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Tém tit: Bai bdo tdp trung vao nghién ciru va phdt trién ang-ten MIMO vi ddi nhiéu
phan tir véi dg cach ly cao, ngay ca khi cdc phan tir dwege bo tri & khodng cach nhé. Gidi
phap dwoc dé xudt dya trén viéc sir dung cac cap dwong vi dai thu dong bé tri doc theo canh
bikc xa cia dng-ten nham giam thiéu twong hé giita cdc phan tir, dong thoi duy tri khodng
cach rdt nhé gitta ching. Trwede tién, két qua mé phong dng-ten MIMO hai phan tir cho thdy
dé cach ly dwoc cdi thién khodng 26 dB, dat mirc cach ly téi da 30 dB véi khoang cdach giita
cdc phan tir chi 0,017}%0. Sau d6, ky thudt nay dwoc mé réng va dp dung cho ang-ten MIMO
bon phan tir. Két qua mé phong cho thdy dng-ten dat dwoc hé sé cdach ly I6n hon 25 dB tai
tan sé 5,2 GHz, véi kich thuée nhé gon va phit hop cho cdc iing dung Wi-Fi hién dai (chudn
IEEE 802.11ac/ax).

Tir khoa: ang-ten vi dai, do cach ly cao, MIMO, dwong vi dai thu dong, nho gon

I. Pit van dé

Ngay nay, sy phat trién ciia cac hé
thong truyén thong hién dai d3 va dang dit
ra nhidu yéu cau cp thiét vé dung luong
kénh. Giai phéap hiéu qua giup cai thién dang
ké dung luong kénh thong tin vo tuyén do 1a
str dung cong ngh¢ MIMO (Jensen, 2004).
Cung voi sy phat trién manh mé& ciia cong
nghé ché tao mach in, ang-ten vi dai dung
cho cac hé thdng MIMO di dugc nghién
ctru va ung dung rong rai nho vao nhitng uu
diém ndi bat ctia mo hinh dng-ten ndy ¢ kha

' Khoa Pién - Bién Tir, Truong Pai hoc Mé Ha Noi

nang tich hop vao thiét bi dé dang va giam
thiéu chi phi san xuat. P6i vai cac thiét b di
dong c6 kich thudc nho gon hodc coé khong
gian lip dat linh kién han ché, cac phan tir
burc xa trong hé ang-ten MIMO khi dét canh
nhau s& gdy anh huéng 1an nhau thong qua
hién tuwong twong hd, khién cho pham chat
clia ang-ten bi suy giam dang ké. Chinh vi
vdy, giam tuong hd cho cac phan tir birc xa
vi dai khi dat chiing gin nhau dang 1a mot
chu @& duoc cac nha nghién clru ang-ten dat
nhiéu sy chu y.



Nhirng cong trinh nghién ctru vé giai
phép giam twong hd cho dng-ten MIMO vi
dai c6 thé duge chia thanh ba nhém chinh.
Nhom thir nhét két hop viéc thiét ké cac
ciu trac giam tuong hd va cac mach phdi
hop tr¢ khang cho ang-ten, nhu trinh bay
trong cac cong trinh cua Li et al (2019) va
Li et al (2021). Cac giai phap nay dugc dé
xuét dua vao viéc phan tich dir li¢u tham
sb tan Xa.

Mot giai phap khac mang lai hiéu
qua dang ké trong viéc giam tuong hd dugc
dé xuat dua trén nguyén 1y ngin tuong tac
dong bé mat gitra cac phan tir birc xa cta
ang-ten MIMO. Nhimg dé xut tiéu biéu
cho phuong phap nay gdm c6 cau tric dai
chan dién tir (EBG) nhu trong cac cong
trinh cua Yang et al (2017) va Farahani et
al (2010) va ciu trac mat phang dat khuyét
Ghosh et al (2018). C4u truc EBG thuong
dugc dat cung mat phéng voi phﬁn tr birc
xa chinh cua ang-ten, do do s€ khong phu
hop vé6i cac cdu trac cd yéu cau dit cac
phan tir bic xa that gan nhau vi cac phan
tt EBG can nhiéu khong gian thiét 1ap.
Két cau mat phang dat khuyét giai quyét
dugc han ché cua cac phan tr EBG gy
ra bang cach sir dung cac dudng cit co do
dai bang mot nira hodc mot phan tu bude
song tai tan s6 cong huong ¢ mit phing
dat. Tuy vay, nhugc diém ma DGS giy ra
chinh 1a birc xa nguoc khién cho hiéu suét
btic xa cua dng-ten bi anh hudng dang ké.

