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ANTEN THAU KiNH PHANG UNG DUNG TAI BANG TAN X
TRANSMITARRAY ANTENNA DESIGN FOR X-BAND APPLICATIONS

Nguyén Minh Thién, Nguyén Binh Dwong
Trwong Pai hoc quéc Té - Pai hoc Quoc gia Thanh phé Ho Chi Minh;
nbduong@hcmiu.edu.vn, minhthien6895@gmail.com

Toém tat - Bai bao trinh bay mét loai anten thau kinh phéng hoat
déng & bang tan X, cho cac &ng dung théng tin vé tinh. Phan o
anten thau kinh ph&ng dwoc thiét k& dwa trén cAu tric da 16p voi
phan t& birc xa hinh chir C cdm (&ng théng qua khe hé hinh vanh
khuyén. Cac phan t& anten thdu kinh dwoc thiét ké chi véi 2 ban
mach va khéng yéu,céu gia cong phtrc tap nhwng c6 khoang bu
pha réng va it hao ton. Trong bai bao nay, két qua md phéng cho
thay khoang pha truyén dén dat toi 270° voi bang thong -3dB dat
0,8 GHz. Phan ttr thau kinh phang dwoc tbi wu dé cé cac budc pha
45°. M6t mau anten thau kinh phang da duwoc ché tao va do dac
tai tdn sé 12 GHz nham muc dich danh gia kha nang hoat dong
clia cac phan tt birc xa. Két qua mé phéng 1&n do dac cho thay
mo hinh anten cé déc tinh blrc xa va do loi rat tét.

Twr khéa - anten th?lu kinh; anten mang phan xa; anten c6 do lgi
cao; anten diéu khieén hwédng blrc xa; anten cho vé tinh

1. Pat vin dé

Trong cac hé thong truyén thong vé tinh hay hé thong
radar, mot bo phan khong thé thiéu do 1a anten do loi cao
(high gain antenna) nhim tap trung ning lugng birc xa vao
huéng mong muén. Hién nay, cac anten c¢6 d6 19i cao st
dung coéng nghé vi dai c6 thé ké dén nhu: anten mang dinh
pha (phased aray antenna), anten mang phan xa
(reflectarray antenna) hay anten thiu kinh phéng
(transmitarray antenna). Trong 3 loai anten nay, anten
mang dinh pha ¢6 uu diém vé kich thuéc nho ngon. Mic
du vay, hé thong cap nang luong cho cac anten phan tir
bang day vi dai gay nén t6n hao trong viéc truyén tin hiéu
va anh huong dén do thi birc xa. Anten mang phan xa loai
b6 dugc hé théng cap nang luorng bang day vi dai dén timg
anten phan tir, do d6 co6 sy cai thién vé tén hao va cai thién
vé chit luong d6 thi birc xa. Tuy nhién, mét nhuge diém
dbi voi loai anten nay 1a mot phan ning lugng buc xa tir
anten bi chin boi chinh ngudn phat do ngudn phat dat cung
khéng gian vdi hudng buc xa.

Tuong ty nhu anten mang phan xa, anten thau kinh
phing hoat dong dua trén nguyén ly bu pha tai timg phén
tir, mat khac loai bé dugc hién tugng che chin bdi ngudn
phat nhu anten mang phan xa. Vi cac 1y do trén, cong voi
cac vu diém vé kich thudce, khbi luong, gia thanh ché tao,
anten thdu kinh phéng hién nay dang nhéan duoc nhiéu su
quan tim cua cac nghién ciru cho nhing tmg dung yéu cau
¢6 anten d9 lgi cao.

Céu tao cua anten thau kinh phéng bao gdm mot mang
cac phan tir thdu kinh dugc cip ning luong boi mot anten
cp nang luong dat tai ti€u cy. Mang cac phén tir thau kinh
bao gbm mang cac phan tr Rx tiép nhan ning luong tir
ngudn birc xa va cac phan tor Tx c6 nhiém vu blrc xa ning
luong nhan tir cac phan tir Rx ra khong gian. Dé nang lugng
btic xa co thé tap trung vao mot huéng mong muon, ting

Abstract - The paper presents a transmitarray antenna working at
X-band frequency for satellite information applications. The
transmitarray element is designed based on the multi-layer
structure with C-patches coupled through ring slots. Only two
substrates are required to obtain a wide phase range without
severe loss. In this paper, seven unit cells are designed. Simulated
results show that the cells can provide a 0.8 GHz common -3dB
bandwidth, cover 270° phase range with step of 45°. A
transmitarray antenna is designed and measured at 12 GHz to
verify the performance of the unit cells. The simulated and
measured results show that the antenna has a sufficient phase
range, low loss as well as good radiation pattern.

