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Tém tit— 110T (Industrial Internet of Things) la mot
budéc phat trién tiép theo cua loT (van vat két ndi Internet)
trong ky nguyén cong nghiép 4.0 nham mang dén budéc tién
méi trong quan 1y, trao di dir liéu linh hoat va ty dong cua
cac linh vyc cong nghiép. Dé lam duoc diéu nay, anten da
bing cho da cong nghé truyén théng trong 1oT/10T la mot
phan tt yéu va la huéng di nhan duoc kha nhiéu sy quan
tam, nghién ciu trong thoi gian gan day. Trong bai bao
nay, ching t6i & xuat mot anten phang dua trén vat liéu
FR4, d& dang ché tao va tich hop trong cac mach dién tir
cua cac thiét bi loT/I10T. Anten sir dung cAu trac vong cong
huéng tir CSRR (Complementary Split Ring Resonator) dé
tao nén dic tinh da bang véi 5 bang tan hoat dong, cong
huong tai cac tan sé: 2.45GHz, 3.598GHz, 5.446GHz,
5.761GHz va 6.33GHz. Pay déu la cac bang tan duogc sir
dung kha rong rai cho truyén théng 10T/ 1loT. Két qua cua
dé xuat dugc chirng minh trén mé hinh mach cong huong
LC ciing nhu phan mém mé phong da dugc thuong mai
hoa CST.

Tir khoa—TI1oT/ 11oT, anten da bang, CSRR.

l. GIOITHIEU

Sy phat trién cua cac cong nghé truyén thdng tién tién
nhu hé théng mang noi hat khéng day theo chuéan 802.11
WiFi 5 (Wireless Fidelity), WiFi 6, truyén thong di dong
thé hé tha 4, 5 (4G LTE - Long Term Evolution), 5G
(Generation), ...da lam da dang hon cic phuong thic
truyén tai dir liéu khac trong ky nguyén van vat két néi
Internet 10T/I10T (Internet of Things/ Industrial Internet of
Things) , lam tang thém d¢ linh hoat ciing nhu da dang loai
hinh dich vu cho thu thap, phén tich va truyén tai cac loai
dir liéu khac nhau trong IoT/IIoT [1]. Anten da bang 1a mot
phan tir kha quan trong trong hé thong thu phat 1oT/I1oT.
Chang khong chi lam giam kich thudc téng thé cia cac
phan tir anten trong thiét bi ma con mang dén do tich hop
va tng dung cao, phi hop véi sy da dang vé chuén truyén
thong trong loT/ 10T [2].

Truyén théng trong 110T, ngoai cac chuan truyén thong
cong nghiép nhu Wireless HART, ISA.100.11a, mot b
bang tan khac trong truyén thong tién tién hién nay ciing
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duoc khuyén nghi st dung cho 10T noi chung va IToT nhu
bing tin 2.4GHz, 3.5GHz, 5GHz, ... [1], [3].

Cau trac vong cong huong tir CSRR (Complementary
Split Ring Resonator) 1a mét loai hinh cau trac siéu vat liéu,
hién dugc wng dung rong réi trong nhiéu linh vuc nhu tao
siéu thau kinh, thiét ké bo loc siéu cao tan, dac biét trong
thiét ké anten tién tién nham cai thién cac tham sd hiéu
nang [4]-[9]. Jogesh Chandra Dash va Debdeep Sarkar [4]
da st dung ciu trac CSRR don, dit tai goc ¥4 cia anten da
dau vao da dau ra (Multiple Input Multiple Output) MIMO
2x2 nham tbi thiéu héa kich thugc anten va tao cong huong
hai bang 3.4GHz va 3.9GHz. Arshad Karimbu Vallappil va
cac cong su [5] sir dung cau tric CSRR kép, dit tai day cua
mit bac xa hinh tam giac nham mé rong bang théng cho
anten don bang cong huong tai tan sb 3.5GHz. Cung la
anten MIMO nhung Mandeep Singh, Simranjit Singh,
Mohammad Tariqullslam [6] sir dung céu tric CSRR dé
cai thién hé sb tang ich va tang d¢ dinh hudng trong khi
Pankaj Kumar Keshri, Sanjay Kumar Sahu va Richa
Chandel [8] t6i thiéu hoa kich thudc va nang cao do cach
ly. Trén thiét ké anten don, Abdelmalek Reddaf va cac
cong su [7] dang mot phan tir CSRR trén mat phang dat dé
tao anten hai bang con Mekala Ananda Reddy, Albert Ruth
Jency, Sharma Shabdita, and Ramasamy Pandeeswari [9]
t6i thiéu hoa kich thudc cho don bang tan 3.5GHz.

