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Tom tit

Cong nghé anten la mét phan rat quan trong trong
cdng nghé dién tir va truyen thong ngay nay, sw
phat trién cua truyén dan khong day ludn gan lién
véi sy phét trién cia anten. Do nhu cdu si dung
ma bang tan cao dang dwroc nghién ciu va sit
dung trong Muc dich théng tin lién lac, truyén dan
va do dac tir xa. Pac biét, trong radar hang hai,
anten khe dang dwoc sir dung phé bién trén céc
béng tan S va X cia dai microwave. Bai b4o nay
sé thiét ké , md phong anten khe va phan tich sau
vé dac diem ve do loi anten, tré khang séng véi
ting ddi tan sir dung cua anten khe dé cé duwoc
danh gid cu thé vé moi lién hé gira sé heong khe,
kich thwoc voi do loi anten. Twr do dwa ra dwoc
thiét ké phu hop véi timg ddi tan duwoc sir dung
cua anten khe trong radar hang hai.

T khoa: Anten khe, Anten dai réng, Anten viba,
Bdang thong réng, dé réng chum tia.

Abstract

Antenna technology is an important part of
today's electronics and communications, the
development of wireless transmission has always
been associated with the development of
antennas. According to usage requirements, high-
frequency bands are being researched and used
for communication, transmission, and telemetry
purposes. In particular, slot antennas are being
used commonly on the S and X bands of
microwave bands in marine radar. This article
will design and simulate the slot antenna and
analyze in-depth antenna gain characteristics,
wave impedance for each frequency band used by
the slot antenna to obtain a specific assessment of
the relationship between the number of slots, size
with antenna gain. Hence, this article proposed an
optimal design suitable for each frequency band
of slot array antennas used in marine radar.

Keywords: Slot antenna, Wide band antenna,
Microwave antenna, Broadband, Beam width.

1. Giéi thiéu
Anten khe str dung trong Radar Hang hai thudng
1a loai anten duoc lam tir dng dan séng tru tron hoic
dng dan séng hinh chir nhat véi thanh ng duoc cat
mot hoac nhiéu khe c6 d6 dai bang nira budc song [1].
Thong thuong, khi st dung éng din séng hinh chir
nhat thi truong co ban lan truyén trong thanh éng 1a
truong Hio con khi sir dung éng dan séng tru tron thi
truong co ban lan truyén 1a truong Hu. Khi song dién
tir dugc kich thich truyén lan trong dng dan séng, mat
trong cua thanh éng xuat hién dong dién mat. Véi
vécto mat d6 cua dong dién mat dugc xac dinh bai
biéu thc:
Js" =1 x H] €y
Trong do:
7i: Vécto vudng goc vai thanh ong;
H: Vécto cudng do tir trudng bé mat ong.
Trong éng dan séng chit nhat, trudng co ban Hio
dugc truyén lan, vécto tir truong bao gom:
H, = Hycos (E) e~ Pz
a 2)
H, = —iAH,sin (E) e~ifz (
z l 0 a
Trong do:
Hy: Giatri I6n nhét cia cudng do tir truong;
A: Hang sb;
B: Hé sb pha cua song c6 giatri 2m/A;
a : Do rong thanh ding ciia dng dan séng.
Theo cdng thuc (1) va (2) thi & mat trong cta thanh
5ng dan song xuét hién 3 thanh phan cua dong dién
mit 1a 2 thanh phan ngang Jx, Jy va mot thanh phan
doc. Trong d6, thanh phan ngang dugc gy ra bai tir
truong doc H,, thanh phan doc duoc gay ra boi tir
truong ngang Hx.
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Hinh 1. Phan bé thanh phén déng dién trén thanh
éng dén séng

Néu khe duoc cit nam trén thanh 6ng din séng va
cit ngang duong sic mat 6 dong dién thi dong dién
dan tai mat trong thanh éng sé bi gian doan tai cac khe
va chuyén thanh dong dién dich, dong dién dich nay
sé& chay vudng géc theo hai mép khe.

Hinh 2. Déng dién dich trén éng dén séng

Nhur vay, tai mat trong thanh dng, véi dong dién
dich da xudt hién s& hinh thanh céc dién truong tuong
&g va phét sinh dién p gitra hai mép khe. Néu khe
dugc cat doc theo duong strc dong dién thi s& khdng
sinh ra dong dién dich chay ngang mép khe, va khe sé&
khéng birc xa nang lwong. Néu cit khe vudng goc voi
duong suc dong dién thi dong dién dich chay ngang
mép khe Ia 16n nhat, khe s& btic xa séng dién tir.