Nhom giai phéap thi ba dugc cac nha
nghién ctru dng-ten dé xudt tip trung vao
viéc tao ra thém cac duong twong hd khac
nham giam thiéu anh hudng cta cac duong
tuong hd giita hai phan tir phat xa chinh.
O day, cac giai phap cu thé duoc dé cap
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bao gdm cau tric duong trung tinh (NL),
sir dung nhiéu nhanh phu (Ghannad et al,
2019), st dung bo cong huong truong gan
(Li et al, 2018) phan tir thu dong va su
dung duong vi dai nbi dat (Pei et al, 2021).
Céc ang-ten giam tuong hd bang dudng
trung tinh hay phan tir ky sinh déu co tro
ngai 1a kich thuéc tong thé kha 16n. Trong
khi d6, bd cong hudng trudng gan thuong
dugc dat @ mot 16p dién moi khac dat trén
phan tir bire xa chinh, truc tiép 1am cho d6
day ang-ten tang lén.

Nhin chung, phan 16n cic nghién
ctru nhic dén o trén déu c6 diém chung
1a khoang cach giita cac phan tir ing-ten
kha 16n, thuong I6n hon 0,03 &, voi A
1a budc song khong gian tu do tai tin
s6 hoat dong trung tam. Mot s6 két qua
nghién ctru trong s6 nay c6 khoang cach
cac phén tir nho hon 0,03 A, nhung lai c6
ciu tric phtc tap va cong kénh. Chinh
vi vAy, muc tiéu cua bai bao nay la dé
xuat mot k¥ thuat giam tuong hd va ting
cach ly cho mang ang-ten MIMO vi dai
gém hai phan t bic xa. Ang-ten gom
hai phan tir birc xa vi dai bang kim loai
dugc sap xép theo mat phang H. Vé Iy
thuyét, ché do cong tac cta truong dién
tir trén phan tir thy dong (khong duoc cip
ngudn) va phan tir birc xa 1a giéng nhau,
va 1a nguyén nhan giy ra tuong hd cao
cho hé¢ ang-ten. Theo d6, mo hinh ang-
ten dé xuét trong bai bao nay st dung
mot cap duong vi dai dat doc theo cac
canh buc xa cta ang-ten, c6 tac dung diéu
khién vio tao ra trén phan tir khong birc
xa ché do cong tac truc giao voi ché do
cong tac trén phan tir dugc bic xa. Nho
vay, tuong hd s& duoc loai bo.
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II. Ang-ten MIMO 2 phén tir

2.1. Thiét ké, mé phong dng-ten MIMO 2 phan ti

y
«
X

Mau 1

Hinh 1: Minh hoa cac budc thiét ké va t6i wu dng-ten

Mo hinh adng-ten dé xuét trong phan
nay duogc thiét ké thong qua 3 mau. Pau
tién, mau 1 gdm hai phan tir phat xa hinh
chir nhat co kich thuoc w va [ khoang
cach gitra 2 phan to nay tinh tu canh Ia
d, dugc dat 1én trén tAm nén dién moi co
kich thudc L va W. Bang cach thém mot
dudng vi dai c6 kich thudc 1an luotla /, va
w, dat cach mép trén cla phan tir phat xa
mot khodng s, ta c6 dugc thiét ké cua Mau
2. Mau 3 la thiét ké t6i uu cua dng-ten dé
xudt trong phan nay, gdbm c6 hai duong vi
dai dat & mép trén va mép dudi cua cac
phan tr phat xa. Minh hoa qua trinh thiét
ké va tdi uu cac miu ang-ten duogc thé hién
& hinh 2. Dong thoi, kich thude cta timg
mau Ang-ten dugce liét ké cu thé & bang 2.
Céc mau dng-ten déu duogc thiét ké trén
tdm nén dién mdi FR-4 ¢c6 do day 1,6 mm
va hé s6 dién moi 1a 4,4.

