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Tom tat:

Bai bdo trinh bay mdt thiét ké anten luBng cuc cb thé diéu chinh tn s6 vdi hé s tang ich cao. Bang
cach thém phan tr phan xa, anten cd kich thudc nhd gon (95,5%50,3%0,8 mm?) nhung c6 dd dinh
hudng cao, hé s6 khuéch dai cla anten dat 1&n t6i 5,35 dBi & tin s6 1,8 GHz. Anten cé thé dugc
diéu chinh ty dong gilra hai bang tan cong tac xung quanh tan s6 1,8 GHz va 2,1 GHz nhd vao
chuyén mach diét PIN dudc tich hgp vao phan tr blrc xa. Anten dugc thiét ké trén nén dé dién mdi
RO 5880 va md phong bang phan mém CST. Qua trinh thiét k&€ anten dugc trinh bay day du trong
bai bao.

T khoa:
Anten dipole, anten IuGng cuc, anten tai cau hinh.
Abstract:

The paper presents a design of tuned frequency dipole antenna with high gain. By adding a
reflective element, the antenna has a small size of 95.5 x 50.3 x 0.8 mm?, but it has high gain. The
antenna gain achieves 5.35 dBi at frequency of 1.8 GHz. It can be automatically adjusted to operate
at two operating bands of 1.8 GHz and 2.1 GHz thanks to two diodes integrated into the radiation
element. The antenna is designed on RO 5880 substrate and simulated by CST software. The
antenna design steps are detail presented in the paper.
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1. MO’ AU

Trong mot sé Gng dung can quét dé do
tim séng dién tir hoac phat séng céng suat
I6n cho khoang cach xa trong mot hudng
hep & mot vai dai tan nhat dinh, anten cho
c4c thiét bi thu phét song trong cac ung
dung nhu vay can phai c6 hé s ting ich
cao, bup séng hep va kich thudc nho gon.
Trong d6, anten mang ¢ hé sé ting ich

cao, tuy nhién sir dung anten mang s€ lam
tang kich thudce, gia thanh va d¢ phuc tap
cua thiét bi [1-3]. Anten don cho kich
thude nho gon, don gian hon nhung vén
dé cai thién hé sé tang ich van la mot
thach thiac cho cac nha thiét ké anten.
Ngoai ra, dé hoat dong ¢ vai dai tan khac
nhau, can phai tich hop nhiéu anten don
bang cung mdt luc hoac sir dung anten
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bing rong, anten da bing trong mot thiét
bi. Viéc str dung nhiéu anten don bing s&
lam tang gia thanh va kich thudc cua thiét
bi, con néu st dung anten da bang hay
bang rong s& lam céu tric bo loc tré nén
phac tap [4]. Bén canh do, bang thong
anten cang rong s& cang lam giam hé sb
tang ich cua anten. Vi thé, mot anten don
bang hep c6 thé diéu chinh ty dong bang
tan hoat dong, c6 kich thuéc nhé gon va
hé s6 tang ich cao 1a mot giai phap téi uu
dé c6 thé giai quyét ddng thoi cac yéu cau
trén. Anten c6 thé diéu chinh bang tan ty
dong goi 1a anten tai ciu hinh theo tan sb.
Pé mot anten cé thé dam bao nhiéu tiéu
chi cung mét 1dc ludn 1a mot thach thac
cho céc nha thiét ké anten va van dang
can tiép tuc dugc nghién ctu.

C6 mét s6 loai anten phii hop cho yéu cau
bang hep, hé sé tang ich cao, trong do,
anten ludng cyc vi dai 1a mot trong nhiing
giai phap téi vu do dic diém d& ché tao,
dé tiép dién, dé tich hop vao cac mach
trong hé théng. Bén canh d6, @6 thi buc
Xa cua anten ciing dé dang diéu chinh theo
mong mudn cua ting tng dung.

