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Tém tit: Baibao nay dé xuat 1 ciu tric giam twong hd
gitra c4c phan tir caa anten MIMO (Multi Input Multi
Output) ttng dung trong lién lac v¢ tinh di dong, trong diéu
kién gisi han ve khong gian gitra cac phan tir buc xa. Dya
trén cau trdc mach vi dai dang vong c6 do dai giam dan,
céu trac d& xuat da lam giam anh huong tuong hd trong
mot dai tan rat rong bao phu cac bang C, X va Ku. Ciu truc
nay duoc phan tich va ung dung trong céc thiét ké anten
MIMO thuong va ca MIMO bang siéu rong dé kiém
nghiém higu qua ciia céu tric. Céc két qua md phong va
do kiém cho thdy anh huong tuong hd trén  bang rong giam
10dB, khang dinh hiéu qua cia cau trac dé xuat.

Tir khéa: DGS, anten MIMO, anten bang si€u rdng,
UWB.

. MOPAU

Viéc nang cao d¢ tin Cay cho tin hiéu cta cac hé thong
lién lac v¢ tinh di dong ma khong lam gia tang nhu cau veé
cong suit phat 12 mot doi hoi dang duoc dit ra trong cac hé
thqng hién tai. Giai phap sur dung hé anten MIMO véi cac
phan tir birc xa la cac anten béang siéu rong (UWB Ultra
Wide Band) hi¢n dang thu hat dugc nhleu su chy cua gidi
nghlen ctu [1]. Tuy nhién, mot van d& gay kho khan cho
cac thiét ké anten MIMO UWB chinh Ia gigi han vé kich
thudc va sy mau thuén gitra viéc thu nho Kich thudc téng
ciia mach nhung van phai dam bao su cach ly giira cac
anten thanh phan [2]. Thong thuong, dé dam bao cach ly,
cac anten phan tu trong mach MIMO phai dugc dat cach
nhau it nhat 1a /2 buéc song hoat dong. Diéu nay gay ra kho
khan ddi vai vigc thiét ké cac mach anten MIMO, dac biét
do6i véi céc thiét bi di dong von da bi gisgi han vé khong
gian.

Rat nhiéu giai phap da dugc nghién ctru dé giam hiéu
g tuong hd gitra cac phan tir buc xa dit gan nhau trong
cac mach anten MIMO nhu sr dung ranh di¢n méi, I16p phu
di¢n moi hay sur dung cac doan ngan mach de trigt tiéu dong
phan cuc dién dung cua 16p dé hodc st dung cAu tric
khoang chin dién tr EBG (Electromagnetic Gap Band
structures).[3]+ [8] Gan day, cac nha nghién ciru co xu
huéng tap trung vao viéc lam giam twong hd giira cac phan
tir dya trén k§ thuat mat phang dat khuyét (DGS) do ky
thuat nay c6 thé tao ra dic tinh loai bo bang tan giong cau
trac EBG nhung lai ¢6 cau tric nho gon hon [9], [10].
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Trong khuén khé bai bao, chung t6i dé xuat mot cau
truc nho gon st dung ky thuat DGS ddi xing & ca hai mat
ctia chat nen véi cic duong vi dai c6 do dai thay doi theo
nguyen tac gradient xac dinh bai cac via hinh tron. Cau truc
nay cho phép lam giam twong ho trong mot dai bang tan
rong xung quanh tan sb trung tam nhung van dam bao kich
thudc rat nho (khoang cach 0.1457 giita cac phan ti birc
Xa trong d6 A 1a budc song trong khong gian ty do tai tan
s6 9.5GHz. Tich hop ciu tric nay trong 2 thiét ké anten
MIMO hoat dong trong cic bang tan lién lac vé tinh cho
thdy anh hudng tuong hd giam dang ké, 1én dén 10 dB.

