MO PHONG VA PANH GIA ANTEN VI DAI VOI CAU TRUC DGS
CHO CAC THIET BI BLUETOOTH NANG LUQNG THAP

Simulate and Evaluate 2.4Ghz Microstrip Patch Antenna with Defected Ground Structure for
Bluetooth Low Energy

Tom tit

Trong vai nam gan ddy véi sw tién bé trong
lanh viee vi mach & siéu cao tan va trong truyén
théng khong day, cdc nghién civu va thiét ké cdc
anten vi dai (MAs) doi hoi kich thuwdc nho va hiéu
sudt cao. Do d6, dd ra doi nhiéu phirong phdp cdi
tién cdc angten vi ddi, mét trong nhitng phirong
phadp @6 la thay doi cau triic mdt phdng nén noi
dat (DGS.). Ky thudt nay don gian la tao cdc di
1Gt trén nén cdc dngten vi dai (MAs). Bai bdo sau
ddy trinh bay anh hwéng cia cdc di tdt nén trén
mot anten vi dai hinh chir nhdt lén mot 56 thong
s6 anten: hé s6 suy hao do phdn xq... Ding phan
mém HFSS mé phong cdc théng sé anten ndy voi
cau triic DGS dé nghi, két qua cho thdy cdi thién
ddng ké cdc théng sé nay.

Tir khéa: Bluetooth nang lwong thap, anten
vi ddi, cdu triic mdt phang nén noi dat, phan
mém HFSS.

I. Giéi thiéu

Cong nghé khong day da ra doi va dang phat
trién manh mé, tao rat nhiéu thuan loi cho con
ngudi trong doi séng hang ngay. K thuat khong
day phuc vu rat nhiéu nhu ciu khac nhau cua
con nguoi, tr nhu cdu lam viéc, hoc tap dén cac
nhu cdu giai tri nhu choi game, xem phim, nghe
nhac,...Véi cac nhu cau da dang va phic tap do,
Vién Ky su Dién va Dién tir dua ra IEEE 802.11,
d6 1a tap chuén khong day véi cac dic diém ky
thuat khac nhau dé c6 thé phu hop véi ting nhu
cu, muc dich va kha ning cua nguoi sir dung

! Tién si, Pai hoc Khoa hoc Tu nhién TP H6 Chi Minh
% Thac si, Hoc vién Cong nghé Buu chinh Vién thong TP H6 Chi Minh

Lé Hiru Phuc!
HO Thién Luan?
Abstract

With the advancement of microwave intergrated
circuits  and  wireless  telecommunicative
technologies, the study and design of a new range
of microstrip antennas (MAs) which requires
compact size, high performance is increasingly
being emphasized. In recent years, there have
been several new methods to improve microstrip
circuits; one of which is used to modify the antenna
ground plane in enhancing the performance of
antenna. This technique is simply to put a “defect”
on the ground plane of MAs; it has opened the
door for the next series of this application. This
paper is to present a simple rectangular microstrip
patch antenna (R-MPA) and three other R-MPAs
with three different samples of DGS, the proposed
antenna has been simulated at 2.4 GHz frequency,
used for bluetooth low energy devices. The
antenna is simulated by the software HFSS. HFSS,
high frequency structure simulator is employed
to analyze the proposed antenna and simulated
results on return loss. The resultant antenna
with Defected Ground Structure has improved in
parameters performance.

Key words: Bluetooth Low Energy, Microstrip
Antenna, Defected Ground Structure, HF'SS.

nhu I[rDA, WLAN, ZigBee, UWB, Bluetooth,...
Mdi chuin k§ thuat déu cé nhirng uu, khuyét
diém riéng cta no, va Bluetooth dang dan nbi
1én 12 k§y thuat khong ddy tdm ngin cé nhiéu wu
diém, rat thuan loi cho nhiing thiét bi di dong.
Vi su cai tién Bluetooth V4.0 - Bluetooth ning
lugng thap (Bluetooth Low Energy - BLE) trong
nam 2011, né da duogc ing dung rong rai hon nira
va ddc biét trong cac thiét bi yéu ciu hoat dong
voi thoi gian lau.