Anten tai cau hinh c6 thé dugc phat trién
dia trén cac anten co bang tan cb dinh
truyén théng khéc nhau, phu thudc vao
ting yéu cau cy thé. Céac thong sé cua
anten tai cau hinh hau hét déu ké thura dic
diém cua anten bang tan ¢ dinh truyén
thdng, ngoai trir viéc co thé dugc diéu
chinh ty dong bang tan. Viéc diéu chinh
cac bang tan lam viéc duoc thyc hién
bang nhiéu phuong phap khac nhau, trong
d6 phd bién 1a st dung céc chuyén mach
diot PIN dé lam thay ddi cau tric vat ly
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cua anten. Dbi véi anten dipole tai cau
hinh theo tan s§, c6 mot sé cong trinh
dugc cong bd trong nhitng nim vira qua
[5-7]. Céc anten t&i cau hinh duoc trinh
bay trong [5-7] déu dwa vao ciu tric
anten ludng cuc vi dai. Anten dé& xuét
trong [5] ¢6 kich thudc phan tir birc xa 16n
hon 32x54 mm’® (chua bao gdbm kich
thudc dé dién mai), co thé hoat dong & 4
dai tan sé khac nhau véi dai tan sé nho
nhét xung quanh 0,9 GHz. Anten c6 db thi
birc xa dinh huéng véi hé sé tang ich 16n
nhat la 1,5 dBi. Anten trong [6] c6 kich
thuéc 40x70 mm? hai cAu hinh tan s6 véi
dai tan thap hon tir 1,55 GHz dén 2,1
GHz. Hé sb tang ich cua anten tbi da la
2,56 dBi. Anten ludng cuc vi dai dé xuat
trong [7] hoat dong & hai dai tan s6, véi
tan sb cong huong trung tam xap xi 4,7
GHz va 5,0 GHz. Mic du tan sb cao
nhung anten chi dat h¢ s6 ting ich xap xi
3,5 dBi.

Trong bai béo nay, chung t6i dé xuat mot
c4u trac anten ludng cuc nham dat dugc
hé s6 tang ich cao, bip song hep. Tiép
theo, hai di6t PIN dugc tich hop vao phan
tr bc xa cia anten. Bang cach chuyén
mach diot, chiéu dai cua phan tir buc xa
dugc thay d6i dé anten c6 thé hoat dong ¢
hai cdu hinh tan sé khac nhau.

Anten d& xuét co kich thudc 95,5 x 50,3
x 0,8 mm®, c6 thé hoat dong & hai bing
tan cho séng 3G xung quanh tan sé 2100
MHz va cho 4G xung quanh tan sé 1800
MHz véi hé sé ting ich dat lan luot la
5,35 dBi va 4,39 dBi. Anten c6 thé duoc
ding cho cac thiét bi cam tay dé phat
séng codng suat Ién hodc do tin hiéu & cac
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dai tan di dong 3G hoic 4G tai Viét Nam.
Anten cd hé sé tang ich cao, bup song hep
nén ciing phi hop cho cac thiét bi dinh vi
dé xac dinh vat thé.

Phan 2 caa bai bao s& trinh bay ciu tric
va két qua dat duoc cia mot anten dipole
truyén thong, phan 3 trinh bay dé xuét cai
tién hé sb tang ich, phan 4 vé anten dipole
diéu chinh tan s, cac két qua dat duoc va
cudi cting la két luan cuaa bai béo.

2. ANTEN BANG TAN CO PINH

Véi anten ludng cuc mach in théng
thuong, can phai tiép dién sao cho dam
bao giir dugc tinh can bang vé dién cho
hai canh buac xa nham giit nguyén dac
trung ciia anten ludng cuc. Dé giai quyét
van dé& nay, bo tao can bang tin hiéu
vi dai & dau ra (goi 1a balun) duoc dé
Xuat dya trén nguyén ly balun day cua
W. Roberts [8]. Balun cd nhiém wvu
chuyén tiép cau tric truyén song khong
dbi xung sang dbi xung, cap ngudn cho
hai canh bic xa cta anten ludng cuc
mach dai. Trén hinh 1 md ta so d6 twong
duong cua balun va tinh toan tro khang
theo cac cong thirc (1).

j'zb 'tggb 'ZL

Z =—j-Z., -cotgd,, +
in J f2 g f2 j'Zb't99b+ZL

1)
trong do6, cac thong sd trong cong thic
duoc thé hién nhu & hinh 1.

