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Tém tidt— Noi dung bai bao dé xuat mot cu tric anten
MIMO hai bing hoat dong tai hai bang tin 28GHz va
60GHz cho truyén thong di dong 5G bang tan milimet va
IEEE 802.11ad. Str dung cAu trac birc xa tron trén vat liéu
RO5880 co6 chiéu didy 0.79mm, anten dat kich thudc nho
gon 15.19x10mm? véi bing thong kha rong 5.7% va 10.1%
twong tmg véi bang tin 28GHz va 60GHz. Bén canh do,
anten MIMO dat d¢ cach ly rat cao, 1én dén 45 dB tai bang
tan 28GHz va 67dB tai bang tin 60GHz nho st dung cu
trac két hop DGS/SMLR dit giira hai phan tir birc xa. Cau
trac dé& xuat nay da lam giam manh anh huéng twong h6
gilra hai anten v6i hé s0 tuong quan dat t6i 3e-010 tai tan
s6 cong huong 60GHz. Két qua nay co thé coi nhu triét bo
toan bo tuong hd giira hai phan tir birc xa dat canh nhau
trong anten MIMO.

Tir khéa—MIMO, biang tan milimet, DGS, SMLR.

I. GIOI THIEU

Anten MIMO (Multiple Input Multiple Output) hién
duoc khuyen nghi st dung trong phan I6n cac chuan cong
nghé truyén théng vo tuyén tién tién gan day nhu IEEE
802.11n, ac, ad, LTE-A (Long Term Evolution —
Advanced), 5G (Fifth Generation) va la diéu kién tién
quyét cho truyén thong tuong lai 6G [1]. C4c giai phép
giam tac dong twong hd cho anten MIMO da bing, bing
tan GHz da duoc kha nhiéu nha khoa hoc trong va ngoai
nu6e nghién ciru va dé xudt. Tuy nhién cac giai phap nay
tap trung chii yéu cho anten bang rong, bing siéu rong hay
da bang hoat dong & bang tin dudi 10GHz [2]. Cac dé xuat
nay hoic tao ra duy nhat mot dai chan bang rong/ bang siéu
rong ¢ GHz dén chuc GHz [3]-[6] hoic da dai chan nhung
d6 rong mdi dai chan chi dat ¢& vai chuc MHz dén vai trim
MHz hay hiéu qua giam tuong hd khong cao [7]-[10]. Tai
bang tan milimet, yéu cau biang thong hoat dong cia anten
kha rong, thuong c& vai GHz, khoang cach bang tan giira
c4c tan s hoat dong cua anten da bing cach xa nhau, ¢&
chuc dén vai chuc GHz [11] nén phan Ién céc giai phéap
giam tac dong twong hd mang lai hiéu qua cach ly cao cho
anten MIMO trudc day khong thé 4p dung. Chinh vi thé,
nghién ctu giai phap giam tac dong twong hd cho céc thiét
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ké anten MIMO hoat dong & bang tan milimet, dac biét
trong truyén thong 5G hién tai va 6G twong lai dang rat
duoc quan tam [12]-[15].

Daniyal Ali Sehrai va c&c cong sy [2020] da nang cao
d6 cach ly trong thiét anten MIMO bang tin milimet cua
ho bai kién tric phan cuc nhim gia ting khoang céch giita
cong diém tiép dién [12] tuy nhién giai phap nay tuong
duong nhu anten bing siéu rong voéi do twong hd cua hai
anten k& nhau chi dat muc tiéu chuan. Gia ting céch
khoang céch gitra cac cbng tiép dién ciing la cach thire dwoc
Syeda I_at Naqvi [13] va Md Nazmul Hasan [14] st dung.
Gidng nhu Daniyal Ali Sehrai va céc cong su, do céach ly
trong cac dé xuat nay ciing dat muc tiéu chuan, 20 +30dB
cho céc phan tir btc xa dat ké nhau. Fei Wang va cac cong
su [15] véi kién tric thiét ké anten doc dao va khong sir
dung bat ky cdu trac giam tuong hd nao van mang dugc do
cach ly kha quan. Tuy nhién, tai mét vai dai tan, do cach ly
giam xudng dudi 20dB. Viée giam siu tuong hd trén bang
tan rong va khoang cach 16n gira cac bang 16n trong truyén
thong bang tin milimet van la co hoi va thach thirc cho cac
nha nghién ctru.

