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Tém tit - Trong bai bao nay, m{t ang ten nhiéu dAu vao, nhidu
déu ra (Multiple Input Multiple Output — MIMO) béng tin siéu
rong v6i do cach ly cao gifta cac phan tr dugc thiét ké dé ung
dung cho truyén théng 5G dudi 6GHz. Ang ten dugc thiét ké gdm
4 phan tir vi dai don cuc dugc in trén chét nén Roger 4350B véi
do day 0,762 mm va hang sé dién moi 1a 3,66. Cac tham sb thiét
ké da duogc tinh toan va tbi wu dé ang ten MIMO duoc dé xuit
hoat déng trong bing tin 2,35GHz — 6,43GHz. Ciu triic mat dit
khuyét (DGS) duoc 4p dung nham dat dugc hé s6 cach ly toan
bang gifra cac phin tr > 20dB (tbi da 66dB). Két quéd do kiém
mau ché tao c6 su tuong ddng cao & tit ca cac tham sé so voi mo
phong. Véi bang tin siéu rong, thiét k& dugc gisi thiéu hoan toan
¢6 thé tmg dung cho 5G dudi 6GHz tai cac bang tin No.41,
No0.46, No.77, No.78 va No.79.

Tir khéa - Ang ten MIMO bing siéu rong; tin s6 5G dudi 6GHz;
cach ly cao

1. Pit van dé

Tir khi 1an déu cong bd chuén ky thuat vao nim 2018
cho dén nay, truyén thong 5G van ludn 1a mot trong nhing
dé tai nghién ctru dwoc quan tdm nhiéu nhit. Cong nghé 5G
hoat dong trén hai dai tin chinh 1a Sub-6GHz (duéi 6GHz)
va mmWave (24GHz - 71GHz) [1]. Tuy c6 dung lugng va
téc do truyén cao nhung mmWave lai ¢6 nhugce diém la
ving hoat dong thap, suy hao trong khong gian 16n, d& bi
tac dong boi cac tin hiéu nhidu va gia thanh dit do. Vi thé,
du ¢6 toc do kém hon nhung v6i wu diém vé ving phi va
chi phi, tin s6 5G duéi 6GHz 1a su Iya chon cén bang, phu
hop ¢ ca vung do thi 14n ngoai 6, néng thén va dang dan
duoc trién khai rong rai [2].

Trong truyén théng 5G, cong nghé MIMO dong vai tro
chu chét trong viéc nang cao thong lugng dir liéu va chat
lwong tin hiéu. Su phaét trién nhanh chéng cua cong nghé
ngay nay dang dat ra yéu ciu nang cao hiéu sudt va chét
lwong dich vu 5G. Dé dap tng nhu ciu nay, MIMO ung
dung cho 5G dang phat trién theo hudng gia ting sb luong
ang ten 1én hang chyc hodc thdm chi hang trim phan tir.
Véi s luong ang ten 16n va khong gian trong thiét bi ngay
cang thu nho, hién tuong tuong hd 1dn nhau (mutual
coupling) gitra cac ang ten phan tir 1a khong thé tranh khoi
va lam giam dang ké hiéu suét cua dng ten [3]. Boi vay,
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viéc néng cao hé s cach ly giita cac phan tir birc xa dang
dugc chu trong nghién ciru trong nhitng nam gan day.

Phwong phap giam hiéu img twong hd giira cac phan tir
don gian nhat chinh 13 thém cac vach ngan co khi gitta cac
phan tir. Trong [4], nhom tac gia da dat duoc dg cach ly
gilta cac ang ten phan tir 1én dén hon 40dB. Tuy nhién,
phuong phap nay c6 nhugc diém la can 6 khong gian dé
trién khai vach ngan, kich thuéce clu trac tong thé 1on. Bai
thé, céc cau triic cach ly trén cing mit phing nhu phén tir
ky sinh, dai chan dién tir (EBG), mit phang dat khuyét
(DGS), siéu vat liéu. .. 1a cAc phuong phép dwoc nhiéu nha
nghién ctru lya chon [5]-[13]. Pa s6 cac nghién ctru nay
[5]-[10] dat dwoc hé sb cach ly phan tr & mirc tot (> 20dB)
dén rat t6t (>40dB) nhung dai tin lai hep, chi tir vai chuc
dén vai trim MHz. Con céc nghién ctru cach ly bang tan
rong dén rat rong nhu [11]-[13] thi chi dat dugc muc cach
ly toan dai tir 16dB — 18dB.