Bang 1: Kich thudc cdc mau idng-ten
(don vi: mm)

Thams6 | Maul | Miu2 | Miu3
L 13,6 12,6 12,5
W 9,7 9,7 9,7
d 1,0 1,0 1,0
1, 24 2.4 2.4
I 13,6 13,5
w 12 0,8
s 0,3 0,3
L 40 40 40
W 30 30 30
H 1,6 1,6 1,6

Mau ang-ten 3 d& xuét dugc thiét ké
hoat dong tai tan s6 5,2 GHz, st dung vat
lieu FR-4 1am 16p nén dién moi. Phia trén
tdm dién moi, 16p déng duoc an mon tao
thanh phan tr phat xa va hai duong vi dai
dong vai tro 1am mach giam tuong hd. Mit
dudi 16p dién moi dugce gilt nguyén, tao
thanh mdt phang dat cho dng-ten. Ciu tao
cta ang-ten dugc mo ta ¢ hinh 2. Kich thudc

cta ang-ten dugc liét ké trong bang 1.
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Hinh 2: Céu tao dng-ten dé xuat
Hinh 3 dudi day 1a két qua mo IS,,| khoang -4 dB. Nguyén nhén cua hién
phong ctia 3 mau ang-ten gom c6 hé so tugng nay 1a do hai phan tir phat xa cua
phan xa [S, | va h¢ so truyén [S, [ Két

) i mau 1 duoc dat rdt gan nhau. Véi mau 2,
qua md phong tham s6 |S | cho thdy ca

N . 0 su xuét hién cua duong vi dai da gop phén
ba mau ang-ten déu c6 dai tan cong tac . . ) 5 s .

. lam giam dang ké tuong ho, giup hé so
tuong tu nhau xung quanh tan s6 5,2 GHz. ) ) A L
Tuy nhién, khac biét xdy ra khi thay déi cach ly duogc tang thém 17 dB. H¢ s6 cach

cac miu thiét ké cua ting dng-ten. Véi ly con dwoc tang nhi€u hon khi su dung

mau 1, d6 cach ly cta dng-ten nay chi mau 3 voi hai duong vi dai, hé s6 cach ly
khoang 4 dB, twong tmg véi hé sb truyén dat duoc la trén 25 dB.

0 0

[S11] (dB)
S21] (dB)

30 L L L 40 L L L
4.8 5.0 52 54 56 4.8 5.0 52 54 5.6

Tén s6 (GHz) Tin s (GHz)

Hinh 3: K&t qua m6 phong hé s6 phan xa [S, | va h¢ s0 truyén |S, | cia cdc mau dng-ten

Két qua mo phong khao sat ba mo khoang cach tir canh cac phan tir rat nho,
hinh ang-ten trén da chung minh hi¢u chi 0,017A.
qua cia két cdu giam twong hd dugc 2.3. Nguyén ly giam twong hé

dé xuat cho mau ang-ten MIMO vi dai V6i méng &ng-ten gdm hai phin ti,

trong phan nay. Bang phuong phap sur khi ta xét phan tir phat xa 1a ngudn phat tin