Key words - transmitarray antenna; flat lens antenna; high gain
antenna; antenna for controlling radiation direction; antenna for
satellites

phén tir thau kinh phai c6 kha ning diéu chinh pha. Chinh vi
vdy, diém méu chdt trong thiét ké anten thau kinh phéng 1a
phai tim dugc cu tric cta phan tir thau kinh dap mg hai kha
nang cuing mot lac: Kha ning truyén tin hidu giita cac phan
tir mang Rx va Tx, va kha ning thay ddi pha truyén dan trong
qué trinh truyén tin hiéu giita phan tir Rx-Tx. Hinh 1 miéu ta
mo hinh co ban ctia mot anten thau kinh phéng.

Hudng burc xa

B& mit birc xa

/

Bé mit tiép nhan

Phén tir ctia anten thau kinh

Ngudn phat xa : ;

Hinh 1. M6 hinh chung ciia mét anten thau kinh phing

Mot sb nghién ciru dé xuat céu triic phan tir anten thau
kinh cho phép thay d01 pha truyen dan véi viée thay d6i do
dai day vi dai két nbi gitra phan tor Rx va Tx nhu dé xuét
trong [1,2] hodc thay ddi pha truyén dén bang cach thay doi
hudng cia phan tir thdu kinh [3,4] hodc s dung vat lidu
metamaterial [5]. Mot thiét ké khac dua trén céu tric da 16p
va st dung phan tir FSS (Frequency selective surface) [6].
Phuong phap nay cho phep don gian hoa cau tao cua anten,
giam suy hao, dong thoi c6 kha nang phat trién & cac ing
dung dai tan millimet. Tuy nhién, thiét k& nay yéu cau bon
ban mach xép cach nhau mot khoang cach bang V4 budc song
lam gia tang kich thudc ciing nhu chi phi thi cong.

Trong bai b4o nay, nhom tac gia dé xuat mot thiét ké
cho phan tir thiu kinh dua trén cdu truc da 16p. Phin tir thiu
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kinh bao gdm chi 2 ban mach véi sy két hop cta phan tir
anten hinh chit C va khe hé hinh vanh khuyén. Phan tir
dugc thiét ké dé lam viéc tai biang tan X véi tan sb trung
tam 12 12 GHz. Pha truyén din ciia phin tir thiu kinh duoc
thay ddi v6i viéc diéu chinh kich thudc phan tir C va khe
hé hinh vanh khuyén. Trong nghién ctru nay, mét tdp hop
gdm 7 phan tir c6 budc pha cach nhau khoang 45° da duoc
thiét ké. Mot anten thau kinh phang ciing dugc ché tao va
do dac dé danh gia dic tinh birc xa ciia cac phan tir ciing
nhu ctia mot anten thau kinh phiang.

2. Thiét ké phan tir anten thiu kinh phang
2.1. Thiét ké
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Hinh 2. Cdu triic phan tir cho anten thdu kinh phdng

Céu triic clia mot phan tir anten thdu kinh phang duoc
thé hién chi tiét & Hinh 2. Cau tric nay chi yéu cau hai ban
vat liéu xép thang 1én nhau véi khoang cach giita hai ban
la 3,5 mm. Vit liéu dugc sir dung la Duroid 5880 véi do
day 3,175 mm va d6 dién méi & = 2,2. Mét anten vi dai
hinh chit C duoc in 1én mat trén cua hai ban vat liéu, mot
khe h¢ hinh vanh khuyén dugc dat & mat dudi. Viéc s
dung vat liéu c6 d6 day nhim gia ting bang thong cho tirng
phan tir cua anten.

