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Tom tat:

Bai bao trinh bay mét cau trdc vong chia cong hudng CSRR (Complementary Split Ring Resonator)
cho tan s8 1,9 GHz. Ddng thdi, mdt cdu anten PIFA tai cdu hinh theo tan s& sir dung chuyén mach
PIN diode nhdm tao ra hai cdu hinh cé tdn s6 khac nhau, 1,9 GHz va 2,1 GHz. D& gidam nhd kich
thudc cua anten PIFA tai cau hinh theo tan s6, cau tric CSRR dudc dé xuat & trén dugc tich hgp vao
mat phang blc xa clia anten. V§i viéc tich hgp ciu triic CSRR, kich thudc clia anten dugc giam 29 %
s0 Véi kich thudc ciu tric anten ban dau. Anten cé thé (ing dung cho LTE 1,9 GHz va 2,1 GHz hoédc
trong thong tin vO tuyén nhan thirc. Anten dugc thi€t ké trén nén dé€ dién moi Rogers RT5880 va
dugc md phdng bang phan mém CST.

T khéa:
Anten tai cau hinh, PIFA tai cdu hinh, siéu vat li€u, CSRR.
Abstract:

This paper presents a design of Complementary Split Ring Resonator (CSRR) at resonant frequency
of 1.9 GHz. Besides, a frequency reconfigurable PIFA is proposed with two configurations at 1.9 GHz
and 2.1 GHz. In order to reduce its dimensions, the proposed CSRRs are loaded in the patch of the
PIFA antenna. By using the CSRR, the antenna dimension is reduced by 29 % compared with the
PIFA antenna without CSRR. The PIFA antenna is suitable for 1.9 GHz, 2.1 GHz LTE and cognitive
radio. It is designed on Rogers RT5880 substrate and simulated by CST software.
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1. MO PAU CSRR  (Complementary Split Ring
Siéu vat liéu (metamaterials-MTMs) 13  Resonator) va céu trac CRLH-TL

mot khai niém xudt hién tir hon mot thap
ky qua va thu hut sy quan tdm cia cac nha
khoa hoc trén toan thé giéi. Pay la loai
vat liéu nhan tao co do tir tham, héng )
dién moi 4m, véi céc cdu trac dién hinh
gdm c6 vong chia cong hudng (Split Ring
Resonator), vong chia cong hudng bu

(Composite right/left handed transmission
lines) dung dé tong hop va phan tich
MTMs [1-5]. Cau trac CSRR lan dau tién
dugc gidi thi¢u boi Falcone va cac cong
su vao nim 2004 véi hang s6 dién moi
am. Siéu vat li€u ndi chung va ciu tric
CSRR ndi riéng dugc nghién ciru dé tng
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dung trong nhiéu linh vic khac nhau bao
gdm ca linh vuc siéu cao tan. Da c6 rét
nhiéu cong trinh nghién ctru vé viéc ap
dung cdu trac CSRR d& giam nho kich
thudc cua anten [6-10]. Cac cbng trinh
nay chu yéu tip trung vao viéc nghién ctru
cac cdu traic CSRR dé giam nho cho anten
c6 dai tan hoat dong cb dinh. Tuy nhién,
v6i dic diém cia moi truong vo tuyén
ludn thay doi, cac anten truyén théng co
dai tan hoat dong ¢ dinh kho ¢6 thé thay
d6i cac tham sb nham dap Gmg voi moi
truong kénh vo tuyén von thudng xuyén
thay d6i. Vi thé, anten tai cau hinh voi
kha ning tu thay d6i tan sd hoat dong &
cac dai tan khac nhau 1a mot trong nhiing
giai phap tiém ning dugc st dung trong
hé théng thong tin v tuyén nhan thirc
(Cognitive Radio - CR) dé giai quyét cac
van dé vé hiéu qua phé tan, tu dong
chuyén d6i dai tan hoat dong, thich nghi
v6i su thay doi ciia moi truong kénh vo
tuyén [11]. Mot anten tai cAu hinh theo
tan s6 co thé thay thé dugc boi mot sd
luong anten don bang cach thay doi cac
c4u hinh cia n6 nho vao cac chuyén mach
dugc tich hop vao anten [12]. Nho vay,
anten tai cdu hinh goép phan gitp giam
nho kich thudc cho thiét bi vo tuyén. Tuy
nhién, van dé tiép tuc giam nho kich
thudc cho anten tai cdu hinh theo tan sb
van can dugce quan tim, nghién ctru.

