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Tém tit: Bai bdo dé xudt mot cau tric ang-ten vi dai bang rong hoat dong tai 5,4 GHz
nham khdc phuc cdc han ché ddc trung ciia dng-ten vi ddi truyén théng nhw bang théng hep
va dé loi thap. Gidi phdp dwoc thue hién bang cdch bé sung cdc phan tir thy déng dong
phang dat doi xieng hai bén phan tir birc xa chinh. Mt ang-ten chi nhét co ban dwoc thiét
ké lam tham chiéu, sau dé lan luot tich hop mot va hai phdn tr thu dong dé danh gia anh
hieong dén hiéu nang. Mé phéng dwge thwe hién trén phan mém mé phong truong dién tiv
Ansys HFSS. Két qua cho thdy, so véi mau tham chiéu cé bang thong 3,89% va d¢ loi dinh
4,5 dBi, cdu triic cudi cing dat bang thong 12,78% va do loi 6,7 dBi, twong itng tang hon ba
lan vé bang thong va 2,2 dB vé dg loi. Két qua khang dinh cdc phan tir thy dong dong phang
la gidi phdp don gian va hiéu qua dé dong thoi mé réng biang théng va néang cao do loi cho
ang-ten vi dai.

Tir khoa: ang-ten, vi ddi, phdn tir thu dong, HFSS, do loi, bang thong

I. Dit vin dé tr khac (Sultana, 2025; Reddy, 2024).
Nho nhiing dac diém nay, MSA dugc tng
dung pho bién trong cac hé théng thong

tin di dong, mang WLAN, hé théng dinh

Ang-ten vi dai (Microstrip Antenna
- MSA) la mdt trong nhiing ciu trac ng-
ten dugc su dung rong rai trong cac hé

thong thong tin v tuyén hién dai nho cac
vu diém nhu cdu tric phang, trong luong
nhe, kich thudc nho gon, chi phi ché tao
thip va kha nang tich hop tryc tiép trén
bang mach in (PCB) cung cidc mach di¢én

vi toan cau (GPS) va nhiéu thiét bi truyén
thong khong day khac.

Tuy nhién, cac dng-ten vi dai truyén
thong thuong co6 biang thong hoat dong
hep va d¢ lgi buc xa tuong dbi thép. bé
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cai thién cac dic tinh nay, nhidu k¥ thuat
da dugc nghién ciru nham mo rong biang
thong va nang cao hi¢u nang cua MSA.
Céac phuong phap phd bién bao gdm sir
dung 16p dién mdi day voi hang sé dién
mdi thap, tao cac khe trén phan tir bic
xa hodc mit phang dat (Defected Ground
Structure - DGS) (Zulkifli, 2023), thiét
ké cac cau tric da cong hudng, ciing nhu
sit dung cac phan tir thy dong (parasitic
elements) dit gan phan tir bic xa chinh
(Chen, 2025).

Trong s6 d6, k¥ thuat sir dung phan
tor thy dong dugc xem la mot giai phap
hiéu qua va c6 céu trac don gian. Cac
phan tir kim loai khong dugc cip ngudn
truc tiép khi dat gén phfin tir bire xa chinh
s€ dugc kich thich boi truong dién tir cam
ung, tor do hinh thanh cic cong huong
phu gan véi tan s6 cong hudng chinh. Sy
chdng 1dp ctia cac cong hudng nay giup
md rong bang thong hoat dong cua ang-
ten (Dos Santos, 2025). Pong thoi, néu
dugc bo tri hop 1y, cac phan tir thu dong
c6 thé dong vai trd nhu cc phan tir dan
xa trong cau trac twong tuy mang Yagi-Uda
phang, gop phan dinh hudng ning luong
birc xa va cai thién dd 1¢i cua dng-ten.

Mic du céc nghién ctru (Kashyap,
2022; Sultana, 2025) da dat dugc nhiing
két qua nhét dinh trong viéc cai thién hiéu
nang ang-ten & dai tin 5 GHz, nhung nhiéu
cAu tric van ddi mat véi thach thic vé su
can bﬁng gitra kich thudc va dd loi, hoac
quy trinh ché tao phuc tap. Cu thé, cac
thiét ké sir dung cau tric DGS thuong lam
tang buic xa nguoc, trong khi cdc mang
ang-ten truyén thong lai c6 kich thudc qua
16n so voi cac thiét bi IoT cam tay.