dung hai duong vi dai dong vai tro 1a hiéu, con phén tir khong duge bic xa la
cc phan tir thu dong, dng-ten co thé dat dau thu tin hiéu, thi ning luong thu dugc
dugc hé s6 tuong hd S, | 1én t61-30 dB, boi phan tir khong birc xa c6 thé duoc biéu
vO1 muc cai thién cach ly 1én téi 26 dB dién bang hé sb suy hao phan cyc (PLF)
so0 v&i mo hinh dng-ten khong c6 két cau (Nguyen et al, 2023). H¢ sb suy hao phan

giam twong hd, dong thoi duy tri duoc cuc duogc dinh nghia khi n6 c6 gié tri bang
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1 thi khong xay ra hién twong mat phdi
hop phan cuc, tic la gilta ang-ten phat
va ang-ten thu c6 cung dang phan cuc.
Nguogc lai, khi PLF bang 0 thi gitra hai
ang-ten bj mat phan cuc hoan toan. Trong
trudng hop PLF bang 1, ning luong ma
phan tir khong birc xa nhan dugc tir phan
tor buc xa la cyc dai. Theo 1y thuyét nay,
khi hai phan tir ing-ten gan nhau trong hé
ang-ten MIMO c6 cing ché do hoat dong
thi twong hd giita hai ang-ten nay la rat
16n. Nguoc lai, néu cac ché do hoat dong
trén hai phan tir nay tryc giao thi twong hd
s€ bi triét ticu.

Nguyén 1y hoat dong cua két ciu
giam tuong hd dugc gidi thidu trong bai
bdo nay co thé dugc giai thich bang cach
xem xét két qua mo phong phan bd dién
truong (E-field) cia ang-ten. Hinh 4 thé
hién phan bd dién truong cua mo hinh
ang-ten dé xuét va ang-ten khong c6 mach
giam tuong hd tai tan s 5,2 GHz. Trong
truong hop nay, gia sir rang phan tir dng-
ten bén trai duoc cap ngudn con phan tir
dng-ten bén phai thi khong. Goia,, a,, a,
vaa, lan luot 1a cac canh cua phﬁn tr birc
xa. Trong d6 a, va a, la cac canh doc theo
chiéu dai cong huong ciia dng-ten. Tuong
tu voi phﬁn tu khong buc xa ky hiéu cac
canh lan lugt 1a b, b,, b, va b, Do véi
ang-ten twong hd cao, phan tir khong buc
xa bi twong hd do cac dién truong bién cla
phﬁn tir buc xa. Doc theo cac canh al, a2
va bl, b2, chiéu dién trudng khong doi.
Nguoc lai, chiéu dién truong chuyén tur
huéng 1én thanh hudng xudng theo truc
Oz doc theo cac canh cong huong a3, a4
va b3, b4 ctia dng-ten. Pidu nay co nghia la
ca hai phan ttr ciia dng-ten déu hoat dong &

ché d6 TM,,, diéu nay giai thich cho hién
tuong tuwong hd cao giita hai phan tir.

Ang-ten tuong hd thip

Hinh 4: Két qua m6 phong phan b dién
truong trén ang-ten tuong hd cao va ing-
ten twong hd thép tai tan s6 5,2 GHz.

Trén hinh 4, sy c6 mat cia duong
vi dai giup giam twong hd trong ciu tao
clia mau dng-ten dé xudt gitp tao ra nhimg
duong twong hd khac co tac dung 1am thay
ddi ché do hoat dong trén phén tu khong
btrc xa. Luc nay, trén phén tir duoc birc xa
van duy tri ché do TM,,. Tuy nhién, trén
phan tir khong phét xa, ta c6 thé quan sat
thdy ché do lam viéc & day 1a TM,. Doc
theo céc canh b3 va b4, chiéu cta céac véc-
to dién truong 1a khong d6i so v6i phan
tor bic xa. Tuy nhién, chiéu véc-to phan
bd dién truong theo cac canh bl va b2
1a nguoc chiéu so v&i cac canh al va a2
tuong umg. Didu nay thé hién rang ché do
lam viéc trén phén tor khong birc xa truc
giao voi ché 6 trén phén tr 1an can, chinh
la ché do TM, . Nhu vdy, cac duong vi
dai & dng-ten tuong hd thap co tic dung
giam trong hd va 1am ting d6 cach ly cho
ang-ten mot cach dang ké bang viéc tao ra
cac dudng twong hd phu va thay d6i ché
do lam viéc trén phﬁn tor khong dugc cép
nguén trd nén tryc giao voi ché do hoat
dong trén phan tir 1an can.