Trong bai bao nay, nhom tac gia dé xuét giai phap st
dung céu trac két hop DGS/ SMLR (Defected Ground
Structure/ Slotted Mender Line Resonator) cho hiéu qua
giam sau tuong hd dong thoi trén ca hai trén bang tan rong
v6i khoang cach giita hai bang tan 16n: 28GHz va 60GHz
ctia anten MIMO bing tin milimet. Dic biét do cach ly 1én
dén 45dB tai tan s6 28GHz va 67dB tai tn s 60GHz. Két
qua nay khong chi kho dat dugc véi cac e xuat anten bang
tan milimet ma ca cac d@é xuit anten bang tan dudi 10GHz
truge day, tao tién dé cho cac nghién ctru khac vé anten
MIMO, anten méang khong chiu tic dong tuong hd.

Tiép theo, kién tric anten hai bang ciing nhu cau trac két
hop DGS/ SMLR d& xuét s& duogc gidi thiéu trong phan I
clia bai bao. Phan III s& phan tich va dénh gia két qua dat
dugc trén cong cu mo6 phong da dugce thuong mai hoa CST
(Computer Simulation Technology).

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 76



NANG CAO DO CACH LY CHO ANTEN MIMO HAI BANG, BANG TAN MILIMET SU’ DUNG VAT LIEU ......

Il. CAUTRUC ANTEN BE XUAT

Noi dung phin nay s& bao gom hai‘ph?m nho: thiét ké
anten don hai bang hoat dong tai bang tan milimet va anten
MIMO véi cau triic giam twong hd DGS/ SMLR.
A. Anten don hai bang

Vi muyc dich tao anten bang tan milimet hoat dong tai
hai bang 28GHz cho truyén théng di dong 5G va 60GHz

cho truyén thong IEEE 802.11ad, anten dé xuat duoc thiét
ke vai tién trinh dugc chi ra trong hinh 1.

Budc 1: Tinh toan thd phan cap dién vi dai

.

Budc 2: Thjét ké anten cong huong tai
f=28GHz, t0i uu kich thudc birc xa tron

4

Budc 3: Ché khe va tdi uu kich thude, vi tri
khe ché trén mat birc xa dé tao cong huong
tai f=60GHz

Hinh 1. Tién trinh thiét ké anten da bang

Anten sir dung vat liéu RT5880 véi hé'lng s6 dién moi
£=2.2, d6 t6n hao 6=0.0001 va chidu day h=0.79mm. Dau
tién, mach vi dai dwoc tinh toan theo 1y thuyét duong
truyén vi dai vé6i trd khang dudng truyén dwoc chon 1a 50
Q theo cong thire 1 [16]:
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Trong d0, gefr 12 hang sé dién moi hiéu dung, W 14 chiéu
rong cua dudng tiép dién vi dai.

Tiép theo d6, phan tir birc xa cua anten duoc thiét ké véi
tan s6 hoat dong trung tdm 28GHz. Bé dam bao bang thong
rong cho truyén thong di dong 5G, nhém tac gia di lya
chon patch birc xa hinh tron véi kich thude dugc tinh toan
tho dua trén Ham Bessel bac n cho anten ¢6 birc xa tron két
hop tdi wu héa bang phan mém CST. O ché do TM,,,,,, tan
s6 cong huong cua anten duoc xac dinh theo cong thirc:

XnmC
fam = Irae (3)
mae\e,

Dé anten dat kich thudc nho nhét, ché do n=1, m=1 duoc
lya chon vai Xi1= 1.84118 [16], ¢ 1a tdc d6 anh sang trong
khéng gian tu do, €, 1a hang s6 dién méi cia chat nén, a,

la béan kinh hiéu qua cua patch tron duoc xac dinh theo:
1

h (ln% + 1.7726)}E )

Trong d6, a 14 ban kinh patch tron. Biéu thirc nay cho két
qua tuong d6i chinh x4c véi xac suat 16i nho hon 2.5% khi
=1

Dé tao anten da bing, giai phap ché khe trén bé mit birc
xa dugc nhom tac gia su dung. Nhim giam thiéu thoi gian
t81 wu va tinh toan tho, nhom tac giad lua chon khe ché hinh

2
a. =a {1 +
mae,
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chit nhat véi sb luong khe ché, vi tri va kich thudc dugce tdi
uu thong qua phan mém di dwoc thwong mai hoa CST.
Thiét ké anten duoc thé hién trén hinh 2 véi cac tham sb
kich thuéc t6i vu dugce chi ra trong Bang 1.
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Hinh 2. Thiét ké anten don da bang

Bdng 1. Cac tham s¢ thiét ké ciia anten don da bang

Tham sb | Kich thwéc (mm) | Thamsd | Kich thwéc (mm)
Ly 10 W, 10
Ly 04 W 19
L, 2.1 W, 18
L3 2.2 W, 0.22
Ly 2.2 W, 1
Ls 0.5 a 3.6

B. Anten MIMO véi céu triic DGS/SMLR

Anten MIMO duoc thiét ké bang cach dat hai anten don
sat canh nhau. Tuy nhién, dé dam bao dic tinh phan tap
cling nhu gigi han vé kich thudc tong thé cho anten trong
thiét bi dau cudi, phan tir birc xa tron caa anten budc sat
gan nhau, gay ra anh huéng twrong hd, 1am suy giam hiéu
nang cua anten. Dé giai quyét van dé nay, ciu trdc két hop
DGS/ SMLR duoc dat giita hai phan tir birc xa nhu chi ra
trong hinh 3 véi cac thdng sé kich thude dwoc thé hién
trong Bang 2.
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Hinh 3. Anten MIMO véi cdu tric giam tuong ho (a) Mat trén
va dudi ciua anten (b) Cau tric SMLR

Bang 2. Cdc tham s6 thiét ké ciia cdu triic SMLR

Tham s Ls Ls; Ws Ws; Ws,

Kich thudc (mm) 531 2.25 0.6 0.1 0.08
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O day, khoang cach giita hai anten don tinh tir ria dén ria
nho hon 0 (khong c6 khang cach). Khoang tir diém tiép
dién dén diém tiép dién d=3.35mm, twong duong véi 0.5
tai tan s6 cong huong 28GHz. Khoang cach tir ria birc xa
dén ria birc xa ds= 18mm, twong tmg v&i 0.168) tai tan sb
cong huong 28GHz. Kich thudc tong thé cua anten la
15.19x10x0.79mm3. Cau triic duong udn khic c6 ranh
SMLR (Slotted Mender Line Resonator) 1a mot bd cong
huong dién do sy dao déng ciia cac dong dién dugc tao ra
trong khe. SMLR dugc xdy dung bang cach tao ra cac
khiém khuyét trong céu triic vi dai thong thuong. Nho chu
tao cua cac khe gip nén hé sé song chdm qua cau trac vi
dai gia ting, do d6 1am nhiéu loan dong dién chay qua cdu
tric microstrip. Diéu nay tao ra mot khoang chian dai (stop-
band), ngin chin dong dién bé mat ¢ tin s6 cong huong.
Céu trac nay khi dugc sur dung nhu thiét bi doc 1ap s€ hoat
dong gidng nhu bd chan, loai bo dai tan c6 tan sd cong
hudéng trung tam duoc diéu khién boi do dai cua réanh khe.
Tuy nhién, ciing gidng nhu phan 16n cc giai phap trudc
day, giai phap nay chi c6 thé giam sdu anh huéng tuong hd

trén mot bang tan hoat dong va & mirc dap g tiéu chuan
cho dai tan xung quanh. Dé giam sau hon nita anh huong
tuong hd cho bang tan thir hai, nhém tac gia sir dung thém
cap khe ché DGS trén mat phang dat voi kich thude va vi
tri dwoc t6i wu trén phin mém moé phong trudng dién tir da
thuong mai hoa CST.

