ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 21, NO. 9.1, 2023 1

ANTEN BA BANG SU DUNG CAU TRUC KET HQP DGS-SIW CHO
CAC THIET BI WIFI-6E/ WIFI-7 VA V2X TRONG CAC UNG DUNG IoE

TRIPLE-BAND ANTENNA USING COMBINING DGS-SIW STRUCTURE FOR
WIFI-6E/ WIFI-7 AND V2X TERMINALS IN IoE APPLICATIONS

Dwong Thi Thanh Ti*, Nguyén Vin Hoa
Hoc vién Cong nghé Buu chinh Vién théng, Ha Noi, Viét Nam*

*Téac gia lién hé / Corresponding author: tudtt@ptit.edu.vn
(Nhén bai / Received: 13/6/2023; Sira bai / Revised: 14/9/2023; Chip nhan dang / Accepted: 19/9/2023)

Tém tit - loE (Internet of Everything) 1a xu huéng két ndi moi thir
vao mang internet, diéu nay doi hoi cac chuan céng nghé méi voi
cac yéu cau cao vé do rong bing thong, do linh hoat trong sir dung
bang tan. Trong bai bao nay, mot anten ba bang dugc dé xuét dya
trén c4u tric anten phing nhdm don gian vé ché tao va d& dang tich
hop trong cac mach thu phat. Anten sir dung cdu trac mit phing dét
khuyét DGS (Defected Ground Structure) dé chii dong t6i wu timg
tan s6 cong huong. Két hop véi ciu triic dng din song tich hop trén
chit nén SIW (Substrate Integrated Waveguide), anten dé xuét co
dac tinh ngan chan ro ri birc xa cua dién truong, mang lai sy cai
thién vé hiéu sudt, hé s§ khuéch dai cling nhu d§ cong hudng cuc
dai trén timg bing tdn hoat dong. Cong huong tai ba bing tan
2,4GHz, 5GHz va 5,9 GHz vdi d6 loi cao, bang thong rong, anten
ba bang DGS-SIW c6 thé sir dung cho cac thiét bi dau cudi theo cac
chuén khong déy tién tién nhu 802.11ax, be, bd, ...

Tur khoa - SIW (Substrate Integrated Waveguide); DGS (Defected
Ground Structure); anten ba bang; 802.11.

1. Pit van dé

IoE (Internet of Everything) la thuat ngt dugc Cisco
dwa ra 1an dau tién vao nam 2013 cho giai doan phat trién
cong ngh¢ internet trong mét thap ky 2013-2022 va gio
dang 1a xu thé tat yéu trong ky nguyén s6 hoa hién nay.
Khong chi la cac thiét bi mang, cac by cam bién trong doi
sdng hang ngay (IoT — Internet of Thing) ma ca cac thiét
bi, may moc trong cac nganh cong nghiép (IloT — Industry
IoT) dén cac phuong tién giao théng (IoV- Internet of
Vehicle) déu sir dung mang internet 1am nén tang két néi
giita cac thiét bj dau cubi véi nhau [1]. Trong b01 canh so
lwong phuong tién giao thong gia tang dang ké, van dé tic
duong va tinh hinh giao thong ngay cang trd nén phirc tap,
cong nghé V2X (Vehicle-to-Everything) hudng téi loV,
hoat dong trén bang tan 5,9 GHz v6i kha nang trao déi
thong tin lién quan dén tinh hudng giao thong, tinh trang
duong va luu lugng xe co di va dang tro thanh van dé thu
hut sy quan tam rat 16n [2]. Day 1a mot cong nghé mang lai
tiém nang dé giai quyét cac thach thic giao thong hién dai,
tao ra mot hé thong giao thong thong minh va hidu qua hon,
phuc vu cong d(“)ng. Bén canh d6 sy phat trién khong ngung
ciia mang khong day thé hé méi WLAN (Wireless Local
Area Network) nhu WiFi 6/ 6E/ WiFi 7 cling nhu mang 5G
da mang lai nhitng budce dot pha cho IoT noéi chung ciing
nhu IIoT néi riéng [3]. V6i 3 bang tin 2,4GHz, 5GHz,
6GHz cung bang thong rong, WiFi 6E/ WiFi 7 déng vai tro
quan trong trong cac cong nghé khong day hé trg cho IoT/
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II0T, cung cép toc do dir lidu cao cung kha ning linh hoat
trong viéc sir dung bang thong [4], [5].