Nguyén tic hoat dong ciia mot phan tir anten thiu kinh
phéng duogc giai thich nhu sau: séng t6i tir ngudn bire xa dat
tai tiéu cu duoc tiép nhén boi phﬁn tr chit C va tiép tuc duoc
cam Ung qua phan tir chit C bén mat ddi dién thong qua 2 khe
h¢ hinh vanh khuyén ndm & gitra. Thuc chat, viéc thay doi
kich thudc ciia phan tir hinh chit C va khe ho hinh vanh
khuyén kéo theo sy thay ddi tin s6 cong huong ciia ca phan
tir anten dan dén sy thay d6i vé pha truyén dan. Chinh vi thé,
pha truyén dan dat dugc théng qua viée thay doi kich thudce
phan tir chir C va kich thu6c rénh hinh vanh khuyén. Bién do
truyén dan ctia mot phan tir s& dat mirc cao nhat khi anten vi
dai hinh chir C va ranh hinh vanh khuyén dat duoc cong
hudng ¢ cung mot tan sb. Tuy nhién, hai by phan nay s€ dugc
tinh chinh sao cho tan s6 cong huong la gin nhau, do do ta s&
tang duoc bang thong truyén dan. Phan tir duoc thiét ké dé
hoat déng & tan sb trung tim 12 GHz va phan cuc thang voi
chiéu cua truong dién E vudng gbe véi rinh cét & bé mit anten
hinh chir C. Viéc str dung anten hinh chit C két hop vai khe
hé hinh vanh khuyén nham khai thac kha ning cung cap bang
thong rong nhu dugc chi ra trong nghién ctu [7]. Véi cau tric
phan tir nhur dé xuat, dai pha truyén dan dat dugc 270° véi
bang thong -3dB tir 11,6 GHz dén 12,4 GHz. Trong nghién
ctru ndy, nhom téc gia t6i wu kich thudc ciia phan tir chir C va
khe ho hinh vanh khuyén dé dat dwoc 7 phan tir cung cip 7
trang thai pha v6i bude pha khoang 45°. Ngoai yéu cau vé
pha, céc phan tir can dat dugc yéu cau vé do suy hao thép.

Bing 1. Théng sé kich thucc cua phan tir cho
anten thau kinh phang

Phin| Vidaihinh |Ré&nh hinh vanh | Pha truyén din duge
tt | chir C (mm) khuyén (mm) chuan héa vé 0°
Rout Rin R’out R,in

1 5 3,2 47 4,2 0°

2 4.9 3,5 4,4 39 45°

3 4.6 38 41 3,6 90°

4 41 31 3,95 3,45 135°

5 3,7 2,5 3,8 3,3 180°

6 3,5 2,5 3,8 31 225°

7 3,2 2,2 3,7 2,9 270°

a=18 mm

2.2. Két qua mé phéng ddp teng tan sé ciia phin tiv

Céc phan tir thdu kinh phang dugc phan tich va tdi vu
v6i phan mém mé phong HESS ctiia ANSYS. Mot mé hinh
da duoc thiét 1ap trong HFSS dé mé phong nham tim ra
bién d6 truyén dan ciing nhu pha truyén dan cia phan tir
cho anten thu kinh. Trong thuc t&, méi phan tir s& dat gan
céc phan tir khac khi thiét ké anten thau kinh, do d6 mo
hinh ctia phan tir thau kinh phai dwoc md phong trong moi
truong c6 cac phan tir khac xung quanh. Két qua md phong
pha va bién d truyén dan dugc thé hién trong Hinh 3.
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Hinh 3. Két ‘qua mé phong pha (a) va
bién dg truyén dan (b) ciia cdc phan tir

Két qua md phong dap mg tin s6 cua cc phan tir voi
kich thudc khac nhau cho thay -3dB bing thong chung cho
toan bg bay loai phén tir dat duge 0,8 GHz tu khoang
11,5 GHz dén 12,3 GHz, tuong tng 6,6%. Két qua trong
Hinh 3(a) cho thiy pha truyén dan cua cc phan tir ké nhau
khéc nhau khoang 45° tai 12 GHz va van giit xap xi gié tri
nay trong khoang tan sb tir 11,4 GHz t6i 12,3 GHz.
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3. Thiét ké anten thau kinh phing

Sau khi dugc tdi wu dé dat duoc pha va bién do truyén
dan mong muén, cac phﬁn tir duogc két hop véi nhau dé tao
thanh anten thau kinh phang. Mot anten thiu kinh phing
voi 12x8 phan tir duge ché tao, do dac dé khang dinh tinh
dung dan ciia thiét ké, thong qua d6 dénh gia kha nang hoat
dong ciia cic phan tir théu kinh. Trong mang anten, mdi
phén tir ¢6 khoang cach 1 a = 18 mm, twong duong 0,7A.