Theo nguyén 1y tuong hd, anten khe c6 thé duoc
su dung dung lam anten phét hoac anten thu. Cuong
d6 buc xa hoac cuong do thu cua khe phu thuoc vao
vi tri cua khe trén thanh éng dan soéng. Dé nhan duoc
d6 thi phuong huéng theo yéu cau can thiét ké anten
gom mét hé thong céc khe cit trén thanh éng dan séng,
céc khe nay dugc bd tri theo kiéu doc, ngang hoac xién
va duoc kich thich ¢ong pha vai nhau.

Trong hé thong radar hang hai véi mot sé nhitng
y&u cau vé goc phuong vi (360°), tinh dinh huéng cao,
dai théng tan dii rong, cac bap song phu Ia tbi thiéu ca
vé bién do Ian sé lwong thi anten khe dép ung tot
nhitng yéu cau trén [2, 3]. Vi vay, anten khe duoc sir
dung phd bién trong radar hang hai, cu thé 13 anten
khe ddng pha.
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bac tinh dinh hudéng cua anten khe phu thugc 1én
vao so lugng cac khe va dai tin cong tac. Dé xac dinh
duogc tinh dinh hudng cta anten khe phu hop vai tirng
dai tan cong tac, trong bai béo nay sé tién hanh khao
sat, thiét ké, md phong h¢ anten khe dong pha trong
dai tan bang S, tir d6 dua ra so sanh vé do loi, tro
khang sbng cua tirng hé anten khe.

2.‘M6 phéng va khio sat dac tinh hé anten khe
dong pha

Gia thiét, anten radar hang hai duoc st dung la loai
dng dan song hinh chir nhat c6 cac khe duogc cét doc
theo thanh éng va phan b so le vé hai phia. Truong
co ban Hyo dugc kich thich tai diém giita phan thanh
rong cua dng. Khoang cach tir tam khe nay téi tam khe
khac lién tiép nhau ¢ cting 1 phia 1a 1. Viéc dit khoang
cach gitra cac khe lién tiép 1a A dé ¢am bao cho céc
khe & cung mét phia so vai thanh éng s& duogc kich
thich dong pha, va khoang cach gitra 2 tam khe lién
tiép nam ¢ 2 phia cua thanh 6ng dan séng la A/2. Vi
thanh phan ngang Jx s& doi chiéu khi chuyén qua 2
thanh 5ng dan séng nén néu cit cac khe & diém céch
tam khe tha nhat mot khoang d = A/2 thi dong dién
mit Jx & ddy s& dong pha véi dong tai cac khe. Dé cac
khe doc duoc kich thich manh nhét thi tam khe can
duoc dat & diém bung cua thanh phan doc H, nghia 1a
khoang céch tir khe dén diém ngian mach dau cudi can
chon bang A/4 hoic [4]:

L=@n+1)in=012.. 3)

Xét trén bang tan S, cu thé 1a tan s6 2,45GHz [3],
vGi cac tham s6 cua anten khe & trén, tién hanh tinh
toan va thiét ké trén phan mém Matlab (Hinh 3).

Xét d6 thi phuong huéng cua hé anten khe dong
pha, gia thiét d6 thi phuong hudng cua hé anten khe
cling giéng nhu d6 thi phuong huéng cua anten chan
t dién nira séng, ta s&€ nhan dugc phuong trinh ham
phuong huéng chuan hoa cua hé anten khe dong pha
trén 6ng dan séng chir nhat véi cac khe duoc cat theo
phuong doc [4]:

F(G) _ E _ lcos(gsine) sin(NdesinB)

Emax N  cos6

)

. kd .
sm(TsmB)

Trong do:

N: Sb khe cit trén thanh 6ng dan séng;

d: Khoang cach ciia hai tam khe lién tiép;

0: Goc gitra phap tuyén cua tdm thanh rong ng
dan song véi husng khao sét.
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Hinh 3. Hé anten khe déng pha véi sé khe 1a 10

Tir ham phuong huéng chuan hoéa trén vé dugc d6
thi phwong hudng trong khéng gian 2 chiéu va 3
chiéu cua hé anten khe dng pha, twong trng (Hinh
4 va Hinh 5).

240 00

Hinh 4. Pé thi phuwong huéng trong khdng gian
2 chiéu ciia hé anten khe dong pha 10 phan ti

Hinh 5. Pé thi phwong hwong trong khong gian
3 chiéu ciia hé anten khe dong pha 10 phén ti

3. Thiét ké, tinh toan sb lwong khe twong ng
Véi cac dai tin sb

Vi vige thiét ké, md phong hé anten khe dong
pha, bai b4o khao sat dugc dic tinh phwong hudng cua
hé anten khe. P& phan tich rd hon vé anh huong cua
sb khe voi do lgi va tro khang song cua anten trén dai
bang tan S, nhém da tién hanh xét sy thay doi cua sb
lwong khe séng N = 4+24 véi tan sé cong tac F =
2,1+2,9GHz. Dya vao sy thay ddi vé do loi va tro
khang song (Bang 1 & 2), nhan thiy rang, tai tan sb
2,5GHz, d6 lgi anten va tré khang song la I6n nhét khi
thay ddi tang s lwong khe I6n hon 12 khe va ¢ tan sb
2,9GHz d9 loi anten va tré khang séng 1a nho nhat.

