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Tém tit: Bai bao gi6i thi€u mot loai anten mang
phin xa méi cho phép diéu khién hudng birc xa
théng qua viéc diéu khién trang thai ON/OFF cua
phan tir chuyén mach. Anten mang phan xa duoc
ciu tao boi cac phan tu phan xa cho phep diéu
khién pha thong qua diéu khién d6 dai 2 day vi dai.
Phan tir phan xa duoc t6i vu dé dé tré thanh phan
tr 2 bit, cung cép 4 trang thai pha v6i budc pha
13 90° tai tan s6 12 GHz chi v6i 2 phan tir chuyén
mach. Két qua mo phong cho thay pha phan xa kha
tuyén tinh véi t6n hao thap. MAu anten mang phan
xa dugc ché tao dé kiém chung tinh toan 1y thuyét.
Két qua do dac ching minh anten mang phan xa
cho phép thay d6i huéng birc xa véi viée thay doi
trang thai ON/OFF ciia phan tir chuyén mach.

Keywords: Anten mang phan xa; phén tor phan xa;
anten c6 d0 loi cao; anten di€u khién hudng bure xa;
anten cho vé tinh.

I. DAT VAN DE

Anten c6 do lgi cao (high gain) 1a mét thiét bi
quan trong trong cac hé thong thong tin lién lac
vé€ tinh va hé théng Radar v6i muc tiéu tép trung
ning lugng vao huéng mong mudn. Trong do,
anten mang phan xa véi cong nghé vi dai hién nay
dang 1a mot trong nhitng lya chon tt nhat cho hé
thdng thong tin lién lac vé tinh va hé thdng Radar
do co nhimng wu diém: c6 thé cung cap do loi cao,
gon, nhe, ton hao thap Khac v6i anten guong ciu
(parabohc antenna) o dién, anten mang phan xa
¢6 chu trac phang va duge ciu tao bdi mang cac
phan tir anten vi dai dugc cung cap nang lugng boi
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ngudn phat xa dit tai tiéu cu. Nguyén 1y hoat dong
anten mang phan xa dya vao kha nang bu pha cta
c4c phan tir anten mang phan xa (hay phan tir phan
xa) voi muc tiéu bu vao sy 1éch pha giita cac phan
tor do quang duong di khac nhau tir ngudn phat
dén cac ph?in tor anten phan xa. Véi viéc st dung
cong nghé vi dai, anten thiu kinh phiang c6 kha
nang cho phép céc linh kién dién tu nhu varactor,
RF-MEMS, PIN diode tich hop vao phan tir anten
dé thay d6i pha cta phan tir phan xa nhim thay
d6i hudéng birc xa. Pay 1a mot vu diém rat 16n cua
anten mang phan xa. Hién nay, anten mang phan
xa voi kha nang thay d6i hudng birc xa bang dién
tu dang duoc dau tu nghlen ctru dé dap ung nhu
cau ngay cang cao cua truyen thong v¢€ tinh trong
mdi truong di dong: radio, TV v¢€ tinh, internet
bang thong rong qua vé tinh.... st dung trong moi
treong di dong nhu tau thuy, 6t0, xe lira, may bay....
Anten cho céc Ung dung nay doi hoi phai nhd, gon
dé dang l4p dit trén cac phuong tién di dong va
phai c6 kha ning thay doi hudng birc xa ty dong dé
dam bao dugc dudng truyén trong qua trinh di dong
[1]. Mt khac, diéu khién huong b xa bang dién
tir 6 nhiéu wu diém so voi diéu khién huéng birc
xa bang co khi nhu cho phép thay déi huéng birc
xa véi toe do cao, khong bi rung va khong can bao
dudng thuong xuyén.

Dbi voi anten mang phan xa cho phép diéu khién
huéng birc xa bang dién tir d c6 mot s6 cong trinh
nghién curu [2]-[6]. Céc linh kién c6 thé duoc gén
trén bé mit phan tir phan xa hodc gin phia sau phan
tir birc xa. Viéc linh kién duoc gén trén bé mat c6
wu diém 1a cAu triic don gian, nhung c6 nhugc diém
1a can khong gian cho viéc thiét ké day dan dién
cung cip cho linh kién. Véi cdu trac phan tr phan
xa nhu trinh bay trong [4]-[6], pha phan xa thay d6i
theo chiéu dai day vi dai. Linh kién dién tir dugc
gin vao day vi dai dé diéu khién pha phan xa thong
qua viéc diéu khién dién ap dau vao linh kién. Uu
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diém 16n cta cau tric nay 1a linh kién dién tir khong
nam cung mit phing phan xa, va dwoc cach ly véi
phan tir phan xa. Do d6, cdu trac nay cho phép tao
nhiéu khong gian cho viéc thiét ké hé thong cép
dién diéu khién linh kién va hé théng cip dién nay
hoan toan khong tac dong dén buc xa cua anten.
Mac du vay, cAu tric phén to phan xa nhu dugc
trinh bay tai [4]-[6] chi cho phép diéu khién pha
v6i 1 day vi dai. Vi thé v6i N phan chuyén mach s&
chi cho phép N+1 budc pha.