Pé kiém chimg hiéu qua thay dbi ché
do 1am viéc cia mach giam tuwong ho, ta xét
gian d6 phan bd dong dién trén mit phing
dat cta ca ang-ten tuong hd cao va dng-ten
twong hd thap. Két qua moé phong phan bd
dong mit phiang dat dugce minh hoa & hinh 5.
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Nhu trong hinh, cac véc-to dong dién dudi
phan tir birc xa va phan tir khong biic xa cia
ang-ten tuong hd cao c6 ciing phuwong nhung
nguoc chiéu. Véi ang-ten dé xuét, dong dién
& mit phang dat bén dudi hai phan tir ndy c6

chiéu vuéng gbc voi nhau.

Hinh 5: Két qua mé phong phan bb dong ¢ mat phing dat ciia ang-ten tuong hd cao va ang-
ten tuong hd thép tai tan s6 5,2 GHz.

II1. Ang-ten bon phan tir

Sau khi da chung minh hi¢u qua
cta ky thuat giam twong hd trén cau tric
2 phén tir, mgt cau hdi quan trong la liéu
giai phap nay co kha nang mé rong cho
cic mang ang-ten v&i s6 luong phan tir
16n hon hay khong, vén 1a yéu cau thuc
té clia cac hé théng MIMO hién dai. Dé
kiém chimg diéu ndy, mot mang ang-ten
MIMO vi dai 4 phan tir da duge thiét ké
va md phong. Cau tric niy giit nguyén
nguyén 1y giam tuong hd nhung duoc tbi
uu lai cac thong sb6 hinh hoc dé dam bao
hiéu suit hoat dong tdt nhat. Két qua mo
phong voi dng-ten 2 phan tir buc xa cho
thay, k¥ thuat giam tuong hd sir dung céc
cap duong vi dai thu dong co thé ap dung

dé cai thién hé s6 cach ly cho céc dng-ten
MIMO vi dai ¢6 nhiéu hon hai phan tir. Ap
dung k¥ thuat ndy v6i mang ang-ten gdom
04 phan tir phat xa sap xép theo mat phiang
H 13 mit phang chira vecto tir truong cia
ang ten, ta cd duoc cAu tao ang-ten nhu
hinh 6 dudi day.

Céng 1 Céng 2 Céng 3 Céng 4

|._._

—_.——.._.——_|

Mt chiéu ngang

Hinh 6: Céu tao dng-ten bon phan tir
buc xa

Bang 2: Kich thudc dng-ten MIMO bdn phan tir phat xa va so sanh v6i ang-ten hai phan tir

Ky hiéu Ang-ten 2 phan tir (mm) Ang-ten 4 phan tir (mm)
lp 12,5 12,0
W 9,7 14,0
d 1,0 1,0
L 2.4 3,0
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Ky hiéu Ang-ten 2 phan tir (mm) Ang-ten 4 phan tir (mm)
1 13,5 14,2
W, 0,8 0,8
S 0,3 0,36
L 40 75
W 30 30
H 1,6 1,6

Kich thudc tdi wu cua dng-ten 4
phan tir so v&i mang 2 phan tir duoc thé
hién & bang 3. Ang-ten dugc md phong
t6i wru tham s6 trén phan mém HFSS bang
tdm nén FR4 c6 héng s6 dién mdi 4,4; kich
thude 75 mm x 30 mm x 1,6 mm.