I1l. PANHGIAKET QUA

A. Anten don

Duya trén phan mém mé phong CST, tham s6 tan xa S11
cua anten don duogc thé hién trén hinh 4. C6 thé théy, sau
khi thém khe ché hinh chit nhat kép trén anten burc xa tron
ban dau, anten d4 chuyén tir don bang tai bang tin 28GHz
sang da bang tai hai bang tin 28GHz va 60GHz ma van
dam bao dugc d0 rong bang thong 1.79GHz, tuong ung véi
6.4% va do siu tan xa dudi -40dB. Tai bang tin 60GHz,
anten dé xuit c6 bang thong 1én dén 7.5GHz, tuong tng
voi 12.5%. D0 sau tan xa xép xi -40dB, khéng dinh thiét ké
duong tiép dién t6t, dam bao phdi hop tro khang cho ca hai
béng tan.
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Hinh 4. Tham s6 S11 ciia anten don
Farfield Directivity Abs (Phi=90)

Hinh 5. Phdn b6 mdt d¢ dong trén anten don (a) f=28GHz, (b)
f=60GHz

Dic tinh da bang cta anten ciing ¢6 thé chimg minh dya
trén phan bd dong dién mit trén anten nhu chi ra trong hinh
5. C6 thé thiy, tai tan s6 cong huong 28GHz, dong dién di
tir dudng cap dién vi dai ¢én phan b chu yéu trén vanh cia
patch burc xa tron trong khi tai tan sb cong hudng 60GHz,
mat d¢ dong dién chi tap trung chu yéu trén hai khe hinh
chir nhat.

Bue xa 2D cua anten tai hai tan s6 28GHz va 60GHz
duoc thé hién trén hinh 6. C6 thé thdy, anten co dang birc
xa ¢6 dinh huéng, d6 khuéch dai twong dbi t6t, dat 8.8dBi
tai tan s6 28GHz va 7.6dB tai tin s6 60GHz.
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farfield (f=28)
=270

Frequency = 28
Main lobe magnitude =  8.88 dBi
Main lobe direction = 0.0 deg.

Angular width (3 dB) = 60.2 deg.
Side lobe level = -14.8 dB
Theta / Degree vs. dBi

(@)

Farfield Directivity Abs (Phi=90)

0 farfield (f=60)

30

Phi= 90 Phi=270

30

Frequency = 60

Main lobe magnitude = 7.6 dBi
Main lobe direction = 49.0 deg.
Angular width (3 dB) = 66.5 deg.
-3.5dB

Side lobe level =

180

Theta [/ Degree vs. dBi
(b)
Hinh 6. Birc xa 2D cua anten don (a) f=28GHz, (b) f=60GHz
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B. Anten MIMO

Hinh 7 biéu dién cac tham s6 S ciia anten MIMO khi
khong sir dung cdu triac decoupling, khi chi sir dung thém
cdu traic SMLR va khi sit dung cau trac két hop
DGS/SMLR. C6 thé thay, trong ca ba truong hop, anten
MIMO déu hoat dong & hai bang 28GHz va 60GHz véi
bing thong rong, 1an luot 1a 1.6GHz, twong tmg 5.5% va
6.1GHz, twong g 10.1%. C6 thé thay rd, khi khong sir
dung ciu trac giam twong hd, phan bang tin 28GHz ¢ do
cach ly nho hon 20dB trén ca bang tin, khong dap tmg
duoc tiéu chuén cua mot anten MIMO. Khi sit dung thém
chu traic SMLR, tic dong twong hd ciia anten MIMO tai

