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KY THUAT CAI THIEN THAM SO CHAT LUQNG
CUA ANG-TEN VI DAI

Vii Van Yém'", Nguyén Ngoc Lan?

Tém tit: Ngay nay, dng-ten vi dai dwoc sir dung rong rdi trong nhiéu iing dung thyc té
boi nhitng sw wu viét cia né nhie dé dang ché tao véi chi phi thap, kich thiedc nhé gon,
trong lwong nhe ciing nhw dé dang tich ‘hop. Tuy nhién, ang-ten vi dai van con ton tai
nhitng han che nhu bang thong hep, hé $0 ting ich va hiéu sudt thap. Nghién ciru cai thién
cdc tham so cua ang-ten vi dai nham ndng cao chat lwong cdc hé thong théng tin vé tuyén
luén rat can thiét va van dang la chi dé thu hut duoc cac nha khoa hoc trong va ngodi
niede. Nhiéu phuong phap da dwoc dé xudt dé cai thién hiéu nang cho ang-ten vi dai. pé
co mot burc tranh tong quat, bai bao nay trinh bay va phdn tich mot so nhitng phuong
phdp phé bién, tdp trung vao viéc cdi thién bang thong, hé so tang ich, twong hé cho dng-
ten vi dai. Cdc két qua chinh trinh bay ciing la tong hop cdc két qua nghién ciru ciia nhom
tdac gid trong nhiéu nam qua.

Tir khéa: Ang-ten vi dai; Siéu vat lieu MTM; EBG; DGS; MIMO; Ang-ten méng.
1. MO PAU

Ang-ten 1a mot phan tir khong thé thiéu, dong vai tro quan trong vé chit luong cua h¢ théng
thong tin vo tuyén. Ang -ten phat trong hé thong ¢6 nhiém vy bién doi tin hiéu dién cao tan (RF)
thanh song dién tir dé birc xa ra khong gian. Ang-ten thu c6 nhiém vu nguoc lai chuyén séng
dién tir thanh tin hiéu dién cao tdn. Chit lwong cia viéc bién d6i nay do nhiéu tham sé khac nhau
clia ang-ten quyét dinh nhu bang thong, d6 dinh hudng, hé sd tang ich, do thi birc xa, hiéu suat,...
[1]. TOy thude vao nhing img dung cu thé ma loai dng-ten duoc lya chon 1a dng- -ten nao. Hién
nay, co nhleu loai ang-ten khac nhau nhu ang-ten parabol, ang-ten loa, dng-ten xoédn (helical),...
trong d6, mdi loai ang-ten c6 cdu trac va dic tinh riéng.

Bén canh do6, nhu cau truyen thong bang thong rong dang ngay mét tang. Ngoai ra, ang-ten vdi
hé sd tang ich cao la can thiét dé bu lai su suy hao tin hiéu trong moi trudng truyén song. Trong
nhiing h¢ thong vo tuyén hién dai, ang-ten cling can phai c6 kich thudc nho gon, trong luong nhe
va dé dang tich hop. Do do, viéc thiét ké ang- -ten ngay cang yéu cau cao vé chat luong. Dé dap tmg
c4c yéu cau trén, dng-ten thiét ké khong chi can c6 bang thong du rong va hé so tang ich 16n, ma
con phai co do thi birc xa khong méo dang, ciu triic don gian, kich thudc gon nhe va dé tich hop.
Ang-ten vi dai da cho thdy 1a mot tmg cir vién sang gia nho nhimg tinh nang wu viét cua nd nhu
trong lwong nhe, d& dang ché tao véi chi phi thip, cau hinh thap cling nhu la dé dang tich hop. Tuy
nhién, bén canh nhing uu diém trén, ang-ten vi dai cling ton tai mot s6 nhimng gi61 han nhu bang
thong con hep, hé so tang ich va hiéu suat thap [2]. Dé khic phuc nhimg nhuoc diém trén, nhiédu k¥
thuat di dwoc nghién ciru dé& xuit cho dng-ten vi dai gdm ciu trac mit dé khong hoan hao
(Defected Ground Structure-DGS) [3], str dung nguyén 1y siéu vat liéu (metamaterial-MTM) [4],
phén tir ky sinh [5]. C6 nhing k¥ thuat khong chi cai thién chi mot tham sé nao d6 cho ang-ten (vi
du nhu bang thong, hé sb ting ich, tuong ho,...) ma con co thé cai thién dong thoi nhiéu tham sd
clia Ang-ten vi dai nhu k¥ thuat siéu vat liéu c6 thé cai thién bing thong, hé sd ting ich, twong hd,
giam nho kich thude, cai thién RCS (Radar Cross Section) [6-12]. Tuong tu nhu vdy, cac ky thuat
khéc nhu ciu tric mat dé khong hoan hao [13-17] va phan tu ky sinh [5, 18, 19], dudng day trung
tinh [20] hay nhitng duong u6n khuc [21] cling c6 thé cai thién hiéu nang cho ang-ten vi dai. Pé co
dugc mot birc tranh tong quat, khai quat hoa vé sy nghién ctru phat trién ctia dng-ten vi dai, bai bao
nay trinh bay viéc khao sat va phén tich nhimg k¥ thuat dugc sir dung dé ting cudng higu ning cho
ang-ten vi dai. Cu thé, bai bao tap trung phan tich cac k§ thuat dé cai thién bang thong, hé sb ting
ich va anh huéng twong hd cho dng-ten vi dai.
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2. ANG-TEN VI DAI