Trong bai bao nay, mdt ang ten MIMO 2X2 bang siéu
rong (2,35GHz — 6,43GHz) dugc dé xuét. Bé giam thiéu
hiéu Gmg tuong hd gitra cac phan t, ang ten da su dung
cAu trac mat phang dat khuyét (DGS). Thiét ké dugc phan
tich, mo phong va tbi uu trén phan mém CST Suite Studio
2023. Ang ten dé xuét dat duge hé sb cach ly 6 muc tdt
(>20dB), hé s6 khuéch dai cao 6,3 dB tai tan sb cong
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huong 5,2GHz va hiéu suit burc xa dat trén 97% trén toan
bang tan hoat dong.

2. Thiét ké va phan tich tham sb
2.1. Chén tir don

Thiét ké cua chén tr don cho dng ten MIMO duoc thé
hién & Hinh 1 v&i kich thudc chi tiét ciia cac tham s6 trong
Bang 1. Cu tric cua dng ten duoc in trén chat nén Roger
4350B c6 hang s6 dién méi £=3,66 véi kich thudce téng la
50 x 61 x 0,762 mm?. Chén tir nay thudc loai ang ten vi dai
don cyc (microstrip monopole antenna) véi tan sd cong
huong dugc tinh bang cac tham sb kich thude theo cong
thirc cia [14] nhu sau:

15 3

= R, (1)

m/sr +1 anlsr
Véi, R1 1a dién tich mat dét, R2 la gilén tich miét}g birc
xa, b la khoang cach tir dinh mat dat dén day cua phén buc
xa, 11 va 12 lan lugt 1a 6 dai cia mat dat va phan birc xa.

I1+12+b+

Le

We

g 16+ i“;
D6
D5
(a) Mat trén (b) Mat duoi

Hinh 1. Cdu triic chin tit don

Pé t6i uu khong gian va kich thudc, dng ten phan tir
dugc cap ngudn thong qua dau két ndi SMA 50Q dwoc han
vudng goéc & mat dudi cta chat nén. Trong Hinh 1a, 16i
dong cuia dau két ndi duoc han vao duong vi dai phdi hop
tr& khang cua ang ten. Pudng vi dai nay gdm 2 phan, doan
¢6 @6 dai L1 c6 chirc nang phdi hop tré khang 50Q cua dau
két ndi SMA, doan L2 con lai s& phdi hop tré khang véi
mat birc xa. Trd khéng ctia cac duong vi dai duoc tinh theo
cong thure cta [15] nhu sau:

120n
- 2
Jeer [h +1393+—x1n(h +1.444)] )
1
8r+1 Srfl ( h)i (3)
= + 1+12% —
Eeff 5 x XW,

V6i W’ 1a d6 rong dudng vi dai va h 1a do day chat nén.
Buong vi dai nay c6 tac dung mo rong bang tan hoat dong
khi t6i wu kich thude dé phdi hop tr6 khang voi mat birc
xa. Ciing dé tdi uu va mo rong dai tan hoat dong, mat buc
xa vudng dugc cit vat 6 4 canh vdi cac tham so L3, L5. Su
anh huéng cua viée cit vat nay dugc thé hién qua viéc thay
d6i hé sb suy hao phan hdi trong Hinh 2.

Qua két qua moé phong trén Hinh 2, dng ten vi dai don
cuc hoat dong & bing tan 2,62GHz — 5,55GHz v6i hé sb
phan xa cuc tiéu dat -20,38dB tai 4,3GHz. Bing tn nay
dam bao c6 thé tng dung cho truyén théng 5G dudi 6GHz.

Hinh 3 14n lugt gi6i thidu do thi birc xa 3D va 2D cua
ang ten phén tr tai tan s 3,5 GHz. Tir d6 thi buc xa, ang
ten vi dai don cuc nay dat hiéu sudt bic xa -0,068dB
(98,44%) v6i hé sb khuéch dai hiéu dung & muc 3,47dBi.