Cac phan tlep’thero cua bai bdo duoc b cuc nhu sau.
Phan 11 mo ta thict ke cau trdc giam anh huéng tuong hd
cling nhu md hinh mach tuong duong va cac phan tich hi¢u
néng cua nod. Cac két qua mo phong va do dac cta c&c mach
tich hop céu triic dé xuat trong cac thiét ké anten MIMO
duogc nghién ctu trong phan I11. Két luan vé cac két qua
nghién ciru s& duoc trinh bay trong phan V.

II. CAU TRUC GIAM ANH HUONG TUONG HO

Céu tric DGS dé xuat dya trén viéc két hop cac unit
cell. Thiét ké caa moi unit cell va mach twong dwong cta
n6 dugc mo ta trong hinh 1 a) va b).
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Hinh 1. Céu triic DGS gidm tuong hé a) Thiét ké, b) Mach
tvong duwong

Céc unit cell dugc tao nén boi cac duong vi ddi nho
cach déu nhau véi do rong d2 va cach déu nhau mot khoang
d1. Chung dugc in 1én ca 2 mit cua tam chét nén va ndi véi
nhau qua via hinh tron. Ddng thoi via nay cling ¢6 tac dung
lam cho d¢ dai cua timg duong vi dai thay doi khac nhau
theo nguyén tic gradient. Do cau trac nhu vay, nguyén ly
hoat dong cua mbi unit cell c6 thé dugc giai thich boi mach
tuong duong trong hinh 1b) [11]. Dién dung ki sinh C duoc
tao boi khoang céach gitra 2 dwong vi dai va dién cam ki
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sinh L duoc tao ra doc theo chiéu dai cua cac duorng nay.
Chung ta c6 thé thay, tinh tir duong trung tam, gia tri cta L
va C dugc tang dan Ién (do su téng dan cuia d6 dai cua cac
duong vi dal) vatao thanh gia tri téng cong YL va 3 C. Nho
tinh chat nay, dai tan cong huorng (dai tan trigt tleu) cua unit
cell dugc ma rong. Dicu nay lam cho ciu tric dé xuat co
thé dugc &p dung trong céc thiét ké anten MIMO dé 1am
giam tuwong hd gitra cac phan tir birc xa mot cach hiéu qua.

Bén canh d6, Lvia la dién cam cua I3 via va c6 thé dugc
tinh theo cong thac (1) duéi day:

L -k h[In(zrh)ﬂ] R

Trong do h la chiéu cao cua lop chat nén, r 12 béan kinh
cua via tinh bang mm va k; = 0.2 nH/mm [11]. Cq la dign
dung giira cac duong vi dai ¢ hai phia cua tim chat nén va

¢6 thé dugc tinh mot cach gan ding theo cong thirc:

go&r (W2 — 7wr?)
Cy = - )
Trong dd, & va ér tuong Ung 1a hang s6 dién moi cua chan
khong va hang s dién mdi tuong ddi cua 16p chét nén. Co
thé dé dang nhan thay, cAu truc nay c6 dac diém tuong ty
v6i cAu trac siéu vat lidu mang dac tinh chan dai mo ta
trong [5] véi tan s6 trung tim fo dwoc tinh boi cong thire:

fo=1/2m[L,;u 5C 3)

Ill. THIET KE ANTEN MIMO TICH HQP CAU TRUC
DE XUAT

A. Thiét ké Anten MIMO cho tan sé Vé tinh bing X

Céu tric DGS trong muc trude duoc dé xuét sir dung
trong mot thiét ké mach anten MIMO dé danh gia kha nang
tang cuong céch ly trong dai bang tan rong. Trong thiét ké
nay, mot dai doc 1x9 unit cell dugc dat gitra 2 anten patch,
14 2 phan tir bac xa caa hé thong MIMO 1x2 nhu mé ta
trong Hinh 2. Viéc dat cau truc DGS vap gitra, cho phép hai
anten phan tir 6 the dugc bo tri rat gan nhau Vi kh0ang
cach chi 12 0.1457A tai 9,5GHz. O day tan s6 9,5GHz la tan
sb trung tam cua cac h¢ thdng lién lac vé tinh bang X. Thiét
ké DGS dé xuit ap dung trong cac mach anten bang siéu
rong (UWB) cho lién lac vé tinh ¢ cac bang C, X va Ku s€
duoc trinh bay ¢ muc sau.
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b) Mt dudi

Hinh 2: Thiét ké mach anten MIMO ap dung céu truc DGS
dé giam turrong hé.