Céiu trac dng-ten 4 phan tir duoc
minh hoa trong hinh 6. Cac phan tir birc
xa dugc sip xép theo cau hinh mang thang
dong nhat (Uniform Linear Array) trén
mat phéng H. Céc cap duong vi dai thu
dong dugc bd tri tuong ty nhu véi ciu
trac 2 phan tir. Cac kich thudc cua dng-
ten (Bang 3) da duoc tbi wu lai bang phan
mém HFSS trén cung loai vat li¢u FR-4
dé dat duoc su phéi hop tré khang va do
cach ly tdt nhat tai tan sb 5,2 GHz, trong
khi van duy tri khoang cach cuc nho d =
1,0 mm gitra cac phﬁn tr 1an can.

Ang-ten MIMO bén phan tir dat
duoc hiéu suit buc xa tot va kha nang
cach ly cao trong dai tin quanh 5,2 GHz.
Hé s6 phan xa |S, | déunhé hon ~10 dB tai
cac tan sb khao sat (5.19-5,21 GHz), diéu
nay chung to dng-ten dugc phdi hop tro
khang tét va hoat dong 6n dinh trong dai
tan thiét ké. Pang cha ¥, cac hé sb tuong
hd [S,,| va [S,| déu c6 gia tri rat thap, lan
luot dat —35,15 dB va —30,29 dB tai 5,2
GHz. Piéu nay ching minh giai phap sir
dung cac duong vi dai thu dong da mang
lai hiéu qua cao trong viéc giam tuong hd

giita cac phan tir 1an can. Nhu vy, ang-ten
MIMO bén phan tir khong nhiing dam bao
dic tinh phdi hop tré khang ma con dat
dugc d6 cach ly vuot troi, dap tng yéu cau
khit khe ctia cac hé thong thong tin khong
day bang tan 5 GHz.

Hinh 7 thé hién cac tham sd tan xa
mo phong cua dng-ten MIMO 4 phan tir.
Pau tién, xét vé kha ning phdi hop tro
khang, cac dudong cong hé sé phan xa
IS11] va [S22| (dai dién cho cac cong) déu
cho thay gia tri nho hon -10 dB trong dai
tan quan tAm xung quanh 5,2 GHz. Cu thé,
tai tan s6 5,2 GHz, |S11| dat khoang -14,87
dB, ching to cac cong duge phdi hop tro

khang tdt va nang lugng birc xa hi¢u qua.

: — [Su|
i: === [Sxn|

P e [
Ll == Sn

Tham s6 tan xa (dB)

48 5!0 552 5‘.4 56
Tén sé (GHz)
Hinh 7: Két qua mo phong tham s tan xa
clia dng-ten MIMO 4 phan tir
Piém ndi bat nhat cia thiét ké chinh
1a do cach ly cao giira cac phan tir. Hé sd
truyén |S21| (twong hd giita cong 1 va 2)
va [S32| (twong hd giita cong 2 va 3) déu



& muc rat thap. Tai tan s6 5,2 GHz, [S21|
dat gia tri 4n tuong la -35,15 dB, trong
khi [S32| cling dat -30,29 dB. Tuong hd
gilta cac phéan tir khong ké nhau nhu [S31]
va |S41| con thap hon nita, cho thiy ning
luong giam dan theo khoang cach.

Ang-ten c6 do cach ly >25dB tai
tan sd 5,2 GHz, tan s6 nay duoc sir dung
cho cac chuin Wi-Fi hién dai (802.11ac,
802.11ax), mang lai tde do truyén tai dir
liéu cao hon va it bi nhiéu hon so véi bing
tan 2,4 GHz.

Gain Plet 1

......

5 e ST =

Hinh 8: Gian d birc xa cua dng ten bon
phan tir ¢6 twong hd cao tai tan s6 5.2
GHz.