Khai niém vé dng-ten vi dai dugc gidi thidu ndm 1953, nhung phai dén nhitng nim 70 cia thé
Ky trudc, dng-ten vi dai méi bat ddu nhan duge sy quan tdm cta cac nha nghién ctru [1]. Cau tao
clia ang-ten vi dai truyén théng gom ba 16p: 10p birc xa, 16p dién moi va 16p dat va dugc minh
hoa trong hinh 1. Lop birc xa va 16p dat thuong 1a mot 16p kim loai (vi du nhur dong) co chiéu
day t va do dan dién o. Trong khi d6, 16p dién mdi 1a mot vat liéu dién mdi duge dac trung boi
mot s6 tham so quan trong nhu hang s dién moi, mirc d6 suy hao tand va chiéu day dé dién moi
h. Can chu y rang, 16p birc xa va 16p dat c6 chidu day (t) nho hon rat nhiéu so véi chidu day ciia
16p dién mdi (h). Ngoai ra, hinh dang ciia 16p birc xa 1a rat da dang va ching duoc liét ké trong
[1]. Nho vao su linh hoat trong hinh dang va su phang cua 10p biic xa, ma dng-ten vi dai cang tro
nén dé dang tich hop va ché tao.

phién birc xa

dé dién moi

| mit phing dat

Hinh 1. Cdu tao ciia dang-ten vi ddi truyén thong.

Ang-ten vi dai c6 nguyén Iy hoat dong kha don gian. Khi ang-ten duoc cip ngudn s& hinh
thanh phan b dién tich giita tim buc xa va mat phang dat. Luc day gitta cac dién tich tao ra viée
hinh thanh mot luong di chuyen dién tlch tr bién téi bén trong cua,tam buc‘ xa. Su dich chuyen
nay tao ra cac mat do dong twong ng ¢ tdm birc xa va mét phang dat. Vi hau hét cac ang-ten yi
dai, ti sO gilra chiéu day cua tdm dién moi va chi€u rong cua tam burc xa la rat nho. Vi vy, phan
l6n sy tap trung dién ticl} duoc nam & d’uc'yi miéng buc xa. Khi déz viéc birc xa cua ang-ten vi dai
dugc xac dinh tir phan bo truong gilra tam birc xa va mat phang dat [22].

3. CAC KY THUAT CAI THIEN THAM SO CHO ANG-TEN VI DAI
3.1. Cic ky thuit cai thién hé s6 ting ich cho Ang-ten vi dai

Ang ten vi dai 6 nhiéu tham sé can phai dugc cai thién, tham s6 ma co dugc nhiéu giai phap
nhat do la h¢ sd tang ich. Hién nay, c6 nhiéu giai phap da dugc nghién clru dé xuét dé cai thién
hé 6 tang ich cho ang-ten vi dai nhur sir dung siéu vét liéu, céu tric mat dé khong hoan hao, bé

mat phan xa,... Nhing k§ thuat ndy c6 thé chia thanh 2 loai, d6 1a: thay ddi phan bd dong va st
dung bé mat phan xa.

A. Cdi thién hé s6 tang ich cua ang-ten vi dai dwa trén viéc phan bé lai dong
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Hinh 2. M6 hinh ciia ang-ten MIMO trong [6]: (a) Mat trén, (b) Mat dudi.
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Birc xa cua ang-ten vi dai dugc xac dinh tir phén bd dong giira mit tAm birc xa va mit phflng
dat. Vi vay, cac tham sb nhu kich thude cua 16p buc xa, 16p dién moi va mat phang dat 1a rat
quan trong. Viéc thay d6i bat ky tham sd nao ciing déu giy ra viéc phan b lai dong cho a ang-ten
va diéu nay dan toi dd thi birc xa bi thay doi. Duya vao tinh chat nay, bang cach thay doi hinh
dang va kich thudc ctia mat phing dat cling nhu tim burc xa, hé s ting ich cua dng-ten duoc cai
thién dang ké. Chi tiét ciia nguyén 1y nay duoc trinh bay trong [23]. Nhiéu phwong phap da dugc
phat trién dua trén nguyén Iy nay.