Trong nghién ctu nay, ky thudt su
dung cac phan tir thu dong dong phang duoc
khao sat mot cach hé théng. Trude hét, mot
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ang-ten vi dai ch@t nhat co ban dugc thiét
ké 1am cau trac tham chiéu (Ant-1). Sau
d6, mot va hai phan tir thy dong duoc lan
luot bd sung doi ximg hai bén phan tir bic
xa chinh d¢ hinh thanh cac cu tric Ant-
2 va Ant-3. Toan bd qua trinh thiét ké va
moé phong duoc thuc hién bang phan mém
Ansys HFSS nham danh gia dinh lugng
anh hudng cta cac phan tir thy dong dén
bang thong va do loi ctia ang-ten.

I1. Phuwong phap nghién ciru

2.1. Nguyén ly cdi thién bang thong
va dé lpi bang phan tiv thu dong

Str dung phﬁn to thu dong dat gitra
cac phan tir dng-ten 1a mot phuong phap
dé giam thiéu anh hudng cta hién tugng
tuwong hd, cai thién do lgi va mo rong bing
thong. Cach tiép can nay gitp loai bé mot
phan hodc toan bd trudong cam tng trong
ving gan cua cac phan tir ang-ten. Hién
tuong tuong ho trén dng-ten bi anh hudng
s& giam khi phan tir thy dong tao ra truong
tuong hd nguoc chiéu, tir d6 triét tiéu mot
phan truong twong hd ban dau. Dé dat
dugc hiéu tng cong huong, cac phﬁn tor
thu dong thuong khong duoc két ndi vat Iy
truc tiép véi cac ang-ten hodc dugc kétndi
vO1 mat phéng dét. Cac phﬁn tur thy dong
nay dong vai tro quan trong trong viéc
quan ly bang thong, muc do giam tuong
hd va dai tan cach ly cua hé thong.

Trong ang-ten vi dai truyén thong,
phan tir bic xa chinh thuong chi tao ra
mot cong huong chu dao nén bang thong
hoat dong tuong ddi hep. Khi cac phén
tor thu dong dugc dat gﬁn ph?m tr blirc xa
chinh, sy ghép dién tir giita cac phan tir s&
tao ra cac cong hudng phu tai nhitng tin
s6 1an can v6i cong huong chinh. Vi vay
gitip mé rong dai tan ctia Ang-ten ma diéu
kién |S | <-10 dB dugc thoa man, tir d6
cai thién bang thong cta ang-ten.



18

Ngoai ra, cac phan tir thy dong khi
dugc kich thich boi truong dién tir tir phan
tir buc xa chinh s€ tai buc xa nang lugng
va c6 thé hoat dong tuong tu cac phan tir
dan xa trong cdu tric Yagi-Uda phang.
Nho d6, nang lugng buc xa dugce tap trung
t6t hon theo phuong buc xa chinh, gop
phan nang cao do loi clia dng-ten. Trong
nghién ctru nay, cac ciu tric Ant-1, Ant-2
va Ant-3 dugc khao sat bang phan mém
md phdéng truong dién tor Ansys HFSS
nham danh gia anh hudéng cia cac phan
tr thu dong dén dic tinh phan xa va do loi
clia ang-ten. Két qua mo phong s& dugc
trinh bay trong phan tiép theo dé 1am rd sy
cai thién hiéu nang khi su dung cac phén
tur thu dong.

o

Ant-1

2.2. Céu tritc dng-ten dé xudt

Dé danh gia dinh lugng hiéu qua cta
phan tir thu dong ddng phang trong viéc cai
thién bang thong va do loi, nghién ctru trién
khai quy trinh phét trién cdu tric theo ba
budc dugc thé hién trong hinh 1. Trudc hét,
mot dng-ten vi dai chit nhat truyén thong
dugc thiét ké 1am ciu trac tham chiéu, ky
hi¢u Ant-1. Tir Ant-1, cu hinh Ant-2 dugc
hinh thanh bang cach b sung mot phan tir
thu dong dat vé mot phia cua phén tr blrc
xa chinh theo truc Ox. Cudi cung, cAu hinh
Ant-3 (c4u tric hoan thién) dugc phat trién
bang cach bd sung hai phan tir thu dong
dit d6i xtmg hai bén phan tir birc xa chinh,
ddng thoi tinh chinh cac kich thude dé cac
cAu hinh cing 1am viéc 6n dinh quanh tan
s6 muc tiéu 5,4 GHz.