S-Parameters [Magnitude in dB]

bang 28GHz giam xudng mot cach rd rét. Gia tri nay giam
dén -62dB tai tan s6 cong huong trung tam. Tuy nhién, tai
bang tin 60GHz, vai trd ctia ciu tric SMLR gan nhu khong
¢6 tac dong. Anh hwong twong hd ¢ day van nhu trudng
hop dau, voi do cach ly dat muc tidu chudn, xap xi 20dB
tai tan s6 cong huong trung tam. Khi st dung thém cau tric
DGS, anh huong tuong hé tai bang tan 60GHz dugc giam
manh 1o rét, dat -67dB tai tan s6 cong hudng tam. Co thé
thiy, c4u tric két hop DGS/SMLR di giam thiéu gan nhu
hoan toan tac dong twong hd trong anten MIMO hai bing,
v6i d cach ly cao nhat 1én dén 67dB.
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Hinh 7. Céc tham s6 tan xa S ciia anten MIMO

Vai tro giam thiéu twong hd cua céu traic DGS/SMLR
cling c6 thé dugc phan tich tryc quan trong qua phan bo
mat d6 dong trén anten nhu chi ra trong hinh 8.

(b)
Hinh 8. Phdn b6 mdt d@j dong trén anten MIMO (a)28GHz, (b)
60GHz

C6 thé nhan thy, tuy hoat dong & bing tan cao 60GHz
nén khoang cach giita hai diém tiép dién trén anten MIMO
cling nhu giita cac phan tir birc xa trong anten khé xa khi
tinh theo budc song hoat dong nén do cach ly cla anten
MIMO trong truong hop khong str dung cau trac ky sinh
dat muc tiéu chuén. Tuy nhién, mat d¢ dong tuong hd trén
anten trong bang tin nay tuy di giam so véi bing tan
28GHz nhung c6 thé quan st thiy van con kha 16n, dugc
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tap trung trén ria birc xa tron cling nhu trén hai khe ché.
Khi ky sinh thém céu trac DGS/SMLR véo anten MIMO,
mat d6 dong twong hd glo day da duoc tap trung trén dong
thoi ca hai phan cua cau triic, giup giam thiéu dang ké mat
d6 dong birc xa sang anten don bén canh. Pac biét, trong
truong hop f=60Ghz, c6 thé quan sat thiy ving birc xa trén
khe ché ctia anten khong con xuat hién mat dong tuong hd.

Trong anten MIMO, hé ) tuong hd, con cé tén goi 1a
ECC (enveloped correlation coefficient) 1a mot tham sb co
¥ nghia dé danh gia tac dong twong hd trén anten. Tham sb
nay dugc tinh toan dya trén cac tham s6 tan xa va gian dd
burc xa cua anten. Péi véi mot anten hai céng nhu dé xuét,
gia thiét moi trudng truyén séng 13 da hudng va ddng nhit,
hé sé trong hd (p,) hay goi tit 1a (p), c6 thé duoc tinh theo
cbng thirc sau [17]:

|S11812 + 8515221°
(A = [81112 = 152112 (1 = [S521% —

Pe = ®)

15121%)

Dua trén cong cu moé phong truong dién tu CST, dudong
cong twong hd cua anten MIMO dugc thé hién nhu trong
hinh 9. C6 thé d& dang nhan théy, anten dé xuét co hé )
trong quan vo cung thap, dudi 0.00132 trén ca hai bang tan
hoat dong. Pic biét tai bang tan 60GHz gié tri nay coi nhu
béng 0, voi gia tri cy thé dwoc xac dinh trén toan bé“mg la
1e-005 va gia tri xac dinh dugc tai thn sb cong huong trung
tam 60GHz la 3e-010. Didu nay co nghia, anten MIMO ¢é
thé dua vé truong hop 1y tuong, khong chiu tac dong twong
hd cua phan tir bire xa dit 1ién ké no.
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Hinh 9. Puong cong tiwong hé [p12/ ciia anten MIMO dé xudt
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(b)

Hinh 10. Bitc xa 2D ciia anten MIMO (a) f=28GHz, (b)
f=60GHz

Bén canh do, anten cling c¢6 burc xa dinh huéng, hé $6
khuéch dai va hiéu suat buc xa kha tot nhu duoc chi ra
trong hinh 10 va 11, khang dinh kha nang ap dung cua

anten trong thuc te.