Bang 1. Kich thuérc chi tiét ctia mach anten MIMO
Tham s Gia tri (mm)| Thamsé | Gia tri (mm)
Ig 18 Wg 28,12
lp 6,5 Wp 9,12
I1 45 W1 7,12
P} 4 W2 1,2
I3 1,9 W3 2,2
a 141 d 15,62

Mach anten duoc in trén tm chat nén FR4 véi d day
1.6 mm, hang so6 di¢n moi 4.4 va h¢ so suy hao 0.02. Kich
thudc tong cua mach anten MIMO duoc thu gon 1a 28.12 x
18 mm2. Chi tiét cac kich thude dugc md ta trong Bang 1.

Hinh 3: M6 hinh anten MIMO két hop céu tric DGS dé
xuét trong phén mém mé phdng CST Studio

Két qua md phong bing phén mém CST Studio, cho
thay mach anten MIMO khi dugc ap dung c4u triac DGS dé
giam trong hd thu duoc két qua cai thién rd rét so vai khi
khong c6 mach DGS. Nhu duoc thé hi¢n trong Hinh 4 cho
thay, mach anten thuong khong co c4u tric DGS hoat dong
trong dai tan tir 9,25-9,97 GHz va khong thoa man yéu cau
vé cach ly giira cc phan tir boi hé s6 S12 luén cao hon -
20dB trén toan bang [8]. V6i vigc ap dung cau tric DGS,
khong chi dai tan hoat dong duoc mo rong (9,35 - 10,18
GHz) ma h¢ So twong hd ciing duoc cdi thign dang ké. Cu
thé, tai tan So trung tdm 9,5 GHz, hé s6 tuong hd da giam
tir -15dB xudng dudi -27 dB. Va trén toan bang, hé s6
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twong hd S12 ludn nho hon -20 dB trong mdt dai rat rong
(> 100%).

Dé tang hiéu nang chan dai cua cau tric DGS, mot cau
tric két hop dang duong vi dai duge dua vao hai bén cua
céc unit cell nhu trong Hinh 5. Céu tric DGS & day dong
vai tro giam twong hd (decoupling) gitra hai phan tir birc xa.
Ning luong dién tir tir hai phan tir birc Xa tao ra dong cam
g trén duong vi dai. Khe cua cu tric decoupling ¢ phia
mat phang dat c6 kich thudc nho nén bi ngan cach véi mat
phing dit cua anten. Hai duong vi dai dugc thém vao daé
tao v&i mat d4t cua anten don mét dién dung C, ndi thém
mat phan birc xa, gilip giam thém tuong hd (Hinh 5a).

S-Parameters [Magnitude in dB]

Frequency / GHz
— 51,1 Khéng cé DGS
""" 51,2 Khéng cd DGS
-== 51,1 CODGS
=+ 51,2 CODGS

Hinh 4: So sanh higu nang gira thiét ké anten MIMO c6
va khéng co6 cau tric DGS dé xuat.
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Hinh 5: Pudng vi dai bé sung dé tang hiéu ndng céu tric
DGS.

Két qua md phong cho thay, viéc két hop vai cu tric
duong vi dai hai bén lam giam hoa hop tré khang cua mach
anten tai tan s trung tdm 9.7 GHz (S11 tang tr-29 dB [én
-20 dB). Tuy nhién, h¢ s twong ho S12 da giam déang ké tir
-17 dB Xuong dudi -20 dB tai diém c6 gia tri cao nhat (9,4
GHz) va tir -20 dB xudng -27 dB tai tan s6 cong huong
(hinh 5b). Do muc tiéu thiét ké wu tién viéc giam gia tri
trong hd nén viéc bd sung duong Vi dai hai bén cau tric
DGS da cho két qua nhu mong mudn.
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~Mau thir nghiém duoc in trén tim nén FR4 (Hinh 6).
Ket qua do h¢ s6 S duoc so sanh voi ket qua tir mo phong
va duoc biéu dién trong Hinh 7.