Anten thiu kinh dugc cip ning luong tir mot anten loa
¢6 tiét dién bé mat 46 mm x 48 mm, dd loi do duge vao
khoang 13,6 dBi. Khoang cach tir mang anten thau kinh
dén anten loa duoc tinh toan sao cho c6 hiéu sut bé mat
16n nhit. Khoang cach duoc xac dinh 1a 180 mm. Véi
khoang cach nay, goc chiéu tir anten loa dén cac canh cua
mang phan tir thiu kinh tuong tng véi goc mo -8 dB clia
dd thi birc xa ctia anten loa.

Mang anten thau kinh

Phan tir thir i cé
pha @(x;y;)
d; x
)t
v\.,/
180 mm D

Hinh 4. Cdu hinh anten théu kinh phing
Nguyén 1y hoat dong ctia anten thau kinh phing dwa
trén co ché bu pha. Pé ning luong birc xa tir anten c6 thé
tap trung vao mot huéng mong mudn (6,¢), dd 1éch pha cta
C4C phan tir phai thoa mén cong thie (1).
@ (e, y) = ko(d; — sinf(x; x cosg + y; * sing)) (1)

d; = J =)+ =y + (-2 ()

Trong d\(’): Xi, Vi la toa d6 cua phﬁn tr tl}l’I i, X, Vi, Zt l‘él toa
d6 ctia nguon bure xa, @(xi, yi) 1a pha truyén dan tai phan tir
i co toa do Xi, Yi.

Nhu dé trinh bay ¢ trén, cac phan tur cho anten théu kinh
cua nhom tac gia gom 7 phan tr truyén dan cung cap duoc
7 gid tri pha truyén dan v6i 0°, 45°, 90°, 135°, 180°, 225°,
270°. Chinh vi vay, pha bu y ctia phan t& thr i tinh tir cong
thie (1) s€ dugc lugng tir hoéa nhu sau:

- Wi=0°néu-22,5° < p(x;, y;) tinh boi (1) < 22,5°.

- Wi =45° néu 22,5° < ¢ (x;, y)tinh bai (1) < 67,5°.

- Wi=90° néu 67,5° < ¢ (x;, ;) tinh bai (1) < 112,5°.

- W;=135°néu 112,5° < (x;, y;)tinh bai (1) < 157,5°.

- W;=180° néu 157,5° < @ (x;, ;) tinh bai (1) <202,5°.

- W;=225° néu 202,5° <@ (x;,y;) tinh bai (1) <247,5°.

- ¥;=270° néu 247,5° < ¢ (x;, y;) tinh bai (1) < 337,5°.

’Mé}l thir nghiém anten théu’ kinh 12x8 phan tr dugc
thict ké. Cac phan tir nay duogc sap xEp sao cho nang lugng
dugc tap trung vao hudng vudng goc voi anten (6=0,4=0).
bé tép trung nang luong vao huéng mong muodn, pha
truyén dan ¢(xi,yi) clia CAC phan tir anten thau kinh s& duoc

tinh theo cong thuc (1). Nhu trinh bay bén trén, trong cong
trinh ndy, nhom tac gia t6i wu kich thudc phan tir anten thiu
kinh dé cung cap 7 gia tri ciia pha truyén dan, tvong tmg
v6i 7 phan tir anten véi kich thudc khac nhau nhu trinh bay
trong Bang 1. Pha truyén dan ¢(xiyi) ciia phan tir tht i sau
khi tinh bang cong thirc (1) s& duge lugng tir hoa dé chon
ra phan tir twong tmg. Vi du, néu pha truyén dan ¢ (xi,yi) cua
phan tir thu i 1a80°, nhom tac gia s€ chon phan tir cung cap
pha truyen dan 14 90° twong tng voi phan tur tht 2 trong
Bang 1. Sap xep c4c phan tir dugc thé hién trong Hinh 5,
pha truyén dan tuong tmg véi cac phan tir thau kinh duoc
thé hién trong Hinh 6.
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Hinh 7. Anten thdu kinh pfgcfng duoc do dac trong
phong hap thu