Phuong phap dau tién, d6 1a str dung siéu vat lidu, cau trac siéu vat liéu [6, 24-26]. Trong [6],
mot ang-ten MIMO (nhiéu dau vao — nhiéu dau ra) duoc thiét ké tai tan s6 5,8 GHz va mo hinh
ctia ang-ten duoc hién thi trong hinh 2. Ang-ten dé xuat gébm 2 tap ang-ten mang 2 x 2 voi
khoang cach tir bién t6i bién cua hai ang-ten 1a 2 mm. Bing cach tich hop cAu trac siéu vt liéu &
mat phang dat, ta co thé diéu khién dugc phan bd dong thong qua viée diéu chinh kich thudc cta
ciu trac siéu vt liéu. Két qua 1a hé s6 tang ich cua dng-ten duoc cai thién, tang duoc 2 dB khi sur
dung ciu trac siéu vat liéu. Vi dng-ten dé xuit gdm 2 phan tir, trong d6, mdi phin tir 1a mot ang-
ten mang kich thudc 2 x 2, nén kich thudc cta ang-ten 16n 1a diéu kho tranh khoi. Tuy nhién, bu
lai d6 14 hé s ting ich va bing thong cua dng-ten kha 16n (9.2 dBi va 30.6%). Hinh 3 minh hoa
mot s6 két qua mo phong va do kiém cuia dng-ten.
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Hinh 3. Cdc két qua mé phéng va do lwong trong [6].

Trong mdt nghién ctru khac, mot ang-ten vi dai voi hé ) tang ich dugc céi thién va gidm mat
cit radar (RCS) bang cach st dung bé mat EBG (Electromagnetic Band Gap) dugc d& xuit [26].
Do céac duong dan dién trén tAm birc xa 13 khac nhau, nén ciu trac c6 hai pha phan xa khac nhau
cho phén cuc x va phan cuc y. Néi cach khac, sy khac nhau giita bé mit siéu vat liéu EBG-Y va
EBG-X la viéc quay 90°. Bang cach thay ddi su sap xép cua hai loai bé mit nay, cac tac gia thu
duogc hai mo hinh cua dng-ten khac nhau. Dé cai thién hé sb tang ich va giam RCS cho ang-ten,
chc tac gia di st dung cac cdu trac EBG duoc xép xung quanh tdm birc xa. Bing cach nay,
khong chi h¢ ) tang ich dugc cai thién 2,5 dB, ma RCS ciing dugc giam 4,3 dB. Tuy nhién, ti 1§
phin trim bing thong ctia dng-ten chua cao, chi khoang 6% twong g v6i khoang 200 MHz (tir
3,16 dén 3,36 GHz).

)

(a) (b)
Hinh 4. M& hin ciia dng-ten véi cau triic DGS.
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Bén canh phuong phap st dung cAu trac siéu vat lidu, viéc st dung cAu trac mat dé khong
hoan hdo DGS (Defected Ground Structure) ciing la mot phuong phap dya trén phan b6 lai dong.
Trong [27], tac gia da deé xuat mot cdu trac DGS dé cai thién hé sb tang ich cho dng-ten MIMO.
Mo hinh ctia ciu triic dé xuét ciing nhu dng-ten duoc minh hoa trong hinh 4 trong khi mét sé két
qua mé phong va do ludng cia dng-ten dugc hién thi trong hinh 5. Trong bai bao nay, dng-ten
dugc thiét ké tai tan s6 5,5 GHz va hé sb tang ich dat 9,5 dBi.
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Hinh 5. Céc két qua mé phéng va do kiém ciia dng-ten: (a) Tham s6 S; (b) Do thi birc xa.
Bang 1 tong két hidu ning cua cic ang-ten dé xut trong cac cong trinh trén.
Bing 1. Tong két hiéu nang ciia cdc dng-ten sir dung phwong phép phan bo lai dong.

