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Tom tat:

Bai bdo dé xudt mot thiét ké anten tdi cdu hinh theo tin s8 cip dién ddng phang. Bang cach sir
dung hai chuyén mach diét, anten c6 thé hoat dong & bdn cdu hinh tan s8 khac nhau lan luct 1a
2,1 GHz, 2,6 GHz, 3,0 GHz va 3,5 GHz. D& gidm nhd kich thudc dong thdi tdng phdi hgp trd khang
cho anten, mot cau tric OSRR dudgc tich vao phan tr birc xa cla anten. VGi dai tan thiét k&, anten
6 thé ('ng dung cho thiét bi cdm tay phuc vu dai tan LTE hodc cac dai tan khac. Anten dugc thiét k&
trén nén d€ dién moi FR4 va dugc md phong bang phan mém CST.

T khoa:
Anten tai cau hinh, CPW, OSRR, tai cau hinh theo tan so.
Abstract:

This paper presents a proposed CPW fed frequency reconfigurable antenna. By switching two PIN
diodes, the antenna can operate at four configurations at 2,1 GHz, 2,6 GHz, 3,0 GHz, and 3,5 GHz.
In order to reduce its dimensions, OSRR structures are integrated in the radiator. The antenna can
be used for mobile handsets at LTE band and others. It is designed on FR4 substrate and simulated

by CST software.
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1. MO’ AU

Xu hudéng thiét ké cac phan tir siéu cao
tan hién nay la “N trong mot”, ¢6 nghia la
N tinh ning trong mot phan tir va anten
cting khong ngoai I€. Khai niém anten tai
ciu hinh theo tan sé duoc hiéu 1a mot
anten c6 thé cung cap cho nhiéu chuan tan
s6 khéac nhau thay thé cho nhiéu anten
don. Tuy nhién, khac véi anten bang rong,

cac chuan tan sé ma anten tai cau hinh
cung cap cd thé khong dong thoi. Nghia 1a
mot anten tai cau hinh theo tan sé chuyén
sang c4c ciu hinh khic nhau dé “nhay
tan” nham st dung cac bang tan trong.
Diéu nay gilp cho viéc sir dung phé tan
s6 hiéu qua hon ma lai giam dwoc nhidu ¢
cac kénh Iénh lan can hon so véi viéc s
dung anten bang rong, dong thoi co thé
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thay thé nhiéu anten don giup giam kich
thudc cho thiét bi cim tay. Viéc chuyén
ddi cac cAu hinh anten dugc thuc hién
bang nhiéu cach khac nhau, trong d6 tich
hop cac chuyén mach dién tir vao anten
nhu di6t PIN, chuyén mach MEMS 1a mot
phuong phap phd bién va dugc danh gia
c6 nhidu wu diém nhat [1]. Tuy nhién,
nhuoc diém cua viéc tich hop cac linh
kién dién tir vao anten la 1am cho cau trac
anten tro nén phuac tap, va lam tang suy
hao trong anten. Pa c6 rat nhiéu cong
trinh cong bb vé anten tai cAu hinh theo
tan sé véi nhiéu thanh tyu déang ké. Tuy
nhién, tiép tuc giam nho kich thugc cho
anten tai ciu hinh theo tan sé ciing nhu sir
dung hiéu qua sé linh kién dién tu tich
hop vao anten van la van dé hién nay
dang dugc quan tdm. Céc anten tai cAu
hinh da cong bé duoc phat trién dya trén
c4c cau tric truyén thong nhu anten don
cuc [2], anten xoin [3], anten PIFA [4-6]
va cé4c kiéu cip dién khac nhau trong do
c6 anten cip dién dong phang CPW (Co-
Planar Waveguide) [5-7]. Trong d6, anten
cap dién theo phuong phap CPW duoc sir
dung kha pho bién bai nhitng wu diém
nhu dé ché tao, nho gon, khong can khoan
I6 nhu cap dién bang cap ddng truc,
suy hao thip [8]. Anten cap dién bing
CPW dé xuét ¢ trong [5] hoat dong ¢ tan
s6 nho nhat 1a 2,47 GHz nhung kich
thuéc tdng 136x45 mm? I6n hon nhiéu
S0 Voi anten dé xuat. Mot anten khac dé
Xuat trong [6] c6 kich thudc 1én dén
60x69 mm? trong khi tan sé cong huong
trung tdm & dai tan nho nhat 1a 5,0 GHz,
lén hon rat nhiéu so véi anten dé& xuét.