Bdng 1. Bdng so sanh gida tré khang séng véi sé
lwong khe twong ting trén bdng tan S

N (s khe) Max Min
4 2,4GHz 2,9GHz
8 2,4GHz 2,9GHz
12 2,4GHz 2,9GHz
16 2,5GHz 2,9GHz
20 2,5GHz 2,9GHz
24 2,5GHz 2,9 GHz

* \/¢i Max, Min 1a bang tan cd tré khang séng Ion
nhat va nho nhit;

* \/6i max, min 13 d6 loi cua 16n nhat va nho nhat
trén timg bang tan (don vi: dBi);

Ddng thai, sau khi so sanh vé tro khéng séng, nhan
thay rang khi s6 lugng khe tang tré khang song dugc
giam nho. Hinh 6 md ta tré khang sdng cua hé anten
khe vai s6 lugng khe N = 24,
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Bdng 2. Bing so sanh dp \gi véi sé lwong khe tiwong teng trén bing tin S

F N 4 8 12 16 20 24
Max 7,71 10,4 12,7 13,7 14,8 14,8
21 Min -14,3 -17,8 -22,3 -22,3 -31,1 -22,5
22 Max 5,46 7,82 10 11,7 125 11,8
Min -21,3 -22,9 -24,6 -19,9 -25,3 -19,8
23 Max 5,54 8,87 11,2 13,8 15,6 15,1
Min -211 -22,6 -18,9 -20,2 -28,7 -27,9
24 Max 11,4 13,8 6,48 9,05 13,1 14
Min -25,5 -29,7 -24,3 -22,4 -25,4 -31,8
25 Max 5,97 9,32 12,8 14,8 17 18,1
Min -28,9 -21,5 -37,9 -22,1 -28,5 -24,7
26 Max 6,57 6,53 9,14 11,3 8,59 10,7
Min -21,6 -23,7 -24 -18,5 -25,2 -24
27 Max 6,55 6,46 7,18 7,06 7,92 10,4
Min -18,4 -20,8 -23,9 -28 -27,5 -24,8
duoc t6i 14,8dBi. Khi khao sét s6 lugng ting quéa 24
150 Impedance khe thi d6 lgi s& bi suy giam do bién d6 cuc dai phu
| tang manh theo Iy thuyét anten mang néi chung.
¥ o005 4. Két luan
7 Bai bao di khao sat cac dic tinh, d6 thi phuong
s hudng cua anten khe duoc sir dung trong Radar hang
g 0 hai. Tur d6, md phong thiét ké mot hé anten khe, tinh
. — toan s6 lugng khe phit hop vdi dai tAn twong tng. Vi
¥ -90.2228 cac dac diém dé ché tao, tinh dinh hudng cao, do lgi
100 —N I6n nén anten khe dugc sur dung rat phé bién trong
Reodars radar hang hai.

150 T . . . .
21 22 23 24 25 26 27 2.8 29
Frequency (GHz)

Hinh 6. DPé thi tré khdng séng twong g véi sé khe
N=24 trong ddi tdn 2,1+2,9GHz

Hinh 7. Anten khe ngoai thiec té vdi sé khe 1 16

Vi yéu cau cua anten radar Hang hai, do loi trung
binh nam trong khoang 15+17dBi [2, 5], dya theo
Bang 2, lva chon sé khe N=20+24 khe & dai tan
2.4+2.5GHz dé anten c6 thé nhan dugc do loi tur
15+17dBi va c6 tr¢ khang séng giam nho.

Hinh 7 12 hinh anh anten khe ngoai thuc té véi s6
khe 12 N=16, tai 46 d6 loi anten trén bang tan S dat
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Trén bang tan S, thong qua viéc khao sat dac tinh
cua hé anten khe va so sanh gitra tro khang song, do
lgi va s khe véi nhau, bai bao di tinh toan duoc s6
khe véi giai tin sb turong tng, phu hop. S6 khe cu thé
[a N = 20424 & dai tan 2.4+2,5GHz, véi duge do loi
anten tir 15+17dBi va tré khang sdng giam nho.

Dbi véi mdi dai tan khac nhau s& cé s6 lwong khe
phu hop tuong tng d& dam bao dugc do loi I6n nhat
va tré khang séng nho. Nhin chung theo tiéu chi vé do
lgi, d6 rong bup séng va tré khang séng cua Anten
Radar hang hai thi s6 lugng khe 20+24 Ia phi hop.
Loi cdm on

Nghién ciru nay dugc tai trg béi Truong Pai hoc
Hang hai Viét Nam trong d¢é tai ma sé DT20-21.49.
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