S6 | Tansd | Giaiphap | Hésd | Hesoting| Bing Hi¢u Kich thwéce (A)
(GHz) tang ich | ich dwgc cai| thong | suat
(dBi) | thién (dBi) (%) (%)
[6] 58 |Siéuvatliéu| 9.2 2 30.6 73 2.64 x 1.48 x 0.058
[24] | 5.2/6.75 | Siéu vat liéu | 6.1/8.2 | 2.1/2.44 2.1/4.6 X X
[25] | 3.06 — |Siéu vat liéu 8 X 139 95 2.56 x 2.24 x 0.063
36.4
[26] | 3.25 |Siéuvatliéu| 11 5 6 X X
[27] 5.5 DGS 9.5 0.8 5 93 2.56 x 1.55 x 0.027

R4 rang 1a dua trén viéc phan b lai dong, viéc cai thién hiéu ning cho dng-ten vi dai da dugc
nhiing két qua dang ghi nhan. Mot s6 cac cong b khac ciing sir dung nguyén 1y nay [28-30].

B. Cdi thién hé 56 tang ich cua ang-ten swr dung bé mat phan xq

Ngoai phuong phap phan bd lai dong, viéc cai thién hé sb ting ich cua ang-ten con cé thé
thuc hién théng qua viée sir dung bé mat phan xa. Pay ciing 1a mot phuong phap kha phd bién va
ngdy cang dugc sir dung rong rai. Nguyén ly cua phuong phap nay co thé miéu ta nhu sau: khi
mot song téi bé mat phan xa, ludng ning lugng phan xa tong tir bé mit phan xa s& 1a tdng cac
viéc phan xa tur tat ca cac té bao don vi. Hé so tang ich c6 thé duoc cai thién khi pha ctia luong
ning luong tong 1a cung pha véi tin hiéu kich thich cua dng-ten.

Hién nay, c6 nhiéu cong trinh da dwoc xuat ban dya trén phuong phap bé mat phan xa [31-
34]. Trong [31], mot dng-ten vi dai duoc thiét ké tai tan s6 28 GHz cho c4c tmg dung mm dugc
dé xuét. Trong bai bao nay, hé s6 tang ich va bing thong dugc cai thién thong qua viée sir dung
bé mit lya chon tin s6 (FSS). Dua vao vi tri cua bé mit phan xa, chung ta c6 thé chia thanh hai
loai, d6 12 bé mat phan xa & phia dudi cua ang-ten va be mat ¢ phia trén cua dng-ten. Voi trudng
hop dau tién, co ché hoat dong cuia bé mat phan xa gidng nhu nguyén ly di dé cap ¢ trén. Trudng
hop thtr hai, khi bé mit phan xa & phia trén cua dng-ten, nguyén 1y hoat dong cua né ¢ duge
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trinh bay chi tiét trong [35]. Két qua nghién ciru dat dugc 1a ti 1¢ phan trim bang thong cia ang-
ten 12 9% trong khi hé s6 tang ich dat dinh 13 15,4 dBi tai 29 GHz va ang-ten dé xuit co hiéu suit
khoang 90% trong toan dai tan tir 26 - 30,5 GHz.

Ngoai cong trinh [31], c6 nhiéu bai bao da dugc xuét ban cung st dung: be mit phan xa dé cai
thién hé so tang ich cho ang-ten. Dé c6 dugc cai nhin tong quat, bang 2 tong két hidu nang cta
cac dng-ten duoc xuit ban trong thoi gian gan day. Can chu y rang, viéc so sanh trong bang nay
chi 1a tuong d6i boi sy khac nhau vé tan s hoat dong cing nhu cau tric cua ang-ten. Do do, rat
kho dé c6 the két luan 1a ang-ten trong cong trinh ndo 1a tot nhat. Nhin vao bang nay, chung ta c6
thé thay rang, viéc st _dung bé mat phan xa cua dng-ten da mang lai sy cai thién h¢ s0 tang ich
16n nhat 13 12 dB. Piéu nay di cho thdy dugc hidu qua cua viée sir dung bé mat phan xa trong
viéc cai thién hé sb tang ich clia ang-ten.

Bing 2. Tong két hiéu ning ciia cdc dng-ten sir dung bé mdt phan xa.

S6 Tén s6 Hé s0 ting Hé 0 ting Bing Hi@u Kich thwéce ()

(GHz2) ich (dBi) | ich dwgrc cai théng suat

thién (dBi) (%) (%)

[31] 28 15.4 12 9 90 X
[32] | 2.4/5.8 7.54/6.8 5 7/18.8 X 0.65 x 0.65
[33] | 2.5-11 8.5/9 2.5 121.43% X 1.92 x 1.92/1.46 x 1.46
[34] | 3.16-15 13.54 6 130.3% 90 1.6x1.6x0.61
[36] 5-8 9 4 50.77% X 1.51x151x0.7

