Nghién ciru khoa hoc cong nghé

ANTEN PHAN CUC TRON BANG THONG RONG
UNG DUNG CHO CAC THIET BI VO TUYEN

Bui Thi Duyén®’, Nguyén Tri®

Tém tit: Bai bao trinh bay anten phdn cuc tron bang thong rong vumg dung cho cac
thiét bi v6 tuyen Anten phan cyc tron dugc xdy dung boi bon anten phan tir ludng cyc vi
dai véi mang tiép dién sir dung kj thudt quay tuan tw cdu triic va pha. Anten dé xudt tqi
tan s6 trung tim 5,8 GHz, c6 bing thong rong 36,3%, bang thong phdn cuc tron rong
22,4% va dé loi cuc dai dat 9,8 dBi. Mau thiét ké cé kich thude la 50x50%22 mm® da
dwoe ché tao va do kiém; két qua do cdc tham sé cia anten twong dong véi két qua mé
phong. Anten dé xudt phit hop cho cdc thiét bi wifi sir dung chudn IEEE 802.11ac, WLAN,
WiMAX va sir dung ddi tan danh cho y té, nghién ciru va cong nghiép.

Tir khoa: Anten méang; Anten phéan cuc tron; K§ thudt quay tuln tu cdu tric va pha; Ty s§ phan cuc; Thanh chém.
1. MO PAU

Anten phan cuc tron vi dai thuc su cin thiét cho cac thiét bi trong truyén thong khong day
nhu ra da, dinh danh vo tuyén, thiét bi di dong, Wi-Fi, WLAN, WiMAX. Anten phan cyc tron
gitip giam anh huong do da dudng, cai thién tin hiéu nhan dugc ciing nhu ting tinh linh hoat vé
huéng gilta hai phan tir thu va phat [1-2]. Pic diém nbi bét cta anten vi dai 1a gon nhe, gia thanh
thap va dé ché tao. Anten co bang thong rong, d6 thi burc xa dinh hudng can thiét cho cac ng
dung nhu hé théng dinh vi, hé thong chi dan hodc cac Gmg dung khi thiét bi vo tuyén duoc gin
vao nguoi hay 1€n tuong.

bé thiét ké duoc anten phén cuc tron c6 thé dung anten don hoic anten mang, st dung mot
duong tiép dién hoac nhiéu _duong tiép dién, C6 mdt vai ky thuat nhu: cit vat hai dau cua anten
miéng, khoet khe, cip ngudn vudng pha, cap ngudn twong hd va tai phan khang, ghép khe va
quay tuan ty cdu tric va pha (SR-Sequential Rotated) cua mang anten [3-5]. Anten miéng don
thong thuong c6 do rong bup séng nira cong suét trong khoang 50+120° trong khi d rong bup
song phan cuc tron ciia ching rat hep khoang 30° [6 7], diéu @6 lam giam hiéu nang cua tinh
phén cuc tron trong qua trinh thu phat tin hiéu vo tuyén. Cac cong bd [8-11] da cho thiy cac uu
diém cua k¥ thuat SR dé dat duoc cac the manh nhu: d¢ tang ich, bang thong, chit luong phan
cuc tron tir nhiing phan tr phén cuc tuyen tinh. Tuy nhién, dé thuc hién duogc ky thuét quay tuan
tu cdu triic va pha can dam bao yéu cdu nghiém ngit vé bién va pha kich thich cho cac phan tir
trong mang.

Trong bai bao nay, chung t61 dé xudt mang tiép dién tich hop hai thanh chém (Stub) dé cai
thién chat lugng phan cuc tron cho anten mang voi do rong bup song phan cyc tron tang, bang
thong va bang théng phan cuc tron cua anten rong. Tir d6 thiét ké ché tao anten phan cuc tron
bang thong rong hoan chinh dat tén 1a WCPA (Wideband Circularly Polarized Antenna)

Trinh ty cta bai bao gdm: Muc 2 trinh bay co s& 1y thuyét, ciu trac va thiét ké ché tao anten
phan cyc tron dé xuat. Két qua mo phong va do clia anten ciing nhu so sanh véi cac nghién ctru
khac dugc trinh bay trong muc nay. Muc 3 1a két luén cta bai bao.