Anten dé xuat trong [7] hoat dong ¢ tan
s6 trung tdm nho nhit 1a 3,36 GHz véi
kich thuéc 12,4x18,5 mm co kich thudc
téng xap xi 0,34, véi A 1a bude song & tan
sb cong hudng, nho hon so vdi anten dé
Xuat (0,44). Tuy nhién, anten trong [7] chi
dat hé s tang ich 0,2 dBi ¢ tan s6 3,36
GHz, thap hon nhiéu so voi anten dé xuat.

Bai bao dé& xudt mot cAu trdc anten vi dai
cap dién d6ng phang tai cau hinh theo tan
sb, gom 4 c4u hinh hoat dong & cac tan sd
trung tdm 2,1 GHz, 2,6 GHz, 3,0 GHz va
3,56 GHz ¢ thé (tng dung cho cac thiét bi
dau cubi thong tin di dong cho cac bing
tan 4 G LTE (Long Term Evolution) va
cac bang tan khac. Pé dat duogc 4 céu
hinh, anten chi dung 2 chuyén mach diot
PIN nham giam su phtc tap cho cau tric
anten ciing nhu giam chi phi khi ché tao.
Anten dat hé sb tang ich lan luot 1a 1,45
dBi, 1,37 dBi, 1,66 dBi va 1,77 dBi & cau
hinh tan sb twong ung 2,1 GHz, 2,6 GHz,
3,0 GHz va 3,5 GHz. Khi tan s thay doi
gitta bn cu hinh, dang db thi btc xa cua
anten hoan toan khong thay doi.

Cac phan sau cua bai bao gom: phan 2
trinh bay vé thiét ké anten cip dién dong
phing tai cdu hinh theo tan s, phan 3 la
cac két qua dat dugc va phan cudi cung 1a
két luan cua bai béo.

2. THIET KE ANTEN PIFA TAI CAU
HINH S’ DUNG PIOT PIN TiCH HOP
CAU TRUC CSRR

2.1. Cau triic anten

Anten tai cau hinh theo tan s d& xuét c6
cau trac d6i xung. Anten gébm phan cap
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dién 1a 6ng din song ddng phang va cac
thanh birc xa dugc in mot miat trén 1op dé
dién moéi FR4 c6 d6 day 1a 1,6 mm. Phan
bac xa dugc in trén bé mat dién méi, hai
di6t SMP1345 duoc st dung dé ngat hoic
ndi giita cac thanh birc xa nhim tao ra bén
cau hinh anten khac nhau.

h 4

L

hl
(c)

Hinh 1. C4u tric anten tai ciu hinh tich hop cu
tric OSRR: (a) CAu tric phan cap dién déng
phéng; (b) Cau triic OSRR; (c) CAu tric anten tai
ciu hinh mat trén va mét canh
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Gigi han tan sé cua cac PIN 1 tir 10 MHz
dén 6 GHz, phu hop véi yéu cau dbi véi
bang tan thiét ké. Ngoai ra, dé giam nho
Kich thudc ctua anten ciing nhu ting kha
ning phdi hop tré khang, 3 céu tric vong
cong huong hd OSRR (Open Split Ring
Resonator) dwoc st dung. CAu tric cua
phan cdp dién, OSRR va anten nhu trén
hinh 1.