C. Sir dung phan tir ky sinh

Bén canh viéc st dung phan b lai dong va bé mit phan xa dé ning cao hé sb ting ich cua
ang-ten vi dai, viéc st dung phéan tir ky sinh ciing 1a mot phuong phap kha phé bién. Voi phuong
phap nay, hé s ting ich duoc cai thién thong qua viéc thém nguon birc xa phu (bén canh nguon
buc xa chinh). Hién nay, c6 nhiéu cong trinh da dugc xuét ban lién quan den phuong phép nay
[37-40]. Trong [40], tac gia da dé xuit mé hinh ang-ten thiét ké ¢ dai tan 15 GHz. Bén canh
ngudn buc xa chinh, nhom tac gia da thém sau cAu triic nAm ki sinh. Nhu vay, ngoai viéc buc xa
tir tm buc xa, ang- -ten con ¢6 thém sau ngudn birc xa phu. Két qua 1a hé sé tang ich duogc cai
thién dang ké. Hé sb ting ich dinh cua dng-ten dat dugc 1a 10,5 dBi trong khi ti 1¢ phan tram
bang thong la 42%. Bang 3 tong hop hiéu ning ctia mot sd dng- -ten trong cac bai bao gan day. Tur
bang 3, ching ta co thé thdy rang, ang-ten trong [38] c6 hé sb ‘tang ich duogc cai thién t6t nhat
trong khi hé so tang ich ctia ang-ten thiét ké trong [39] 1a cao nhat (14.5 dBi).

Bing 3. Tong hop hiéu ndng ciia cdc ang-ten sir dung phan tir ky sinh.

No Tin sé | Hé sb ting | Hé s6 ting ich | Bing thong | Hiéu suit Kich
(GH2) ich (dBi) | dwgc cai thién (%) (%) thwoe (A)
(dBi)
[37] 5.2 6.8 X 14.8 95 X
[38] 3.8 10.7 34 6.1 X X
[39] 60 145 15 21.7 63.6 1.2x2.94
x 0.05
[40] 15 10.5 X 42 X X

14 V. V. Yém, N. N. Lan, “Ky thudt cdi thién tham sé chit lwong ciia dng-ten vi ddi.”




Nhitng vin dé chung

Ngoai nhitng phuong phép trén, con c6 mot sé phuong phap khac nhu st dung shorting pin
[41], dién moi tich hop dng dan song (SIW) [42].... M&i phuong phap c6 mot sy wu viét riéng. Vi
vay, chiing ta can nghién ciru k¥ cac tinh chat ctia chung trude khi ap dung no.

3.2. Cac k¥ thuat cai thién bing thong cho ang-ten

Hién nay, nhu ciu truyén thong bing rong ngdy cang cao, dic biét la voi cac hé thong thong
tin vo tuyén. Do do, viéc mé rong bang théng cho ang-ten 1a yéu cau dbi v6i cac nha thiét ké
ang-ten. Nhiéu phuong phép da duoc dé xuat nhu: sir dung cau trac siéu vat lidu [43, 44]; su
dung 16p dién mdi tich hop héc cong hudng (SIC) [45]; tao khe ¢ tdm birc xa hodc mit phang dét
[46, 47]; sir dung mit dé khong hoan hao [48]. Tuy nhién, tit ca nhiing phuong phdp nay déu
dua trén mot nguyén ly chung, do la tao ra nhiéu mode cong huong lién tiép. Bé dé hiéu hon,
chung ta xét hé s6 phan xa ctia mot ang-ten nhu hinh 6. Ta thiy rang, néu chi c6 mot mode cong
hudng n=0 thi bang thong ctia dng-ten 1a kha hep. Dé md rong biang thong, chung ta c6 thé tao ra
nhiéu mode cong huong lién tiép, mdi mode c6 mot bang thong nhat dinh. Khi ghép cac mode
nay lai voi nhau, chung ta sé thu dugc mot bang thong rong hon.
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Hinh 6. M6 réng bang thong dira trén viéc tao ra nhiéu mode céng huéng [49].

Trong [43], mot dng-ten phan cyc tron voi bang théng duge mé rong sir dung bé mit siéu vét
lidu (metasurface) duoc dé xuat. Ang-ten dé xuat dugc thiét ké va ché tao ¢ tan s6 4 GHz. Béng
cach sir dung bé mat siéu vat lidu, biang thong cua ang-ten di dugc cai thién dang ké. Piéu nay
dugc thé hién qua ti s6 song ding cua dng-ten nhod hon 2 13 36% trong khi ti 16 phan trim cua ti
sO truc nho hon 3 dB 14 28,3% trong khi thong thuong ti 1€ phan trim bang thong clia dng-ten vi
dai chi khoang 6%. Piéu nay da cho thdy sy hiéu qua trong viéc st dung bé mit siéu vat li¢u
trong viéc mo rong bang thong cho ang-ten. Hon nita, hé s ting ich cua dng-ten dat 7,5 dBi
trong khi hiéu suat van dugc duy tri trén 80%.