Anten vi dai 1a loai anten phang, kich thuéc nho, d& dang
thiét ké, ché tao ciing nhu tich hop trén mach thu phat vo
tuyén, van ludn 1a mot trong cac ing vién day trién vong cho
thiét ké anten trong thiét bi diu cudi, cac bd cam bién [6].
Kha nhiéu thiét k& anten vi dai da bang cho cac hé thong
truyén thong vo tuyén tién tién dugc cong bd trong thoi gian
gan day [7]-[13]. Cac anten nay thuong st dung thém céc ky
thuat, cdu tric tién tién nhu DGS (cau trac mat dat khuyét),
EBG (cau trac dai chan dién tir), cau trac hinh hoc fractal
hay céu triic SIW (6ng dén séng trong chat nén),... dé tao da
béang hay cai thién hiéu nang cua anten. Caixia Feng va cong
su [8] sir dung cau tric két hop CSRR va SIW cho thiét ké
anten hai bang cho tmg dung 2,4/5,2/5,8 GHz WLAN tuy
nhién anten c6 kich thudc kha 16n so véi bang tin hoat dong.
Suresh Akkole va cac cong su [9] két hop hinh hoc fractal
v6i 26 khe DGS hinh chi nhat dé tao ndm bang tan nhung
anten lai c6 d6 loi khong cao va hiéu suét birc xa khé thap.
Hiéu suét birc xa thip ciing 1a nhuge diém cia kha nhiéu
thiét k& anten vi dai nhu Shengnan Zhao va cac cong su [7]
v6i cau triic SIW hinh chit U vién quanh birc xa hay anten vi
dai két hop DGS véi via kép trong thiét ké ciia Ahmad A.
Salih va cac cong su dé xuat [11].

Trong bai béo nay, anten DGS-SIW dé xuét str dung ba
khe DGS hinh chir nhét cho viéc t6i vu héa ba bing tan
cong hudng tai 2,4 / 5/ 5,9 GHz bao pht bang tan cua céac
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cong ngh¢ 802. 1ax, be va bd [4], [5], [14]. Bén canh do,
chu trac SIW gdm hai hang via song song duoc ti wu véi
kich thudc khac nhau gitp cai thién hon 13% d6 loi va
6,3% hiéu suit birc xa, dat hiéu suét burc xa cao nhét 1én
dén 95% tai bang tan 5GHz. Hé s6 khuéch dai cao nhat dat
6,1 dB tai bang tan 5,9/ 6GHz, c6 thé img dung cho cac
thiét bi ddu cudi khong day tién tién WiFi 6E/ WiFi 7 va
V2X trong hé théng IoE.

2. Dé xuit thiét ké anten DGS ba bing
2.1. Thiét ké chi tiét

Anten duoc thiét ké trén chat nén Rogers 4350, ¢6 hing
s0 dién moi &,=3,66 va dﬁ) day hs=1,52 mm nhu chi ra trong
Hinh 1. Kich thuéc chiéu rdng cua mat bl'Ip Xxa clia anten
(Wp) duogc tinh toan cdng hudng tai tan s6 2,4GHz theo
Cong thuc 1 [15]:

c
W, = ———

P2 f\/e, (1)
trong do, wp 1a 46 rong ctia mat patch, c 1a van tdc anh sang,
fla tan s0 cong hudng, & 1a hang so dién moi cua vat lidu.

