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This paper proposes a design of a wideband omnidirectional
microstrip patch antenna, which can be used in wireless applications
such as WLAN, WiIMAX... The antenna is designed on FR4 substrate,
rectangular microstrip patch, heterogeneous structured feed line. In
addition, the solution of cutting an annular-slot on the microstrip
patch can help to extend the bandwidth of antenna more than 4 GHz
(from 191 GHz to 6.14 GHz). In this paper, the design and
investigation of antenna parameters at 2.4 GHz WLAN and 3.5/5.5
GHz WIMAX frequencies are carried out on HFSS software.
Accordingly, the proposed antenna has a omnidirectional radiation
pattern at each above, the gain is 2.4 dBi (at 2.4 GHz), 3.89 dBi (at
3.5 GHz) and 3.2 dBi (at 5.5 GHz).
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Bai bao dé xuat mot thiét ké ang-ten vé huéng mach dai bang rong,
c6 thé sir dung trong céc ng dung khong diay nhu WLAN,
WiMAX... Ang-ten dwoc thiét ké trén chat nén FR4, véi chan tu
mach dai hinh chir nhat, dudng cip ngudn vai ciu tric bat ddng nhat.
Ngoai ra, giai phap khoét mot khe hinh vanh khuyén trén chan ti
phét xa mach dai, c6 thé giip mé rong bing thong cua dng-ten, dat
hon 4 GHz (tr 1,91 GHz dn 6,14 GHz). Trong bai béo nay, viéc
thiét ké, khao sat cac tham sé cua ang-ten dé xudt ¢ céc tan sb 2,4
GHz WLAN va 3,5/5,5 GHz WiMAX duoc thyc hién trén phan mém
HFSS. Theo d6, ang-ten dé xuat ¢ gian do bic xa dang vo huéng &
mdi tan so trén, do loi dat 2,4 dBi (6 2,4 GHz), 3,89 dBi (6 3,5 GHz)
va 3,2 dBi (6 5,5 GHz).
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1. Gigi thiéu

Ang-ten mach dai, nhu chung ta da biét, co wu diém 1a ciu hinh don gian, khdi lugng nhe, kha
ndng tuong thich véi cac mach tich hop [1] va gia thanh re. Clng vai xu thé ché tao céc thiét bj
dién tu, trong d6 c6 cac thiét b truyén thong khdng day ngay cang nho gon, d6 tich hop cao, vi
vay, ang-ten mach dai hién nay duoc str dung khé& phd bién.

Ang-ten mach dai trong cac tng dung truyén thong khong day (nhu WLAN, WiMAX, LTE,
ITU-Regionl, 5G, IoT, dinh vi va thong tin vé tinh...) thuong yéu ciu cé gian d6 buc xa vo
huéng trong mit phang phuong vi, 6 rong chiim hep trong mit phang ta [2] va duoc goi 1a “ang-
ten v6 hudng mach dai”.

Nhu chiing ta da biét, d6 rong bang thong hep chinh 1a mot nhuoc diém cua cac dng-ten mach
dai néi chung. Bing thong dién hinh ciia dng-ten mach dai 1a dudi 10% so véi tan sb lam viéc
trung tAm. D3 c6 nhiéu nghién ctru vé viéc mé rong biang thong, nang cao chit lwong cia ang-ten
v6 huéng mach dai ¢ nhiéu dai tan khac nhau (cho cac ung dung khic nhau) da dwoc cong bod.
Céc ang-ten duoc thiét ké c6 thé 1am viéc ¢ nhiéu bang tan nhu [3]-[6] hoic véi mot bing tan
siéu rong nhu [7]-[11]. Bang thong cta dng-ten vo hudng mach dai hién nay da dugc mé rong rat
nhiéu va thich hop ddng thoi voi nhiéu tng dung hon.

