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Tém tit: Nhdm thich umg hé thong anten tram goc doi véi hé thong di dong thé hé tiép theo (5G), anten
thau kinh hinh tru dang duoc phdt trién. DAi voi vdt liéu thdu kinh, sir dung chi $6 khiic xa dm dé giam
ds day cia thau kinh. Trong bai bao nay, nghién ciru méi quan hé cia cdc thong so thdu kinh va hinh
dang thdu kinh. Lam r& cdc thong sé thiét ké dé dat duwoc hinh dang thdu kinh mong thyc té. Hon nita,
nghién cieu Ao chinh xdac dinh hinh thdu kinh thong qua viéc kiém tra cdc goc khic xa hodc dwong tia
trén bé mdt thdu kinh. Két quda cho thdy géc khiic xa phit hop véi gid tri 1y thuyét va dinh hinh théau kinh.

Tir khéa: Anten thdu kinh hinh tru; chi sé khiic xa dm; phuwong phdp do tia; anten di dong tram goc.

1. Mé diu

Trong hé thong di dong thé hé tiép theo
(5G), anten cua tram gdc yéu cdu co kha ning
diéu khién chum tia hoic da tia va st dung da tan
s6 [1]. D6i v6i anten tram gbc hién nay, cau hinh
anten mang (hinh la) da dugc su dung [2]. Cac
anten mang bao goém nhiéu phan tir mang va
mang cAp nguon, cau tric nay khong phu hop
cho cac ung dung da tia. Pé thay thé, mét cau
truc anten thau kinh hinh tru da duoc de Xuat [3].
Cac d¢ xuat nay chi 1a sir dung mot ngudn cip va
hinh thanh mo hinh buc xa bang cach dinh hinh
thau kinh. Ngoai ra, dé tao thanh hinh dang thau
kinh mong, vat li€u chiét suit Am duoc st dung
cho vit liéu thau kinh.

Trong bai bao nay, tac gia nghién cuu
quan hé cua cac thong s6 anten thau kinh va
hinh dang thau kinh mong. Udc tinh phuwong
phap thiét ké dinh hinh thiu kinh, kiém tra su
phu hop cua cac duong tia dat duoc. Kiém tra
cac goc tia thu duoc cua thiu kinh bén ngoai,
bén trong va quan hé goc vai gia tri 1y thuyét.
2. Phwong phap thiét ké

Pinh hinh anten thau kinh dat duoc
bang phuong phap do tia (ray tracmg) Thong
s6 cua anten thau kinh dugc hlen thi trong hinh
2. Thau kinh bao gdbm chi s6 4m cua (-n) vt
liéu, cac tia khac xa duoc thé hién nhu trong
hinh 1. Chiéu cao cua théu kinh dugc biéu thi
bang 2X,,. Goc tir ngudn cap dén canh thiu kinh

duoc bicu thi bang €, . Nguén burc xa c6 mo
hinh buc xa dac biét cia chum tia phan nhanh
duoc biéu thi boi Ep®(8). Goc dich chuyén
chum caa chum tia phan nhanh duoc biéu thi
bang 6, . O phia mit m¢ cua thiu kinh, cac tia
duoc thiét ké song song. Phan bd birc xa dién tir
trén mat mé dwoc thé hién boi £d’(x) . Tia trén
bé mit cua thau kinh phai théa man diéu kién
khuc xa.
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Hinh 1. Anten di déng tram gc (a) Anten
mang thong thuwong (b) Anten thau kinh
hinh tru.
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Hinh 2. Thﬁng s6 ciia anten thiu kinh
O bé mat cua thau kinh déi dién nguén buc xa,
phuong trinh vi phan dugc xac dinh:

dr  nrsin(d-6")
d6  ncos(@—6"—1
O bé mit thau kinh d6i dién voi mat mo dugce
trinh bay theo phuong trinh sau:
dz  nsin(@') dx
do 1—ncos(8") do

Mot diéu kién nita la bao toan niang luong dugc
thé hién theo phuong trinh sau:
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DPb6i v6i chum tia phan nhanh, st dung biéu
thire:

2 m
E,(0)=(cos"(0-6,)) 4
Khai niém Ep’ (@) duoc hién thi trong hinh 3;
(m) xac dinh d6 nhon cua chum tia. Péi vai bic

xa dién tir O trén mat mo duoc cho boi biéu thirc
sau

Fd*(x)=(1-(1— %)(Ximf) 5)
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Hinh 3. Hinh dang cta cham tia hai chiéu.
Buc xa dién tir £d’(6) trén mat mo duoc thé
hién trong hinh 4a. C dwa ra mue d6 cua s phan

bo bure xa dién tu:

\Normal

Lens thickness, d
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Hinh 4. a. Phan b dién tir trén mit mé cia thiu kinh. b. Piéu kién ban diu.

3. Hinh dang thiu kinh

Cac thong sb ban dau dé thiét ké thau kinh
duoc hién thi trong hinh 4b. 6, 1a goc téi ban
dau va dla do day cua thau kinh ban dau.

