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Tém tit: Bai bdo nay trinh bay thiét ké va danh gia hiéu ndang ciia mot ang-ten vi ddi
phan cuc tron ddi rong sir dung cdu triic siéu bé mdt (metasurface). Ang-ten dwe cdu tric trén
hai lop vat lieu dién moi FR-4 voi do day 1,6 mm. Nham khdc phuc han ché vé bang thong cua
dang-ten vi ddi truyén thong, nghién ciru dé xudt phwong phdp cdp nguon bang phan tr kim logi
hinh chiv Y ¢ 16p duwdi dé kich thich phén ciee tron, két hop véi mt mang siéu bé mdt 2x2 ¢ I6p
trén dong vai tro la mat burc xa chinh. Qua trinh thiét ké va t6i wu héa tham sé duoc thuce hién
théng qua phan mém mé phong trieong dién tir HESS. Két qua cho thdy dng-ten dat dwoc ddi
théng phoi hop tré khing (1S,|<-10dB) rong 17,2%. Pong thoi, dai thong phén cuc tron (AR
<3 dB) dat 4,3%. Bén canh do, thiét ké duy tri do loi on dinh véi gid tri lom nhat dat 5,43 dBi
va cung cdp ddic tinh bire xa phan cye tron trai (LHCP) tot. Cdc két qua ndy khang dinh cdu
triic dé xudt la mét gidi phdp hiéu qua dé nang cao dong thoi bang théng va do ting ich, mé ra
tiém ning vmg dung trong cdc hé thong truyén thong khong day bang réng hién dai.

Tir khoa: ang-ten vi ddi, phdn cuc tron, dj loi cao, bang réng, siéu bé mdt

I. Dit vin dé ten phan cuc tron (CP) dai rong két hop

Sur phit trién ctia cac hé théng truyén v6i d6 1o cao trd thanh mot yéu cau thiét

thong 5G doi hoi cac thiét bi thu phat vo

tuyén phai c6 kha ning truyén tai dit liéu

yéu (Gao va cong su, 2014). Phan cyc
tron gitp khéc phuc hiéu qué hién tugng
’ suy giam da duong va su sai I¢ch phan
dung luong 16n va hoat dong on dinh trong cuc, tir 46 duy tri chét luong lién két tin
moi trudng truyén dan phirc tap (Hong va hiéu t6i wu cho hé thong (Buzanov, 2022;

cong su, 2017). Bé dap ung diéu nay, ang- Nurhayati va cong su, 2020).
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Mic du dng-ten vi dai ¢ nhiéu uu
diém, nhuoc diém cbt 16i cua chung la
bing thong rat hep (thudng <5%) (Garg
va cong su, 2001; Marnel, 2025). Dé khic
phuc diéu nay, nhiéu giai phap di duoc
gidi thiéu trong cac nghién ctru gan day,
dién hinh nhu st dung cAu trac bc xa xép
chdng (stacked patches) (Cao va cong su,
2021), khoét khe (slotted patches) (Todi,
2024) hoic dung mang cip ngudn léch
pha tuan tu (sequential rotation networks)
(Xiao, 2025). Tuy nhién, cac giai phap
hién tai nay van boc 16 nhiéu han ché dang
ké: cau trac xép chong lam ting do day
va cong kénh, trong khi mang cap ngudn
phuc tap lai gay ra suy hao birc xa 16n va
lam giam hiéu suét tong thé. Hon nita, viéc
dat duoc dong thoi ca dai thong phéan cuc
tron rong va do lgi cao van 1a mot thach
thirc k¥ thuat rat 1on (Lee & Chen, 2019).