2. THIET KE ANTEN MANG PHAN CUC TRON

2.1. Anten phan tir

Anten ludng cuc 13 loai anten c6 d6 thi buc xa da huéng dwoc dung phd bién trong truyén
thong khong day. Anten ludng cuc truyén thong 1 loai anten day, tuy nhién, khi ghép trén cuing
mot mach véi cac thiét bi thuong kho, cong nghé ché tao ciing dit hon. Tur khi cdng nghé ché tao
anten vi dai ra doi mang lai nhiéu thuan loi nhu d& ché tao, gia thanh ré va dé tich hop. Tuy
nhién, dé dam bao giit dugc can bang vé dién giita hai canh birc xa cua anten ludng cuc, can bo
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tao can bang tin hiéu vi dai o dau ra (goi la balun) dugc dé xuat dua trén balun day [12-13].
Balun c6 nhiém vu chuyén tiép ciu triic truyén song khong d6i ximg sang d6i xtmg, cip nguon
cho hai canh birc xa cta anten ludng cuc mach in. Trén hinh 1 mé ta so dd tuong duwong ctia
balun va cac cong thirc tinh toan tré khang theo (1), (2) va (3).
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Hinh 1. Cdu tric ciia anten luéng cwe vi ddi tich hop balun hinh chit “J”
va so' do twong duong cua balun.

Theo (3), dé dat du'(_)rc‘phc‘)i hop tr& khang hoan hao va bang thong rong, cic tham sb cua
balun phai théa man yéu cau sau: Ly, = L, =A/4 hay 8 = 6, = 6, = 90°.

M = -] Zs cotgbp; N =] Zy tgby )

Zin:M+ NZL (2)
N+Z,

Z. = _j.Zfz.Cotgt9f2+_J'zb't99b'ZL @)

j 'Zb 'tggb +Z|_

Anten ludng cuc vi dai nira budc song dugc thiét ké tai tin s6 trung tim 5,8 GHz trén chét
nén Roger RO4003 véi cac thong sd: bé day chat nén 0,8 mm, bé day lép dong 0,035 mm, hing
s6 dién mdi & = 3,55 va hé sb suy hao dién moi tand = 0,0027. Anten ludng cuc vi dai dugc thiét
ké v6i d6 rong bang thong 1a 31% tir 5,1 GHz t6i 6,9 GHz véi cac tham s kich thuéc caa anten
dé xuat dugc chi ra trong bang 1.

Bing 1. Cdc tham sé kich thudc ciia anten luéng cue vi ddi.

Cénh birc xa (mm) Balun (mm)
L W g I—b Wb ng Lfl I—f2 Ws
10,6 1,7 0,63 10,0 1,7 2,7 11,1 10,0 1,7

2.2. Mang tiép dién cho anten mang

Dé nang cao chét lugng phan cyc tron vé: (1) Do rong bup séng phan cuc tron nghia 1a ving
bup song c6 ty sb phan cuc (AR- Axial Ratio) nh6 hon 3 dB; (2) Bang thong cua anten rong; (3)
Bang thong cua anten ma tai cac tan so d6 anten co bup song phan cuc tron rong; (4) HE so tang
ich cao. Dé thuc hién duoc diéu do, ky thuét quay tuln tu cau tric va pha cho anten mang [4, 5]
duoc lua chon, tir d6 1am co s& thiét ké mach tlep dién cho WCPA. Hinh 2 sir dung mach chia
ngudn dya trén b chia cong suat hinh T (T-junction) tich hop hai thanh chém. Mdi phéan tur
anten ludng cuc vi dai duoc thiét ké voi trod khang dau vao 1a 50 Q & tan sb 5,8 GHz. WCPA tich
hop mang tiép dién dugc thé hién hoan thién nhu trong hinh 3. Cac tham s6 cua mang tiép dién
cho cac anten vi dai phan tir dugc chi ra trong bang 2.

066 B. T. Duyén, N. Tri, “Anten phén cwc tron bing théng réng rng dung cho cdc thiét bi vé tuyén.”
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Hinh 2. So dé tirong dwong ciia dwong tiép dién 1 vao va 4 ra.

Dipole 3 /500 7= ZO (RD +JXD)+JZOt (4)
~6dB/18-0“ Zo+(RD+jXD)t
] Tm /70Q
w_,/‘w(m o _ e 1
Cc KA T Y=G+jB=— (5)
3 3 Lr_ L2 6)
Izf %5 A 2n B
3 PR IE , .
3 500 Ei= z Bdng 2. Cdc tham so cua mang tiép dién.
Q r
J W 1 700 Tham so L D W, W,
—_u aua | Gia ir} 2183 30 045 0,95
W, 170Q) (mm)
Dipole 17200 Tham so Ls; L dg  de
-6 dB/0° 50mm Gla’. tr1
= ; 25 33 2 35

zy_-Via g i (mm)
ﬁm
Hinh 3. So do tong thé mang tiép dién ciia WCPA.

