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Tém tit:

Bai bao dé xuat mot thiét ké anten mang mdi, bang thong rong, phan cuc tron, cd cau tric nhd gon
ng dung cho cac thié€t bi vo tuyén cam tay. Anten mang phan cuc tron dudc hinh thanh tir bon
anten phan tir luGng cuc (dipole) vi dai véi mach cap nguodn st dung ky thuat quay tuan tu cau trac
va pha. Anten mang dé xuat cd tan s6 cong hudng trung tam tai tan s trung tam 5,8 GHz vdi bang
thong rong Ién téi 2 GHz (34,4%); bdng thong phan cuc tron rong 1,5 GHz (dat 25,8%); trong khi
dé anten van dat dugc do Igi cuc dai cao xap xi 8,1 dBi tai tin s 5,8 GHz. Mau anten thiét k& c6
kich thudc chi 50x50 mm?, dugc md phong trén phan mém CST. Anten mang dé xuét cd thé hoat
ddng vdi nhiéu chudn vo tuyén khac nhau, phu hgp cho céc thiét bi WiFi s dung chuin IEEE
802.11ac, WLAN, WiMAX va st dung dai tan danh cho y té€, nghién clru va cong nghiép.

T khoa:
Anten mang, anten mang phan cuc tron, k¥ thuat quay tuan tu cau tric va pha, ty s6 phan cuc.

Abstract:

The paper proposes a novel low-profile wideband circularly polarized array antenna for wireless
multi-standards. The circularly polarized array antenna consists of four printed dipole elements, and
its feeding network is based on the sequential rotation technique. This proposed antenna operates at
the center frequency of 5.8 GHz with a wide bandwidth of 2 GHz (34.4%); a wide axial-ratio 3 dB
bandwidth of 1.5 GHz (25.8%); and a high maximum gain of 8.1 dBi. The antenna with a dimension
of 50x50 mm? is simulated using CST software. The proposed antenna is suitable for wireless multi-
standards such as IEEE 802.11 ac WiFi, WLAN, WiMAX, and the industrial scientific medical (ISM)
frequency band.

Keywords:

Antenna array, circularly polarized antenna, sequential rotation technique, axial-ratio.

1. GIOI THIEU CHUNG WiFi, WLAN, WIMAX, anten phan cuc
Trong truyén thong khong day nhu rada,  tron bang thong rong thuc su can thiét cho
dinh danh vo tuyén, thiét bi di dong, Ccéc thiét bi tng dung trong cac linh vuc
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trén. Anten phan cyuc tron giup giam anh
huong do da duong, cai thién tin hiéu
nhan dugc ciing nhu tang tinh linh hoat vé
huéng gitra hai phan ti thu va phét [1],
[2]. Pac diém ndi bat cua anten vi dai 1a
gon nhe, d& ché tao va gia thanh thép.
Anten c6 bang thong rong, dd thi bac xa
dinh huéng can thiét cho cac tng dung
nhu hé théng dinh vi, hé théng chi dan
hoac cac ung dung khi thiét bj vo tuyén
dugc gan vao ngudi hay 1én tuong.

Dé thiét ké dugc anten phan cuc tron co
thé dung anten don hodc anten mang, sir
dung mot duong tiép dién hoic nhiéu
duong tiép dién. C6 mot vai ky thuat nhu:
cit vat hai dau cua anten patch, khoét khe,
cap ngudn vudng pha, cap ngudn tuong
hé va tai phan khang, ghép khe va quay
tuan tu ciu tric va pha (SR-Sequential
Rotated) cua mang anten [3], [4], [5].
Anten patch don thong thuong c6 do rong
blp séng nia cdng suét trong khoang
50+120° trong khi d6 rong blp séng phéan
cyc tron cua ching rat hep khoang 30°
[6], [7], diéu d6 1am giam hiéu ning cua
tinh phan cuc tron trong qua trinh thu phat
tin hiéu vo tuyén. Céc cong bd [8], [9],
[10], 11] d4 cho thay cac wu diém cua ky
thuat SR dé dat duoc cac thé manh nhu:
do6 tang ich, bang thong, chét lugng phan
cuc tron tr nhitng phan tr phan cuc tuyén
tinh. Tuy nhién, dé thyuc hién duoc ky
thuat quay tuan ty ciu tric va pha can
dam bao yéu cau nghiém ngat vé bién va
pha kich thich cho cac phan ti trong
mang. Cac cong bb tai [9], [13], [14], [15]
cd uu diém vé do rong bang thong, do
phan cuc tron nhung ciu trdc anten mang
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dang hinh hop, gap kho khan vé mit thiét
ké, 1dp ghép va tich hop vao thiét bi.