Tat nhién, phan quan trong trong viéc giao tiép
bang song 13 phan anten vi dai, 6 1a phan dam
nhan nhiém vu thu/phét trong thiét bi Bluetooth
ning luong thip va ciing 1a phan tiéu tén ning
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luong nhiéu nhat trong thiét bi Bluetooth. Trudc
day ciing c6 mot sb bai bao dé cap dén mé phong
anten vi dai cho thiét bi Bluetooth. Vi bai bao
nay, chung ta cling tap trung viéc md phong va
danh gia anten vi dai cho thiét bi Bluetooth ning
luong thap nhung co két hop vé6i céu trac di tat
trén mit phiang dat - Defected Ground Structure
(DGS). DGS 1a mot k§ thuat sira doi lai mat phang
dat trong anten dé nang cao hiéu suit hoat dong
ctia anten. Viéc két hop DGS trong anten vi dai
s& cai thién hiéu suét hoat dong cua anten nhu cai
thién suy hao phan xa, ting bang thong truyén,
tang 4o loi...

Vi bai bao nay, chiung ta s& tién hanh thiét
ké va mo phong anten vi dai hinh chit nhat thong
thudng, anten vi dai c6 két hop cac mau di tat trén
mat phang dat (Defected Ground Structure). Két
qua cia viéc md phong s& cho ta thiy nhimng anh
hudng ctia DGS dén hiéu suét hoat dong ctia anten
vi dai.

II. Phwong phap tao di tat trén mit phing dit —
Defected Ground Structure va ing dung cia né
trong anten vi dai

1. Phwong phap tao di tat trén mit phing dat —
Defected Ground Structure

Nhu ching ta biét, dai tin cta anten vi dai von
thuong 13 dai tan hep va c6 thé mé rong tuy theo
cac yéu cau ing dung thuc té. Anten vi dai c¢6 nhiéu
wu diém va dugc tng dung rong rai trong hé théng
thong tin lién lac, vi vy viéc cai tién chat luong
anten nhu mé rong bing théng, giam thiéu kich
thudce, tang do lgi, giam suy hao do phéan xa,...
ludn ludn duoc dit 1én hang dau.

Trong nhiing nam trd lai day, da c6 mot vai
phuong phap méi dé cai tién cac mach vi dai. Mot
trong s6 do 1a k¥ thuat Defected Ground Structure
(DGS), DGS 1a mot ki thuat dung dé sta doi lai
mit phing dét trong anten dé nang cao hiéu suat
hoat dong cuia anten. K§ thuat nay dwoc hiéu don
gian la dat mot “di tat” 1én trén mat phéng dat cua
anten vi dai, n6 da mé ra canh ctra cho nhiing ing
dung hang loat sau nay. Rat nhiéu nghién ctru vé
DGSs da duge dé xudt va DGSs tré thanh mot
mang thd vi cho viéc nghién ctru tng dung nd
trong cac mach vi dai (Gary Breed 2008, tr.50).

Hinh 2.1 cho chung ta thdy mot sb cdu trac DGS
duoc st dung phé bién hién nay. Cac mau DGS
co su khac nhau v& hinh dang, mach tuong duong
L-C, hé sb ghép ndi, dap tng tan sb va cac thong

:I:

| b Ji i, ATk DD O

Hinh 2.1 Mjt sé6 khuén méau DGS

s6 khac. Miac du cac “dj tat” dat thém s& lam mat
di tinh théng nhat cia mat phang dét, tuy nhién,
chung khong 1am mit phing dat bi 16i. Nguoi sir
dung phai chon cho minh mot cAu trac hiéu qua
cho mach vi dai ciia minh.