Sau d6, chidu dai L, ctia miéng birc xa tiép tuc dwoc xac
dinh theo Cong thuc 2 [6]:
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l,=—————24L 2
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trong d6, po Va g 1a d6 tir tham va hang s6 dién mai trong
chan khong. AL 1a chiéu dai mé rong.

Ba khe DGS hinh chfr’ nhat vdi thong scf) cu t‘hé duoc thé
hién trén Bang 1, dugc téj uu dua trén phan mém da duoc
thuong mai hoéa CST, nham tao ra hai tan so6 cdng hudng
con lai.
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Hinh 1. Ban vé chi tiét anten DGS dé xudt
2.2. Téi wu héa kich thuwdce anten

Nhu chi ra trong Hinh 1, cdu tric DGS trong anten dé
xudt gdm c6 3 khe hinh chi nhat véi 2 théng s6 kich thude
nhiam tao thém hai bang tan cao 5GHz va 5,9/6GHz cho
anten ba bang. Bén canh do, mét cap khe hep c6 kich thude
(Is,ws) duoc sir dung nham diéu chinh tin s6 cong hudng
cling nhu d6 cong hudng cuc dai trén ca ba bang tin. Cac
tham s6 kich thude cua cdu trac DGS duoc ti wu st dung
phan mém moé phong da dugc thuong mai hoéa CST. Két
qua t8i wu dugc chi ra trong Hinh 2. Co thé thay, khi c6
thém cap khe hep DGS, tan sO cong huong tai bang thap
giam dan con bang gitra va bang cao dich sang hai bén vé
dung tan s6 yéu cau thiét ké. Pong thoi, gia tri cua tham 50
S11 tai tin s6 cong hudng ciing dugc giam xudng déng ké
tai hai bang nay.

Bén canh do, kich thudc Is va ws cua cap khe hep nay
¢6 anh hudng kha gidng nhau trén cac bang tan. Tir Hinh
2(b) va 2(c) ta c6 thé thay, ddi voi bang thap va bang giia,
khi tang dan gia tri chiéu rong va chiu dai cua cip khe hep
DGS, d¢ cong hudng bi dich sang trai. B cong hudng cang
sau khi d¢ rong cta cap khe DGS cang hep lai.
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(¢) Chiéu réng cdp khe hep DGS (ws)
Hinh 2. Anh hirong ciia cdp khe hep DGS lén anten

2.3. Két qud va phn tich

Sau khi thue hién t8i wu hoa bang phin mém CST trén
chat nén Rogers 4350, 46 day 1,52mm, kich thuéc tong cia
anten dat duoc la 53mm x 48mm. Kich thudce chi tiét cua
cau trac anten DGS d¢ xuat sau khi toi wu duwogc thé hién
trong Bang 1.

Bing 1. cdc kich thiée ciia anten dé xudt

Tham

Sé |g Wg |p Wp It Wi Is | ws |gf Wof |gp
Gidtri| o1 531178124 1107(3:3545 | 0,6 |6,8] 7.2 1.7
(mm)

Tham s6 S11 cua anten DGS duoc thé hién trén Hinh 3.
C6 thé thdy 13, anten vi dai DGS c6 thé hoat dong tai ba
bang tan duoc khuyén nghi cho WiFi 6E/ WiFI 7 theo chuin
802.11ax va be: 2,4/ 5/ 6 GHz véi bang thong tuong ung la
182 MHz, 296 MHz, 238 MHz. P siu ciia tham s6 S11 lan
lugt 14 -17 dB, -27 dB, -19 dB. Anten DGS ciing c6 thé hoat
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dong tai bang 5,9GHz theo khuyén nghi 802.11bd cho tmg
dung V2X/ IoV v6i bang thong 238MHz.
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Hinh 3. Tham s6 S11 trén anten DGS ba bing
Hinh 4 m6 ta blirc xa 2D cua anten tai cac tan sb cong
huéng. Co thé thiy, anten dat hé sé khuéch dai kha tét. Tai
tan s6 2,4GHz, cho du birc dang huéng nhung hé s6 khuéch
dai van 1én dén 4,1dB. Két qua twong tu cho bang tan 5GHz
khi c6 birc xa song hudng, do loi ciia anten van dat t6i 4,98
dB. Tai bang tan 5,9GHz, véi buc xa c6 dinh hudng, anten
thu dugc hé s6 khuéch dai 5,37 dB. Bén canh d6 anten cling
thu dugc hiéu suit birc xa kha tot. dat 94,8% tai bang tan
5GHz va tuong ddi 6n, dat 89% va 75,7% twong ung tai tan
s6 2,43 GHz va 5,95 GHz.