(a) Mat trén

(b) Mt dugi

Hinh 6: M&u thi nghiém mach anten MIMO két hop céu
trac DGS

Quan sét hinh 7, c6 thé thay két qua do va két qua mo
phong c6 su tuong ddng tuong ddi cao. Trong két qua do
thuc té, bang tan hoat dong cua hé anten MIMO la rong hon
so v&i mo phong kh0ang (tr 9,5 GHz - 11 GHz) va dic bigt
hé sb tuong hd dat gia tri rat thip trong toan bang < -23 dB.
Tir d6 khang dinh hiéu qua cua vi¢c ap dung cau truc DGS
trong Vviéc giam tuong hd cua cac phan tr trong hé anten
MIMO va dong thoi cho thay tinh chét chan dai trong bang
rat rong cua cau trac dé xuat.

$11 mé phéng

N S11thucthé
' —— 521 mo phéng

--- S21thucté

75 8 85 9 95 10 105 11 115 12

Tan sé (GHZ)

Hinh 7: Két qué do mau anten MIMO bé&ng X

Sy suy giam tuong hd ¢ thé duoc giai thich khi quan sat
két qua dong dién bé mat tir caic mé phong nhu trong Hinh
8. Ta thay rang, trong truong hop co sy xuat hién cua cau
trac DGS, céc dong dién bé mat 16n chu yéu tap trung trong
chu trac DGS va dong di¢n bé mit trén tam buc xa bén
phdi tr¢ nén it hon nhiéu so véi khi khéng c6 cau tric DGS.
biéu nay twong dwong véi viéc dong cam ung trén mat birc
Xa bén phai do mat bic xa bén trai gay ra la rat nho, hay
noi céch khéc chinh Ia hiéu ing twong ho da bi triét tiéu rat
nhiéu do sy xuat hién ciia cau triic DGS. Két qua hoan toan
tuong tw cO thé dugc quan sat trong md phong khi kich
thich tir cong 2, do tinh d6i ximg cua cau tric anten.

a) Khong co ciu tric DGS b) C6 céu tric DGS

Hinh 8: Dong bé maét trén mach anten
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Két qua mod phong bic Xa cho thay viéc ap dung ciu
trac DGS khong lam thay ddi nhleu hinh dang burc xa cua
h¢ anten MIMO. Tuy nhién hé s6 birc ¢6 giam di tir 3,5 dBi
xuéng 3,1 dBi va hiéu xuét bic xa giam tir 62% xudng
58%.

B. Dé xudt thiét ké anten MIMO UWB s dung cau tric
DGS #ng dung trong nhiéu bang tan vé tinh
Céu tric DGS duoc dé xuat két hop véi mau anten
monopole dang tam giac tao thanh mot h¢ anten MIMO
UWRB nhu thé hién trong Hinh 9.

. Kich thuoc cua ciu trac DGS duoc giir nguyén véi tan
sO trung tim 9.5 GHZ va dugc mo ta trong muc Il. Hai
anten monopole UWB hinh tam gidc duoc dit trén tam nén
FR-4, duoc cach ly vai nhau béi cau tric DGS ¢ chinh gitra
mach va dugc tiép dien boi dwong dan vi dai két hop doan
chuyén tiép tro khang dé phuc vu phdi hop tro khéang.

. Kich thudc cu thé mach anten sau khi duoc t6i wu hoa
dé phoi hop tro khang dugc mé ta trong Bang 2.

