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Ang-ten phan cwc kép cho cac diém truy cap vé tuyén 5G trong nha
Dual polarized antenna for 5G indoor access points

Lé Thi CAm Ha", Lwong Quang Nang', Pham Héng Thinh', Nguyén Trong Cac?
*Tac gia lién hé: lethicamha@qnu.edu.vn
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2Trwong Dai hoc Sao Do

Ngay nhan bai: 12/3/2023

Ngay nhéan bai stra sau phan bién: 27/6/2023
Ngay chap nhan dang: 02/10/2023

Tom tat

Trong bai bdo nay, mét dng-ten phan cuc kép co hé sé cach ly cao, bup séng rong dwoc dé xuéat cho cac diém
truy cap 5G trong nha. Day la mét ang-ten lwéng cwe chéo hoat dong & dai tdn 5G NR n78 (3,3 - 3,8 GHz). Bang
cach khai thac tinh dbi xirng ctia thiét ké, ang-ten dat dwoc hé sé cach ly cao véi chi mot ngudn cip dang vi sai.
Bén canh do, bup séng clia ang-ten dwoc mé rong dang ké bang cach két hop cac phan tir don cwe ky sinh trong
céu tric ang-ten ma van gitr dwoc tinh déi xtrng can cé cla ang-ten. K&t qua mé phdng cho thay ang-ten hoat
dong & dai tan sb 3,05 - 3,88 GHz c6 hé cach ly gitra céng véi cong > 45 dB va dat dwoc do rong bup séng nira
cong suét dinh 14 135°/165° & mé&t phdng E/H trong ving bang tan hoat déng.

Ttr khéa: Diém truy cép trong nha; dng-ten 5G; phan cuc kép.

Abstract

In this paper, a high-isolation, wide-beam dual-polarized antenna is presented for 5G NR n78 band (3,3 - 3,8
GHz) indoor access points. The antenna compose of two perpendicularly bent arm cross dipole components,
which are printed on separate substrates vertically placed on the ground plane. By exploiting the symmetry of the
design, the high isolation feature is achieved with only a differential fed. In addition, the beamwidth is significantly
broadened by incorporating parasitic monopole elements while keeping symmetry of the antenna. The simulated
results show that the antenna has an impedance bandwidth of 23,4% (3,03 - 3,88 GHz) and port-to-port isolation

> 45 dB. Moreover, the antenna achieves a peak half-power beam width of 135°/165° in the E/H planes.
Keywords: Indoor access points; 5G antenna; dual polarized.

1. DAT VAN BE

Hién nay, mang khéng day thé hé thir nam dang dwoc
trién khai va thwong mai hoa trén toan cau [1]. 5G ngoai
cac dac diém nhw tbc dd nhanh, do tré thap, da dang
dich vu thi viéc ddm bao pham vi phd séng réng cling
la mot van dé can dwoc cha y. Viéc 13p dat nhidu diém
truy cap 5G & cac khu vuwc bj che khuat nhw & trung
tam thwong mai, toa nha cao tang, cang hang khéng...
la viéc khong thé thiéu nham tang cwéng kha nang ph
séng clia mang lwdi [2]. Ang-ten st dung cho cac diém
truy cap nay rat quan trong, né dwoc thiét ké sao cho
ngoai viéc dap rng dwoc bang théng hé thdng va cac
d&c tinh birc xa phi hop cho ving phi séng tdi wu.

Truyén séng vo tuyén & méi trwdng trong nha phai dbi
mat v&i hiéu trng da dwong do lwgng Ién cac tia phan
xa, tan xa khi gap cac chuéng ngai vat. Bac biét, trong
mot sé tinh hubdng phrc tap, cac diém truy cap trong
nha don phan cuc cé thé mét lién lac véi cac thiét bi
dau cubi di dong. D& khac phuc van dé nay va cai thién
dung lvong kénh vo tuyén, &ng-ten phan cuc kép la
mot gidi phap dwoc lwa chon cho truyén thong vo tuyén

Nguwoi phan bién: 1. PGS.TS. Nguyén Hiru Phat
2. TS. Hoang Phuwong Thao

trong nha. Cé nhiéu loai ang-ten phan cwc kép khac
nhau da dwoc dé xuat cho cac rng dung vo tuyén 5G
trong nha, chang han nhw dng-ten vi dai [3], lwdng cuc
chéo két hop véi khoang cong hwdng dién méi [4].
Bén canh d6, d& mé& rong pham vi phi séng cla &ng-
ten phan cuc kép, mot sb ky thuat khac nhau nhw cat
khia [5], st dung hang rao kim loai [6] d& dwoc dé cap.
Tuy nhién, hiu hét cac ang-ten phan cwc kép ndi trén
déu co6 hé sb cach ly phd bién khoang 30 dB, khéng du
dap rng cho mét s trng dung nhw giao tiép song céng
cung bang tan (IBFD). M6t ang-ten IBFD thuwdng yéu
cau do cach ly > 40 dB [7]. D& cai thién kha nang cach
ly, &ng-ten phan cuc kép [8] s dung hai c&p ngudn
cap di liéu vi sai, mdi cdp cho mot phan cwe. Cau hinh
nay doi hdi mot cAu tric phtrc tap hon, dac biét la trong
viéc cap nguodn, do sb lwgng dau ndi tang gap doi.