2.2. Tinh toan kich thwéc anten

Dau tién, phan cip dién CPW cho anten
dugc tinh todn vai d6 day cua dé dien moi
la h, d6 rong khe ho la g va @ rong cua
duong tiép dién 1a W; sao cho tré khang
dic trung cua duong truyén 1a 50 Q va
thoa mén cong thuc (1):

30n K(k{)

=—— 1

0 JE€efr K(ko) (1)
trong do,

g, = 1+ (er1—1) K(kq1) K(kp) (2)

2 K(ky) k(ko)

va ham K (ko), K(k o), K(k1), K(k’7) 1a

ham tich phan elip day du véi &, 1a hang

s6 dién moi xap xi 4,4.
Wy

0= Wrizg 3)

Ko =(1-kp) (4)
sinh{———="3

Ky =1 —kD) (6)

Sau khi tinh toan kich thudc caa phan cap
dién, kich thuéc cua duong truyén dwgc
tdi wu bang phian mém CST nhu trong
bang 1.
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Tiép theo, chiéu dai cua phan tu bic xa |
& mdi trang thai duoc diéu chinh va ludn
Xap xi bang mot phan tu budc song & tan
sb cong huang can thiét ké theo cong thire
sau day:

N

l= f (7
trong do, A, 1a budc séng hiéu dung tai
tan s6 can thiét ké £, ; &, 1a hang sé dién
mai hiéu dung ; co 1a van toc anh sang va
A, dugc tinh theo cong thirc sau:

Co

o ®)

Trong phan nay, chiéu dai L1 cua thanh
birc xa dau tién va cling 1a vi tri dat diot
D1 duoc tinh toan thiét ké dé hoat dong
dugc ¢ tan s6 3,5 GHz. Sau d6, vi tri diot
D2 dugc dit cach diém tiép dién mot
khoang L2 duoc tinh toan dé tao ra thanh
buc xa c6 d6 dai dién twong ng voi mot
phan tu budc song & tan sb 2,6 GHz, do
dai L3 va miéng btrc xa hinh chir nhat trén
cung dugc xac dinh dé anten cong huong
& tan s6 2,1 GHz. Cau hinh cudi clng
duoc tao nén tir viéc tat, bat cac diot dé
hoat dong & tan sb 3,0 GHz.

Ay =

Bang 1. Kich thwéc cua anten (mm)

Tham s W L h Wi g

Gia tri 22 36 1,6 3 0,3

Cac kich thudc chinh cua anten duoc tinh
toan theo cong thuce trén, cac kich thudc
con lai s& dugc chon va sau d6 dugc md
phong va téi wu biang phan mém CST
Microwave két hop véi CST Design.
Kich thuéc tong cua anten sau khi téi wu
la 22x36x1,6 mm va céac gia tri sau khi
tdi wu cho anten dé xuéit duoc chi ra &
bang 1.

2.3. Nguyén ly hoat déng

Nguyén ly hoat dong cua anten tuén theo
nguyén 1y thay doi chiéu dai bac xa dé
thay d6i tan s cong huong. Vi thé, dé tai
cau hinh anten, chiéu dai cua céc thanh
birc Xa thay d6i bang cach thay ddi trang
thai chuyén mach cua dioét. Khi cip cho
diot mot dién ap thuan thi diot ¢ trang thai
“BAT?”, khi d6 hai thanh burc xa gitra diot
nay duoc ndi véi nhau lam cho chiéu dai
dién cua thanh btrc xa tang 1én. Nguoc lai,
khi cap mot dién ap nguoc cho diét thi
diot ¢ trang thai “NGAT”, khi d6, hai
thanh birc xa s& ngat két ndi véi nhau lam
giam chiéu dai dién. Bang cach nay, chiéu
dai cua thanh buc xa thay d6i dé dat duoc
ba cau hinh anten khac nhau, goi la S1,
S2, va S3. Trang thai cua diét duwgc mo ta
nhu trong bang 2.

Bang 2. Trang thai hoat dong cua diot

R Céu Diot piét | Tan sé trung
Thamso | L, | Ly | L | Ls | We hinh D1 D1 tam (GHz)
Giatri | 5 | 179 | 266 | 301 | 14 SL | NGAT | NGAT 35
] S2 BAT | NGAT 2,6
Tham so d r ry e - -
S3 BAT | BAT 2,1
Gia tri 10,6 1,33 1,73 0,2 sS4 NGAT BAT 3,0
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Trong trang thai S1, khi tat ca cac diot ¢
trang thai “NGAT”, tan sé cong huong
trung tdm cua anten la 3,5 GHz cho ng
dung LTE 3500 hoic cho WiMax. O trang
thai S2, diét D1 “BAT” va diot D2 ngit,
anten cong huong & tan sé 2,6 GHz cho
tng dung LTE 2600. O ciu hinh S3, ca
hai diot D2 va D4 “BAT”, anten hoat
dong ¢ tan sé cong huong trung tam 2,1
GHz cho céc ung dung nhu LTE 2100,
UMTS. O cau hinh cudi cung, D1
“NGAT”, D2 “BAT”, anten cong huong &
tan s6 trung tam 3,0 GHz c6 thé duoc tng
dung cho tuong lai.