Trong thiét ké 1y tuong khong ton hao trén dudng truyén, bién do kich thich cho 4 phan tir
anten 1a -6 dB. Tuy nhién, do ton hao trén dudng truyén nén bién d6 ngudn kich thich cho cac
phé‘m ttr anten bi sai khac 1én t6i 4,33 dB, dan t&i khong thoa man diéu kién phan cuc tron. Nhu
da dé cap ¢ trén, cac thanh chém dugc thém vao mang tiép dién s& gitip viéc chia ngudn toi cac
phan tir dit bién do kich thich bang nhau, pha léch nhau 90 d6 dién. Tir d6, WCPA dat dugc
phan cuc tron, trinh tyu tinh toan thiét ké mang tiép dién cho WCPA duoc thuc hién nhu sau:
Budre 1: Tinh toan cac théng sb cua thanh chém dya trén 1y thuyét

Tré khang tai cac diém A, B, C’ va D 1a Za, Zg, Z¢+, Zp duge xac dinh khi khdng c6 thanh
chém. Bai Vi gié tri Za va Zp khong phdi hop tro khang, do vay, Stubl va Stub2 dugc thém vao
mang tiép dién nhu hinh 3. Stub2 c6 chiéu dai 1a L, va khoang cach ds, (tir vi tri caa Stub? toi
diém D) duogc xac dinh dya trén cong thic (4) [14]. Trong d6, Zo 1a tré khang dic trung,
t=tan(Bd,,) véi B=2x/2 la hing sb pha. Dién din dau vao diém D dugc x4c dinh theo cong
thire (5). Dé t6i wu cong sut truyén tir cong 4 toi céng 5 bang nhau thi Z = Z¢- va tién hanh xac
dinh gia tri t, tir d6, gia tri dg, va B (trong cong thirc (5) dwoc tinh toan. Nhu vay, chiéu dai cia
Stub2 xac dinh nhu cong thic (6) [14].

Tuong tu chiéu dai Ly cua Stubl va khoang cach dy duoc xac dinh théng qua hai tré khang
ZB va ZA.

Tap chi Nghién ciru KH&CN qudén sw, Sé 73, 06 - 2021 67



Ky thudt diéu khién & Dign tiv

Budic 2: Tir nhimng tinh todn so b & Bude 1, tién hanh mé phong va tdi wu bang phuong phép
phan tir hitu han trén phin mém CST (Computer Simulation Technology).

(1) Cong suat trung binh tir cong 1 t&i cong 2, 3, 4, 5 khi khong ¢ thanh chém lan luot 1a:
S21.er = -5 4 dB; S31, = -6 39 dB; S41,,. = -5,71 dB; SSla\,er = -8,21 dB. Ton hao trén cac
duong truyén trong mang xap xi 1,7 dB; nang luong va pha tir cong 1 toi cac cong con lai dugc
trinh bay trén hinh 4. Tong gia tri trén nhanh 1 (bao gom cong 2 va cong 3) la: SZla\,er + S31aver =
- 11,79 dB khdng can bang véi tong gia tri trén nhanh 2 (bao gom cong 4 va cong 5) S4l.e +
S51..er = -13,92 dB. Piéu nay khdng thoa man bién do dau ra cua cac cong 1a -6,5 dB 1a do sy bat

d6i xtng gitta hai nhanh, nhanh 2 dai hon nhanh 1, nhu trén hinh 4.a; dn t6i thanh phan dién
cam khang ctia nhanh 2 I6n hon. B¢ ra giai phap tang thanh phan dung kh&ng cho nhanh 2 bang
cach thém stub.
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Hinh 4. Phdn bé bién dé va pha ciia mang khi khong c6 2 thanh chém.