S-Parameters [Magnitude]
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Hinh 2. Hé 56 suy hao phdn héi S11 ciia chan tik don trong

hai truwong hop
(a) 3D (b) 2D-mat E (c) 2D-mat H

Hinh 3. B4 thi birc xa 3D va 2D cia chan tir don

S-Parameters [Magnitude]
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Hinh 4. Anh huong ciia tham sé L2

S-Parameters [Magnitude]

Frequency | GHz

Hinh 5. Anh huong ciia tham s6 L4
Trén cdu tric ang ten don, mbi mot tham s6 kich thudc
déu co su tac dong nhat dinh 1én tan sé hoat dong. Trong
s0 d6, dic biét nhat 13 hai tham sb L2 (d6 dai duong vi dai
phdi hop tré khang) va L4 (d6 dai mat birc xa) anh huong
nhiéu nhat dén hé s6 phan xa cia ang ten. Trong Hinh 4,
khi ting L2 tir 12,65mm dén 16,65mm véi budc nhay
Imm, tin s6 cong hudng thap nhét giam nhe, do rong bang
tAn giam tur 3,3GHz xuéng con 2,8GHz, tan sb cong hudng
cuc dai di chuyén vé tan sb thép hon. Con trong Hinh 5, két
qua md phong khi tang L4 moi 1mm tir 2,72mm thi bang
tan cong huong mé rong hon vé Jphia cac tan s thap hon,

d6 rong bang tang tir 2,68GHz dén 4,66GHz.

2.2. Céu triic cdch ly

Hinh 6 bicu dién cu tric cai thién hé sd cach ly duoc
ap dung cho thiét ké ang ten MIMO dé xuat. Hai ang ten
dat cach nhau mot khoang D1 c6 gia tri xap xi bang nua
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budc séng ciia tan sd trung tam (Hinh 6a). Cau tric DGS
hinh chir nhat kich thude LO x WO dugc thém vao giira hai
ang ten nhu Hinh 6b. C4u tric DGS ¢ mit dudi ang ten,
khoang céch tir ang ten dén cau tric nay xap xi 1/4 budc
Song dong vai tro nhu mot mat phan xa, ngén ludng cong
suét trén bé mat truyén qua, tir d6 giup giam hi¢u ing twong
hd gitra cac dng ten. D& dam bao cdu trac co thé chin dugc
hau hét bure xa, chidu dai LO dugc lua chon dai hon chiéu
dai chén tir phat xa, chiéu rong WO xap xi 1/10 budc séng
& tan sb trung tam. Sau khi t&i wu, cac kich thude va khoang
c4ch cta cdu trac cach ly dugc trinh bay chi tiét trong Hinh
6c va Bang 1.

D8 |,
""\ Angten2
. b T
' L > Dio
w D Lo lm’ L8
'
wo — | A S
L. w9
— ® ©
[ Angten1
(a) Mat trén (b) Mt duedi chwa — (€) Mt duwdi 6 wu

t0i uu
Hinh 6. Ang ten MIMO 2x2 véi cdu triic DGS
Bing 1. Kich thuéc thiét ké

dén 14,27mm, d6 cach ly cuc dai c6 xu hudng giam va
dich sang tan so cao hon.

S-Parameters [Magnitude]

Frequency / GHz

Hinh 8. Anh huréng ciia tham s6 W7

(a) Khong DGS () DGS chua téi wu  (€) DGS 16 wu

Hinh 9. Mdt dé dién truong cia ang ten MIMO 1x2 ¢
cac truong hop

farfield (£-3) [1]
Type: Farfield

Tham s ((;rlr“]‘nt];l Tham s ((;rlr“]‘n?)'l Tham s ((;rlr?n?)'l
L 118 w 90 D1 47

L1 2,17 W1 2,93 D2 38,29
L2 145 W2 1,62 D3 69,5
L3 5,59 W3 26,42 D4 20,57
L4 52 w4 13,49 D5 5,62
L5 4,81 W5 34,01 D6 19,36
L6 0,93 W6 245 D7 8,36
L7 1,28 W7 9,27 D8 5,84
L8 37,28 W8 13,54 D9 4,61
L9 9,33 W9 23,86 D10 12,09
L10 2,35 We 61,15 De 5,07
Le 50 - - - -