Ang-ten nhiéu bang tan c6 tinh chon loc tan sé cao, nhung chi hoat dong & nhitng tan sé ¢6
dinh. Vi du & [3], [4], ang-ten c6 hai bang tan thich hop véi cac tng dung 3,5 GHz WiMAX va
5,8 GHz WLAN; con ¢ [5], dng-ten c6 ba bang tan tuong tng voi 2,4 GHz WLAN va 3,5/5,5
GHz WIMAX, tham chi c6 bon bang tan nhu ¢ [6] twong tng Véi 3,5 GHz WIMAX, 4,3 GHz
ITU va 5,2/5,8 GHz WLAN. Loai ang-ten cd tinh linh hoat bi han ché va thuong c6 cau trdc rat
phuc tap.

Hién nay, dng-ten mdt bang tan siéu rong dang rat dugc quan tdm va phat trién, dong vai tro
quan trong trong céc hé thong truyén thong khong day toc do dir liéu cao [7], dap Gmg ddng thoi
véi nhiéu tng dung khac nhau. Tuy nhién, viéc thiét ké loai ang-ten nay c6 nhiéu thach thirc hon
S0 véi dng-ten bang hep. Viéc thiét ké phai dam bao kha ning hoat déng cia dng-ten trén mot
bang thong rong. Pong thoi, cac dic tinh birc xa ciling phai thoa man yéu cau nhat dinh trén toan
dai tan. Vi du: ¢ [8], mot ang-ten dugc dé xuat voi bang thong siéu rong dat 16,3 GHz (2,9 — 19,2
GHz). Tuy nhién, gian db btrc xa vo6 hudng chi duge dam bao ¢ tan s6 3,5 GHz WiMAX va 5,8
GHz WLAN; ¢ [9], bing thong dng-ten duoc dé xuat dat 1,6 GHz (2,15-3,72 GHz). Ang-ten nay
chi duoc sir dung cho 2,4 GHz WLAN va 3,5 GHz WIMAX; ¢ [10], ang-ten dugc dé xuat co
bang thong dat 1,88 GHz (2,17 — 4,05 GHz), chi phu hop cho 2,4 GHz WLAN, 2,6 GHz LTE va
3,5 GHz WIMAX; ¢ [11], ang-ten c6 bang thong siéu réng 7,5 GHz (3,1-10,6 GHz). Nhung chi
tai cac tan sb 4, 6, 8 va 10 GHz, gian do birc xa 1a vo huéng.

Nhu véy, bai toan dit ra véi nhom tac gia caa bai bao nay 1a thiét ké mot ang-ten mach dai cé
thé hoat dong trong mot bang thong rong, ¢ gian d6 buc xa dam bao tinh vé huéng trong toan
dai tan, dap img dugc hau hét cac ing dung truyén thong khdng day c6 tan sb lam viéc dudi 6
GHz. Trong khudn kho ciia bai béo nay, nhom tac gia tap trung khao sét cac tham sb ciia ang-ten
dé xuét & céc tan s6 2,4 GHz WLAN, 3,5 GHz va 5,5 GHz WiMAX, dé chimg minh kha ning
Iam viéc cling dam bao nhur tinh vo hudng ciia dng-ten dé xuét trong toan dai tan.

2. Phuwong phap nghién ciru

Phuong phap nghién ctu dya trén céc ly thuyét co ban vé ang-ten, két hop phan tich tai liéu
vé dng-ten vO hudng mach dai. Tir d6, lya chon cAu tric ng-ten thich hop voi yéu cau bai toan
dit ra, dé xuat giai phap mo rong bang thong clia dng-ten. Két hop st dung phan mem mo phong
truong dién tir HFSS dé thiét ké, md phong va khao sat cac tham sé cua dng-ten dé xuat.

2.1. Lwa chen cdu triic dng-ten

Ang-ten v6 huéng mach dai str dung trong cac rng dung khong day phan I6n ¢6 dang chan tur
hinh chir nhat, hinh tron, hinh luc giéc, hinh tam gi&c v.v. va duong cap nguon mach dai 50€.
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Viéc mo rong bang thong va tao tinh vo hudng cia ang-ten mach dai nhan dugc bang céach
bién ddi cau tric cac mat bic xa hodc dudng cip ngu0n Vi dy, ¢ [1] nguoi ta tao duong chuyén
tiép co kiéu bac thang & vi tri tiép gidp gitta mat chan tir phat xa voi dudng cap ngudn. Ngoai ra,
cling c6 thé khoét cac mat birc xa thanh céac khe c6 hinh dang khac nhau nhu: & [2]-[6] st dung
cac khe c6 hinh dang phuc tap, ¢ [7] st dung khe hinh tron, hoac khe hinh tam giac nhu ¢ [8],
con & [9], [10] 1a khe hinh chir C v.v. Dac biét, & [11] dé xuat st dung duong cap ngudn khdng
ddng nhat.