Dé dat dugc phdi hop tro khang hoan hao,
céc tham s6 cua balun phai thoa méan yéu
cau sau: Ly =Ly = A4 hay 0 = 6, = 6 =
90°.

Anten ludng cuc mach dai nira budc séng

duoc thiét ké tai tan sb trung tdm 1,8 GHz
trén chat nén Roger ROS5880 voi céc
thong sé: bé day chat nén h = 0,8 mm, bé
day 16p ddng t = 0,035 mm, hing sé dién
moi & = 2,2 va hé s suy hao dién moi
tans = 0,0004. Kich thuéc téng cua anten
12 95,5 x 50,3 x 0,8 mm?

95.5 mm

________

Input/ 50Q
SMA

Hinh 1. CAu triic ctia anten tich ho'p balun hinh
chir “J” va so dd twong dwong cua balun

Céac tham s kich thudc chi tiét cua anten
dé xuét sau khi tinh toan duoc tdi wu
bang phan mém CST va duoc chi ra trong
bang 1.

Bang 1. Kich thwéc cuia anten (mm)

Tham s6 L w g Ly
Giatri | 39,5 35 2,5 35
Thamsd | W, Wsg Lf1 Lf2

Gid tri 3,5 12 37 20

Hinh 2 va 3 lan luot 1 két qua mé phong
tham sb suy hao phan héi va @6 thi buc xa
3D cua anten. Két qua md phong cho thiy
anten cong huong tét ¢ tan s6 1,8 GHz,
dat bang thong tinh tr —10 dB la 276
MHz (tr 1660 MHz dén 1936 MHz). Hé
sb tang ich cuc dai cua anten dat 2,35 dBi
véi hiéu suat 98%.
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Hinh 3. Két qua mé phéng dé thi birc xa 3D
cla anten tai tin s6 1,8 GHz

3. NANG CAO HE SO TANG iCH CUA
ANTEN LUONG CcuC

95.5 mm
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Hinh 4. C4u tric cta anten lwéng cwe
khi thém phan tir phan xa

Dé nang cao hé sb tang ich cua anten trinh
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bay trong muc 2, mot chin tir phan xa
dugc dat cach canh bic xa mot khoang
cach bang mét phan tu budc soéng nhu
hinh 4. Do d6, gian do bic xa tir da huéng
chuyén thanh dinh hudng truc giao véi
canh buc Xa.

Bang 2. Kich thwéc cua anten
¢6 phan ttr phan xa (mm)

Tham sd L w g Ly | W,
Gi4 tri 38 34 | 25 | 295 | 36
Tham sb | Wy, L Lo | W,

Gia tri 125 | 34,5 20 13

Tham sb cua chan tar phan xa dugc Xac
dinh thong qua nguyén ly twong hé. Kich
thugc tong anten van giir nguyén (95,5 x
50,3x0,8 mm?®). Sau khi tinh toan va téi
wu, anten cai tién co cac tham sé duoc chi
ra ¢ bang 2.

0 S-Parameters [Magnitude in dB]

-5 e
i N ==
-20 A/

25 \ f(
-30 ’
35

-40
1 1.2 14 16 18 2 22 24 26 28 3
Frequency / GHz

Hinh 5. Két qua mé phéng ctia hé s6 |Su| cua
anten tich hop thém phan ttr phan xa

Hinh 5 va 6 biéu dién két qua méd phong
tham sb [Syy| va do thi buc xa 3D cua
anten khi thém phan tir phan xa. Két qua
md phong cho thay rang, anten van cong
huong tét ¢ tan sb trung tdm 1,8 GHz,
bang thong dat 306 MHz (tr 1667 Mhz
dén 1973 MHz). Hé s6 tang ich cuiia anten
duoc cai thién, dat 5,28 dBi tai tan s6 1,8
GHz. Nhu vay, bang cach thém phan tu
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phan xa cho anten, hé sé ting ich cua
anten da duoc cai thién thém gan 3 dB. 2 - = —

S-Parameters [Magnitude in dB]

—51,1_(Diode OFF)|_|
—51,1_(Diode ON) | |
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Frequency / GHz