(2) Sau khi thém Stub2 vao nhanh 2 nhu trén hinh 5.b, cong suat tir cong 4 t6i cong 5 duoc toi
uu bang cach dieu chinh chieu dai cua Stub2. Hinh 5.a chi ra rang, khi chiéu dai cua Stub2 trong
khoang tur 3 t6i 3,5 mm, gia tri S41 xap xi S51. Chon gia tri L, = 3,36 mm va dieu chinh vi tri
cua Stub2 két qua duogc trinh bay trong hinh 5.b véi dg, = 3,5 mm thi S41,e; = S51,ver.
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Hinh 5. Bién d¢ dau ra trung binh thay doi khi chiéu dai va vi tri Stub2 thay doi.

(3) Sau khi Stub2 duoc cb dinh, Stub1 dwoc thém vao mang thanh chém. Diéu chinh chiéu dai
cling nhu vi tri cua Stubl dé khao sat ning lwong truyén trén nhanh 1 (S21aer + S31aver) VA nhanh
2 (S41aver + S514aver). Ban dau, ¢d dinh vi tri ciia Stubl sau d6 thay doi chiéu dai cia Stubl. Trong
hinh 6.a khi Lg; = 2,5 mm thi nang luong trén nhanh 1 va 2 can bang. Tiép theo, ¢ dinh chiéu dai
cuia Stubl va diéu chinh vi tri dé dat dugc két qua téi wu. Véi dg = 2 mm nhu trén hinh 6.b thi
nang lugng cp cho hai nhanh 1a bang nhau.
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khi chiéu dai va vi tri Stubl thay doi.

Ning lugng tir cong 1 téi cac cong duge minh hoa trén hinh 7 v0i mang tiép dién c6 2 thanh
chém. Bién d¢ dau ra chénh Iéch gilta cac cong khi sir dung mang ti€p dién 2 thanh chém giam
dang ké trong toan bd dai tan tr 5,4 GHz dén 6,8 GHz. Di€u nay théa man dugc diéu kién cho

mang anten bang thong rdng phan cuc tron.
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2.3. Ché tao va két qua do kiém WCPA
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tao va hé sé S11 ciia WCPA.
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WCPA duoc ché tao trén chit nén RO4003C véi héng s6 dién méi & —3 55 va bé day chat
nén 1a 0,813 mm nhu hinh 8.a. Sau khi ché tao, anten dugc do cac thong s6 bang may phan tich
mang vector cua Agilent. Két qua mo ta trén hinh 8.b cho thay, hé sb phan xa c6 sy twong dong
gitta két qua do va mo phong. Anten hoat dong trong dai tan rong tir 4,6 dén 6,7 GHz (36,2% va
dai tan s6 dat 3 dB AR 12 1,3 GHz (tr 5,4 dén 6,7 GHz (22,4%)).

Ty sb phan cuc AR, hé s6 tang ich, do dinh huéng va hiéu suat cia WCPA dugc mo ta trén
hinh 9. Hé s tang ich cua anten thay doi tir 7,6 dBi toi 9,8 dBi trong ca dai tan sé 4,3+7,1 GHz.
Két qua do va mé phong d6 thi b xa tai tan s 5,8 GHz theo mat phang xoz va yoz duoc trinh
bay trén hinh 10. Do rong bup séng 3 dB AR dat hon 60° v6i mit phing xoz va yoz nhu trén
hinh 10.c va hinh 10.d.
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Hinh 9. So sdnh két qud do va mé phong ciia WCPA.
107 330 = TR 10
— 5 P \ = 5
M 04 A o
= 53 g, / 60 = 5 60
5 -101 £ ) -{j -10 £ \
A5 ¥ \ -15
2 20 ,%D -20 /
RETE “ S5y | ‘
@ 304270, 90 e ] 190
@ H5 ] | 5 ‘ J
= ;5, T 20
159 -15 1
RSP 120 PR Ao 120
51 — M5 phong WCPA 0] — M0 phong WCPA
0 ——Po WCPA Do WCPA
a) Gian d0 burc xa trén mat phang xoz b) Gian d6 btrc xa trén mat phang yoz
0 - s
—-10 — -101
%-20 ; . 8 20
~g -40 ; g 40
\ 7]
> =50 \ o, 50
= o070l = Slog 60 = ; ——7
——M6 phong WCPA —— Do WCPA 1 —M6 phong WCPA——Do WCPA
¢) AR trén mit phang xoz d) AR trén mit phang yoz

Hinh 10. Két qud mé phong va do gidn do birc xa va AR ciia WCPA tqi 5,8 GHz.
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Hinh 11. Két qua mé phong gian do birc xa va AR ciia WCPA tqi cdc tan s6 4GHz; 4,5GHz;

5GHz; 5,5GHA; 6GHz;6,5GHz; 7GHz; 7,5GHz va 8GHz.