Ant-2

i Ant-3

Hinh 1: Quy trinh cdi tién cdu triic dng-ten

Vé ciu truc, ang-ten dugc mo
phong trén nén dién moi FR-4 c6 do day
h =1,6 mm va héng s6 dién moi ¢=4,4.
Kich thuéc tAm nén lan luot 1a Lg va
Wg. Trén mit trén cua nén, phan tir birc

xa chinh c¢6 dang hinh chit nhat véi kich
thudc LpxWp va duge cip ngudn tai vi tri
léc‘h tam mot khoang I ; (‘Einh tur tam cua
phan tir birc xa). Hai phan tir thu dong
ddng phang c6 kich thude L xW_ dugc



bd tri ddi xtng hai bén phan tir birc xa
chinh theo truc Ox, v6i khe ho ghép dién
tir gitra phan tir thu dong va phan tir buc
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xa chinh 14 s. C4u trac hinh hoc chi tiét va
cac tham sd kich thudc twong tng dugc
thé hién trong Hinh 2.

A

Diém cdp nguén

Hinh 2: Cdu triic ciia dng-ten sir dung phan tir thu dong dé xudt (Ant-3).

Bdng 1: Kich thirdc t6i wu ciia dng-ten vi
ddi bang réng mét phan tir (don vi: mm)

Kich thuée | Gia tri | Kich thuée | Gia tri
Lg 30 Wg 50
Lp 13 Wp 9
Ls 11,8 Ws 11,8
[ 3,6 s 0,6
h 1,6

Trén co s& cdu trac hinh hoc trinh
bay ¢ hinh 2, cac tham sé kich thudc chi
tiét cia dng-ten dé xuét (Ant-3) duoc tong
hop trong Bang 1. Diém khéac biét chinh
clia ciu trac Ant-3 13 viéc bd tri dbi xing
cac phﬁn tor thu dong quanh truc buc xa
chinh, gitp duy tri sy cAn bang cta phan
bd dong dién bé miit.

I11. Két qua va thio ludn

Trong phan nay, hiéu ning ciia cic
c4u hinh dng-ten duoc danh gia théng qua
mod phong dién tir toan séng trén Ansys
HFSS, tap trung vao hai chi tiéu chinh la
hé s6 phan xa [S11| va do lgi thyc. Trude
hét, cdu hinh tham chiéu Ant-1 dugc st
dung dé 1am mdc so sanh; sau do, cac ciu
hinh Ant-2 va Ant-3 v6i phan tir thy dong
ddng phang dugc phan tich nham 1am rd
mirc cai thién bing thong va do loi khi bd
sung phan tir thy dong ddng phiang dugc
phan tich nhim lam rd muc cai thién
bang thong va do loi khi bo sung phan tir
thu dong.
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Hinh 3: Két qua mé phong cua dng-ten khong sir dung phan tir thu dong:
(@) |S,|; (b) do loi thuc

Hinh 3 trinh bay két qua mo phong hep, chi khoang 3,89% quanh tan s6 cong
clia ang-ten tham chiéu Ant-1 (khong st huéng trung tim 5,4 GHz. DPong thoi, do
dung phan tir thy dong). Két qua cho thay loi thuc dat trén 4 dBi, voi d6 loi dinh
ang-ten vi dai truyén théng c6 dai thong khoang 4,5 dBi.
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Hinh 4: Két qua mé phéng |S11| cia dng-ten cé sir dung phan tir thu déng:
(a) Ant-2 ; (b) Ant-3

Khi b6 sung cac phan tir thy dong
ddng phing, dic tinh phdi hop tré khang
cua ang-ten dugc cai thién 1o rét. Hinh 4
thé hién két qua md phong tham sd tan
xa cua Ant-2 va Ant-3. So voi Ant-1, dai
thong theo tiéu chuan |S | <-10dB duoc
m¢ rong dang ké nho co ché cong hudng
phu va chéng lép cong hudong. Cu thé,
Ant-2 dat bang thong 490 MHz (9,07%),
trong khi Ant-3 dat 690 MHz (12,78%),
trc m& rong xap xi 3 1an so v6i cdu hinh
tham chiéu.