Trong thoi gian gan day, mot loai phan tir ¢ cau
trac dya trén cam tng dién tir tir phan tir phat xa
hinh chit C vai 2 day vi dai thong qua khe hd hinh
vanh khuyén dang duogc nghién ctu [7]. Véi loai
phan tir nay, pha phan xa duoc diéu khién doc lap
baoi 2 day vi dai.

Nguén phat xa

Hudng buc xa

phan xa

| B mat
| phan xa

Hinh 1. Cdu tric anten mdng phan xa

Nho vao dic diém dé, phan tir loai ndy c6 thé tao
ra nhiéu budc pha hon so véi cac nghién ciru [4]-
[6] voi cing s6 luong linh kién dién tr nhu ching
minh trong [8]. Trong ndi dung bai bao, ké thira két
qua da dat duoc trong [8], chung t6i sir dung phan
tir phan xa hinh chit C dé thiét ké anten mang phan
xa lam viéc tai tan sd trung tam 12 GHz. Phan tu
phan xa s& cung cip 4 trang thai pha phan xa véi
budc pha 1a 90° (2 bit) chi véi 2 phan tir chuyén
mach. Mot mau anten mang phan xa duogc thiét
ké, ché tao va do dac dé kiém ching kha nang, uu
diém cia phan tir phan xa trong diéu khién hudng
blic xa thong qua viéc diéu khién trang thai ON/
OFF ciia phan tir chuyén mach.
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Il. CAU TRUC PHAN T’ PHAN XA CHO
ANTEN MANG PHAN XA

Hinh 2 trinh bay c4u trac phan tir phan xa cho anten
mang phan xa. Phan tt phan xa duoc cAu tao tir 2
tam vat liéu Duroid ¢ cung dién méi xép chong
1én nhau, c6 kich thude 1an luot h, =3.175 mm va
h,=0.787 mm. Mot anten vi dai hmh chit C nim
tren bé mit cia ban mat vat lidu thtr nhat, mot khe
hé hinh vanh khuyén nidm tai 16p chung giita ban
mach. O dudi ban mach tha 2 13 mot hinh tron ndi
v6i 1 day vi dai. Day vi dai va anten chit C trao d6i
nang luong qua khe vanh khuyén.
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Hinh 2. Cdu tric phdn ti phan xa

Nhu da trinh bay trong [8], pha phan xa duoc diéu
khién théng qua diéu khién do dai day 2 vi dai.
Chinh vi thé cac linh kién dién tir chuyen mach
nhu PIN diode, RF-MEMS c¢6 thé tich hop tich
trén ca 2 day vi dai dé diéu khién pha theo trang
thai ON/OFF cua linh kién. Piéu nay 1a co s¢ dé
chung t6i thiét ké phan tr phan xa 2-bit cung cip
4 trang thai pha tuong tng la 0°, 90°, 180°, 270°.
Hinh 3 thé hién phan tir phan xa twong Ung véi 4
trang thai pha véi viéc st dung 2 linh kién dién tir
chuyén mach. Cac day vi dai duoc chia thanh 2
doan tach roi nhau. Cac linh kién dién tir chuyén
mach sé duoc gfm vao gilta 2 doan. Khi linh kién
o trang thai OFF, 2 doan vi dai s€ tach roi nhau.
Trong truong hop linh kién & trang thai ON, 2 doan
day s& dwoc nbi voi nhau. Viéc thay déi ON/OFF
ctia 2 linh kién s& tao ra 4 kha nang két hop 2 day
vi dai, trong umg voi 4 trang thai pha. Kich thudc
ctia phan tir phan xa dugc trinh bay trong Bang 1.
Phian tir phan xa dugc thiét ké voi tan s6 lam viéc
trung tdm la 12 GHz.
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Hinh 3. Bén trang thdi pha phdn xa cta phdn ti

a) Trang thdi 1 (00); b) Trang thdi 2 (01);
¢) Trang thdi 3 (10); d) Trang thdi 4 (11)

Bdng I. Théng sé kich thudc cia phdn ti phan xa
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Phén tir phan xa dugc phan tich va t6i wu théng
qua phin mém moé phong HFSS cua ANSYS.
Trong thiét k&, phan tr khong mo phong tach rdi
ting phan tir ma phai dwoc mo phong trong 1 mang
céc phan tr phan xa. Diéu nay cho phép phan tir
dugc phan tich toan dién véi anh hudng cua cia
céc phan tir bén canh.