Trong mot nghién ctru khac [45], mot dng-ten mang hoat dong tai tan s6 26 GHz cho cac tmg
dung 5G duoc d& xuat. Mdi phan tir gdm maot dng-ten vi dai hinh vuéng, hai dng-ten ludng cuc
(dipole) va cac SIC. O day, SIC dong vai tro nhu cac bo chia cong sudt dé cap cho hai ang-ten
ludng cuc. Piéu dang chi ¥ trong dé xudt nay, do la viéc st dung hai dng-ten ludng cuc ¢ hai
bén dé tao ra birc xa ludng cyc trong mat phang ngang (horizontal). Viéc st dung SIC trong bai
bao nay khong chi dé 1am bo chia cong suat cho ludng cuc, ma con dé mé rong bing thong. Pay
1a nhitng y tuong dang dé ghi nhan.

Ngoai ra, trong [47], ang-ten vi dai hinh chit E thu dugc bang cach cit cac khe trén bién cua
mot dng-ten vi dai hinh ch@t nhat dugc dé xuat. Nho viée tao ra cc khe trén tim buc xa, bang
thong cia ang-ten da duoc cai thién dang ké khi ti 1& phan tram bang thong da dugc tang thém
22%. R& rang 1a viée cit cac khe & tAm birc da hinh thanh céc héc cong huong va diéu nay dan
to1 viéce tao ra cac mode cong huong. Bang 4 tong hop hiéu ning ciia mot s6 ang-ten str dung mot
s6 phuong phap dé mé rong biang thong.

Ta c6 thé thiy rang, nhd vao viéc sir dung cdc k¥ thuét khac nhau ma bang thong cua ang-ten
da dugc cai thién dang ké. Cac ang-ten déu co ti 18 phan tram bang thong kha cao (> 13%) trong
khi cac tham sb khac nhu hé s tang ich hay hi¢u suit van duoc dam bao.
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Bing 4. Hiéu ndng ciia mot sé ang-ten sir dung mét sé phwong phép dé mo réng bang thong.

S6 | Tan sb (GHz) Giai | HE so ting ich Bang Bing thong | Hi¢u | Kich
phap (dBi) thong dugc (%) suat | thwée (1)
cai thién (%)
(%)
[43] 4 Siéu vat 7.5 24 36 75 | 0.822x
liéu 1.18 x
0.06
[44] 9.7 Siéu vat X 16.5 18.5 88 |1.25x0.9
liéu x 0.04
[45] 26 SIC 12 10.6 21.15 90 X
[46](1.8/2.6/28/37/39|Khe ¢ mat|3.6/2.9/5.1/7/7.2 X 44.4/27.8/13.5| 60/70 | 0.95 x
phang dat 0.46 x
0.0022
[47] 2 Khe ¢ tim 8 22 27 X X
buic xa
[48] 32 DGS 10.6 10.6 38.75 80 6.18 x
1.28

3.3. Céc k¥ thuit giam dnh hwéng twong hd cho fing-ten

Cong nghé nhiéu a ang-ten phat nhleu ang-ten thu MIMO (Multiple Input — Multiple Output) la
giai phap tot nhat dé giai quyét cac van dé vé dung luong, chét luong trong thong tin vo tuyen
Nhé cong nghé MIMO, hiéu ning cta cac hé théng thong tin vo tuyén di duoc cai thién dang ké
nhu ting tdc d6 dir liéu, ndng cao hiéu suat sir dung phd ciing nhu 1 nang cao do tin cay. Tuy
nhién, khi cac phan tir ang-ten dugc dit gin nhau, anh huong tuong hd giita cac phan tir éng—ten
xay ra. Twong hd gitra cac phan tir ang-ten khong chi anh huong dén hiéu suat ciia dng-ten, ma
con gy ra méo dd thi buc xa va didu nay dan t6i chét luong hé thdng. Vi vay, day ciing la mot
van de can duoc giai quyét cap bach dbi voi cac nha thiét ké ang- -ten. Da co nhiéu ky thuat duoc
dé xudt dé giam anh hudng tuong hd cho dng-ten nhu sir dung cdu tric mat dé khong hoan hao
[51, 52]; siéu vat liéu [53, 54]; sir dung dudng udn khac [55, 56]; shorting pin [57, 58], duong
day trung tinh [59, 60]. Mic du c6 nhiéu phuong phép khac nhau duoc dé xuét, nhung hau hét
cac phuong phap giam anh hudéng tuong hd cho dng-tenn MIMO déu dua trén co ché diéu khién
phan b dong bé mit [58].