Dé thyc hién bai toan thiét ké ang-ten vé hudng mach dai cho cac tng dung khéng day, hoat
dong ¢ dai tan dudi 6 GHz, nhom tac gia bai béo nay lwa chon ciu trdc chan tir mach dai hinh
chit nhat, kich thuéc WXL, dudng cap nguon 50Q. Chét dién mdi (cht nén) dugc lya chon la
FR4 véi hang sé dién moi & = 4,5, c6 do day lah = 1,6 mm. Do day lop dan dién (ddng) lat =
0,035 mm. Hinh 1 thé hién céu trac ang-ten mach dai.

Hinh 1. Cdu triic dng-ten mgch ddi
Kich thudc chin tir mach dai WxL duoc tinh toén theo cong thirc (1,2) [12] nhu sau:

1

2f0 gr 1 ( )

Lo AL @
210 /reff

Trong dé: ¢ = 3.10° (m/s) — van téc anh sang; hang s e Va gia tri AL dugc tinh theo cong
thac (3,4):

~1/2
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Dé tao tinh v6 hudng ciing nhu mé rong bang thong ctia ang-ten mach dai néu trén, nhém tac
gia st dung giai phéap bién doi cau tric cac mit phat xa va dudng cap ngudn nhu da dwoc trinh
bay trong [11]. Trong d6 trinh bay giai phap mé rong bang thong dng-ten vo huéng mach dai (tir
3,1-10 GHz). Theo d6, tir diém dau cip nguon dén diém tiép gidp voi chan tir phat xa 1a duong
truyén khong dong nhat. Cau tric ang-ten sau blen d6i dugc mo ta trén Hinh 2.

Cu thé, doan chuyen tiép tir dwong cap ngudn thanh chan tir phéat xa duoc tao vat, ¢d chiéu dai
la Lx. Buong c4p nguon dugce chia thanh cac doan co do rong tur Wy (chiéu dai tuong ung la Ly)
dén W, (chiéu dai tuong g la L,), doan chuyén tiép c6 chiéu dai la Lwp, Ngoai ra, & mat dudi
cuia ang-ten mach dai, 16p dat (hay con goi I 16p mat) dwoc phu tir diém dau cip ngudn mot doan
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c6 chiéu dai Lgna. Gia tri cac kich thudc ang-ten sau khi tinh toan va tinh chinh dugc thé hién
trong Bang 1.

L

Lgng
K
40
| @ 3 z
y
La L, Lap Ly

Hinh 2. Cdu triic dng-ten vé hwréng mach ddi
Bang 1. Gid tri kich thuéc cia dng-ten dé xudt

(Pon vi tinh: mm)

Ki hiéu W L Lond A W, L, L, L L.

Gia tri 16,68 20,74 38,67 2,71 0,32 3,06 12,50 30,69 0,72

Str dung phan mém HFSS, thuc hién khao sat hé s6 phan xa (S11) cua ang-ten va cho két qua
nhu ¢ Hinh 3. Nhan thiy, bang thong cua ing-ten dat tir 2,19 GHz dén 5,38 GHz (tuc 1a dat
84,28%). Tuy nhién, dé ciu trac dng-ten ndy c6 thé pht hop cho mét sé tng dung khac (vi du,
WiMAX & 5,5 GHz, WLAN & 5,8 GHz ...) ciing hoat dong & tan s6 duéi 6 GHz, can phai c6 giai
phép ma rong bang thong cua no.
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Hinh 3. Hé sé phan xa S11 cia dng-ten khi chira mé réng bang thong

[

2.2. Pé xuidt gidi phap mé réng bdng thong ciia dng-ten

Dé ma rong bang thong dng-ten, nhu di biét, c6 nhiéu giai phap da dugc thyc hién, trong d6
viéc thay doi hinh dang cua cac mat phét xa 1a kha phd bién. Di véi dng-ten mach dai da duoc
trinh bay & trén, nhém tac gia bai bao nay dé xut giai phap khoét mot khe hinh vanh khuyén trén
mat chan tir phat xa (Hinh 4).