Hinh 7. Anh huéng ciia tham sé L8

Céc tham s6 d6 rong va chiéu dai ciia cdu trac DGS ¢6
anh huong tryc tiép dén hé sé cach ly cua ang ten. Dé
danh gia sy anh huong dén do cach ly giita hai dng ten,
L8 va W7 lan lugt dwgc mé phong & cac bude £5mm va
+2,5mm so v&i kich thude dd duoc téi wu. Hinh 7 biéu
dién sy thay doi clia h¢ s S21 khi L8 ting tir 27,28mm
dén 47,28mm, bang tan cach ly mé rong, diém cach ly
cuc dai di chuyén vé tan s thap hon va giam dan cuong
d6. Con khi ting d9 rong duong cach ly W7 tir 4,27mm

Component: Abs

-0.05572dB
:-0.09992 dB \
Rlzd. Gain: 4.242 dBi e

Cocachly

Tot. Effic.: -0.5172 dB
Rlzd. Gain: 3.786 dBi

Khéng cach ly
(@) 3D

180

Khéng cach ly Cocachly
(b) 2D - mat E
_-30
. \:\‘ w0
. ."\\
1 il
: .90
K _\5},'
120
L "1s0 1s~0\:"-¥;;;k';?’"’;/-llso
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Hinh 10. B4 thi birc xa 3D va 2D & hai truong hop
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Hinh 9 biéu dién mat do dién truong trén ang ten MIMO
& cac truong hop c6 va khong co cau trac cach ly, hé dng
ten dugc md phong ¢ ché do toan song (Full-wave
simulation), kich thich ¢ ang ten 1. Khi chua 4p dung cau
tric cach ly, phan dién trudng tir ing ten 1 truyén sang ing
ten 2 nhu trong Hinh 9a. Sau khi thém cau trac DGS hinh
chi nhat, dién trudng tir ang ten 1 bi chén lai va phan xa
nhung chua triét &é (Hinh 9b). Mt dat duoc cit khuyét két
hop t6i uu hinh dang kich thudc cau tric DGS (hinh chit
T) ¢6 tac dung triét tiéu gan nhu toan bd cong suat truyén
sang ang ten 2 (Hinh 9¢). Quan sat Hinh 10, d thi buc xa
& hai truong hop di chirng minh céu tric cach ly hoat dong
nhu mot phan tir phan xa. Khi ap dung cau tric cach ly,
cong suét khong con biic xa sang phia dng ten bén canh ma
tap trung & phia ddi dién, hudng birc Xa chuyén tir phia
trudc va sau sang hudng canh ctia chét nén.

Hinh 11 trinh bay két qua tong hop anh hudng cia ciu
trac DGS dén hé ang ten MIMO 1x2. Véi dng ten MIMO
khong c6 cau triic DGS, hé s6 S11 dudi -10dB trong khoang
tan tir 2,46GHz dén 6,0GHz, gia tri cuc tiéu dat -26,12dB tai
4,29GHz. Khi 4p dung ciu triic cach ly, bing tin clia ang ten
rong hon 550MHz (tir 2,35GHz dén 6,4GHz) v6i gié tri thap
nhét trén toan bang 14 -21,43dB tai 2,76GHz.

S-Parameters [Magnitude]

Frequency / GHz

Hinh 11. Hé s6 S11 va S21 trong hai trieong hop

Bén canh do, so sanh hé sb tuong hod thong qua S21 khi
¢6 va khong ¢6 cau trac cach ly. Ang ten MIMO khi khong
st dung cAu trac DGS dugc dé xudt co hé sb twong hd trén
toan dai cao nhit 14 -14,41dB tai 6GHz. Véi chu truc cach
ly, mau ang ten MIMO nay da giam hé s6 tuong hd cao
nhit xubng con -23,53dB tai 5,04GHz va thap nhat la
-39,71dB tai 2,57GHz. Qua nhiing Kkét qua trén, cau tric
cach ly khong chi gitp md rong bang tan ma con giam
luong cong suat twong hd tir 9,12dB dén 25,3dB.

3. Thiét ké MIMO 2x2 dwge dé xuit
3.1. Ciu triic va két qua mé phong

Thiét ké ciia ang ten MIMO 2x2 trong Hinh 12 ¢6 kich
thude tong 1a 118 x 90 x 0,762 mm3, dugc hop thanh tir hai
ang ten MIMO 1x2 dugc trinh by & phan 2.2.