Trong [51], viéc giam anh hudng twong hd giita cac ang-ten vi dai duoc thuc hién bang cach
st dung mat dé khong hoan hao. Ang-ten duoc thiét ké tai tin sb trung tam 1,7 GHz va 2,15
GHz. O thiét ké nay, tam burc xa dugc dit & mat dudi cua 16p dién moi I trong khi mat phzfmg dat,
DGS va cac khe dugc in ¢ mat dudi 16p dién moi 11. Két qua nghién ciru chi ra rang, d cach ly
clia cac ang-ten khi c6 DGS tai cc bang tan L va S 1an luot 13 16n hon 26 dB va 15 dB. Trong
khi d6, cc gi4 tri nay khi khong c6 DGS chi 1 khoang 17 dB va 7.5 dB. Piéu nay cho thiy, anh
huéng twong hd da dugc cai thién dang ké khi sir dung DGS.

Két qua nghién ctru (hinh 21) thay rang, bang thong cua ang-ten tir 1,6 - 1,8 GHz va tur 2,05 -
2,37 GHz (tinh tai -10 dB), tuong Ung ti 1¢ phan trim bang thong 1a 11,76% va 14,8%. Anh
huong tuong hd gitta cac ang-ten 1a nho hon -26.5 dB va -15 dB tai hai bang tan. Két qua do
kiém, hé sé tang ich cua ang -ten dat 6,75 dBi va 5,65 dBi trong khi hiéu suat 1a 76% va 74%.

Phuong phap st dung cu trac siéu vat liéu ciling 1a giai phap dwoc lwa chon dé giam anh
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hudng twong hd trong [53]. Ang-ten dugc thiét ké tai tan sb trung tdm 5,75 GHz gém hai dng- -ten
vi dai duoc song song v6i nhau co khoang cach tir bién téi bién 1a 2.2 mm. Két qua chi ra rang
v6i su co6 mit cua siéu vt liéu, khong nhiing twong hd duoc cai thién, ma bang thong cia dng-
ten cting duogc mé rong. Cu thé, anh huoéng tuong hé d3 duge cai thién 28 dB (tr -10 dB giam
con -38 dB) trong khi bang thong ting tir 240 MHz 1én 310 MHz. Ang-ten c6 ti 1é phan trim
bing thong 1 6,4% (twong Umg tir 5,57 — 5,96 GHz). Thém vao d6, anh hudng twong hd duge
duy tri dudi -35 dB trén toan bd dai tan tir 5- 6,5 GHz. Ngoai ra, hé sb tang ich dat 7,4 dBi trong
khi hiéu suit cia ang-ten dat trén 95%.
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Hinh 7. Su khdc nhau vé tham sé S khi ¢6 va khéng cé DGS [51].

Ngoai hai giai phap trén, viéc st dung nhitng dudong udn khic ciing 12 mot trong cac giai phap
duoc sir dung dé giam anh hudng tuong hd cho dng-ten vi dai va giai phap nay dugc sir dung
trong [56]. Trong nghién ciru nay, mot ang-ten MIMO thiét ké tai tan s6 5,1 GHz véi khoang
cach gitra hai ang-ten Ia 0,2A (v6i A 1a bude song trong khong gian tu do) dugce dé xuét. Két qua
chi ra rang, v&i hai mau ang-ten khong c6 duong gap khic, tuong ho giira cac ang-ten 1a khoang
-19 va -15 dB trong khi v6i hai mau c6 duong gap khuc, twong hd cua dng-ten dudi -35 dB va -
50 dB tai tan s6 cong hudng. Diéu nay cho thay mot su khac biét kha 16n khi st dung cac dudng
gap khiic trong viéc giam anh huong tuong hd.

Bing 5. Hiéu ndng ciia mét sé ang-ten sir dung cdc gidi phdp khdc nhau dé ting cuong cdch ly.