Trong bai bao nay, nhém tac gia dé xuét giai phap su
dung cau triic ba phan tir CSRR trén anten don, c6 mit birc
xa truyén thdng hinh chir nhat. Cu tric CSRR dugc khoét
trén mat phiang dit, ngay dudi bé mat birc xa nham tdi thiéu
héa kich thugc anten dong thoi tao nam tan sé cong huong
V6i cac bang tan phé dung cho truyén thong IoT/IIoT nhu
2.4GHz, 3.5GHz, 5.4GHz, 5.7GHz va 6.3GHz.

Noi dung tiép theo cua bai bao bao gém ciu tric anten
va ciu trac CSRR véi cac tan sb cong huong duoc xac dinh
theo mé hinh mach cong huong LC dugc trinh bay trong
phan 11. Phan 111 la cac két qua cua anten CSRR 5 bing
dugc thyc hién trén phan mém mé phong truong dién tir da
dugc thuwong mai hoa CST.

II. CAUTRUC ANTEN BPE XUAT

Trong phan nay, cAu trac anten 5 bang CSRR duoc dé
xuit. Pau tién, tong kich thudc cua mat bic xa dugc tinh
toan dua trén tan s6 cong huong mong mudn. O day, nhom
tac gia lya chon bang tan 3,5GHz. Pay la bang tan pho
dung cho truyén théng 5G bang tan dugi 6 GHz, dong thoi
ciing la mot trong cac bang tan cia cdng nghé truyén théng
khong day Wimax-2 hay 4G-LTE. Theo [10] ta co:
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Trong d6, ¢ la téc d¢ anh sang, f; 1a tan s6 cong huong
gdc, dugc lya chon dé xac dinh kich thudc Ly va W, cua
anten, & la hang sé dién moi, h la chiéu day cua vat liéu.

Anten d& xuét st dung vat li¢u FR4 véi hf“ang sb dién
mdi &=4,3; d6 ton hao 6=0,02 va chiéu day h=1,6mm.
Anten sir dung phuong phép tiép dién bang duong truyén
vi dai véi cac kich thudc dugc tinh toan theo 1y thuyét
duong truyén vi dai trong truong hop tro khang dudng
truyén dugc chon 1a 50 Q [10]:
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Trong do, & la hé“mg $6 dién moi hiéu dung, W 1a chiéu
rong cua dudng tiép dién vi dai.

CAu trac cua anten birc xa hinh chix nhat ban dau véi mo
hinh mach twong dwong ciia né dwoc thé hién trong hinh 1
[11].
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Hinh 1. Ban vé (a) Mat truéc anten vi ddi (b) M& hinh mach
tuwong dwong

Tir md hinh mach tuong duong, ta c6 thé xac dinh duoc
tan s6 cong huong cua anten nhu sau:
/L +L :

"= o [L;IC ©)

Trong do, Ly la dién cam sinh ra boi duong tiép dién, L
la dién cam duoc sinh ra boi mat bac xa va C la dién dung
duoc sinh ra boi hai bé mat ddng cua mit bic xa va mat
phing dat.

Sau d6, phan tir CSRR hinh chit nhat duoc thiét ké voi
kich thuéc dugc xac dinh dua trén tan sé cong hudng
2,4GHz ma khéng lam thay dbi kich thuéc téng thé cua
anten ban dau. Didu nay c6 nghia, véi viéc sir dung thém
ciu tric CSRR don, anten c6 thé giam nho kich thude di
31,5% ddng thoi tao anten bang tan kép. Ban vé& cau trac
phan tir CSRR va m6 hinh mach tuong duong ciia né dwoc
thé hién trén hinh 2 [11].
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Hinh 2. Ban vé (a) Phan tir CSRR (b) M6 hinh mach tiong

duong

Tan sé cong huong cua phan tir CSRR duoc xac dinh

gan dang boi cong thic sau:
1
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Trong d6 Ly va Cy la dién cam va dién dung duoc sinh
ra boi cau trac CSRR don [12], [13].