3. KET QUA VA THAO LUAN

Hinh 2 1a két qua md phong hé sé suy
hao phan hdi |S1a| ¢ ca bdn cau hinh cua
anten tai cau hinh.

[S11] (dB)

10 ST s
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1 15 2 25 3 35 4 45 5 55 6 65

Tén sé (GHz)

Hinh 2. Két qua mé phéng tham s6 |S11]
& bon cau hinh S1, S2, S3, S4 cua anten
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Hinh 3. Két qua mé phoéng hé s6 ting ich anten
theo tin sé cta 4 cau hinh S1, S2, S3, S4

O tit ca cac cAu hinh anten déu lam viéc &
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trang thai don bang. Cac ciu hinh nay co
tan s6 cong huong lan luot 3,5 GHz, 2,6
GHz, 2,1 GHz, 3,0 GHz véi bing tan tinh
tir —10dB twong wng 1 797 MHz (tr 3241
MHz dén 4038 MHz), 415 MHz (tir 2467
MHz dén 2884 MHz), 246 MHz (tir 1973
MHz dén 2219 MHz), 279 MHz (tir 2840
MHz dén 3119 MHz). Dai tan hoat dong
nay c6 thé dwoc ung dung cho LTE,
UMTS, WiMax hoac cac tng dung trong
twong lai. Hinh 3 biéu dién két qua mo
phong hé sé tang ich cua anten theo tan sd
& bon cau hinh. Tai tan sb trung tam cua
cac cau hinh S1, S2, S3, S4, hé s6 ting
ich dat lan luot 13 1,77 dBi, 1,37 dBi,
1,45 dBi va 1,66 dBi. Hé sb ting ich cua
anten khong cao la tra gid cua anten do
anten dat duoc kich thudc nho. Hinh 4
(a) va (b) biéu dién do thi bic xa 2D cua
anten & bon cau hinh trén mat phang XY
va XZ (mat phang XY chia anten va mat
phang XZ la mat phang vudng goc Voi
anten va chta truc theo chiéu ngang cua
anten). Két qua mé phong cho thay, d6 thi
bic xa cua anten ¢ bon trang thai hoan
toan tuong duong nhau.

Bang 3 tom tat cac thong sé dat duoc cua
anten tai cau hinh.

Bang 3. Tém tat cac théng s6 cha anten

Ciu | Tansb Bing | Tingich
hinh | trungtdm | théng | cuc dai
(GHz) (MHz) | (dBi)
S1 3,5 797 1,77
S2 2,6 415 1,37
S3 2,1 246 1,45
S4 3,0 279 1,66
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180

(@)

Phi= 0 Phi=180

(b)

Hinh 4. Két qua mé phéng hé s6 tiang ich anten theo tin sé cta 4 cau hinh S1, S2, S3, S4 &
(a) mat phing [XY], (b) mat phing [XZ]

4. KET LUAN

Bai bao dé& xuit mot thiét ké anten tai cAu
hinh theo tan sé cap dién déng phang, ciu
trac OSRR dugc tich hop vao anten gilp
phdi hop tro khang tt hon va kich thudc
anten nho gon. Anten c6 thé hoat dong &
bon cau hinh tan s khac nhau nhung chi
s dung hai diot véi tan sb trung tam lan

luot 1a 2,1 GHz, 2,6 GHz, 3,0 GHz va 3,5
GHz. Db thi buc xa ¢ ca hai cdu hinh gan
nhu khong thay doi. Vi kich thuéc cua
anten duoc giam nho nén anten dé xuét co
hiéu suat khdng cao. Ngoai ra, mau anten
can dugc ché tao va do dac dé kiém
ching véi két qua md phong.
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