Bai bao nay dé xuat mot cdu tric CSRR
hinh chit nhat dé cong huong & tan s 1,9
GHz. So d6 twong duong cia cdu tric
CSRR cling nhu viéc tinh todn mo phong
he“mg sb dién méi cua cau trac cling dugc
trinh bay trong bay bao dé chimg minh
ciu trac dé xuit co hang sb dién moi am.

Pong thoi, cau traic CSRR ciing duoc ap
dung vao mot cAu tric anten PIFA tai cAu
hinh theo tin s6 dé xuit nhdm chimg t6
kha nang giam nho kich thudc cia ciu
tric CSRR dbi voi anten tai cAu hinh theo
tan s6. Anten PIFA sit dung 1 di6t PIN
nhim dat hai cdu hinh tan sb 1,9 Hz va
2,1 Hz c6 thé tng dung cho LTE. Kich
thude phan tir birc xa cia anten PIFA tai
cAu hinh theo tan s6 dat 27 x 35 mm khi
chua 4p dung cdu trac CSRR va dat 24
mmx28 mm khi ap dung céu tric CSRR.
Viéc ap dung c4u trac CSRR vao anten tai
cAu hinh cho phép anten giam dugc kich
thudc 29 %. Anten PIFA tai céu hinh theo
tan s6 tich hgp CSRR dat hé so ting ich
2,07 dBi & c4u hinh tan s6 1,9 GHz va
2,18 dBi ¢ céu hinh tan s6 2,1 GHz. Khi
tan s6 thay doi gitra hai cdu hinh, dang
d6 thi birc xa cua anten gan nhu khong
thay doi.

Céc phan sau cta bai bao gdm: phan 2
trinh bay thiét ké ciu trac CSRR ; phan 3
trinh bay vé thiét ké anten PIFA tai cu
hinh theo tan s6 va 3 vé anh hudng cia
ciu trac CSRR trong anten PIFA tai céu
hinh theo tin s6 dé xuat va cudi cung la
phan két luan ctia bai bao.

2. THIET KE CAU TRUC CSRR

Phan nay trinh bay vé mét cau traic CSRR
hinh chit nhat duoc thiét ké cho tan sb
cong huong 1,9 GHz. Ciu trac duoc phat
trién dya trén cdu trac CSRR don hinh
vudng truyén thong. Mdi phan tr CSRR
gdm c6 hai khe nguoc nhau duoc khic
trén tAm kim loai nhu hinh la va c6 so d6
trong duong dugc biéu dién ¢ hinh 1b.
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(b)

Hinh 1. (a) Cau truc CSRR va (b) so d6 twong
dwong [1]

Tan s6 cong huong cia cau trac CSRR ba
phan tir dugc tinh todn xap xi theo cong
thue (1) [1]

1
2r,/L,C, @

trong do, Cr dac trung boi mat kim loai
duoc bao quanh boi 16p dat, d6 tu cam Lr
dugc tinh toan twong dwong véi 1 cau triic
CPW véi kich thudc 2*(a+b), do rong
bang g va do rong khe c. Tuy nhién, cong
thirc trén chi c6 ¥ nghia vé mat dinh tinh
khi diéu chinh tan s6 cong hudng cua cau
trac CSRR. Dé thiét ké mot ciu tric
CSRR ap dung cho anten PIFA voi tan sd
cong hudng mong mudn, kich thude hinh
hoc ciia ciu trac CSRR dugc tdi wu bang
phan mém CST véi myc tiéu 1a hing sd
dién moi am tai tAn sb thiét ké. Cu trac
mot ph?m tor CSRR duoc khao sat doc 1ap
bang phan mém CST va cac tham s6 gdm
a, b, ¢, d duogc tdi wu dé phan tr cong
huong & tan sé6 mong mubn. Hinh 2 chi
tham sd hr:ing sb6 dién moi duoc tinh toan