Trong Hinh 13, dai tin hoat déng cua dng ten MIMO
duoc d& xuat rong 4,08GHz voi gia tri S11 thap nhat 1a
-21,28dB tai 2,77GHz. Khi so sanh véi ang ten MIMO 1x2,
d6 rong dai tan khong d6i, dam bao bang tan hoat dong khi
ghép 1én cac hé MIMO 16n hon. Véi dai tan lam viéc siéu
rong, ang ten MIMO dugc dé xudt hoan toan c¢6 thé tmg
dung cho truyén thong 5G dudi 6GHz. Cac hé s6 S21, S31
va S41 trén Hinh 14 thé hién do cach ly giira cac dng ten
MIMO trén cung h¢. Trén toan bang tn hoat dong, h¢ $6
twong hd gitta cac ang ten phan tir déu dat mirc tot
(<-20,7dB), cu thé cac thong ) duoc trinh bay trong Bang

2. Bén canh do Hinh 15 cling cho thay, d1en trudng clua
ang ten duoc cép ngudn gan nhu khong truyén sang cac
phan tir MIMO khac. So sanh v6i hé sb cach ly ciia dng ten
MIMO 1x2, két qua chénh 1éch khong nhiéu cho thiy cdu
tric DGS ¢6 hiéu suat hoat dong 6n dinh khi ap dung lén
céc hé ang ten MIMO nhiéu phan tir hon.

Ang ten 4

Ang ten 3 ® “ ®

W6
. P . N
) D
L D2 D D4
O OO
- / \ - 'y,
Ang ten1 Ang ten2 @ ‘ I ©
(a) Mat trén (b) Mat duoi

Hinh 12. Thiét ké ang ten MIMO 2x2

S-Parameters [Magnitude]

dB

3 35 4 15 B 53 6 65
Frequency / GHz

Hinh 13. H¢ s6 S11 cia dng ten duge dé xudt

S-Parameters [Magnitude]

Frequency / GHz
Hinh 14. Hé s6 truyén ciia dng ten MIMO 2x2
Bing 2. Céc théng s6 cdch ly

Tham s6 | Gia tri cwc dai (dB) | Gia tri cuc tiéu (dB)
s21 -20,74 -42,05
S31 -25,23 -66,9
s41 -24,38 -42,62

Hinh 15. Mdt d¢ dién truong ang ten MIMO 2x2
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He¢ sb tuong quan bao (ECC) 1a mot hé s quan trong
trong viéc danh gia doc 1ap ctia mot phan tir trén hé MIMO.
Trong diéu kién 1y tudng, ang ten phan tir duge danh gia
hoan toan doc 1ap véi cac phan tir khac khi ECC=0, va doc
1ap & mirc c6 thé chap nhan khi ECC < 0,5. Hé sb nay duoc
tinh theo cong thuc [16]:

_ |ST1X512+S;1X522|2 (4)
=181 P-1821 1) % (1-1S 22181213

Tir cong thirc trén, hé sé ECC cua dng ten xét dén cac
phan tir khac dugc tinh va trinh bay trén Hinh 16. MAu dng
ten dé xudt c6 hé sé twong quan bao cao nhét véi ang ten
phan tir bén canh. Tuy nhién, hé s ECC trén toan dai lai
dat mirc cyc tot 1a <0,002. Piéu nay cho thdy, cac ang ten
trén h¢ MIMO & xuat, hé sé ECC tiém can muc Iy tuong.

Envelope Correlation Coeficient

ECC

-3
10
1.8%

—ECC2
- ECC3
ECC4

1.6

I.-1I

12}
n

i

& 35 4 4.5
Frequency (GHz)

Hinh 16. ECC cia ang ten MIMO 2x2
Hinh 17 biéu din db thi birc xa 3D va 2D cia ang ten
MIMO duge dé xuét tai cac bang tan tiéu biéu cua 5G dudi
6GHz (2,5GHz, 4GHz va 5,5GHz). Quan sat do thi 2D,
cong suat birc xa tip trung & phia bén ang ten véi goc 3dB
siéu rong tir 160 do dén 180 do.