Hinh 4 thé hién pha phan xa va t6n hao cta phan tir
phan xa tuong tng véi 4 trang thai pha da dugc tdi
vu nhu trinh bay trong bang 1. Két qua mo phong
cho thiy pha phan xa cua cac trang thai ké& nhau
khac nhau 90° tai tan sé lam viéc trung tam 12
GHz. Sy sai lech 90° Ve pha khong con gilt dugc
tai cac tan so xa tan sb trung tam. Dleu nay duoc
gii thich do sy khong tuyén tinh vé pha ciia phan
tor phan xa dac biét 1a tai cac truong hop d6 dai
day vi dai mét d6i ximg 16n nhu trang thai (1,0)
va (0,1). Tén hao ciia phan tir thap hon 0.8 dB cho
toan dai tan tir 11.5 GHz-12.5 GHz. T6n hao nay
gdy ra boi ton hao vat liéu, ton hao do day vi dai
btrc xa ra ngoai khong gian.

Ill. THIET KE ANTEN MANG PHAN XA

Sau khi phan tir phan xa dugc tdi wu, cac phan tir
dugc két hop voi nhau dé tao thanh anten mang
phan xa. Mot anten mang phan xa véi 8x12 phan
tor phan xa dugc thiét ké, ché tao va do dac nham
danh gia kha ning lam viéc cua phan tir phan xa.
Hinh 5 thé hién miu thir nghiém anten mang phan
xa. Nguon phat xa 13 anten loa dwoc dat tai toa do
X=-54 mm, y, =0 mm, z=200 mm, I¢ch so v&i tdm
ctia bé miat phan xa mot goc 0=-15° dé giam sy che
chin song phan xa. Do 1éch so voi phuong vudng
goc 0=-15° dé phan biét voi hudng bic xa 0=15°
ctia anten dugc thiét ké trong noi dung tiép theo.

Nguyén 1y hoat dong cua anten mang phan xa dya
trén co ché bu pha, dé ning luong tap trung vao
huéng buc xa (6,9), pha phan xa tai cic phan tir
phan xa phai théa man cong thirc (1).

Trong do: x, y,la toa d6 ctia phan tir thir i, X, ¥, 2,
la toa d¢ ciia nguon phdt xa, ¢(x, y,) la pha phai xa
tai phan tir / ¢6 toa do x A
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Nhu da trinh bay bén trén, anten mang phan xa cta
chung t61 dugc cau tao bdi cac phan tir phan xa
cung cap 4 gia tri pha phan xa tuong tng vdi 0°,
90°, 180° va 270°. Chinh vi thé, pha phan xa y cua
phan t i tinh tor cong thirc (1) s€ duogc lugng tir
héa nhu sau:

y(x,y) =0° néu -45° <g(x,y) tinh boi (1) <45°
v (x,y) =90° néu 45°< @(x,y,) tinh bai (1) <135°
v (x,y)=180° néu 135°< ¢(x,y) tinh boi (1) <225°