Ba phan tr CSRR duoc dat khong tuan hoan trén mat
phing dt chi ra nhu trén hinh 3. Vi cach sip xép nay,
cau trac CSRR 3 phan tir két hop tao ra thém tan s6 cong
huong mai véi mé hinh mach twong dwong dugc chi ra
trong hinh 4 va tan sé cong hudéng dugc xac dinh gan dung
theo cong thuc:
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Hinh 3. Ban vé (a) Cau tric sap xép 3 phan tiz CSRR (b) Mat
sau anten
Lg 12 Lg 12

Hinh 4. M6 hinh mach tirong dwong ciia cdu triic CSRR 3 phan
tir
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Hai tan s6 con lai ciia anten duoc xc dinh boi mach két  dinh boi chinh ciu triic mot phan tir CSRR. Dong dién
hop giita anten va cau trac 3 phan tir CSRR. Dya trén md  trong truong hop nay di tir dudng cap dién vi dai dén phéan
hinh mach twong duong, c6 thé xac dinh gan dung tan s6  bd chu yéu trén khe ché ctia cau tric CSRR don trong khi

cong hudng cia anten nhu sau: tai tan sd cc}pg hudéng 5,6GHz, Ipat qf(f) dong dién tap trung
trén ca 3 phan tir CSRR con tai tan s6 cong huong 3,5GHz,

dong lan déu trén toan mat patch buc xa. Bdi véi hai tan sb

P Ui Vb? — 4ac (8  conghuong 5,761GHz va 6,329GHz, mét do dong phan b

2n 2a kha giong nhau, phan b6 trén ca patch buc xa va cau trac

CSRR véi ty lé sai khac nhau.
_ 1 b—Vb2—4aC (9) v
fs = 21 2a

v0i a, b va ¢ dugc xac dinh boi:
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Hinh 6. Phan bé mdt d@é dong trén anten CSRR 5 bang (a)
Céc kich thudc cu thé cua anten sau toi wu trén phan  f=2.45GHz, (b) f=3.598GHz, (c) f=5.446GHz, (d) f=5.761GHz,

mém mé hong CST duoc thé hién trong bang 1. (e) f=6.3329GHz
BANG 1. CAC THONG SO THIET KE CUA ANTEN CSRR PE Blic xa 2D cua anten tai nam tan so cong huong
XUAT 2,45GHz, 3,598GHz, 5,446GHz, 5,761GHz va 6,3329
] GHz dugc thé hién trén hinh 7. C6 thé théy, anten c6 dang
Thong sb Wp Lp Ws Ls g blic xa gan song hudng véi do dinh huéng kha tét, dat:
Gia tri (mm) 24 18 7 7 05 3,62dBi; 4,28dBi; 5,2dBi; 4,06 va 4,689dBi twong ng Vai

c4c tan sb cong huong. Birc xa nay co thé gitp cho cac thiét
bi cam bién trong hé théng 10T/ 110T c6 thé thu phat song
. DANH GIA KET QUA huéng tai 5 tan sb khac biét nhau, nang cao kha nang tuong
thich va linh hoat dap tng vai cac bang tan khac nhau trong
cac chuén truyén thong khac nhau cho 10T/ I10T.

Farfield Directivity Abs (Phi=90)

bac tinh da'béng cua anten duoc thé hién rd nét nhét trén
d0 thi tham so6 tan xa S11 nhu chi ra trong hinh 5. C6 thé
thay rd anten cong hudng tai 5 tan so: 2.45GHz, 3,598GHz;

farfield (f=2.45)

5,446GHz; 5,761GHz va 6,3329GHz v¢i bang thong tai - 2 0 20
10dB tuong tmg la SOMHz, 210MHz, 70MHz, 72MHz va M=% “lA— 07 Ph=ar
95MHz. 60 : \ 60

S-Parameters [Magnitude in dB]
; ; ; ; —s1,1
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i N 5 b
-20 > pﬂ b vp
o (245, -20.628) |- I | i Do B
31 (3.5982, -20.003 )| ... e — L Fre.quency =245
(5.446, -32.207 ) i Main lobe magnitude =  3.62 dBi
S, (5.761, -17.324) 3 4 5 5 7 Main lobe direction = 11.0 deg.
(63329, 27678 ) Frequency / GHz Angular width (3 dB) = 92.1 deg.
Theta / Degree vs. dBi Side lobe level = -2.1 dB
Hinh 5. D6 fthij tham s6 tan xa S11 ciia anten CSRR dé xudt (@

. . ; N Farfield Directivity Abs (Phi=90)
Cac bang tan cua anten CSRR dé xuat c6 thé bao phu

bao phu bang tan truyén thdng cho cac thiét bi cam bién
trong mang 10T/ 110T v&i cac cdng nghé truyén thong phd
dung nhu bang tin 2,4GHz cho WIFi, Z-wave, Zigbee,
Bluetoth, ...; bang tin 3,5GHz cho 4G/ 5G, Wimax; bing
tan 5,6GHz, 5,7GHz cho WiFi, WLAN; bang tan 6,3GHz
cho vé tinh bang tan C. Anten dat kich thugc tong thé
30x31x1,6mm?® voi kich thuéc mit birc xa 24x18mm?,
bang 38,1% kich thudc anten ly thuyét. Hay néi cach khac,
Véi viéc sir dung ciu trac CSRR ba phan tir, kich thugc
phan tir buc xa cia anten dé xuat da dugc giam di 61,9%.