Hinh 8 trinh bay két qua mo phong
gian dd btrc xa ctia anten bdn phén tir tai
tan s6 5.2 GHz trén hai mat phang truc
giao 12 mat phang E (E-plane) va mit
phang H (H-plane). Do loi cyc dai xap
xi 2,1 dB. Tir gian d6 cho thiy anten c6
mot bup song chinh rat rong cho thiy
anten co tinh dinh hudéng khong cao
nhung lai s& httu kha nang phu séng
trong mot khong gian rong 16n, rat 1y
tuong cho cac Gmg dung yéu ciu ving
phu song thay vi tam xa.
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Thém vao d6, c6 thé quan sat thiy
gian d6 buc xa trén mit phang E va H ¢
su twong dong cao vé hinh dang va c6 tinh
dbi xtmg tot qua truc 0-180 do. Piéu nay
cho thiy dic tinh birc xa ctia anten 13 6n
dinh va dong déu trong khong gian, mot
yéu t6 quan trong dé dam bao chit lugng
tin hiéu nhat quan cho ngudi dung. Voi
cac dic diém nay, cu triic anten rat phu
hop cho cac ung dung nhu diém truy cip
khong day (Access Point) trong mang Wi-
Fi, noi muyc tiéu chinh la phu séng hi¢u
qua cho mot khu vuc nhu cac van phong...

Nhirng két qua nay khang dinh rang
giai phap s dung cac duong vi dai thu
dong khong chi hiéu qua voi cdp ang-ten
ma con duy tri dugc hi¢u suit vuot troi
khi mé rong 1én méang 4 phan tir, dap ing
t6t yéu cau vé do cach ly cao cho cac hé
thdng MIMO hién dai. Trén co sé do, ky
thuat duoc md rong va mo phong thanh
cong cho ang-ten MIMO bdn phan tir. Két
qua cho thay do cach ly gitra cac phan tir
lan can déu vuot qué 25 dB tai tan sb 5,2
GHz, khang dinh tinh kha thi va kha ning
mo rdng cua giai phap.

IV. Két ludn

Bai bao dd dé xuat thanh cong mot
k¥ thuat giam twong hd hiéu qua cho ing-
ten MIMO vi dai nhiéu phén tir bang cach
st dung cac duong vi dai thy dong dé tao
ra cac mode hoat dong truc giao. Véi cAu
trac bd sung cac duong vi dai thy dong
doc theo canh buc xa, ang-ten MIMO hai
ph?m ttr ban dau dat duoc mirc cai thién
cach ly lén to1 trén 25 dB trong khi khoang
cach giira hai phan tir chi 0,017A. Trén co
sO do, k¥ thuat duoc mo rong cho ang-ten
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MIMO bén phan tir, cho thiy cac phan tir
1an can déu c6 do cach ly hon 25 dB, d¢ loi
cuc dai xép xi 2,1 dB tai tan sb 5,2 GHz.
Két qua mo phong di khing dinh tinh kha

thi ctia giai phap. Véi dic diém do phuc

tap thép, kich thudc nho gon, va hiéu qua

cach ly cao, dng-ten dé xudt htra hen tng

dung tét cho cac hé thong khong day bang
tan 5 GHz, ddc biét 1a Wi-Fi thé h¢ méi.
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RESEARCH AND DESIGN OF A FOUR-ELEMENT
MICROSTRIP MIMO ANTENNA WITH HIGH ISOLATION

Nguyen Manh Hung’

Abstract: The paper presents a design solution for a microstrip MIMO antenna with
high isolation and very small spacing between elements. The proposed approach is based on
employing pairs of passive microstrip lines placed along the radiating edges of the antenna to
minimize mutual coupling while maintaining very close spacing between the elements. First,
simulation results of the two-element MIMO antenna show that the isolation is improved
by about 26 dB, achieving a maximum isolation of 30 dB with an inter-element spacing of
only 0.017A. Subsequently, this technique is extended and applied to a four-element MIMO
antenna. The simulation results demonstrate that the antenna achieves an isolation higher
than 25 dB at 5.2 GHz, with a compact size suitable for modern Wi-Fi applications (IEEE
802.11ac/ax standards).

Keywords: microstrip antenna, high isolation, MIMO, passive microstrip lines, compact
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