v (x,y) =270° néu 225° < (x,y) tinh béi (1) <315°

t Reflectarray

Hinh 5. Mau thi nghiém anten mang phan xa

Mau thir nghiém anten mang phan xa duoc thiét ké
dé kiém chimg dic tinh phan tir phan xa ciing nhu
kha ning thay doi hudng birc xa. Trong mau anten
thir nghiém nay, linh kién dién tir chuyén mach la
linh kién 1y tuong voi viée sir dung ddy dan kim
loai. Day dan kim loai s& két nbi 2 doan day vi
dai twong ung voi trang thai ON cuia linh kién va
s€ dugc dugc thdo ra trong truong hop linh kién &
trang thai OFF. Dé két ndi 2 doan day vi dai, day
dan kim loai dugc han vao 2 du cua 2 doan vi dai.
Két ndi duoc kiém tra bang may do dién tré dé dam
bao tiép xuc tot. Dé kiém tra kha ning thay doi
hudng bic xa, anten mang phan xa dugc thiét ké
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cho hudng burc xa vudng gdc voi mat phan phan xa
(6=0,0=0) va huong buc xa c6 do 1éch 15° so vdi
phuong vudng goc (0=15,¢=0). V&i 1 mau anten
méng phan xa thir nghiém, dé thay doi pha cua cac
phén tir, chung t6i thay ddi vé pha ctia phan tir phan
xa trong timg truong hop véi sy thay doi két ndi 2
doan cua day vi dai dé nhan dugc céac pha phan xa
tuong ing. Sap xép vé pha cua cc phan tir phan xa
duoc thé hién nhu hinh 6.
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Hinh 6. Sdip xép cdc phdn & dé c6 cdc hudng buc xa khdc nhau
(a) hudng buc xa 0% (b) Hudng buic xa 15°.

Hinh 7 trinh bay dd thi birc xa cta anten mang
phan xa dugc do dac thuc té. D thi birc xa duoc
do trong phong do cung cdp boi cong ty NSI
(NearField System Inc.), dua trén viéc do truong
gan va chuyén d6i qua truong xa. Anten mang 1a
AUT (antenna under test) dugc di chuyén theo goc
phi va theta v&i goc quay 360°. Chinh vi thé, birc
xa cua anten theo tat ca cac hudng déu duoc do dac.
Trong d thi birc xa chung t6i trinh bay hudng birc
xa theo goc quay theta. Anten thé hién rd hudng
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buic xa dd dugc thay ddi trong 2 trudng hop, hoan
toan phil hop so véi tinh toan 1y thuyét. Vi truong
hop thtr nhit pha ciia cac phan tir dugc tinh toan dé
nang luong vao hudng c6 6=0°, trudng hop thu 2
hudng birc xa c6 0=15° Dbi chiéu véi két qua do
dac, huéng tip trung ning luong bi 1éch khoang
0.5°-1° so v6i tinh toan 1y thuyét.
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Hinh 8. Hé s6 phdn xa cta anten mang phan xa
do tiranten loa

b0 loi (gain) cia anten mang phan xa do dac dugc
trong 2 truong hgp cua hudng bic xa la tuong
duong. DS lgi do dugce vao khoang 19.5dB.

Hé sb phan xa ciia ca hé thong anten méang phan xa
bao gdm méng phan xa véi anten loa va dugc do tir
anten loa dugc thé hién trong hinh 8. Két qua cho
thdy ring hé sé phan xa la rat tt, hé sb phan xa
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1uén nho hon -12dB trong ca dai tan tir 11.5 GHz-
12.5 GHz va diém tot nhat vao khoang -27.5 dB do
duoc tai tan s6 12.25 GHz.

IV. KET LUAN

Trong bai bao nay, chiing t6i trinh bay anten mang
phan xa cho phép diéu khién hudng birc xa thong
qua diéu khién ON/OFF ciia phan tir chyén mach.
Céu triic phan tir phan xa st dung cho anten méang
phan xa thé hién wu diém khi cho phép tich hop
v6i 2 thiét bi chuyén mach dé cung cép 4 trang thai
pha (2-bit). Két qua do dac mau thir nghiém khing
dinh tinh dung dén cua Iy thuyét ciing nhu vu diém
ctia loai phan tir phan xa dé xuat. Anten mang phan
xa dd ching minh viée thay ddi hudng birc xa voi
viéc diéu khién do dai 2 day vi dai thong qua sir
dung day kim loai. Diéu nay 1a co s¢ quan trong
cho chiing t6i phat trién anten cho phép diéu khién
huéng bire xa bang dién tur khi tich hop céc linh
kién chuyén mach dién tir vao cac phan tir phan xa.
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TWO-BIT REFLECTARRAY
ANTENNA FOR SATELLITE
COMMUNICATON

Abstract: The paper presents a new refectarray
antenna which allows the main beam to be
controlled through ON/OFF state of the switching.
The refectarray antenna composes of refectarray
elements which provide the capability of controlling
the refection phase via changing the length of two
delay lines. The element is optimized to become
a 2-bit refectarray element, which provides four
states of the refection phase with a step of 90°
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at 12 GHz, using two switches. Simulated results
show a good linearity of the phase curves and low
magnitude loss. A prototype of antenna has been
fabricated. Measured results show good capability
of changing the main beam direction according to
ON/OFF state of the switches.

Key words: Refectarray antenna; refectarray
element; high gain antenna; beam scanning
antenna; antenna for satellites.
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