Hinh dang cua thau kinh th@ét ké duoc thé
hién trong hinh 5. Cac thong s6 chinh la chict
suat (n) va goc tu ngudn birc xa dén canh cua
thau kinh (6,) . Bang cach tang chi s6 khuc xa,
d6 day cua thau kinh s& giam va thau kinh bi
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mong di. Bing cach ting goc 6, , vi tri thau
kinh tiép can voi nguf)n buc xa, ban kinh cia
thau kinh bi giam. D¢ c6 duoc mot thau kinl}
hinh truy mong va manh, doi hoi cac tham so
chiét suat va goc birc xa cuc dai n va €, 16n
Tain —-4va 6, =85"_ dat dugc ban kinh hinh
tru 300mm va do day thau kinh 780mm.
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Hinh 5. Hinh dang ciia thiu kinh véi cic tham sb thiét ké thay doi.
4. Tinh toan dwong tia O day, () 16n hon 1, nén (6,) nho hon (6,).
D& udc tinh d chinh xac cua két qua dinh o — q
hinh thau kinh, kiém tra quan hé¢ goc khic xa I =
trén bé mat thau kinh. Tai moi diém thict ke, 600 -~ :
tinh toan cac vecto phap tuyeén. Dya trén vecto ool
phap tuyén, goc t61 va goc khuc xa duoc tinh
nhu trong so db hinh 6. Pac diém cua (-7) thau R e ~
kinh 1 c4c tia bén trong va bén ngoai thau kinh o e s S
ton ,tai trong cung mot phia cua vecto phap sk ; i
tuyen. D01 voi cac goc tia bén ngoai thau kinh 7 =
(6,) va bén trong thau kinh (6,). quan hé khuc e R
xa dugc dua ra theo phuong trinh sau day: e o e
- sind © Hinh 6. Tia vao va tia di ra khéi bé mit thiu
sin g, kinh.
Bang 1. Két qua vé géc téi va goc khic xa clia céc tia
Tia trong 6,,(°) 6,.() n Tia ngoai 6,(°) 6,.() n
1 48 22 1.98 1 3 6 1.99
2 45 21 1.97 2 4 8 1.99
3 43 20 1.99 3 4 9 224
4 40 19 1.97 4 4 10 2.49
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Hinh 7. a. Tia t6i thiu kinh (6, < 6,)

Vi tri khuc xa cua cac tia toi va tia di duoc
thé hién chi tiét twong ung trong hinh 7a va 7b.
Str dung két qua mo phong cua hinh 7a va hinh
7b, so sanh két qua mo phong va gia tri () duoc
hién thi trong bang 1. Trong truong hop cac tia
o1, cac gia tri (1) dugc tinh # = 2. Trong truong
hop cac tia di, cac gia tri (1) duoc tinh 16n hon
2 tai cac tia s6 3 va s6 4. Li nay co thé xay ra
do hinh dang cua thau kinh va cach xac dinh
vetor phap tuyén tai diém khuc xa.

5. Két ludn

Cac thong s thiét ké dé dat duoc thiu kinh
hinh tru mong va manh da duoc lam sang to. B
chinh xac dinh hinh thau kinh duoc kiém tra
théng qua viée lay ty 18 cac goc tia duoc tinh
toan bén trong va bén ngoai bé mit thau kinh.
Quan hé goc da thu duoc rat phu hop véi gia tri
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b. Tia di khéi thiu kinh (6, < 6,)

chiét suat cua n = 2. Két qua la uoc tinh duoc
dd chinh xac cua viéc dinh hinh thau kinh.

Tai liéu tham khao

1. C.X.Wang et.al (2014).,“Cellular
architecture and key technologies for 5G
wireless Communication networks,” 1EEE
Communication Magazine , Vol.52(2), PP.122-
130.

2. K.Jujimoto and J.R.James (2001), “Mobile
Antenna Systems Handbook,” Artech House.

3. N. Michishita and Y. Yamada (2014),
“Metamaterial Radome Composed of Negative
Refractive Index Lens for Mobile Base Station
Antennas,” The 2014 International Conference
on Advanced Technologies for
Communications (ATC’14), pp. 60-63.

ACCURACY ESTIMATIONS OF A NEGATIVE REFRACTIVE INDEX
CYLINDRICAL LENS ANTENNA DESIGNING

Phan Thanh Minh, Nguyen Thac Dung, Vo Phuong Lam

Telecommunications University

Abstract: In order to conform mobile base station antenna simply for the next generation mobile system
(5G), a cylindrical lens antenna is developing. For the lens material, negative refractive index is used
so as to reduce lens thickness. In this paper, relations of lens parameters and lens shapes are
investigated. Design parameters for achieving practical thin lens shapes are clarified. Moreover, lens
shaping accuracies are investigated through checking the refractive angles or ray paths on lens
surfaces. All refractive angle results agree very well with the theoretical value. Adequateness of lens
shaping results is ensured

Keywords: Cylindrical lens antenna, negative refractive index, ray tracing method, mobile base station
antenna.
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