W

Hinh 9: Thiét ké va tham sé kich thwéc caa anten UWB

Bang 2. Kich thuéc chi tiét cia mach anten MIMO UWB

Tham s Gia tri (mm)
w 8
L 8,5
Wi 0,4
Wi 1,5
Lf 1,9
Lt 4

Két qua md phong bang phan mém CST Studio, cho
thiy mach anten MIMO UWB khi dugc &p dung ciu tric
DGS dé giam twong hd thu duoc két qua cai thién d6 cach
ly rd rét so véi khi khong c6 mach DGS. Hinh 10 cho théy,
cd hai h¢ ang-ten déu dat dugc dai tan hoat dong siéu rong,
tor 6GHz dén trén 20GHz. Tuy nhién mach anten khdng c6
cau tric DGS c¢6 higu ndng cach ly gitra hai phan tir birc xa
tuong doi thap b&i he s0 S12 cao hon -15dB trén dai tuong
d6i rong, va nhu vay la khdng thoa mén yéu céu nhu duoc
dé cap trong [8].
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Hinh 10: So sanh két qud mé phéng hé anten MIMO

UWB khi ¢6 va khéng c6 cau truc DGS.

Véi viéc ap dung cau tric DGS, khong chi lam phédi hop
tré khang duoc cai thign ma hé s6 tuong ho ciing dugc giam
déng ké. Cu thé, tai tan So trung tdm 9,5 GHz, hé s6 tuong
hd da giam tir -12dB xudng dudi -22 dB. Va trén toan bang,
hé s6 twong hd S12 ludn nho hon -20 dB trong dai siéu
rong Trong toan dai hoat dong, vigc tich hop cau tric DGS
vao trong thlet ké gitp giam hé 50 twong hd xu0ng khoang
-10 dB. Diéu nay chung minh cu trac DGS dé xuat hoan
toan c6 thé duoc ap dung trong mach anten MIMO UWB
dé 1am tang dac tinh cach ly trén dai siéu rong bao phu mot
phan bang C (4-8GHz), toan bo bang X (8-12GHz) va toan
b bang Ku (8-12 GHz).

Két qua md phong birc xa cho thay viéc &p dung ciu
trac DGS khong lam thay doi nhleu hinh dang btrc xa cua
hé anten MIMO. Dong thoi, h¢ s6 khuéch dai tang tir 2,9
dBi I1én 4,2 dBi va hiéu xuat birc xa tang tir 72% lén 82%.
(Két qua md phong tai 9,5 GHz).

a) C6 DGS
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farfield (£=9.5) [1]

b) Khéng c6 DGS

Hinh 11: B4 thi birc xa ctia anten MIMO UWB.

IV. KET LUAN

Bai bao da dé xuat mot thiét ké su dung cAu trac mat
phing dat khuyét DGS st dung cac duong vi dai c6 d6 dai
thay dbi theo nguyén tic radiant dya vao céc via hinh tron
noi gitra hai mat phing ciia tim chit nén. Cac phan tich ly
thuyét cta cdu truc nay ciing da duoc dua ra. Sau do, cau
trac DGS dé xuit dugc 4p dung trong céac thiét ké mach
ang-ten MIMO tmng dung cho lién lac v¢ tinh. Két qua md
phong va do mau thur nghiém cho thay, cAu trac mat phang
dat khuyét dé xuat da giai quyét rat t6t bai toan ting cuong
cach ly cho céc anten phan tr cia hé anten MIMO, tir d6
cho phép céac anten phan tir dit rat gan nhau (0.14571) ma
khong anh huong dén hiéu ning chung cua hé.

Cac két qua dat dugc cho thy dai tan s cach ly cia céu
tric DGS dé xuét cling dat duoc gia tri rat rong co thé phu
mot phan biang C (4-8GHz), toan bo biang X (8-12GHz) va
toan b bang Ku (8-12 GHz).
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DECOUPLING SOLUTION FOR MIMO
ANTENNA FOR MOBILE SATTELITE
COMMUNICATIONS APPLICATION.

Abstract: In this paper, a novel decoupling structure is
proposed to depress mutual coupling among closed-spaced
elements in MIMO antenna design for the distance of
0.1457 A, applied for mobile satellite communication. The
proposed structure, based on gradient line, has reduced
mutual coupling in a wide range of frequency, for a part of
C band, and whole of band X and Ku. The structure was
analyzed using equivalent circuit and applied in MIMO
and array antenna designs to reduce mutual coupling and
distortion of radiation pattern. The measured results were
also presented and agree well with simulated ones.
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