Trong bai bao nay, chung tdi dé xuat
mang tiép dién quay pha dé cai thién chat
leong phan cuc tron cho anten mang véi
d6 rong bdp séng phan cuc tron ting va
bang thong phan cuc tron cua anten rong.
Tir d6 thiét ké ché tao anten phan cuc tron
bang thong rong hoan chinh, trong d6
mang tiép dién va anten mang duoc thiét
ké vai cau tric phang dé tich hop lip dat
cho céc thiét bj vo tuyén

2. THIET KE ANTEN MANG PHAN CUC
TRON

2.1. Anten phan to

Anten ludng cuc la loai anten c6 do thi
biic xa da hudng dugc ding pho bién
trong truyén théng khong day. Anten
ludng cuc truyén thong la loai anten day,
ching gap bt loi khi ghép trén cling mot
mach vai cé&c thiét bj vo tuyén. Cong nghé
ché tao anten vi dai ra doi mang lai nhiéu
thuan loi nhu d& ché tao, gia thanh ré va
dé tich hop. Pé dam bao giit duoc can
bang vé dién giita hai canh bic xa cua
anten ludng cuc, can bo tao can bang tin
hiéu vi dai & dau ra (goi la balun)
[12], [13]. Balun c6 nhiém vy chuyén tiép
cau trdc truyén séng khong ddi xang sang
d6i xang, cip nguon cho hai canh bic xa
cua anten ludng cuc mach in. Hinh 1 trinh
bay ciu tric cua anten phan tir ludng cuc
vi dai.

Anten ludng cuc vi dai ntra budc song
dugc thiét ké tai tan sb trung tm 5,8 GHz
trén chat nén Roger RO4003 v&i céc
thdng s6: bé day chat nén 0,8 mm, bé day
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l6p déng 0,035 mm, hing sé dién mai
& = 3,55 va hé sb suy hao dién moi
tano=0,0027. Anten ludng cuc vi dai
duoc thiét ké voi do rong bang thong la
31% tir 5,1 t6i 6,9 GHz véi cac tham sb
kich thuéc cua anten dé xuat duoc chi ra
trong Bang 1.

30 mm

A

22 mm

1
e e e e b B

. Input/ 50Q
SMA

Hinh 1. C4u tric cuta anten lwéng cuwec vi dai
tich heep balun hinh chir “J”

Bang 1. C4c tham sé cha anten phan to
tai 5,8 GHz, don vi mm

Thamsé | Giatri |Thamso | Giatri
L 10,6 Ly 11,1
w 1,7 Wi 2,7
Lo 10,0 Ly, 10,0
g 0,63 W, 1,7

2.2. Mang tiép dién cho anten mang

Do rong bup séng phan cuc tron, nghia 1a
ving bap séng co ty sé phan cuc (AR-
Axial Ratio) nho hon 3 dB, bang thong,
hé sé tiang ich cao, bai béo s dung k¥
thuat quay tuan tu cdu trac va pha cho

anten mang [4], [5] duoc lua chon, tir d6
lam co so thiét ké mach tiép dién cho
anten mang dé xuat.

100Q 70.7Q
1Al
!70‘79 1,4 304 M4 :|
M4 70.7Q
Input : 100G, .:'AZ
—] fp+ 204 A4
70.7Q
500 ‘ 100Q @
JOTO v 34 W4
A4 11000 70_79.
T, w4

Hinh 2. Mang tiép dién cho anten mang

Hinh 2 thé hién nguyén ly cap ngudn cho
bén anten phan ti (A1, A2, A3, Ad) caa
anten mang. Tac gia st dung mach chia
ngudn dwa trén bo chia cong suat hinh T
(T-junction). M&i phan tir anten ludng
cuc vi dai duoc thiét ké véi tro khang dau
vao 1a 50 Q & tan sé 5,8 GHz. Mang tiép
dién cua anten mang duoc thiét ké hoan
thién nhu trong Hinh 3. Trong do, pha cta
cac anten phan ttr Iéch nhau 90° tuan ty tir
anten AL (0%, A2 (90°), A3 (180%), dén
anten A4 (270°). Bién do va pha cua tin
hiéu cp cho cac anten phan tir dwoc md
phong va thé hién trong Hinh 4. Cac tham
sb cua mang tiép dién cho céc anten vi dai
phan tir dugc chi ra trong Bang 2.