180 150 180

4GHz
(b) 2D - mat E

EL— -30 30 -30 30 T 30

90 90 + 90 0 o0

150 L1 150 150 150 150 L
180 180 180

2,5GHz 4GHz 5,5GHz
() 2D - mar H
Hinh 17. D6 thi bire xa 3D, 2D tai cdc tan s6 5G
Xét trén toan dai 2,35GHz-6,43GHz, h¢ s khuéch dai,
hiéu suat buc xa va hiéu suat tong ciia mau ang ten MIMO

-150

2x2 dugc thé hién trén Hinh 18 va Hinh 19. V6i hiéu suét
buc xa (Radiation efficiency - &) tt tir 96,8% dén 98,7%,
hé dng ten MIMO 2x2 dat hé s6 khuéch dai hiéu dung
(Realized gain — Gye) tir 4,1dBi dén 6,27dBi véi gia tri cuc
dai tai 5,25GHz. Bén canh d6, hiéu suat tong (Total
efficiency - &) dat 86,7%-97,2% cho thiy, thiét ké c6 hé sb
suy hao duong truyén thap. Mdi quan hé cia cac két qua
nay dugc thé hién & cac cong thirc (5)-(7):

P,
&= P_m (%)
g =¢ XML (6)
G =D x ¢ (M

V6i Py va Pin 1an luot 14 cong sudt bt xa va cong sudt dau
vao ang ten; My la suy hao phoi hop tré khang dau vao va
D 1a hé s6 dinh hudng cua dng ten.

Realized Gain 3D Max. Value (Solid Angle)
6.5

Y N NN NN N //\\n\
i i 7
50 RN NUURS SN U8 W R S
: : / ~/ -
| L / \
15 ....._!_.7_..'/’./. \\/‘ SN S S S
AT H H
R ! ! |
3.;“ 3 3s 4 45 E] 55 6 643
Frequency / GHz
Hinh 18. H¢ 50 khuéch dai hiéu dung cia
ang ten MIMO duoc dé xuat
1D Results'New Folder
1
098 S s S S S
e S —r -

0.96 | Tf’
091! f

(A e

0.9 1f-4
o.&sj i

Hinh 19. Hiéu sudt birc xa va hié]z suét téng cua
ang ten MIMO dwoc dé xuat

Bing 3. So sanh thiét ké droc dé xudt voi cac nghién ciru gan day

e 2 o A, .o |Hsbcach| Hesbd
Tai li¢u ]?g_té‘;‘ Ky th‘l‘;‘t cach |\ e tidu| khuéch
(dB) | dai (dBi)
5] | 34-36 [Cichlyphancud oy 556 549
va phan tir phu
1,95 25 . 24 16
6] [3.15-385 Ph"‘f: tregng o5 35
uong
49566 225 4,15
71 | 25-255 DGS 20 6,1
2.37-2,42 N 29,96 18
8] 333 339 Thikhe 24,98 12
o [ e |22
[10] | 482-5 | EBGvaDGS 22 NA
[11] 3-6 Sidu vat lidu 16 3,28
[12] | 36-17.9 EBG 18 14-4
3-4 16,53
[13] | 43-56 DGS 1817 [3,84-6.24
84-95 17,95
Dé xuét| 2,35 - 6,43 DGS 20,73 | 4,2-6,27
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Bang 3 so sanh mau ang ten MIMO 2x2 duoc dé xuat
v6i cac nghién ciru vé cach ly trén ang ten Hé s cach ly
clia ang ten MIMO 2x2 bang hodc thap hon cac nghién ctru
[5]-[10] nhung khi so vé bang tan hoat dong, cac thiét ké
nay c6 dai tan chi tir vai chuc dén vai trim MHz trong khi
ing ten dé xuat lai rong dén 4,08GHz. Néu xét dén cac
nghién ctru cach ly trén bang rong nhw [11]-[13] thi thlet
ké cach ly dugc trinh bay trong bai nghién ctru nay lai t6i
uu hon véi hé s6 cach ly cuc tiéu dat 20,734dB. Ngoai ra,
hé s6 khuéch dai cua thiét ké cao nhat khi so véi [11]-[13]
va cao hon phan 16n cac nghién ctru [5]-[10].