Dé giai quyét triét dé su danh doi gitra
hiéu suat va do phirc tap cua cac phuong
phap hién c6, bai bao nay dé xuat mot thiét
ké dng-ten cdu hinh thip hoan toan m&i:
sit dung siéu bé mit (Metasurface) lam
mat buc xa (Jiang va cong su, 2019), két
hop cung k¥ thuat cap ngudn hinh chit Y.
Cau tric siéu bé mat khi dugc kich thich
bdi mang tiép dién chir Y don gian s€ tao
ra cac ché do cong huong gan nhau, giup

59

mo rong dang ké biang théng phén cuc tron
va cai thién manh mé€ d6 loi ma khong lam
phirc tap héa cdu tric. Bai bao s& di sau
vao phan tich thiét ké, danh gia két qua mo
phong va 1am 13 co ché hoat dong cua mo
hinh dng-ten dé xuat.

I1. Phuwong phap nghién ciru

2.1. Dé xudt cdu triic dng-ten va
phuwong phdp thiét ké

Céu trac ang-ten phan cyuc tron sir
dung siéu bé mit (Metasurface) dugc
dé xuat va minh hoa chi tiét trong Hinh
1. Thiét ké nay duoc trién khai trén mot
cAu truc da 16p, su dung hai tam vat liéu
nén FR-4 ¢6 cung do day 1,6 mm, hing s6
dién moi 4,4 va hé sé suy hao 12 0,02. TAm
nén thi nhat nam & 16p dudi, chira mot
phan tir kim loai hinh chit Y dong vai tro
1 bo phan cép ngudn chinh, phia dudi 1a
mit phang dat, noi tin hiéu cao tan tir cong
SMA duoc dua truc tiép vao. Phia trén la
tam nén tht hai chira cdu trac siéu bé mit
hoat dong nhu mat burc xa chinh cua ang-
ten. Siéu bé mit ndy duoc hinh thanh tir
mot mang 2x2 cac phién kim loai hinh
vuodng. Trong cdu trac nay, nang luong tir
phan tir cap ngudn chit Y ¢ 16p dudi sé
khong truyén dan truc tiép ma duoc ghép
truong dién tir 1én 10p siéu bé mit & trén
dé burc xa ra khong gian.
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Thiét ké dé xuit ap dung ddng thoi
hai nguyén 1y birc xa nham tdi uu héa hiéu
ning cua ang-ten. Thir nhat, thay vi tao
su bat ddi Xung trén phén tir burc xa nhu
cac phuong phap truyén thong, thiét ké
nay chu dong tao ra phan cyc tron ngay
tir vi tri cap ngudn. Cu trac chit Y v6i hai
nhénh xién géc duoc tinh toan can than dé
khi bi kich thich, n6 s€ tao ra hai véc-to
truong dién tur truc giao va I¢ch pha nhau
90°, qua d6 hinh thanh nén séng phan cuc

tron. Th hai, viéc su dung siéu bé mat
1am mit bire xa chinh thay cho mot phién
kim loai don 1¢ gitp mé rong dang ké
bang thong va tang ich. Su tuong tac dién
tir gitta phan tir cip ngudn va mang cac
phan tir cong hudng ctia siéu bé mit tao ra
hiéu tng cong hudng chong 1an, lam ting
dai thong phdi hop tré khang. Pong thoi,
ph?m tr buc xa hiéu dung 16n hon cua cau
trac 2x2 cling giup tang cuong do dinh
huéng cho hé théng.

Bdng 1 Cdc tham sé kich thudc ciia ang-ten dé xudt.

Thong s6 Gi4 tri (mm) Thong sb Gi4 tri (mm)
W 28,5 W, 2,0
l 11,0 W, 3,0
L 11,7 W, 13,3
G 10,5 P 14,0

Dé dat duoc cac dic tinh buc xa tdt
nhét, toan bo cac kich thude hinh hoc cia
cAu trac ang-ten da dugc khao sat, tinh
chinh va t6i uvu héa thong qua phan mém
mod phong dién tur truong HFSS. Céc gia
tri kich thudc cua ang-ten dé xuét duoc
trinh bay chi tiét trong Bang 1.