Mot khuén mau DGS co ban 1a mdt ranh cong
huong trén mit phang dat, dat truc tiép dudi dudng
truyén vi dai va ghép ndi mét cach hiéu qua cho
duong truyén vi dai. Khuon mau DGS dugc két
hop trén mit phang dat sé lam thay doi sy phan
bd dong trong 16p chan dién, sy thay ddi nay phu
thudc vao hinh dang va kich thudc cia DGS. Sy
thay d6i nay ciing anh hudng dén tré khang dau
vao va dong dién chay trong anten. N6 ciling co
thé diéu khién duoc su kich thich va song dién tir
truyén qua 16p nén.

Khi ching ta sir dung anten vi dai, sy suy hao
luén lubn xay ra trong qué trinh truyén tin hiéu.
Suy hao do sy kich thich song bé mit s& lam giam
hiéu suit st dung, d6 loi, bang thong vi khi co
song bé mit xay ra, né sir dung mot phan ning
luong dy trit dé truyén séng ra khong gian.Véi
nhitng anten khéng c6 cdu trac DGS thi c6 bing
thong hep, suy hao do phan xa cao, do loi tha"ip,. .
mit khac nhimng anten két hop cau triic DGS hi¢u
qua s€ cho bang thong cao hon, giam suy hao do
phan xa,...(Rajeshwar Lal Dua, et al 2012, tr. 263)

2. Ung dung ciia DGS trong thiét ké mach vi dai

DGS dugc tmg dung rong rai trong céc thiét b
thu dong hodc tich cuc, dac biét rat hiru ich cho
céc thiét ké nho gon (anten vi dai la vi du dién hinh
vé diéu nay). N6 du’oc dung cho viéc loc cac tin
hiéu khong mong mudn, nang cao chit luong hé
thong (vi du trong anten vi dai n6 ¢é tac dung cai
thién suy hao phan xa tai tan s cong hudng, ting
bang thong duong truyén...). Mdi DGS c6 mot dic
tinh ri€ng cua minh, tuy thudc vao hinh dang, kich
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thudc va vi tri ciia n6. N6 dé dang thyc hién bang
cach dat mot mau “di tat” DGS trén mat phéng
dat dé 1am ting hidu qua hoat dong cuia mach
duoc thiét ké ma khong lam mach phirc tap thém.

D3 c6 rat nhidu cong trinh nghién ciu vé
Defected Ground Structure va tich hop né trong
anten vi dai. (Rajeshwar Lal Dua, et al 2012 ), (Z.
Atlasbaf, K. Forooraghi and S.A. Hosseini 2008).
Khi ching ta sur dung anten vi dai dé truyén tin
hiéu, song can truyen di di chuyen vao anten qua
duong cap ngudn va lan rong xuong phia dudi. Sau
d6 no tién sat dén canh cia anten, tai ddy mot phan
nang luong s& phan xa trd lai va phan con lai sé birc
xa ra khong gian tu do. Nang lugng phan xa tré lai
cang 16n, tirc 1a suy hao do phan xa cang cao, dan
dén hiéu suit anten thép. Vi mot sb anten vi dai
khéng két hop DGS s& c6 biang thong thip, suy hao
do phan xa cao va nguoc lai anten vi déi c6 Kkét hop
DGS s€ cho bang thong rong hon va suy hao do
phan xa thip hon.

Mot khudn mau DGS tich hop trén mit phang
dat s& gy anh huong c6 loi dén hiéu suat hoat
dong cua anten nhu giam kich thudc cua anten,
giam su phan cuc chéo, giam suy hao khép ndi
trong mang anten, gitp cho viéc ngan chan céc tin
hiéu khong mong mudn (nhu mot filter), cai thién
suy hao phan xa, ting bang thong truyén dan,...

Bai bao nay sé sir dung mau DGS co ban d6 1a
DGS hinh chit nhat (Rectangular Defected Ground
Structure - RDGS) dé dit 1én miat phang dat ciia
anten vi dai hinh chit nhat thong thuong. (ba mau
R-DGS véi kich ¢, vi tri dat khac nhau trén mat
phang dat). Thuc hién mo phong, so sanh cac thong
s6 hoat dong ctia anten vi dai c6 két hop RDGS voi
anten vi dai ban dau (khong co két hop RDGS).
Viéc thuc hién va Kkét qua mo phong s€ duoc trinh
bay trong phan III.