Farfield Gain Abs (Theta=180)

Tén s6 = 2.4 GHz
7/ V2 Cuong dé thuy chinh =4.1 dBi
5 A / 4 L2 N z =9 ~
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180
Phi/ d6 vs.dBi1

(a) Tai 2,43GHz
Farfield Gain Abs (Theta=140)
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Do rong goc (3dB) =97

Phi/ d6 vs.dBi

(b) Tai 5GHz
Farfield Gan Abs (Theta=150)
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(c) Tai 5.9GHz
Hinh 4. Bé thi birc xa 2D ciia anten DGS ba bing

Hinh 5 biéu dién phan bd mat d6 dong trén anten DGS
tai ba tan s6 cong huong. Quan sat thay, tai bang thip, phan
bd dong dién chu yéu tép trung tai canh trén khe DGS hinh
chir nhét 16n véi kich thudc bang dung kich thude cua
chiéu rong tim birc xa (wp). Diéu nay cé nghia, thong sb
chiéu rong tim birc xa (wp), nhu tinh toan 1y thuyét ban
dau, c6 anh huong 16n nhét 1én tin s cong hudng ciia bing
thap nhat. D6i voi bang gitra, dong dién phan bd c6 diém
kha khéc bi¢t. Trong trudng hgp nay, dong dién tap trung
chu yéu tai hai canh ctia miéng birc xa va thir yéu trén khe
DGS hinh chir nhat. Day ciing chinh 1a nguyén nhén tao
thém bang tan thir hai voi tan s6 cong huong l6n hon. Tai
tan s6 cong huong 5,9GHz, phan b6 dong dién tap trung
chu yéu tai canh dudi cta ciu tric DGS hinh chit nhat nho
nhu phén tich thiét ké ban dau. Chinh vi thé, viéc t6i uu tan
sO cong huong ciia biang cao s& dugc thyc hién thong qua
kich thudc cia ciu trac DGS hinh chir nhat nhé. Nhu vay,
v6i chu tric DGS dé xut, thiét ké anten vi dai ¢ thé diéu
chinh tan s6 cong hudéng mong mudn clia timg bang tan cho
anten ba bang.

(a) Tai 2,4GHz
Hinh 5. Phdn bé mdt do dong trén anten DGS

(b) Tai SGHz (c) Tai 5,9GH:z

3. Sir dung ciu triicc SIW cho cai thi¢n hiéu ning anten
3.1. Thiét ké anten DGS-SIW

Céu triic SIW 1a cdu tric 6ng dan song trong chat nén
nhung véi vi tri va cach thuce thiét ké hop 1y, cau trac SIW
cling c6 thé giup ngan chan sy ro ri birc xa [7], [16]. Loi
dung dac tinh nay, anten DGS-SIW trong nghién ctru cua
chung toi st dung hai hang via song song voi kich thudce
khéc nhau nhu dugc minh hoa trong Hinh 6 va Bang 2.
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Bing 2. Théng so thiét ké SIW trén anten ba bing
Thamsé | Ipvl | Ipv2 | wpv | d | s | kd | kt
Gidtri | 186 | 88 | 08 |06 | 1 |11 4
(mm)