2.2. Nguyén ly hoat dong

Nguyén ly buc xa cua dng-ten dua
trén su két hop chit ché gitta co ché tao
phan cuc tir mang cip ngudn va hiéu tGng
cong huong cua siéu bé mat. Khi tin hiéu
cao tan di qua phan tir chir Y ¢ 16p dudi,
cAu tric hinh hoc ctia hai nhanh xién s&
chia tach dong dién thanh hai véc-to truc
giao ¢o bién do xap xi nhau va léch pha
90°. Qua trinh ndy truc tiép sinh ra mot
truong dién tir quay, tao thanh ngudn kich
thich phan cyc tron (CP) co ban. Nang
luong dién tir nay sau d6 khong buc xa
truc tiép ra khong gian ma duoc ghép cip
(coupling) manh mé& 1én mang siéu bé mat
2x2 nam & 16p nén phia trén. Tai ddy, cac
phién kim loai hoat dong nhu nhimg bd
cong hudng ky sinh. Su tuong tac dién

tir gitra phan tr cap ngudn va hién tuong
ghép tuong hd (mutual coupling) giita
cac phan tir lién k& trong mang da kich
thich nhiéu ché d6 cong huong (resonance
modes) lan can. Viéc céac dai cong hudng
nay chong l4n 1én nhau chinh Ia co ché ¢t
161 gitp ang-ten mo rong dot pha ca bang
thong tr& khang 1an bing thong ty 1¢ truc
(AR). Pong thoi, cau tric mang 2x2 cung
cép mot khau do bire xa hiéu dung 16n hon
nhiéu so v6i phién don 1é. Didu nay gitp
tap trung nang luong buc xa theo hudng
thién dinh, han ché 1o ri song bé mat, tu
d6 gia ting manh mé& hé s6 dinh hudng va
d6 loi (gain) tong thé. Ban chét ctia birc xa
phan cyc tron nay sé dugc minh ching rd
nét thong qua sy phan bd hudng quay cua
cac véc-to dong dién bé mit theo cac chu
ky pha (0°, 90°, 180°, 270°) trong két qua
mo phong.

I11. Két qua va thio luin

Dé danh gia toan dién hiéu ning cua
cAu trac ang-ten dé xuét, cac tham sb dic
trung bao g@)m hé s6 phan xa (S,), ty 1€
truc (AR), d6 loi thuc (Realized Gain) va



gian d6 buc xa da dugec mé phong va phan
tich chi tiét. Trude tién, Hinh 2 bicu dién
d6 thi tham s suy hao phan xa, day 12 tiéu
chi quan trong nhat dé xac dinh kha niang
phéi hop tré khang va dai tan hoat dong
ctia hé thong. Két qua cho thay giai phap
thiét ké sir dung mang cip ngudn chir Y
két hop siéu bé mit d3 tao ra su phéi hop
trd khang cuc ky 4n tuong trén mot dai tan
rat rong. Cu thé, xét theo tiéu chudn IS,
< -10 dB, dai thong cta dng-ten trai dai tur
3,49 GHz dén 4,15 GHz, twong dwong dai
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thong tuyét d6i 1én t6i 660 MHz (chiém
17,2% so v6i tan sb cong huong trung tim
3,82 GHz). Biém dic biét cua thiét ké nay
1a sy xuét hién 16 nét cua hai diém cong
hudng manh trong dai hoat dong, voi day
cong huong sau nhét dat xap xi -32 dB.
Day la minh ching rd rang cho hi€u tng
cong hudng cua siéu bé mat, mang lai mot
su cai thién vuot bac va cai thién dang
ké vé gidi han bang thong hep (thuong
nho hon 5%) cta cac dong ang-ten vi dai
truyén thong.
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Hinh 2. Két qua mé phong suy hao phan xa (1S,,) cua ang-ten dé xudt