IIL. Thiét ké va m6 phéng anten vi dai
1. Thiét ké anten vi dai

Ta dit ra bai toan thiét ké nhu sau: Thiét ké
anten vi dai hinh chir nhat bang ddng, cip ngudn
bang dudng truyén vi dai va phdi hop tré khang
dung phuong phap inset feed. Ban kim loai hinh
chit nhat dugc chon vi ciu trac don gian va dé thiét
ké. Anten dit trén tan sb 2.4 — 2.48 (Tan s két ndi
giita cac thiét bi Bluetooth niang luong thip duoc
g dung rong rai theo chuan IEEE 802.11). Anten
duoc dat trén 16p dién mdi véi do day h. Nhitng
thong s6 nay s& dugc thé hién 16 rang qua Béang
3.1 sau:

Bing 3.1 Céc théng so cho trudc dé thiét ké anten

Tan s6 hoat dong 2.4-2.48 GHz
Hang s6 dién moi ciia
16p dién moi (€ ) 2.2 (Neltec NY9220)
bo day 16p dién moi 1.6 mm
(h)
Phuong thirc cap Dung duong truyén
ngudn vi dai
Phéi hop tré khang Inset feed line

Dua vao cac cong thure tinh toan cac thong so

cua anten vi dai nhu sau:
1 |I 2 3D
2frHoto JE,+] 2;’, \.]r,.+1

W=

Hang s6 dién moi hi¢u dung cua anten vi dai

1
e, -2 (3.2)
EJ-E‘JJ - 1|r
Chiéu dai mé rong ciia miéng patch'
(Ererr+0.3)(o+0.264
AL = 0.412h— G " ) 63)
(£rerr—0.258)(5 +0.8)
Chiéu dai hiéu dung L clia patch:
L2y
Lery 2hgeey Y
Chiéu dai thyc L ca patch:
L = Leﬂr — 2 x AL 35

bé tro khang ngd vao cua anten 1a 50 Ohm, thi
di€ém cap tin hi€u cho anten s€ lan sau vao trong
anten mot khodng ¥a voi:

L 1 50
—* Vo = ; oS ( E) (3.6)

Dé phdi hop tro khang véi duong dai dan 500hm
thi dudng vi dai cap tin hi€u cho anten tai vi tri ¥
can c6 bé mat wi voi:

] -'h[ll.l

Z;= =50(0hm) (3.7)

Jerer| it 139340687l '"‘+|++| ||
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Bing 3.2 Cic théng so ciia anten vi dii
thong thuwong hoat dong tai tan sé 2.4 GHz

Cic thong so tinh toan | Két qua : 2 a

Chiéu rong (W) 49.4106 (mm) y ey

Chiéu dai (L) 41.3492 (mm) L ~ = ---_?{_ =
Pién tro dau vao (R"-) 244.7439 (Ohm) Ry -
Diém cap ngudn (y,) 14.5018 (mm) y.