Chu tric nay c6 vai tro tach biét phan dién truong gitra
hai canh cua ciu trac DGS hinh chir nhat 16n, tranh anh
huong tuong hd giita cic phan birc xa gan nhau. Trong thiét
Kké nay, dé dat duoc gia tri kha vu viét v& hiéu suét buc xa va
d9 1o, tham sb s/d duoc Iwa chon dé tinh toan ban dau trong
khoang tir 2 dén 2,5 [17]. Sau d6 t6i wu héa tiép bang phan
mém CST, gia tri thu dugc s =Imm, d = 0,6mm, s/d=1,67.
3.2. Két qud va phan tich

Hinh 7 biéu dién phan bd truong dién tir trén anten c6
va khong c6 cau trac SIW. C6 thé thay, khi khong c6 SIW,
dién truong & vién trén va dudi cia cau trac DGS hinh chit
nhat 16n bi két hop lai véi nhau (Hinh 8(a)) gdy suy giam
mot s6 thong sb hiéu niang cua anten. Hai hang via c6 kich
thudc khac nhau trong cau trac SIW d& xuat da tach biét
phén dién truong cua canh trén va canh dudi nhu thé hién
trong Hinh 8(b). Diéu nay da cai thién hé s6 khuéch dai ciia
anten ciing nhu hiéu suat nhu dugc chi ra trong Bang 3.

(a) Khong c6 SIW (b) C6 SIW

Hinh 7. Phdn bé truong dién tir trén anten ba bang

Tham sb S11 trén anten DGS-SIW dugc thé hién trén
Hinh 8. C6 thé thdy, cau trac SIW d& xuét gan nhu khong
lam anh huong dén bang tan hoat dong ciing nhu bing
thong ciia anten. Tuy nhién, cau triic nay lai cai thién dang
ké suy hao do tan xa ngugc. Tai tan sd cong huong 2,4GHz,
tham s6 S11 giam nhe 1,5dB tir -17dB xubng -18,5dB.
Giam gan 9dB tai tin s6 cong huong 5GHz, tir -27dB
xuéng -35,9dB va giam manh, 1én dén 15,5dB tai tan s
cong huong 5,9GHz, tir -19dB xudng -34,5dB.
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Hinh 8. Tham s6 S11 trén anten DGS-SIW ba bing

Két qua tuong ty ciing nhan dugc trén birc xa 2D. Ciu triic
SIW khong nhimg khéng 1am anh huéng dén bang tin hoat
dong va bing thong ma con khong 1am méo d thi birc xa.
Nhur thé hién trén Hinh 9, birc xa 2D cua anten van giit nguyén
hinh déng v6 huéng tai bing tan 2,4GHz, song hudng tai biang
tan 5GHz va c6 dinh huéng tai bang tan 5, 9GHz nhung lai cai
thién c6 y nghia d¢ loi cua anten trén ca ba bang.

Phi/ Dcﬂl'&l: vs. dBi
(@) Tai 2,4GHz
Hinh 9. B4 thi birc xa 2D ciia anten ba bing

(b) Tai 5GHz (c) Tai 5,9GH:z

Bing 3. So sanh théng sé ciia anten khi c6 va khéng cd SIW

L s Db lgi (dB) Hiéu suit (%)
Tan s0 17 ong Cii | Khong Cii
(GH2) sw | SW thién | SIW Siw thién

2,43 41 42 | 01 89 90 1

5 4,89 5 | 011 | 948 95 | 02

5,9 537 | 61 | 073 | 757 82 | 63

Nhur thé hién trong Bang 3 va Hinh 10, hiéu suit birc xa
cta anten ciling duoc cai thién mdt cach c6 y nghia. Hi¢u sut
burc xa tong ctia anten trén ca ba bang tin déu trén 82%. Dic
biét, hidu suat birc xa dat t6i 95% tai bang tan SGHz.