f, =
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tir hé s6 suy hao phan hoi S11 va hé sb
truyén dat S12 khi khao sat phan tir CSRR
v6i muc dich 4p dung cho anten tai cu
hinh PIFA theo tan sé dé giam kich thudc
& cau hinh tan s thap. Véi kich thude cta
cAu trac CSRR sau khi tdi vu dat a = 18
mm,b=8mm, c=1mm, d=1mm, tai
tan s6 1,9 GHz héng s6 dién moi dat gia
tri am (-2), cho thiy cdu trac CSRR cong
huong & tan sd nay.

-2

' L] T T 1 T T 1 L
10 12 14 16 18 20 22 24 26 28 30
Tan s6 (GHz)

Hinh 2. Hang s6 dién méi ctia cau tric CSRR
theo tin sb

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

3.1. Anten PIFA tai cau hinh st dung
diot PIN

Pau tién, anten PIFA hoat dong & tan sd
¢d dinh 1,9 GHz. Kich thuéc téng cua
anten dugc tinh toan theo cong thirc (2) va
sau d6 duoc tdi uu bang phan mém.

f= @
4W +L)

trong do, fr la tan s cong hudng ¢ 1,9

GHz, ¢ 1a van toc 4nh sang trong khong

gian tr do (m/s), W, L 1an luot 1a chiéu

S6 17

63



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

(ISSN: 1859 — 4557)

rong va dai ctia phan tir btrc xa (m). Anten
dwa trén cdu trac PIFA truyén thdng,
anten bao gdm mit phang dat co kich
thudc 1a Wy x Ly = 38 x 40 mm, mat
phéng buc xa c6 kich thudc Ws x Ls =
27 x 35 mm, dé dién moi Rogers RT5880
v6i ¢ = 2,2, chiéu day dé dién nsu,=0,8
mm, d0 cao cua anten la 5 mm. Gitra mat
phang birc xa va mit phang dit duoc nbi
v6i nhau boéi tAm kim loai ngén mach.
Tiép theo, dé tao ra anten PIFA tai ciu
hinh theo tan sb, & mit phfmg dat cua
anten duoc x¢ ranh va dugc tich hop mot
di6t PIN. CAu trac cia anten tai cAu hinh
dé xuét nhu & hinh 3.

Lg

Ws

Ls
(a)

_:.
O»,
=t

/

(b)
Hinh 3. C4u tric anten tai cau hinh khong tich
hop ciu tric CSRR: (a) Mat trén; (b) Mt dwéi

Anten tai cAu hinh theo tin sb bang cach
thay d6i trang thai ciia chuyén mach di6t
ON (bat) hodc OFF (ngit). Trang thai ctia
diot dugc diéu khién bang mot ngudn mot
chiéu bén ngoai anten. Piot dugc tich hop
ngay canh cta mit phiang dat dé ngudn
cung cap, mach phan cuc cho diét anh
huong it nhét dén su hoat dong cua anten.
Cuc duong cia didt ndi voi mit phang dat