Trong d6, vi tri tim caa hinh vanh khuy@n cach mép trén cta chan tir phat xa mot doan 1a Ly,
ban kinh hai duong tron tao nén hinh vanh khuyén lan luot & ry va r,. Sau khi tinh toan va tinh
chinh, céc gia tri kich thudc duoc thé hién trong Bang 2.
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Bang 2. Gid tri kich thuéc cia dng-ten dé xudt voi khe hinh vanh khuyén
(Pon vi tinh: mm)

K_i hiéu W L and Wl W2 Ll L2 Lt@ LA LSlOt rl rz
Gia tri 1547 19,10 3857 302 048 306 1163 2939 0,65 1250 30 40
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Hinh 4. Cdu triic dng-ten vé hwéng mach ddi véi khe hinh vanh khuyén
3. Két qua md phong va danh gia
3.1. Két qua mé phéng
_ Sur dung phan mém HFSS, nhom tac gia da thuc hién mo phong khao st hé s6 phan xa, gian
d6 btrc xa ¢ dang 2D va 3D ciia ang-ten vé hudng mach dai voi khe hinh vanh khuyén nhu da dé

xuét (Hinh 4) & 3 tan s6 1a 2,4 GHz, 3,5 GHz va 5,5 GHz. Két qua md phong dugc thé hién trén
cac hinh (tr hinh 5 dén hinh 8).
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Hinh 6. Gian do bic xa ciia ang-ten tai 2,4 GHz: (a) dang 2D va (b) dang 3D
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Msx: 3.89 dB(Dﬁ ]9-1)

Ghi cha
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(b)
Hinh 7. Gidn do birc xa Ciia dang-ten tgi 3,5 GHz: (a) dang 2D va (b) dang 3D

dB (D3 lgi)

Max: 3.2

(b)
Hinh 8. Gidn do bic xa Ciia dng-ten tgi 5,5 GHz: (a) dang 2D va (b) dang 3D

3.2. Ddnh gid két qua

Két qua cua hé s6 phan xa S11 (Hinh 5) cho thiy, bang théng cta dng-ten di duoc mo rong
(tir 1,91 GHz dén 6,14 GHz), dat khoang 105%.

Tir hinh 6 dén hinh 8 thé hién két qua khao st gian dd birc xa dang 2D va 3D cua dng-ten dé
xuét lan luot tai 3 tan s khéac nhau:

- voi f=2,4 GHz (Hinh 6), d¢ lgi ctia ang-ten dat 2,4 dBi, tinh vo hudng cua ang-ten kha
t6t, khong c6 bap song bén.

- Vé6i f= 3,5 GHz (Hinh 7), do lgi cia ang-ten dat 3,89 dBi, tinh v6 hudng cta ang-ten
ciing kha tdt, tuy nhién van cé bip séng bén.

- voi f=5,5 GHz (Hinh 8), do loi cua ang-ten dat 3,2 dBi, tinh v6 hudng cua ang-ten la co
thé chap nhan duoc, blp séng bén rat nho.

Nhu véy, dng-ten mach dai voi cau trac dé& xuit co thé hoat dong tét va dam bao tinh vo
huéng cho céc tng dung truyén thong khdng day (lam viéc ¢ dai tan dudi 6 GHz) nhu WLAN,
WIMAX, LTE, ITU...

Dé co cai nhin twong quan véi mot sb thiét ké kiéu ang-ten vo huéng mach dai da dugc cong
bé trong nhitng nam gan day, nhém tac gia bai bao dua ra bang so sanh cac tham sé ang-ten
(Bang 3).