Chiéu rong feedline 4

o) 4.852 (mm) Xy

Hinh 3.3 Mé phéng ciu tric 3 chiéu ciia anten vi dii

Pé viéc thiét ké anten vi dai dugc dé dang,
dung chwong trinh Ansoft HFSS

chung ta st dung chuong trinh tinh toan dugc viét

bang phan mém matlab. Chuong trinh duoc viet e o
twong do6i don gian dya trén cac cong thirc da duogc | | { 1
5 r A A 1 . A 1 | =
dua ra ¢ cac phan trén. Hinh 3.1 dua ra giao dién v | —
B\ A e , A N . A A i nx
va thyc hién tinh toan tham s0 bang giao di€n trén : s
matlab. - i =
B s B = 1 s
CHUCHG THINE T TOSN THONG 5O CHO AN TEN W1 R f
DAl HIBH CHU HHAT :
W bl TR LLUAR |
: E
m
" L] T4 L L
£ (SR F Froq iDr
Hinh 3.4 Dap vwng tan so cviia hé so Return Loss
¥ iaHE [ =i
i EsinTats1}
i o Py 7Pl el
. Ll B
BT
W U Thn T ____ER s
% FNF -
- # B
s o =N L
S T TR viEF
H + 1 U o
. I s . n | 0
Hinh 3.1 Tinh todn thong so anten bang giao di¢n mattab T —
Sau khi tinh toan ta dua ra hinh dang anten vi frfl i
dai nhu Hinh 3.2 . 1. exsbe
=3 HCLEe-Ba3
Rl ] -l
. \.\' = R LR .

Hinh 3.5 Do thi birc xa 3D ciia anten vi dii

L R msfliatisn Pafiasm 1 EEEE D
i — - -
=T | m— i
'e’nI - i |
’ rd s ‘ . p
- I." h ™
| e II
' |" R _.'II
Hinh 3.2 Hinh dang ciia anten vi déi da dwgc thiét ké > o e 4
2. M6 phéng anten vi dai '
Duya vao cac thong so da dugc trinh bay nhu ™ e
bang 3.2, ta tién hanh vé cau tric 3 chiéu cua anten , e
vi dai hinh chit nhat st dung chuong trinh Ansoft ol -

e

Hinh 3.6 Do thi birc xa 2D ciia anten vi dii
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Sau khi m6 phdéng anten vi dai hinh chir nhat
thong thuong véi cac tham sb cho trude sir dung
phan mém mé phong Ansoft HFSS, ta tién hanh
két hgp DGS trén mit phang dat ctia anten, thyuc
hién mé phong dé danh gia anh huong ciia DGS
1én hiéu suat hoat dong ciia anten (danh gia theo

BN

Hinh 3.7 Cdc khuén méu R-DGS diit trong anten

Rirharty Lo

| 4g En bn "n

Pl Aombd il dllad
Pl [ il

| =

i LEneE whdkl o 1 TECLS

két qua theo tham sé Return Loss, DGS dugc tmg
dung trong bai bao nay c6 dang hinh chir nhat
(Rectangular Defected Ground Structure). Chung
ta sé tién hanh dit 3 khuon mau DGS khéac nhau
chay doc theo duong vi dai. Hinh 3.7 md ta cach
dit 3 khuon mau R-DGS trén mit phang dat.

Hinh 3.8 M6 phéng cdc khuén mau DGS ding HFSS

Hadare | Gaa —
 ————

SRR

-
I
L]
1

I umren vi bl oo B RS
Hadur™ Loas e

flli Amdem v il od B THGR0

Hinh 3.9 Dap irng tan so ciia hé so Return Loss vdi cdc anten vi ddi
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Hinh 3.10 Dé thi birc xq 3D ciia cdc anten vi ddi

Radiation Pattern 1 anlenna &
i ]
P i S L o — &
30T e Bt | Lanhsanive

P

"‘\-\._\‘{H
=154 o

A5

Hinh 3.11 Do thi birc xa 2D ciia cdc anten vi dii

IV. Két luin

Qua viéc khao sat anten vi dai hinh chir nhat
thong thudng cung véi 3 anten vi dai khac co két
hop 3 miu DGS trén mit phing dit nhu Hinh 3.7.
Véi két qua suy hao phan xa dd duoc trinh bay
trong Hinh 3.9, ta co:

FrageT dang Frustdeg

— gieTial} 1

Imgnried

FregsT dEHr PhisTdeg

Ba T olali 7
Imaoried

Frog="T. 428" Mhi=Tdeg

— giETolal]_¥

o fled

FieT ST P

____.-"

o
F
_,..--""}1!-&

- Hai anten vi dai két hop voi mau DGS 1 va
mau DGS 2 lai cho két qua suy hao phéan xa tai tan
s6 cong huong 2.4GHz thip hon anten vi dai binh
thuong: |IRL(Anten - DGS1)| = 17dB, |RL(Anten -
DGS2)| =21.5dB, [RL(Anten)| = 22.4dB

- Vi anten vi dai két hop miu DGS3 thi lai
cho két qua suy hao phan xa cao hon: |RL(Anten
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— DGS3)| = 27.4dB so véi [RL(Anten)| = 22.4dB

Qua cac két qua ¢ trén ta théy duoc su cai thién
cua hiéu suat anten khi két hgp mau DGS 3 trén
mat phang dat la kha cao.