3.2. Két qua thwe nghiém

Dé danh gia hiéu suat trong thuc t&, mau dng ten MIMO
2x2 dd duoc ché tao véi kich thude 118 x 90 x 0,762 mm?3trén
chit nén RO4350B, qué trinh ché tao mach in sir dung phuong
phép dn mon truyén thong, phd bién hién nay tai Viét Nam véi
chi phi ré va phii hop cho san xuét loat. Phan dé cua dau két
nbi duge han 1én mat dit con phﬁn 161 déng duoc han vao
dudng vi dai cap ngudn cua dng ten nhu trong Hinh 20.

Sau khi do ang ten trén may phan tich mang Rohde &
Schwarz ZNB-20, két qua c6 sy dong nhit cao khi so sanh
v6i két qua mo phong. Trong Hinh 23, két qua S11 do dugc
¢6 bién d6 tan sd cat gan nhu tring voi két qua mé phong va
dic biét 1a bang tan cong huong rong hon so véi bang tin
hoat dong dugc dé xuét & phén 3.1. Hinh 24 thé hién hé sb
S21 cua hai két qua gan nhu tring 1dp nhau, tuy cac tan tir
2,5GHz dén 4GHz c6 d6 cach ly kém hon nhung van & muc
rét tbt 1a <-30dB. V6i hé s6 S31 va S41 trong Hinh 25 va
Hinh 26, két quado k1em glong két qua mo phong trén 90%
tir bién dang, tan sd cat cho den cac diém cach ly cuc dal

(a) Mat trén (b) Mat duoi
Hinh 20. Avng ten dwoc ché tao

Hinh 21. Ang ten két néi véi may do

tec2 SR dBMag 10 dB/ RefOdB Cal

i~ T B30 dBMag 10d8/RefOdB. Cal

o0 de

@l stat 2GHz Pwr -10d8m Bw 10kHz  Stop 7GHz (G Start Pwr -10dBm Bw 10 kHz
Trca [T dBMag 1048/ Ref0dB Cal 3~ Tres [EI0 dBMag 10 dB/Ref0dB Cal

ol -0 dB

Hinh 22. Két qud trén mdy do

S-Parameters [Magnitude in dB)

— Mo phong |
: : — Pokiém

25 3 s 4 4.5 5 5:_‘ 6 6.5 7
Frequency / GHz

Hinh 23. So sdnh hé s6 S11 mé phong va thuwc nghiém

15— S-Parameters [Magnitude in dB]

2 301 i v ! : : ! :
B R G -1 A4 L s et :
‘ ; ‘ : ! ! Mé phong
401 Do kiém
451 I } ; I I | ;
2 25 3 35 4 4.5 5 55 6 6.5 7

Frequency / GHz

Hinh 24. So sdnh hé s6 S21 mé phong va thuwc nghiém

S-Parameters [Magnitude in dB]

dB

.55 | — Mé phong

|~ DPokiem H H |
2 25 3 35 4 4.5 5 55 6 6.5 7
Frequency / GHz

Hinh 25. So sdnh hé s6 S31 mé phong va thuwc nghiém

§-Parameters [Magnitude in dB]

dB

60— M0 phong

— Pokiém H :
2 25 3 35 4 45 5 5.5 6 6.5 7
Frequency / GHz

Hinh 26. So sdnh hé s6 S41 mé phong va thuc nghiém

4. Két luan

Trong bai nghién ctru nay, mot mau ang ten MIMO 2x2
bang siéu rong c6 hé sd cach ly cao dugc trinh bay. Dai tin
hoat dong clia mau dng ten niy hoan toan phu hop véi cac
bang No.41, No.46, No.77, No.78 va No.79 cua truyén
thdng 5G tan s6 dudi 6GHz. Bén canh d6, cac két qua mo
phong tir chn tir don dén ang ten MIMO 2x2 d3 duoc trinh
bay cho thdy hiéu suét cua thiét ké co tinh 6n dinh va c6
thé ap dung 1én cdc hé MIMO 16n hon nita. Pac biét, ap
dung mé hinh thiét ké nay cho két qua do kiém thyc nghiém
¢6 su twong dong cao khi so véi két qua md phong. Tir
nhiing két qua nghién ctru trong bai viét, thiét ké ang ten
MIMO 2x2 bang rong co do cach ly cao nay dam bao kha
ning tmg dung trong thuc té va du tiém nang dé tré thanh
san phim thuong mai.
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