wisup 29,0 Ly 8,0
9 582 9,89 Lgirec 15,0 Wieeq 2.1
5 580 8,77 Wiiree 2.1
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theo mét phéng xoz va yoz

2.2. Mang tiép dién cho anten mang
Bai bao dé xuat anten mang gom hai
mang con, mdi mang gdém 9 phan tir LC-
DX2 dugc bd tri trén mot duong thang
theo truc ox la mang tuyén tinh. Mang
tiép dién trong mang con la néi tiép duoc
trinh bay trong hinh 4. Gian d birc xa cua
mang duoc hinh thanh dya trén gian d6
birc xa cuia anten phan tir va hé sé mang
thé hién trong cong thic (1) [9].

N
AF — Z ej(nfl)(kdcosﬂJrﬁ) (1)

n=1

Trong d6, k 13 hé sb truyén song, d =
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0,583 1a khoang céch giita c4 phan tir va
B = 2m la do léch pha giita cac phan te
trong mang con, N 1a s6 phan ti trong
mang con (N=9). Mang con c6 kich thudc
téng 1a 315x60x0,8 mm®.

Pau vao mang tiép dién cho mang con la
Zin = Z0 = 50 Q, theo nguyén tic cua bo
chia ngudn hinh chix T thi Z1 = 35,36 Q,
v6i doan chuyén dbi moét phan tu budc
song (1/4). Qua qué trinh md phong tdi uu
duong truyén séng, cac bé rong duodng
truyén co gia tri nhu sau W1 = 1,75 mm ;
W2 =29 mm; d = 35 mm. Mang con
gom 9x1 phan tir mac ndi tiép tao do thi
birc xa co do loi 1a 14,2 dBi, dé ting do
dinh hudng ciing nhu nang cao d6 lgi cho
mang con, tac gia dé xuat thém mot mat
phan xa dat cach mang h = 12,17 mm.
Mang con khi cho thém mot mat phang
phan xa & dudi mang thi d6 lgi tang 1én 1a
15,3 dBi, do rong bup song theo phuong
dai quat 1a ~90° do d6 mudn blp rong
hon can ghép MIMO nhu coéng bd trudc
cua tac gia [9].

Pé ving phu rong hon, hé d& phuc tap
hon tac gia da ghép hai mang con song
song tao thanh mot mang anten duoc trinh
bay nhu hinh 5. Tré khang vao cua mang
la 50 Q, mang sir dung bo chia ngudn
hinh chir T dé cap ngudn cho hai mang
con nhu hinh duéi ddy. Dé nang cao do
lgi cho mang cling nhu tang tinh dinh
hudng cua gian do buc xa, chung toi da sir
dung mot mit phiang phan xa dua trén
chit nén ré hon RO4003C la FR4. Mt
phan xa c6 kich thudc chiéu dai va chiéu
rong bang mang anten, duoc dat céch
mang anten mot khoang la h=12,17mm
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nhue hinh 5. Mang anten va mat phang
phan xa c6 kich thuéc téng l1a 31,5x
13,4x1,217 cm’,

2.3. Két qua md phéng va két qua do
mang anten dé xuéat

Mang anten da dugc ché tao va do kiém
bing may VNA duoc thé hién trén hinh 6
va hinh 7. Két qua do S11 kha twong dong
so vai két qua md phong véi do rong bang

thong hon 2GHz (S11<-10dB). Tai 5GHz
gian do buc xa hai chiéu cua anten mang
c6 két qua md phong nhu trén hinh 8 va
hinh 9; véi d¢ loi I6n nhét 1a 15,7 dBi, do
rong theo phuong dai quat tinh vai do lgi
I6n hon 2dBi (béng do lgi cua anten da
huéng) c6 goc phia rong 240°. Gian do
birc xa ba chiéu ciia mang anten duoc thé
hién trén hinh 10 va hinh 11; v&i hiéu suét
buc xa dat 85,8%.
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Hinh 6. Hé s6 S11 m6 phéng va do Hinh 7. Hinh anh do anten mang bang may VNA
Farfield Gain Abs (Phi=0) [ — farfield (=5) [11]
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Type
Approximation

Mo
Col
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Freguency G

Ra

Gal

Tot. effic.

Farfield

enabled (kR == 1)
farfield (=5) (1]
Abs

Gain

hitor
mponent
tout

d. effic. -0.6645 dB
-0.6783dB

in 15.73 dB 0

Type

Approximation
Monitor
Component

Outp

Frequency 5

Rad.

Tot. effic.

Gain

Farfield

enabled (kR == 1)
farfield (=5) [1]
Abs

ut Gain
effic. -0.6645 dB
-0.6783 dB
156.73 dB

Hinh 11. Gian dé birc xa ba chiéu ciia mang theo mit phing yoz

3. KET LUAN

Mang anten méi ching toi dé xuat da
duoc ché tao vai diém ndi bat 1a do loi
cao 15,7dBi, bang théng rong 2GHz va
vung pha khi sir dung mang anten trén
rong voi do loi lon hon 240°. Do do,
anten mang dé xuat ang dung phd hop
cho truyén théng quang béa va truyén tin
dang hinh anh truc tuyén cho céc hé théng

vién thong ngoai troi. Anten mang duoc
thiét ké nho gon dé Iip dat tich hop vao
cac trang thiét bi vo tuyén. Mau anten
mang dé xuit di duoc thuc hién thi
nghiém & ngoai troi véi hiéu suat tot.
Mang anten dé xuat duoc thiét ké can
thiét cho cac trang thiét bi vo tuyén ang
dung Wi-Fi ngoai troi tai dai tan phd bién
hién nay.
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Gidi thiéu tac gia:

Téc gid Nguyén Tri St nghiép dai hoc chuyén nganh ky thut do va tin hoc céng
nghiép ndm 2004 tai trudng Pai hoc Bach khoa Ha Noi; nhan bang Thac si chuyén
nganh tu dong héa ndm 2015 tai Hoc vién ky thuat quan su. Hién nay tac gia la
nghién clru vién clia Vién Ty dong hda Ky thudt quan su, Vién Khoa hoc va Cong
nghé quan su, B6 Qudc phong.

Linh vuc nghién cfu: hé thng do ludng diéu khién, thiét k& cac hé thdng nhing
{'ng dung trong diéu khién va tu ddng hda, hé thdng gidm sat canh bdo tu dong
trong quan su.

Tac gia Bui Thi Duyén tét nghiép dai hoc chuyén nganh ky thuat do va tin hoc cong
nghiép ndm 2004; nhan bang Thac si chuyén nganh tu dong héa ndm 2007; nhén
béng tién sy chuyén nganh k¥ thuét diéu khién va tu ddng hda ndm 2020 tai Trudng
Dai hoc Bach khoa Ha Noi. Hién nay tac gia la giang vién Khoa Diéu khién va Tu dong
hoa, Trudng Dai hoc Dién luc.

Linh vuc nghién cfu: hé théng do ludng diéu khién, thiét k& cac hé théng nhing
¢’ng dung trong diéu khién va tu dong héa, mang cam bién khéng day, anten va
mach cao tan.
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