Chung ta xét tdi sy blrc xa cla cac anten thong
qua do thi buc xa 2D va 3D dugc thé hién trong
Hinh 3.10 va Hinh 3.11 ta c6 cac nhan xét:

- B0 lgi hudng cuc dai ctia cac anten gén béng
nhau. D9 1gi hudng cuc dai ctia anten vi dai thong
thuong: G, = 7.7401 dB . Trong khi do, d loi
hudng cuc dai cua anten vi dai cé két hop cac mau
R-DGS la: G, = 7.741 dB, G, = 7.76542 dB
vaG_ .. =7.6749 dB

DGS1
- Ta ciing nhén thiy ring do thi birc xa ctia cac
anten gan giong nhau nhu Hinh 3.11

DGS2

b R -

Hren Low
fiol -y T ——— 1
, i L e

4
il |
4

i g —— e ——————————
v [T i i [1°] 1% T ]
e

Hinh 4.2 Return Loss ciia anten vi ddi két hop méiu
DGS4 va anten vi ddi khong két hop DGS

Nhu vay, viéc chén thém cac mau DGS trén
mit phing dat cia anten s& lam anh hudng nhiéu
dén tham sb Return Loss, con cac dd thi birc xa
thi khong bi anh hudng nhiéu.

Tuy nhién, viéc dat nhiing “di tat” DGS d6i khi
cling cho két qua bat 1oi, vi n6 ciing c6 thé gay ra
anh huong dén tré khang tuong duong ciia duong
truyén vi dai, chinh xac hon 12 nang cao try khang
tuong duong ciia duong truyén vi dai, viéc thay
ddi tré khang tuong duong s& anh hudéng dén su
phdi hop tré khang cua dudng truyén vi dai véi
ban kim loai cta anten. Bai bao nay ciing da két
hop mau DGS thir 4 trén mit phang dét ctia anten
vi di hinh chit nhat da thiét ké & Phan 1111

aGatntatal) | ’

. Sl 08 |
l v I |
1. A0 |
:I.L'?Il-ﬂ'_

I
1A 3 i |
-1+l = |

T 0|
-§. e 0 |
BN
EXTTET
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<1, Bite st |
SRR
o1, TN ]|
SEE TR
3.l |

Hinh 4.3 Do thi birc xa 3D ciia anten véi miu DGS 4
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Hinh 4.4 Do thi birc xa 2D ciia cdc anten vi dii

Hinh 4.2 cho ta thiy suy hao phan xa cua anten
vi dai két hop mau DGS 4 (duong mau xanh) chi
con -10dB va dép tng tan s tai diém suy hao
-10dB 1a 2.15GHz. Hinh 4.3 va Hinh 4.4 ciing cho
ta théy su anh hudng cta nd dén dd thi bic xa 2D
va 3D cua anten vi dai. B9 lgi hudng cuc dai ctia
né chi con 6.5002dB va hinh dang cia dd thi burc
xa cling khac véi anten vi dai thong thuong hodc

céc anten vi dai két hop v6i 3 mau DGS nhu Hinh
3.7. Két qua mo phong nay da cho ta thiy sy anh
hudng khong tét cia DGS dén anten vi dai. Vi vay
viéc dat “di tat” trén mat phéng d4t cua anten vi dai
phai duoc tinh toan that ki (ca vé kich thudc 1an
vi tri ddt nd trén mat phiang dit cua anten vi dai).
Chung ta nén khdo sat bang phan mém mé phong
trude khi dua vao mach thuc té.
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