S6 | Tansé | Giai Hésbé |Cachly |Pdcach| Bing Hiéu suat | Kich thwéc
(GHz) | phap | tingich |dwec cai| ly (dB) | thdng (%) (%) )]
(dBi) thién
(%)
[51]|1.7/2.15| DGS |6.75/5.65| 9.5/7.5 | 26.5/15 | 11.76/14.8 76/74  10.72x0.72 x
0.062
[53]| 5.75 |[Siéuvat| 7.4 28 38 6.4 >05 0.345 x
liéu 0.306 x
0.164
[56]| 5.1 |Duong|3.42/4.04| 16/35 | 35/50 | 2.35/3.5 |41.47/51.51|1.326 x 1.02
gap x 0.027
khac
[58] | 3.1-5 | Buong 3 12.5 22.5 475 70 0.466 x 0.44
trung x 0.01
tinh
[59] 3.5 |Shorting 3 17 20 1.7 70 0.64 x 0.35 x
pin 0.0178
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Mot giai phap khac dugce lua chon 1a sir dung duong day trung tinh [59]. Trong [59], dng-ten
dé xudt gom hai phan tir thiét ké cho dai tan tir 3,1 - 5 GHz. Khoang cach tir bién dén bién cia
hai dng-ten 13 2,2 mm. Két qua nghién ctru thdy rang, twong hd da dugc giam dang ké khi c6 su
hién dién cua duong day trung tinh. Cu thé, trong dai tan tir 3,1-5 GHz, tuong hd di giam tir -10
dB xudng con dudi -22,5 dB.

Trong mot nghién ctru khac [58] giai phap st dung cac shorting pin dé glam tuong hd giita
c4c phan tir dng-ten dugc dé xuat. Ang-ten dé xudt gdm 2 phén tir Ang-ten vi dai dwoc dit cach
nhau 0,012 theo khodng cach tir bién dén bién vdi Ao 1a budc song trong khong gian tu do tai
tan s6 3,5 GHz. Két qua nghién ctru cong bd cho thiy, vai sy c6 mit ciia shorting pin, anh huong
tuong hd da giam tir -3 dB xudng con dudi -20 dB, didu nay cho thiy, viéc sir dung shorting pin
da cai thién cach ly 17 dB, mdt con ) dang dé ghi nhan. Viéc giam tuong hd qua viéc sir dung
shorting pin, phan bd dong cua hai dng-ten MIMO s& chay theo cac goc 45° va -45°. Khi do,
chung 1a tryc giao 1an nhau, dan dén su cach ly giita cac phan tir ng-ten tang.

Bang 5 tong hop hiéu ning cia mot sd dng-ten s dung céc giai phap khac nhau dé ting
cuong cach ly hay giam tuong hd gitra cic phan tir Ang-ten.

4. KET LUAN

Bai bao trinh bay mot cach tong hop, hé thong hoa cac ki thuat dé ting cuong hiéu nang cho
ang-ten vi dai. Mic du c6 rat nhiéu k¥ thuat khac nhau, tuy nhién nhiéu ky thudt cing dugc phat
trién trén mot nguyén ly. Viéc cai thién hé sb ting ich c6 thé dugc chia thanh hai nhom d6 1a dya
trén nguyén 1y phan bb lai dong va bé mat phan xa. Trong khi do, viéc hinh thanh cac héc cong
hudng dé tao ra cac mode cong huo‘ng lién tiép l1a nguyén 1y quan trong dé mo rong bang thong
cho dng-ten vi dai. Cac k¥ thuat giam anh huéng twong hd dua trén viée diéu khién dong bé mit
clia Ang-ten vi dai. Viéc chi ra cic nguyén 1y nay gitip chung ta c6 thé d& dang cai thién hiéu
nang cho dng-ten ciing nhu 1a phat trién cac ky thuat moi dé dat dugc cac két qua tbt hon.

Nghién ctru cai thién tham sb cho ang-ten vi dai dic biét cho cac hé théng vO tuyén thé hé
méi ludn gip nhidu thach thirc. Yéu céu kich thudc cua dng-ten vi dai ngay cang gon nhe dé a2
dang tich hop trong cac thiét bi dau cudi vo tuyén trong khi phai dam bao cac chi tiéu ky thuat
nhu hé s tang ich 16n, bang thong rong va tuong hd gilta cac phan tir ang-ten thap d61 khi khong

c6 101 giai. Do d6, can phai co cach nhin tong quat vé mit k§ thuat dé giam thiéu chi phi va ¢
gidi phap kha thi.
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ABSTRACT

A SURVEY ON PERFORMANCE IMPROVEMENT TECHNIQUES FOR
MICROSTRIP ANTENNAS

Nowadays, microstrip antennas are widely utilized in different applications thanks to
its benefits including easy fabrication with low cost, compact, light-weight as well as ease
for integration. However, there are some limitations of microstrip antennas such as
narrow bandwidth, low gain and efficiency. The improvement of microstrip antennas
parameters is very necessary in order to enhance the quality of wireless communication
systems and different techniques have been proposed. This paper presents a survey and
analysis for some popular methods which concentrate on improvement for bandwidth,
gain and mutual coupling for microstrip antennas including the results of our research.

Keywords: Microstrip antennas; MTM; EBG; DGS; MIMO; Array antenna.
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