4. Pic tinh bikc xa ciia anten thiu kinh phéng
) Két qua mo phong va do dac dac tinh birc xa cua anten
thau kinh phang dugc thé hién trong Hinh 7 cho ca 2 mat
phang E va mit phang H tai tan s6 12 GHz. Theo két qua
nay, dac tinh birc xa cua anten trong m6 phong va do dac
kbéng qué khéc biét. Tuy nhién, do loi do dac dugc tai tan
s0 12 GHz bi suy gidm khodng 1,5 dBi so v6i d6 loi mo
phong, con 23,5 dBi, twong (g v&i hé s6 khau do 35%.
Céc bup song bén (slide lobes) & két qua do dac c6 phin



84

Nguyén Minh Thién, Nguyén Binh Dwong

cao hon so voi két qua mod phong. Piéu nay 1a do ¢ sy xuét
hién cuia h¢ thong gia dd cho mang anten tao thém nhing
btc xa phu khéng mong mudn khi do dac, trong khi d6 moi
trudng cia mang anten trong mo phong la 1y tuéng, khéng
6 gia d5. Tuy co6 khac biét nhung déu thap hon -15 dB so
véi bién do birc xa cao nhét.
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Hinh 7. D6 thi bitc xa & mdt phang E (a) va
mat phang H (b) do dac tai tan so 12 GHz
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Hinh 8. D¢ loi mé phong ciia anten thau kinh theo tan sé

Hinh 8 thé hién d6 lgi mo phong dugc cua anten thau
kinh phéng & cac tin s6 khac nhau. Dic tinh birc xa tot nhét
dat dwoc & tan sb 12 GHz, trong d6 do loi cao nhét 13 25,0
dBi, tuong tmg hé s khiu d¢ 1én toi 45%. O cac tin sb
xung quanh, ching ta théy duoc su sut giam vé do loi, vi
dutaidd loi ¢ 11,5 GHz giam gﬁn 0,5dB, ¢ 12,4 GHz giam
gan 2 dB. Diéu nay c6 thé duogc giai thich 1 vi su sut giam
bién d¢ truyén dan ciing nhu su léch vé pha ctia céc phan

tir truyén dan & cac tan sd xa tan s6 trung tim 12 GHz.

Heé s6 phan xa (S11) ciing dugc do dac va thé hién trong
Hinh 9. Két qua cho thiy, trén dai tAn tir 11,4 GHz t6i
12,4 GHz, hé s6 phan xa ludn thip hon -15 dB. Mitrc do
phan xa cua anten thép nhit do dac dugc tai tdn sb
12,1 GHz v6i hé sb phan xa 1a -23,3 dB. Tai tan sd trung
tdm 12 GHz, h¢ s6 phan xa dat -17,5 dB.

0

s
)
=
= 10
e
a
Bl
=
o 15
20 -\
25 T

114 116 1.8 12,0 12,2 12,4
Tén s8 (GHz)

Hinh 9. Hé séphdn xa do dac cia anten thau kinh

5. Két luan

Trong bai b4o ndy, nhom tic gia trinh bay thiét ké cua
mot anten thiu kinh phang. Két qua mo phong va do dac mau
thir khang dinh tinh ding dan cua ly thuyet cling nhu vu
dlem cua cac loai phan tir dugce dé xuat. Phan tir thiu kinh
¢6 cau trac don gian, dé ché tao, c6 d6 suy hao thap, khoang
pha thay d6i 12 270° trong dai tan tir -3 dB 1én dén 0,8 GHz.
Céc két qua ciing 13 co so ‘quan trong khing dinh thau kinh
phing do nhém tac gia d& xuat hoan toan Ung dung duoc
trong cac trng dung v¢ tinh, hoac radar noi can anten c6 d¢
loi cao, nhdm tép trung ning lwong vao mot hudng.

Ghi nhdn: Nghién ctu nay dugc tai trg boi Quy Phat
trién khoa hoc va cong nghé Qudc gia (NAFOSTED) trong
dé tai ma s6 102.01-2016.35.
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