Bang 2. Cac tham sé ciia mang tiép dién,

don vi mm
Tham o L T w | w,
i)
Gia
tri 735|407 58 | 0,45| 0,95
(mm)
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A3 (180°) ra (port 2, port3 port4, port5) chénh léch
glu:a céc cong trong toan bo dai tan tir 4,5
dén 7 GHz. T két qua méd phong cho
thdy twong ddi thoa min dwoc diéu kién
cho mang anten bang thong rong phan
Port 5 | A2009 cuc tron.

A4 (270°)

Pé anten mang c6 ciu trdc phang, mat
khéc van tuan theo quy tic sip xép tuan

tu xoay pha va vi tri dat. Tac gia da dé
AL (0% Xuét b6 tri anten mang nhu Hinh 5. Thanh
phan tiép dién ctia mang va cua anten nam
& mat trén, thanh phan btac xa caa bon

Hinh 3. So db téng thé mang tiép dién

\ et [Pk i K anten duoc bd tri & mat dugi cua anten
: : : — s ,
1 &, mang.
— 31
A
— 541
— 51
"""""""""" A3
1:-30.923147 -
52,1 1 -6.4777061
$3,1: -5.1670526|
54,1 : 9.957026 | 2 A4
55,1 : -4.9780682 5
45 A2
45 5 55 6 6.5 7
Frequency / GHz
a)
S-Parameters [Phase n Degrees] Al
| — s B 50mm o
— 531 v >
— 4 a) Mt trén anten mang
— 551
[ ]
A3
§2,1:137.521 B M
10011631 - 75.00865 ‘
150 4-..| 541 - 0862526 | | A4 A2
Ll |55, : 06.620450]: ‘
200 ‘ 3 3 3 E ®
45 5 5.5 6 65 7
Frequency [ GHz
b) B a
Hinh 4. Phan bé bién d va pha Al
ctia mang tiép dién cho anten mang 50mm | l
A = — >
Nang luong tir port 1 téi cac cong duoc b) M3t dudi anten méang
minh hoa trén Hinh 3. Bién d6 va pha dau Hinh 5. C&u trdc mat trén va dwéi caa anten
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2.3. Két qua m6 phéng va két qua do
mang anten dé xuét

Két qua md phong anten mang dé xuat
dugc thé hién trong Hinh 6, Hinh 7 va
Hinh 8. Trong d6, Hinh 6 cho thiy bing
thong cua anten mang rong 2 GHz (tuong
g 34,4%) tir 4,95 dén 6,95 GHz xét
murc dudi -10 dB.

5Ghz 5.5Ghz 5.8Ghz
----- 6Ghz 6.5Ghz 6.9Ghz
3 330 _—emag—. 30
6 oy = y
) ‘21 60
A X
8 -8 270 L A& 190
\(8 _2 ;"
£ 2 Y,
2 120
4 :
6 £ 5
8 210 == 150

Hinh 6. Gian d6 birc xa hai chiéu

chia anten mang
Hinh 6 thé hién gian d6 bac xa hai chiéu
cua anten mang. Gian d6 buc xa dang
hudng c6 2 bup d6i xing s& gilp céc thiét
bi v6 tuyén thu phat tin hiéu dang hudng
theo mot phuong. V&i hé sb ting ich 16n
nhat 1a 8,079 dB tai tan sé trung tdm 5,8
GHz; nho nhat 12 4,488 dB tai tan s6 6,9
GHz khi xét trong dai tan hoat dong nhu
trong Hinh 8.

| 4,95GHz

6,95GHz

S11 [dB]
=

=15 H

5.0

5 GHz

5.5

6.0

6.5 7.0

Tén s6 [GHz]

Hinh 7. Hé s6 S11 cha anten mang dé xuat

5,5 GHz
7,445dB *

6,5 GHz
4,709dB

Hinh 8. Gian dbé birc xa ba chiéu

cua anten mang

Bang 3. Cac cong bé nghién ctru vé anten phan cwc tron dwa trén ky thuat SR

p [13] [14] [15] > X
Tham so 2017 2021 2021 be xuat
G 0.8 103 0.8 8.1
BW 48,3 26,7 36,2 34,4
BW-3 dB 18 9.6 22.4 25.8
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, 13 14 15 y
Tham sb 201]7 £02]1 2[02]1 Dé xuat
BW-3 dB AR (°) ® © © ©
Kinh thude (0) | 0,0x0,9x0,38 | 1x1x05 | 0,9x0,9x0,38 |  0,9x0,9
BW-3 dB AR (°) ® © © ©

Tuy nhién tai tin s6 6,9 GHz db thj buc
xa dinh hudng, khong c6 bip ddi xung va
mét phan cuc tron; duoc trinh bay trong
Hinh 8 va Hinh 9.