Bén canh kha niang phdi hop tro
khéng, chét lugng cua buic xa phan cuc
tron duge danh gia thong qua tham sd ty
1¢ truc (Axial Ratio - AR) minh hoa trong
Hinh 3. Ang-ten dé xuét duy tri dai thong
hoat dong & ché @6 phan cuc tron (AR <
3 dB) trong khoang 160 MHz, trai dai tur
3,62 GHz dén 3,78 GHz, twong g véi
bang thong twong ddi khoang 4,3% tai
tan s6 trung tdm 3,7 GHz. Péang cha ¥,
ngay tai méc tan sb 3,7 GHz, gia tri AR

ha Xuéng murc tiém can 0 dB, khéng dinh
ang-ten dat duogc trang thai phan cuc tron
kha tot. Mac du dai thong phéan cuc tron
(160 MHz) hep hon so vé6i dai thong phoi
hop trd khang (660 MHz) nhung két qua
nay van khang dinh thiét ké bao phu hoan
toan dai tin muc tiéu, dam bao hé théng
hoat dong cuc ky hi¢u qua nhu mdt nguén
phat phan cuc tron chat luong cao trong
déi tan tir 3,62 GHz dén 3,78 GHz.
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Hinh 3. Két qua mé phong ty 1é truc (AR) ciia dng-ten dé xudt

Su wu viét cua giai phap thiét ké sir
dung siéu bé mit cang dugc khéng dinh
hon nita qua dic tinh bic xa, cu thé 1a
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Hinh 4. Két qua mé phéng do loi thue (Realized Gain) ciia dng-ten dé xudt.

Két qua mo phong chi ra rang ang-
ten dat duoc do loi dinh 1én t61 5,43 dBi
tai tan sb 3,88 GHz. Tinh trén toan b dai
thong phdi hop trd khang (3,49 GHz - 4,15
GHz), muc d6 loi ludn duoc duy tri 6n dinh
trén 4 dBi. Pac biét, khi xét riéng trong dai

thong phan cuc tron (3,62 GHz - 3,78 GHz)
- noi hé théng hoat dong voi hicu suét tdi
wu nhét - d6 loi gitr & mirc rat cao va phéng,
dao dong trong khoang tir 5,0 dBi dén 5.4
dBi. Su cai thién dang ké vé do loi nay so
v6i cac ang-ten vi dai hinh chir nhat thong



thudng xuat phat truc tiép tir viée trién khai
siéu bé mat lam mt buc xa. Khau do higu
dung 16n cua mang cong hudng gitp tap

Gain Piot 1
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trung nang luong dién tir vao mdt blp song
hep hon, qua d6 nang cao rd rét do dinh

huéng va do loi tong thé.

(b) |

Hinh 5. Gian dé birc xa ciia dng-ten tai 3,7 GHz: (a) gian do birc xa trén hudng birc xa
chinh va (b) gian dé birc xa phdn cuc tron
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Hinh 6. Gian dé véc-to phan bo dong dién bé mat trén cdu tric siéu bé mat tai tan s6 3,7
GHz voi cac goc pha khac nhau: (a) 0°va (b) 90°

Cubi cung, dic tinh dinh hudéng va
co ché vat Iy cua phan cuc tron dugc phan
tich théng qua gian do birc xa va sy phan
bd dong dién bé mit tai tan s6 trung tam
3,7 GHz. Hinh 5(a) cho thay gian do birc xa
téng trong hai mat phang chinh (Phi = 0°
va Phi = 90°) c6 dang hudng thién dinh
(broadside) voi bup song chinh rong,

dbi xtng va hudng thing vé phia trudc
(6 = 0°). Sy tring khép gan nhu hoan toan
ciia gian d6 trong hai mdt phang minh
chung cho tinh dbi xtmg khong gian rat
t6t ctia truong birc xa. Chi tiét hon & Hinh
5(b), thanh phan phan cuc chiém wu thé
tuyét ddi trén hudng phat xa chinh, chinh
la phan cuc tron quay trai (LHCP). Ban
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chit cua co ché buac xa LHCP nay dugc
giai thich mt cach tryc quan thong qua
su phan bd cac véc-to dong dién trén siéu
bé mat & Hinh 6. Khi quan sat tai tan sd
3,7 GHz vo6i cac goc pha cua tin hi¢u kich
thich 1an luot 1a 0° va 90°, cac véc-to dong
dién bé mat thé hién su dich chuyén va
xoay lién tuc theo chiéu kim dong ho.
Phan tmg dién tir ndy mot 1an nira khiang
dinh d6 chinh xac cua co ché tao pha tr
mang chir Y va chirng minh dang phan cuc
ma ang-ten dé xudt phat xa hoan toan 1a
phéan cuc tron quay trai (LHCP).