thong qua mot tu dién C nham ngin dong
mot chiéu gitra hai cyc. Uu diém cua
diode PIN d6 1a ngudn cdp mot chiéu cho
diode bé, chi tr 3-5 V, suy hao thép, do
cach ly tbt, ddc biét 1a gia thanh ré va toc
d6 chuyén mach nhanh (c& tir 1-100 ns),
nhanh nhit so véi tat ca cac loai chuyén
mach khac [7]. Vi vay, diot PIN hién nay
dugc st dung phd bién trong cic tng
dung vo tuyén. Diot dugc st dung trong
thiét ké nay 1a SMP1345 PIN véi cac gia
tri dién trd, tu dién va cudén cam la Rg = 2
Q,L; =045nH, C; =0,2 pF, Rp = 7 kQ,
c6 dai tan hoat dong tr 10 MHz dén 6
GHz, hoan toan phu hop tan s thiét ké va
¢6 so dd mach tuong dwong nhu & hinh 4.
Viéc mo6 phong dugc thuc hién dua trén
su két hop giita CST Microwave Studio
va CST Design dé khao sat duoc ca anh
céc tham sb cua diot anh huong dén hoat
dong cla anten. Bang cach sir dung mot
diot, anten c6 thé hoat dong & hai trang
thai khac nhau phu thudc vao trang théi
cua diot. Khi diot ¢ trang thai ON, tan sd
cong hudng cla anten gan nhu tan sb cua
anten truyén théng ban dau thiét ké khi
chua x¢ ranh. Khi diot ¢ trang thai OFF,
tan sd cong huong cua anten dugc dich
xudng do khe xé ranh l1am ting chiéu dai
dién cua anten. Két qua mo phong tham
s6 [S11| dugc biéu dién trén hinh 5.

(a) (b)
Hinh 4. So d6 twong dwong cua diot
& trang thai: ON (bat), (b) OFF (ngat)
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— 51,1 (D OFF)
-t —— 51,1 (D ON) |
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Tén 53 (GHz)

Hinh 5. Két qua mé phéng tham sé |S11]
cla anten tai cau hinh tan s6 str dung

4 dE
Theta

Z.84

Farfield 1,9 [XY]
Farfield 1,9 [XZ]
90

150 /7

180

210

Hinh 6. Két qua mé phéng dé6 thi birc xa 3D
va 2D (mét phang XY va XZ) & tan sé6 f= 1,9 GHz

Tir d6 thi & hinh 5 cho thay, anten c6 thé
hoat dong & cAu hinh v6i hai tan s cong
hudéng khac nhau. Khi diét ¢ trang thai
OFF, anten cong huéng ¢ tan sd trung
tam 1,9 GHz v6i bang thong dat duogc
110 Mz (tir 1,88 dén 1,99 GHz). O trang
thai thir 2, khi diot ON, anten chuyén sang
ciu hinh tan s6 2,1 GHz véi bang thong
dat duoc hon 153 MHz (tir 2,05 dén 2,21

1 1.2 1.4 16 1.8 2 2.2 24 2.6 2.8 3
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GHz). Bang thong cua anten dugc tinh
v6i tham s6 [S1a| < =10 dB. Hinh 6 va
hinh 7 biéu dién két qua mo phong do thi
buic xa 3D va 2D & mit phang XY va XZ
cla anten ¢ hai cAu hinh khac nhau. Tir
két qua mo phong dd thi birc xa cua anten
cho thdy, & ca hai c4u hinh, d0 thi birc xa
gan nhu khong thay d6i. Hé sé ting ich
cuc dai cta hai ciu hinh cao, dat 2,84 dBi
& tan s6 1,9 GHz va 3,04 dBi 6 tan s6 2,1
GHz.

dE

2.04 .

Z.0%2 1
1.52 A
0.951 1
0.38
-2.31
-5.24 A
-1l6.2 1
-z3.1
-30
=] 7

=
Theta

— Farfield (f=2.1) [XY]
—— Farfield (f=2,1) [XZ]

Hinh 7. Két qua mé phéng dé thi birc xa 3D
va 2D (mét phang XY va XZ) & tan s6 f= 2,1 GHz

3.2. Anten PIFA tai cau hinh str dung
di6t PIN tich hop cau tric CSRR

Anten PIFA tai cdu hinh theo tan sb duoc
trinh bay trong muc 3.1 véi kich thudc
clia phan tir birc xa 4 27 x 35 mm, tuong
dbi 16n so voi cac cong trinh di cong bé.
pé giam kich thudc cho anten trén, mot
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ciu trac gdm ba phan tr CSRR nhu thiét
ké & muc 2 dugc chén vao mit phing birc
xa cta anten nhu & hinh 8. Mit phang birc
xa cua anten co kich thudc la W x L =
24 x 28 mm. Két qua md phong tham sb
S11| dugc biéu dién trén hinh 7 cho thay,
anten ¢ thé hoat dong o hai cAu hinh tan
s6 khac nhau véi tan sé cong huong 1,9
GHz khi diét ¢ trang thai OFF va 2,1 GHz
khi diot o trang thai ON.