Trong Hinh 9 md ta ty s phan cuc tron
ciia anten mang tai céc tan sé tir 5 GHz
dén 6,5 GHz, nhu vay bang thong phan
cuc tron dat 25,8%, goc phan cuc tron
rong xap xi 60° tai céc tan sé 5,5 GHz;
5,8 GHz.

Anten mang dé xuat duogc thiét ké trén
chat nén RO4003C vai hang sé dién moi
& =3,55 va bé day chat nén 1a 0,813 mm
nhu Hinh 5. Két qua mo ta trén cac Hinh
6 dén Hinh 9. Anten hoat dong trong dai
tan rong tir 4,95 dén 6,95 GHz (34,4% va
dai tan s dat 3 dB AR 1a 1,5 GHz (tr 5
dén 6,5 GHz (25,8%)). Ty sd phan cuc
AR, hé s tang ich, do dinh huéng va hiéu
suat cua anten mang duoc md ta trén Hinh
7, Hinh 8 va Hinh 9. Hé sé tang ich cua
anten thay doi tir 4,425 dBi t6i 8,079 dBi
trong ca dai tan s6 5 dén 7 GHz.

Dé danh gia anten dé xuit vai cac nghién
ctiu ndi troi trén thé gisi, nhin vao Bang 3
nhan théy: Dbé xuét co vu diém vuot troi
vé kich thuéc caa anten mang ; cac cong
bd khac anten déu c6 dang hinh khdi,
riéng anten dé xuét dang phing; dong thoi
c4c anten trong céc cong bé c6 dang do
thi 1a dang dang huéng theo 1 chiéu,
anten mang dé xuat c6 do thi bic xa 2

huéng, theo 1 phuong do d6 hé sb ting
ich thip hon cac cong bd khac 1a diéu tat
nhién. Tuy vay, khi anten dé& xuat c6 2
bup xéac dinh ddi xiing nhau s& 13 wu diém
khi muén truyén phat giira 2 muc tiéu xac
dinh néi tiép nhau. Vé chat luong goc
phan cuc chua dugc néi bat nhu [16] tuy
nhién d¢ rong bang thong phan cuc tron
lai noi bat nhit. Chang t6i da dé xuat
anten mang phan cuc ba chiéu trong [13]
tai Hoi nghi Chau A Thai Binh Duong,
cling nhu céng bd [14], tuy nhién chat
lugng phén cuc tron cta anten nay con
kém vé bang thong va do rong blp song
phan cyc tron so vai [15]. Anten dé xuat
trong [15] ¢6 nhiéu wu diém noi bat hon
ca, tuy nhién van chua nhé gon so V&i
anten mang dé xuat lan nay, dong thoi
[15] chi c6 mét bap séng, con anten dé
XUAt véi hai bap séng ddi xiang nhau.

5Ghz 5.5Ghz 5.8Ghz
-------- 6Ghz 6.5Ghz ---- AR
0
0 330 7Ty, 30
3 AR ok o= N
-6 7]
9 300 -
8 -12 4 3
g -15
o .18 | 5
& 270 90
£ 18 o
g =15 .
12 :- )
= A "/
91 240 AN T 120
-6 ..
23 i
0 210 =27 150

Hinh 9. Ty s6 phan cwc cta anten mang
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3. KET LUAN

Bai bao di dé xuat anten méi nho gon sir
dung ky thuat quay tuan ty cdu tric va
pha. Anten dugc thiét ké ¢ tan sé trung
tdm 5,8 GHz; ting ich 1on nhat 8,1 dBi;
do rong bang thong 34,4%; d0 rong bang
théng phén cuc tron 25,8% (3 dB-AR);
g6c phan cuc tron rong xap xi 60° tai dai
tan 5,5 dén 5,8 GHz la diém noi bat cua
anten mang. Két qua mo phong duya trén
phuong phap phan tir hitu han trén co s

phan mém CST. Véi nhung wu diém cua
anten nay cd thé tng dung cho cac thiét bj
vO tuyén, ngoai ra ciing hitu ich cho hé
théng thu ning luong song dién tir, hé
théng dinh vi va theo dbi truy vét ddi
tuong di dong st dung cong nghé vo
tuyén. D& dam bao nguyén Iy tao ra anten
phan cuc tron bang thong rong, bai bao da
dé xuat ghép anten trén mot miat phang
gitp kich thudc nho gon hon so véi cac
dé xuat trudc day.
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