IV. Két luan

Bai bao di trinh bay mot thiét ké
ang-ten phan cuc tron cau hinh thap st
dung siéu bé mat (metasurface), trong do
phan tir cip ngudn dang chir Y duoc khai
thac dé tao hai thanh phan truong truc giao
léch pha xap xi 90°, két hop véi méang birc
xa 2x2 nham hinh thanh cong hudng ghép
va mo rong dai thong. Cach tiép can nay
cho phép cai thién dong thoi bang thong
va hé s tang ich, khéc phuc han ché bang
thong hep von gip & cac ang-ten vi dai
truyén thong.

Két qua mé phong cho thdy dng-ten
dat bang thong phdi hop tro khang (S, <
-10 dB) tir 3,49 GHz dén 4,15 GHz, tuong
ung 17,2%, bao phu hoan toan dai phan
cuc tron (AR < 3 dB) tir 3,62 GHz dén
3,78 GHz (4,3%). Hé s6 ting ich thyc dat
cuc dai 5,43 dBi tai 3,88 GHz, véi gian
dd burc xa hudng chuan va dic tinh LHCP
rd rét trén hudng buc xa chinh. Cac Kkét
qua nay khang dinh vai trd cta cdu tric
siéu bé mat trong viéc md rong khau do
hiéu dung, cai thién phdi hop tré khang va
nang cao d¢ dinh hudng.

V&i clu tric hai 16p gon nhe, st
dung vat liéu FR-4 phd bién va quy trinh
ché tao don gian, m6 hinh dé xuit cho

thay tinh kha thi cao trong trién khai thuc

té. Thiét ké c6 tiém ning tmg dung trong

cac hé thong thong tin vo tuyén dai C yéu

cu bang thong rong, phan cyc tron on

dinh va d6 loi twong dbi cao, dong thoi

mo ra hudng phat trién tiép theo theo dang

mang nhiéu phén tir dé tiép tuc nang cao

hiéu nang.
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DESIGN OF A BROADBAND CIRCULARLY POLARIZED
MICROSTRIP ANTENNA USING A METASURFACE
STRUCTURE

Nguyen Manh Hung', Pham Duy Phong?, Kieu Van Luu?,
Hoang Dinh Thuyen', Pham Van Hai'

Abstract: This paper presents the design and performance evaluation of a broadband
circularly polarized (CP) microstrip antenna utilizing a metasurface structure. The antenna
is constructed on two layers of FR-4 dielectric substrate, each with a thickness of 1.6 mm.
To overcome the inherent bandwidth limitations of traditional microstrip antennas, this study
proposes a feeding mechanism using a Y-shaped metallic element at the bottom layer to excite
circular polarization, coupled with a 2 % 2 metasurface array at the top layer functioning
as the primary radiating aperture. The design and parameter optimization processes were
conducted using the ANSYS HFSS electromagnetic simulation software. The simulated results
demonstrate that the proposed antenna achieves an impedance bandwidth (|S | <-10 dB) of
17.2% and a 3-dB axial ratio (AR) bandwidth of 4.3%. Furthermore, the design maintains
a stable gain profile across the operating band, reaching a peak gain of 5.43 dBi, while
exhibiting excellent left-hand circularly polarized (LHCP) radiation characteristics. These
findings confirm that the proposed metasurface-based structure is an effective solution for
simultaneously enhancing both bandwidth and gain, demonstrating significant potential for
integration into modern broadband wireless communication systems.

Keywords: Microstrip antenna, circular polarization, high gain, broadband, metasurface
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