Hinh 8. Mat phing birc xa chia anten PIFA tai
céu hinh str dung nguyén ly siéu vat liéu

Bing thong ctia anten dat 78 MHz & cau
hinh tan s6 1,9 GHz va 52 MHz & cau
hinh tan sd 2,1 GHz. Nhu vay, khi tich
hop cau tric CSRR thi kich thudc phan tir
blic xa cua anten tir 27 X 35 mm xudng
con 24 x 28 mm, twong tng vGi giam 29
%. Voi cau tric ndy, anten cling cong
huong tét voi tham sd |Sy1| giam t6i -35
dB & cu hinh thtr nhat va -25 dB & cau
hinh tht 2. Tuy nhién, mét nhugce diém
cia thiét ké dé xudt 1a bang thong cua
anten giam khi str dung céu tric CSRR.
Pay ciing chinh 1a nhugc diém coa cac
anten khi dugc tich hop céc cdu trac siéu
vat liéu. Hinh 10 va hinh 11 biéu dién dd
thi birc xa 3D va dd thi trén mat phéng
XY, XZ cla anten & hai ciu hinh tan sb
1,9 GHz va 2,0 GHz. Két qua mo phong
cho thiy ca hai cdu hinh déu c6 do thi gan
nhu twong duong nhau. O ciu hinh tan sé

1,9 GHz, hé sb tang ich cuc dai cta anten
dat 2,07 dBi va & cau hinh tan s6 2,1 GHz
dat 2,18 GHz. So v6i céu trac anten PIFA
khéng tich hop CSRR thi hé sb tang ich
cua anten bi sut giam.

5
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Hinh 9. Két qua mé phéng tham s6 |S1y)
cua anten PIFA tai cau hinh theo tan so
tich hop cau tric CSRR

— Farfield (f=1,9) [XY]
— Farfield (f=1,9) [X2]
90

120

240

Hinh 10. Két qua mé phang db thi birc xa
voi f=1,9 GHz
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dé giam kich thudc cua anten. Céu tric
CSRR dugc ching minh cong hudng &

136 ] tan s6 1,9 GHz thdng qua viéc tinh toan
0-91¢ 1 hang so dién moi vat liéu cua cau tric.
227241 Anten st dung mot chuyén mach diot PIN
0] 2 - X N A A z

4,73 dé dat duoc hai cau hinh tan so khac nhau
-9.4¢ ;. X X ~ > N \

-14.2 véi tan so cong hudng trung tam la 1,9
o GHz va 2,1 GHz. Do thi biic xa ¢ ca hai

cau hinh gan nhu khéng thay déi véi hé
sb tang ich cuc dai lan luot 12 2,07 dBi va

e ] 2,18 dBi. D¢ 1am 6 anh huong cua cau
9 tric CSRR dén viéc giam nho kich thudc

cta anten, mot anten PIFA tai cau hinh
theo tan s6 khong sir dung cau trdc siéu
vat lidu duoc thiét ké & clng céc tan sd
cong hudng nhu anten. So sanh kich
thudéc cua anten cd va khéng sur dung
- CSRR, kich thudc cua anten tai cau hinh
theo tan s6 sir dung CSRR giam 29%.
Maic du kich thudc cia anten dugc giam

150

180

210

véi f=2,1 GHz

4. KET LUAN

Bai bao thiét ké mot cdu trac CSRR cho
tan s6 1,9 GHz, tir do tich hop vao ciu
tric anten PIFA tai ciu hinh theo tan s

nho, anten dé xuat c6 mot han ché do 1a
bang thong hep, day cling 1la mot nhuogc
diém chung caa anten PIFA. Mau anten
can tiép tuc duoc nghién ctu dé cai cai
tién, dac biét 1a bang thdng cua anten
trong tuong lai.
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