100%

95%

90%

85%

Hiéu suat birc xa

- 4 khong_SIW i ] i i T 4
—— i o1 b 1

2 25 3 35 4 45 5 5.5 6 6.5

Tan sé (GHz)

80%

75%

Hinh 10. Hiéu sudt birc xq ciia anten ba bing

Bdng 4. So sanh anten DGS ba bang dé xudt voi
mot so anten bang 2,4GHz gan day

S6 | Tan |, ) . D) | Bing | Hiéu
Ref |bing| sb Klzrl:"trl:;)mc Coﬂg lgi | théng | suat
thn |(GH2) "EhE 1 dB) | (MHZ) | (%)
DGS/
[71 | 1 | 244 |88x80x3|SIW/da| 24 | 320 | 48
l6p
6 | 2 24 |816x552| CSRR/ | 7 384 82
52/58| x0504 | SIW |77 | 1000 | 82
2,4 159 71
O | 3 [38 | 7Y | pes [134] 89 |48a%
4,6 ' 1,32 80
3,76 2,18 | 1000 | 96
[10] | 2 [=o—134x20x 1] DGS Do o o
243 | 20x188 -17] 40 | 30
1] | 2 © | DGS
[11] 52 | x0762 24| 120 | 81
[12] ) 2,45 56 X 57 EBG/ |3,37| 113 | 37,15
585 | x14 DGS |647| 947 |77,13
2,4 221| 740 | 78
[13] 5 60 x 60 Slot/
5 x 1,6 DGS | - | 2920 | -
B 24 | 42| 185 | 90
€ X
xuic| 3 L5 15 5 | 335 | 95
59 61| 261 | 82
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Bang 4 chi ra két qua so sanh giira anten DGS/SIW dé
Xuét véi cac cong bd gan day khi cling bing tan hoat dong
thip nhét 1 bang 2,4GHz. C6 thé thay, & cling mot bang
tan thip nhét, anten DGS/SIW c6 kich thudc tuong ddi nho
s0 v6i mot sd cong bd gan day nhung lai thu dugc hé sb
khuéch dai 16m va hiéu suét buc xa cao trén ca ba bang tan.
Bén canh d6, bang thong thu duge trén mdi bang tan cua
anten du rong dé dap tmg yéu cau ctia cong nghé bang rong
tién tién WIFI 6E/ WiFi7/ X2X trong IoE nhung khong qua
rong dé gy nhidu sang bang tan dudi 6GHz trén thiét b
cling nhu cac thiét bi khéc.

4. Két ludn

Trong bai bdo nay, nhém nghién ctru di dé xuit mot
anten vi dai DGS/SIW ba bang trén chat nén Rogers 4350.
Nho st dung bo ciu trac DGS hinh chit nhat, anten dé xuét
dugc toi uu theo dung 3 tan sd cong huong mong mudn.
Bén canh d6, cau trac SIW bao gdm hai duong song song
khong déu nhau cta anten da ngan chin dong biic xa trén
bé mit vat liéu, cai thién mot cach co y nghia cac tham )
hi€u nang co ban ctua anten nhu suy hao do tan xa ngugc,
dd 1o, hiéu suét birc xa ma khong 1am anh hudng dén tan
tan sé cong huong ciing nhu dic tinh birc xa cua anten. Vi
d6 1o 1an luot 1a 4,2dB, 5dB, 6,1dB; hiéu suét bic xa 90%
95%, 82%, va bang thong 185 MHz, 335 MHz, 261 MHz
tuong (mg vdi ba bang tin 2,4 GHz, 5GHz, 5,9 GHz, anten
dé xuét co thé duoc ung dung trong cac thiét bi dau cudi,
cac bd cam bién, ... trong thiét bi thu phat tién tién theo
chuan IEEE 802.11ax, be va bd.
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