8.00 T
!

o
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D6 loi (dB)

Vé dic tinh btrc xa, Hinh 5 cho théy
do loi tdng cung xu hudng voi mic md
rong bang thong. Cu thé, Ant-2 dat do
loi dinh gan 6 dBi, va Ant-3 dat 6,7 dBi,
tuong Uing tang khoang 2,2 dB so v4i Ant-
1. Sy gia tang d6 1oi ¢6 thé 1y giai nhu sau:
cac phén tur thu dong khi dugc kich thich
s€ tai blrc xa va c6 xu hudng tang cuong
truong buc xa theo phuong uu tién, lam
nang lugng buc xa tap trung hon so véi
truong hop chi co phan tir bic xa chinh.
V6i Ant-3, bd tri dbi xtng con gop phan
duy tri phan bd truong can bang, nhd dé
d6 loi dat murc cao hon va 6n dinh hon so
véi cau hinh chi c6 mot phén tu thu dong.
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Hinh 5: Két qua mé phong do loi ciia ang-ten cé sir dung phan tir thy dong:
(a) Ant-2 ; (b) Ant-3

Tom lai, tir cac két qua & trén da
khang dinh ring phan tir thu dong dong
phang 13 giai phap hiéu qua dé dong thoi
md rong bang thong va nang cao do loi
cho ang-ten vi dai, trong d6 céu hinh Ant-
3 cho hiéu nang tot nhat trong cac ciu
hinh khao sat.

IV. Két luan

Nghién ciru da dé xuat va khao sat
mot cAu triic dng-ten vi dai bang rong hoat
dong tai tan sb trung tim 5,4 GHz bang
cach st dung cac phan tir thu dong dong
phang. Thong qua qua trinh phét trién
theo ba cau hinh Ant-1/Ant-2/Ant-3 va
md phong di¢n tur toan song trén Ansys
HFSS, két qua cho thay viéc bo sung phan
tur thu dong gitp cai thién 10 rét hi¢u nang
ang-ten. Cu thé, so voi dng-ten tham chiéu
Ant-1 c6 bang thong 3,89% va do 1oi dinh
4,5 dBi, cdu hinh hoan thién Ant-3 dat
bang thong 12,78% va do lgi dinh 6,7 dBi,
tuong Ung ting hon ba lan vé bang thong
va ting khoang 2,2 dB vé do loi, day 1a
muc vuot troi so véi cac thiét ké tuong tu
su dung cung vat li¢u FR-4. Cac két qua
nay khang dinh k¥ thuat st dung phan tir
thy dong dong phang 1a mot giai phap don
gian, d& trién khai va hiéu qua dé dong

thoi mé rong bang thong va nang cao do
loi cho dng-ten vi dai. Trong cac cau hinh
khao sat, Ant-3 cho hiéu nang tot nhat, voi
dai tan hoat dong on dinh tir khoang 5,1
GHz dén 5,8 GHz va dd loi cao, ang-ten
dé xuat hoan toan dap tng céc tiéu chuan
cho hé théng WLAN 802.11a/n/ac/ax, cac
tram thu phat C-band tam ngén, hodc lam
nat cam bién hiéu ning cao trong mang
IoT cong nghiép.
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DESIGN OF MICROSTRIP ANTENNA USING
COPLANAR PARASITIC ELEMENTS TO IMPROVE GAIN
AND BANDWIDTH

Nguyen Manh Hung', Nguyen Hoai Giang', Do Dinh Hung!,
Pham Chi Cong?, Tran Trung Hieu!

Abstract: This paper proposes a wideband microstrip antenna design operating at
5.4 GHz to address the inherent limitations of conventional microstrip antennas, namely
narrow bandwidth and low gain. The proposed approach involves incorporating coplanar
parasitic elements positioned symmetrically on either side of the main radiating patch. A
basic rectangular patch antenna is initially designed as a reference model; subsequently,
one and then two parasitic elements are integrated to evaluate their effects on antenna
performance. Simulations are conducted using Ansys HFSS electromagnetic simulation
software. The results demonstrate that, compared to the reference model-which exhibits
a fractional bandwidth of 3.89% and a peak gain of 4.5 dBi-the final structure achieves a
fractional bandwidth of 12.78% and a peak gain of 6.7 dBi. This corresponds to a more than
threefold increase in bandwidth and a 2.2 dB gain enhancement. These findings confirm
that integrating coplanar parasitic elements is a straightforward and highly effective
technique for simultaneously broadening the bandwidth and enhancing the radiation gain

of microstrip antennas.

Keywords: antenna, microstrip, parasitic element, HFSS, gain, bandwidth
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