0 farfield (f=3.598)

~

e ‘ Tod
T St

Phi= 90 Phi=270

60

Frequency = 3.598
Main lobe magnitude =  4.28 dBi
Main lobe direction = 4.0 deg.

Dic tinh da bang cua anten ciing ¢6 thé chimg minh dua Anguler vidth (3 dB) = 5.6 deg.
trén phan bo dong di¢n mat trén anten nhu chi ra trong hinh Theta / Degree vs. dBi Side lobe level = -3.3 dB
6. Co6 the thay, tai tan so cong huong 2,45GHz duogc xac (b)
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Farfield Directivity Abs (Phi=90)

farfield (f=5.446) |

Phi= 90 30 30 Phi=270

120
Frequency = 5.446
Main lobe magnitude =  5.22 dBi
Main lobe direction = 132.0 deg.
Angular width (3 dB) = 64.4 deg.
Side lobe level = 2.4 dB

Theta / Degree vs. dBi

©

Farfield Directivity Abs (Phi=90)

farfield (f=5.761)
Phi=270

Frequency = 5.761
Main lobe magnitude =  4.06 dBi
180 Main lobe direction = 159.0 deg.
Angular width (3 dB) = 98.0 deg.
Theta / Degree vs. dBi Side lobe level = -0.8 dB
(d)

Farfield Directivity Abs (Phi=90)

farfield (f=6.3329)
30 Phi=270

0
Phi= 90 30

90

120 ) A 120
Frequency = 6.3329
Main lobe magnitude =  1.86 dBi
180 Main lobe direction = 164.0 deg.
Angular width (3 dB) = 64.8 deg.

Theta / Degree vs. dBi Side lobe level = -0.7 dB

(®
Hinh 7. Birc xa 2D ciia anten CSRR 5 bang (a) f=2.45GHz, (b)
f=3.598GHz, (c) f=5.446GHz, (d) f=5.761GHz, ()
f=6.3329GHz

IV. KET LUAN

Véi viéc sir dung cau triic 3 phan tir CSRR sap xép
khéng tuan hoan trén mat phing dat, anten da bang dé xuat
khéng nhiing tdi thiéu hoa duoc 61,9% kich thudc bic xa
ma con c6 thé hoat dong duge 5 bang tan khac nhau. Cac
bang tan dugc tinh toan so bo theo Iy thuyét mach cong
huéng LC két hop véi t6i wu bang phan mém mé phong
truong dién tir da duge thuong mai hoa CST dé dat duoc
tan s6 cong huong mong mudn, déu la nhitng bang tan chi
dao cua truyén théng 10T/ 1loT. Bén canh d6, anten dugc
thiét ké dua trén vat lidu ré tién FR4, vai ciu trac phéng,
dé dang ché tao bang cong nghé mach in, co thé linh hoat
trong viéc tich hop véi mach thu phat siéu cao tan trong
cac thiét bi cam bién 10T/ l1oT.
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DESIGNING A PENTA-BAND ANTENNA USING
CSRR STRUCTURE FOR 10T/ HIOT

Abstract: 10T (Industrial Internet of Things) is a
development step of 10T (Internet of Things) in the
industry 4.0 era. It brings an improvement in management,
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flexible and automatic data exchange in manufactures,
factories, and other ndustrial fields. To do this, multi-band
antennas for multi-communication technologies in 10T/
IloT wireless systems are significant parts that get a lot of
attentions from researchers. In this paper, a penta-band
antenna is proposed for 10T/ 10T applications. The antenna
uses CSRR (Complementary Split Ring Resonator) to
achieve compact size and five resonant frequencies. They
are 2.45GHz, 3.598GHz, 5.446GHz, 5.761GHz, and
6.33GHz operating bands which are well-known bands for
10T/ loT communication. All resonant frequencies are
calculated draft based on LC equivalent circuits and
optimized by CST simulation.
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