Tir bang 3 cho thiy, so véi cac thiét ké da cong bd trong nhitng nim gan day, 3 Jang-ten dé Xuat
trong bai béo nay vai mot dai thong siéu rong va do loi kha cao, co thé dap tng t6t & nhiéu tan sé
khéc nhau. Ngoai ra, véi kich thudc & mic trung binh so véi cac thiét ké khac, cung vai viéc sir
dung vat lidu chat nén 1a FR4 s& lam cho san phiam c6 gia thanh ré, dé gia cong va lip dit.

http://jst.tnu.edu.vn 146 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(11): 141 - 148

Bang 3. So sach cac tham sé Ciia cde phiong dn dang-ten khac nhau

Kich

Cong thuée Vit liéu Une dun Bing thong Doloi Tinhvo Nim
bb (mm?)  dién moi g dung (GH2) (dBi) huémg cong b
WLAN 5,8GHz (3,30-3,71), 1,58, .
[3] 17x18 FR4 WiMAX 3,5GHz (5,70-5,94) 0,94 co 2020
WLAN 5,5GHz (312-3,82), 1,58, .
[4] 22x22 FR4 WiMAX 3,5GHz (515583) 2,28 co 2016
WLAN (2,38-2,48), 1,18,
[5] 18x 28 FR4 2,4/5,2/5,8GHz (3,37-3,79), 3,27, co 2020
WiMAX 3,5/55GHz ~ (4,36-6,08) 3,47
WLAN 5,2/5,8GHz ((43*100'_349703)’
6] 15x 15 FR4 WiMAX 3,5GHz ), - co 2017
ITU 4,3GHz (4,90-5,40),
’ (5,60-6,60)
3,10-10,6)
WLAN5.2/58GH; (310106 .
[8] 40 x 40 FR4 WiMAX 55GHz (1 balng situ  3,5-10 co 2016
rong)
(2,45-3,44)
WLAN 2,4GHz SO 1,0, .
[9] 34 x40 FR4 WiMAX 3.5GHz (1 br%rrllgg)swu 312 co 2016
WLAN 2,4GHz (2,17-4,05) 2,45,
[10] 30 x40 FR4 LTE 2,6GHz (1 bangsidu 2,55, co 2018
WiMAX 3,5GHz rong) 4,24
be WLAN
tong Miax o aevei 24
bai 15 x 64 FR4 2.5/3 5/5 5GHz (1 braglllg )51eu 3é8§, c6 2021
bao LTE 2,1/2,6GHz ong ’
nay ITU 4,3GHz

4. Két luan

Trong khuén kho bai béo, cac ndi dung da dugc thuc hién:

- Nghién ctru, phén tich tai liéu vé ang-ten vo huéng mach dai;

- Lya chon c4u trac va dé xuat giai phap mé rong bang thong cua dng-ten vé huéng mach dai.
Bing thong duoc mé rong dat khoang 105% (tir 1,91 GHz dén 6,14 GHz).

- Thyc hién md phong, khao séat gian d6 birc xa cia ang-ten dé xuat tai cac tan s6 (2,4, 3,5 va
5,5 GHz). Két qua cho thiy, tinh v6 hudng cua dng-ten dam bao tét trén todn dai tan hoat dong,
do loi dat 2,4 dBi (¢ 2,4 GHz), 3,89 dBi (¢ 3,5 GHz) va 3,2 dBi (¢ 5,5 GHz).

Nhu vay, C4u tric ang-ten vo huéng mach dai bang rong dé xuat c6 thé thich hop cho cac ung
dung truyén théng khong day, hoat dong ¢ tan sé dudi 6 GHz. Trong béi canh buing né cua cudc
cach mang cong nghiép 4.0, cac tng dung khong déy, loT dang dugc phat trién manh mé. C6 thé
ndi rang, huéng nghién ctu Vvé ang-ten vo hudng mach dai bang rong cho cac ung dung khong
day hién nay rat quan trong va c6 tiém ning. Yéu cau tbi uu hoa cau trlc, nang cao chat lugng
cua ang-ten |4 bai toan quan trong dit ra cho cac nghién cau tiép theo cua nhom tac gia.
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