Hinh 8. Két qua mé phéng cuia hé sé [Sq1]
cla anten tich hop chuyén mach & hai cau hinh

dB v

Hinh 6. Két qua mé phéng dé thi birc xa 3D
cuia anten tai tan sé6 1,8 GHz khi thém phan td
phan xa

4. ANTEN LUONG CUC DPIEU CHINH
TAN SO

A
v

: _ B v
0 7 X SMA. Input’ 5002

Hinh 7. C4u tric cta anten lwéng cwc tich hop
thém chuyén mach diét PIN

Bang 3. Kich thwéc ctia anten tich hop
chuyén mach (mm)

(b)

Thamsof L W 9 L | Wo Hinh 9. Dé thij birc xa 3D cda anten

& hai cau hinh tan sé khac nhau: (a) f= 1,8 GHz,

Giatri | 40,8 3,6 24 [324] 36 (b) f=2,1 GHz

Tham s Wy, Ln Le | Wy | L

— Dé anten c6 thé hoat dong thém ¢ tan sd
Gidti | 125 | 33 | 198125 31 | 5 4 GHgz, hai diét PIN duoc tich hop ddi
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Xang vao hai canh buc xa cta anten nhu
trong hinh 7. Bang cach thay d6i trang
thai “bat”, “tit” cta diot, chiéu dai canh
buc xa cua anten thay d6i, dan dén tan sb
cong huong thay doi theo. O cau hinh thi
nhat, khi hai di6t tat, méi bén canh buc xa
c6 chiéu dai Ly, khi ca hai diot bat, mdi
canh btc xa cd chiéu dai L. Chiéu dai L
va L; duoc tinh toan va tbi wu dé anten
cong huong & tan sé trung tam lan luot 14
1,8 GHz va 2,1 GHz. Hay néi céach khac,
O trang thai hai diot bat thi anten cong
huong & tan s 1,8 GHz va ¢ trang thai ca
hai di6t tat thi anten cong huong & tan sb
2,1 GHz. Cac budc tinh toan kich thudc
cho anten twong ty nhu d6i véi anten
duoc trinh bay ¢ muc 2 va chi tiét kich
thudc cua anten duoc trinh bay ¢ bang 3.
Tuy nhién, do anten hoat dong ¢ hai céu
hinh tin s nén kich thudc cia balun duoc
dung hoa dé anten c6 thé dugc phdi hop
trg khang o ca hai tan sé. Do d6, phdi hop
tré khang cho anten va hiéu suét anten
khong thé tét bang so véi truong hop
anten hoat dong ¢ bang tan ¢b dinh trinh
bay trong muc 2 va 3. Hinh 8 trinh bay
két qua mo phong hé sé suy hao phan hoi
ctia anten & ca hai cau hinh. Két qua mo
phong cho thiy, anten c6 thé chuyén gitra
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hai cau hinh tan s 1,8 GHz va 2,1 GHz
V6i bang thong tinh tir —10 dB lan luot 12
294 MHz va 339 MHz. Hinh 9 biéu dién
dd thi birc xa cta anten & ca hai cAu hinh
tan s6 1,8 GHz va 2,1 GHz véi hé sb ting
ich 1a 5,35 dBi va 4,39 dBi. Hiéu suét
anten dat 94% & cau hinh 1,8 GHz va
68% & cau hinh con lai.

4. KET LUAN

Bai bao dé xuat mot cau triic anten ludng
cuc c6 thé diéu chinh tan sé hoat dong.
Bang cach tich hop hai chuyén mach diot
vao phan butc xa, anten c6 thé hoat dong ¢
hai dai tan khac nhau véi tan s trung tam
lan luot 14 1,8 GHz va 2,1 GHz. Mic du
kich thudéc anten nho gon nhung van dat
duoc hé sd tang ich cao 5, 35 dBi ¢ tan s6
1,8 GHz va 4,39 dBi ¢ tan s6 2,1 GHz.
Anten dé& xuit c6 thé tng dung cho céc
thiét bi cam tay dé phét tin hiéu cé cong
suat 16n & cac dai tan trén. Anten duoc
thiét ké trén nén dé dién moi RO5880 va
duoc mo phong theo phuong phap phan
tr hitu han dua trén phan mém CST.
Anten s tiép tuc duoc ché tao va do dac
hé s6 suy hao phan hdi, gian d6 buc xa dé
kiém ching véi cac két qua mo phong.