() Gian d6 birc xa trén mdt phang xoz, (b) Gidn do birc xa trén mat phang yoz,
(c) AR trén mdt phang xoz, (d) AR trén mdt phang yoz.

Dé danh gia WCPA dé xuat v6i cac nghién ciru ndi troi trén thé gidi, nhin vao bang 3 nhan
thdy: cong b [9] c6 nhiéu wu diém vé phan cuc tron phai va trai, bang thong rong, nhung kich
thudc 16n va tang ich thap 9,5 dBi. Tai liéu [11] cho thay ¢6 uu diém ndi bat 1a kich thude nho
gon nhung cac tham s6 chinh cta anten phan cuc tron déu thap Chung t6i da dé xuat TDAA
trong [13] tai hoi nghi Chau A Thai Binh Duong, tuy nhién, chat luong phéan cuc tron cua anten
nay con kém vé biang thong va do rong bip séng phan cuc tron so véi WCPA. Nghién ciru [15]
c6 do tang ich cao, tuy nhién, bang thong hep, kich thudc 16n va goc phan cuc tron hep. Nhu
vay, WCPA dat dugc gdéc phan cuc tron rdng, bén canh do6 béng thong, hé $6 tang ich va kich
thudc ciing dat dugc két qua dang khich 18.

Bing 3. Céc cong bo nghién citu vé anten phén cyc tron duwa trén ky thudt SR.

£ < [11] [13] [9] [15]
Tham so tham chiéu 5015 5017 2021 2021 WCPA
Heé sb ting ich (dBi) 7,25 9,8 9,5 10,3 9,8
Bang thong (%) 28,5 48,3 37,3% 26,7% 36,2
Béng thong phan cuc 0 0
ron (%): 3dB AR 17,6 18 24% 9,6% 22,4
BW-3dB AR (°) ® ) e e ©
Kinh thude anten (A) | 0,6 X 0,6 10,9x0,9%0,38 1,06x1,06x0,5  1x1x0,5 0,9%0,9%0,38
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3. KET LUAN

Bai béo da d& xuét anten méi WCPA nho gon st dung k¥ thudt quay tuan tu ciu tric va pha.
WCPA dugc thiét ké va ché tao ¢ tan sb trung tim 5,8 GHz; tang ich 16n nhat 9,8 dBi; d6 rong
bang thong 36,2%; do rong bang thong phén cyc tron 22,4% (3 dB-AR); goc phan cuc tron rong
hon 60° 1 diém ndi bat cia WCPA. Két qua do cac tham s ctia anten tuong dong voi cac két
qua md phong. V6i nhung uu diém cia WCPA c6 thé ing dung cho cac thiét bi vo tuyén, ngoai
ra hitu ich cho hé thong thu hoach ning luong song dién tur, hé thong dinh vi va theo ddi truy vét
dbi twong di dong sir dung cong nghé vo tuyén. Voi dé xuat mang tiép dia méi sir dung hai thanh
chém da lam cho WCPA c6 chét lwong phan cuc tron ndi troi va bang thong rong. Dé dam bao
nguyén ly tao ra anten phén cyc tron bang thong rong, lam cho céu tric phodi ghép cac anten phan
tar khong con dang cau trac phang. Bén canh nhiing wu diém cia WCPA mang lai, c6 mot
khuyén nghi 1a khi han va lip rap anten WCPA dam bao chinh xac vé co khi, tranh céc sai s6 gdy
ra trong qua trinh lap ghép.
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ABSTRACT

NOVEL WIDEBAND CIRCULARLY POLARIZED ANTENNA
FOR WIRELESS APPLICATIONS

The paper presents a novel wideband circularly polarized antenna for wireless
applications. The circularly polarized antenna consists of four printed dipole elements and
the feeding network based on sequential rotation technique. This proposed antenna at 5.8
GHz with a wideband of 36.3%, an axial-ratio 3 dB bandwidths of 22,4%, and a maximum
gain of 9.8 dBi. A prototype with a dimension of 50x50x22 mm? has been fabricated and
measured. The measurements agree with the simulation results. The proposed antenna is
suitable for devices operating in IEEE 802.11 ac Wi-Fi, WLAN, WiMAX, and industrial
scientific medical frequency band.

Keywords: Antenna array; Circular polarization antenna; Sequential rotation technique; Stub.
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