036 1D Results\Efficiencies [Magnitude in dB]
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Hinh 11. Hiéu sudt birc xa ciia anten MIMO

IV. KET LUAN

Véi céu tric DGS/SMLR dé xuat, anten MIMO hai
bang, bang tdn milimet dat do cach ly cao. Tac dong twong
hd giita cac phan tir birc xa trong anten MIMO, tiém can ve
0 vé6i hé sb tuong quan dat gia tri 3e-010 tai tan sb cong
huong 60GHz trong khi anten MIMO c6 kich thudc vo
cung nho, dat 15.19x10x0.79mm? trén vat liéu dién moi
RT5880. Pé xuat nay khong chi co y nghla cho anten
MIMO trong thiét bi dau cudi ma con co thé ap dung dé
phat trién hé thdng anten 16n (masive MIMO) hay anten
méng bing tan milimet cia truyén théng 5G ciing nhu 6G
trong tuong lai.
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MUTUAL COUPLING CANCELATION FOR
DUAL-BAND MILIMETER WAVE MIMO
ANTENNA USING COMBINED DGS/SMLR
STRUCTURE

Abstract: In this paper, a dual-band MIMO antenna
which operates at millimeter band for 5G and IEEE
802.11ad wireless technology is proposed. Based on
RT5880 with height of 0.79mm, the total size of antenna
get compact size of 15.19 x 10mm?2. The antenna gets two
bands of 5.7% and 10.1% as well as good gain at 28GHz
and 60GHz, respectively. Moreover, the mutual coupling
decreases significantly for all operating bands by using the
proposed DGS/SMLR structure while still achieve high
radiation efficiency.

Keywords—MIMO, milimet wave, DGS, SMLR.

THONG TIN TAC GIA

Duong Thi Thanh TU tét nghiép dai
hoc, thac si chuyén nganh Dién tir vién
thong tai trudng Pai hoc Bach Khoa va dai
hoc Quéc gia Ha nodi vao nam 1999, 2005.
Cd nhan bang Tién si vao thang 4 ndm 2019
ctia Vién Dién tir Vién thong truong Dai hoc
» )‘ Béch Khoa. Cb hién tai Ia giang vién chinh
Cua Khoa Vién thdng 1, Hoc vién Céng nghé Buu chinh Vién
thong. Huéng nghién ciu chuyén sau cua cd bao gdm anten va
mang anten, cac cAu tric vat liéu dic biét.

Nguyén Vin Minh hién 1a sinh vién
nganh Dién tar Truyén thdng tai Hoc vién
Cong nghé Buu chinh Vién thong dong thoi
la cong tac vién tai Vién hang khong vil try,
thudc tap doan Vién thong quéan doi Viettel.
Hudéng nghién ciru chuyén sau caa anh hién
nay tap trung vao anten radar, anten mang.

Tran Hung Anh Quan tét nghiép dai

hoc nganh Dién tar Truyén thong tai Hoc

vién Céng nghé Buu chinh Vién théng vao

= thang 3 nam 2020. Anh hién I k§ su thiét

) ké anten tai Vién hang khong vii try, thudc
tap doan Vién thong quan doi Viettel.

Dwong Thi Thanh Hién tét nghiép dai
hoc va thac si tai truong dai hoc Thuy lgi
nam 2003 va 2005. Hién tai, cd la giang
Mot trong
cac hudng nghién cau chuyén sau hién nay
cua co la céc giai phap thiét ké, cac loai
hinh vt liéu c6 cAu tric.

vién truong Pai hoc Thuy loi.
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