TAI LIEU THAM KHAO

[1] Constantine A. Balanis, Antenna Theory: Analysis and Design, 3rd a.b. Wiley-Interscience, 2005.

[2] G. Lovat, P. Burghignoli, F. Capolino, va D. R. Jackson, “Bandwidth analysis of highly-directive

planar radiators based on
10.1109/EUCAP.2006.4584719.

partially-reflecting

surfaces”, 2006, tr 1-6, doi:

[3] X. Chen, T. M. Grzegorczyk, B.-I. Wu, J. Pacheco, va J. A. Kong, “Robust method to retrieve the
constitutive effective parameters of metamaterials”, Phys. Rev. E, vol 70, s6 p.h 1, tr 016608,
thang 7 2004, doi: 10.1103/PhysRevE.70.016608.

S6 23

15



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC
(ISSN: 1859 — 4557)

(4]

(5]

(6]

[7]

(8]

Haider, N., Caratelli, D., Yarovoy, A.G.: 'Recent developments in reconfigurable and multiband
antenna technology’, Int. J. Antennas Propag., 2013, 2013,pp. 1-14

A. Dey, A. Kiourti, G. Mumcu and J. L. Volakis, "Microfluidically reconfigured frequency tunable
dipole antenna," 2015 9th European Conference on Antennas and Propagation (EuCAP), Lisbon,
2015, pp. 1-2.

A. E. Zahran, M. A. Abdalla and M. H. A. EI-Azeem, "Single/dual band reconfigurable metamaterial
dipole loaded antenna for wireless applications," 2016 IEEE International Symposium on
Antennas and Propagation (APSURSI), Fajardo, 2016, pp. 457-458.

E. Jo et al, "A frequency reconfigurable slot dipole antenna using surface PIN diodes," 2017
International Symposium on Antennas and Propagation (ISAP), Phuket, 2017, pp. 1-2.

W. Roberts, “"A New Wide-Band Balun”, Proceedings of the IRE, vol 45, s6 p.h 12, tr 1628-1631,
1957, doi: 10.1109/JRPROC.1957.278293.

Gigi thiéu tac gia:

Tac gia Pham Duy Phong t6t nghiép tai TruGng Dai hoc Giao thong Van tai nganh
vd tuyén dién va thong tin lién lac ndm 2000, nhén bang Thac si tai Trudng Dai
hoc Bach khoa Ha Ndi nganh dién tir vién thdng ndm 2007, nhan béng Tién si tai
Vién Nghién c(fu dién ttr, tin hoc, tw déng héa nganh ky thuat vién théng nim
2013. Hién nay, tac gid Ia Phé Trudng Khoa Dién tir - Vién thdng, Trudng Dai hoc
bién lyc.

Linh vuc nghién clu: anten va truyén song, thong tin vo tuyén, di dong; (ng
dung dién tr, vién thong trong didu khién, gidm sat hé thong dién; tiép dat,
[ chong sét, chéng anh hudng clia dudng day dién luc sang hé théng théng tin,

vién thong, tin hiéu

Téc gid Hoang Thi Phuong Thao nhan béng Ky su Dién tir vién thdng ndm 2004,
nhan b&ng Thac si Khoa hoc Dién tir vién thong ndm 2007 va nhan bang Tién si
Ky thut vién thdng ndm 2019 tai Trudng Dai hoc Bach Khoa Ha Noi. Hién nay,
tac gia |3 dang giang day tai khoa Dién tir - Vién thong, Trudng Pai hoc Pién luc

Linh vuc nghién cltu: siéu vat liéu ing dung cho anten, anten tai cau hinh, anten

thong minh, anten dai séng millimeter va bd loc siéu cao tan 'ng dung cho hé
théng thong tin vo tuyén.

16

S6 23



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC I
(ISSN: 1859 — 4557)

S6 23 17



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC PIEN LUC
(ISSN: 1859 — 4557)

18 S6 23