Trong bai bao nay, mét ang-ten phan cuwc kép cé hé sb
cach ly cao va bup séng réng dwoc dé xuat cho cac
diém truy cap vo tuyén 5G trong nha. Cac phan ti birc
xa chinh la hai lwéng cwec mach in tric giao, st dung
két hop dang cap ngudn mét dau (don) va mot dau
cap ngudn dang vi sai. Y twéng thiét ké chinh la két
hop kiéu cap ngudn va hinh dang cla cac lwéng cuc
sao cho toan bd &ng-ten co thé duy tri mot cau tric dbi
xng, nhdm c6 thé dwoc st dung trong cau hinh cép

12 Tap chi Nghién ctru khoa hoc, Truomg Dai hoc Sao D, S6 3 (82) 2023
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ngudn dang vi sai d& dat dwoc hé sb cach ly cao. Cubi
cung, bén phan t& ky sinh hinh chi® nhat dang don
cwe dwoc thém vao déi xirng & ria clia cac ludng cuc
chinh dé tao ra bup séng btrc xa rong. Cac tinh nang
cla ang-ten dwoc moé phdng bang ANSYS Electronics
Desktop va dwoc ché tao, do dac.

2. CAU TRUC ANG-TEN
Hinh 1 biéu dién cAu tric &ng-ten d& xuét.

Dé dién moi #2 Pé dién moi #1
N r's

Ludng cyc #2—g Ludng cuc #1

Phén tr

ki sinh\ & ’

Cong #2
/

©
Hinh 1. Céu truc cua &ng-ten dé xuét: (a) Hinh chiéu
3D, (b) Hinh chiéu canh cta hai luéng cure,
(c) C4u truc cdp ngudn

Ang-ten bao gébm hai lwéng cwc mach in truc giao
(lwdng cwe #1 va lwdng cuc #2), dat trén moét mat
phéng dat dang hinh vuéng. Ngudn cép dang don
dwoc str dung dé tiép dién cho lwdng cwe #1 trong khi
do lvdng cwc #2 dwoc tiép dién dang vi sai. Lwdng cuc
#1 dwoc in trén 2 mat ngoai cla 2 16p dé dién moi dat
sat nhau va duwoc cdp ngudn béi mét duwdng vi dai hinh
I kep gitra hai l6')p, sau d6 dung cac coc ndi dé cb dinh
hai canh lv&ng cwc nay v&i nhau. Luwdng cuwc #2 dwoc
ché tao trén mot 16p dé dién mai; ngudn cap vi sai dang
mot dwong vi dai hinh M dwoc in & mat kia clia chét
nén, trong khi cac nhanh luéng cuc clia né & mét kia.
Tt ca dé dién moi st dung 1a FR4 c6 d6 day 0,6 mm,
&r = 4,4 va tand = 0,02. Bén canh dd, cac phan ti ky
sinh dwoc thém vao dbi xirng & hai bén cla lwdng cuc
&ng-ten nham mé rong bup séng. Cac thong sé thiét ké
clia ang-ten dwoc thé hién & Bang 1.

Bang 1. Kich thudéc cua dng-ten dé xuét (don vi: mm)

W W|H |z | g |w w, | d I |w
50 | 44| 22 | 3 |15/08]13| 1 |10] 5
Wc W1 |2 W2 |3 W3 W11 I21 lo WD
3 135|128 3| 3 | 3 |47|132]|12 3
f f1 f11 f2 f3 f31 fs Wf dv ZO
2,2 10|67 ]7]5]05]1]2

3. GIAI PHAP THIET KE ANG-TEN
3.1. Giai phap nang cao hé sé cach ly

Hinh 1 (a) cho thay thiét ké dién hinh cla &ng-ten lwéng
cwe mach in véi ngudn cip dién don. CAu tric cap
ngudn cho ang-ten la mét balun tich hop, bao gdm mét
dwong vi dai hinh T ghép véi mot dwdng cip ngudn
ddng phang. Loai nay da duoc st dung rong rai trong
mot s a ang-ten lwdng cire mach in phan cwec kép treéc
day. Do cau truc khong can bang cla balun, hé sb cach
ly gitra cdng va cdng b| suy gidm nén cac ang-ten loai
nay chi dat dwoc hé sé cach ly khoang 30 dB.

\“‘-F
|-—- 9«“ "\s

|
=

Y ol
.1 P2+ P2- pP.1 P.2-
(a) /A (c)
Hinh 2. Co ché cap ngubn ang-ten léng cuc:

(a) dang don; (b) dang vi sai; (c) dé xuét.

=

Mot ang-ten Iuong cwc mach in cung c6 thé dwoc cap
ngudn b&i cAu tric can bang cla nguon vi sai, nhw the
hién trong Hinh 2 (b). Cong P.2* va cbng P.2- dwoc sap
xép dbi xtrng dé cip ngudn cho hai nhanh lwdng cuwc
vcy| cung do I&n va nguoc pha. Hé sb phan xa S,,cua
cong vi sai (cong 2), duo’c tinh theo cong thwc (1) va
hé sb twong hé gitra céng don (cong 1) va cbng vi sai
(céng 2) 1a S,, duoc tinh theo cong thire (2) nhw sau:

1

Sy :E(Sz*z* _Sz*r _Szfz*
1

S, = E(Sm -5, 2)

DPé c6 hé sb cach ly cao, trong cong thirc (2) yéu cau
S,",=S,, dieu nay dat duoc khi cau tric ang-ten dbi
xung qua cong P.2* va cbng P.2. Quan sét thay réng,
néu dem hai cau triic ang-ten o’ Hinh 2 (a) va (b) ghep
véi nhau, cau truc thu duoc van khong hoan toan déi
xng. Diéu nay 1a do dwéng cp ngudn cia cong 1
duwoc in & mot mat cha I&p dé dién moéi va ludng cuc
thi duoc in trén 16p con lai. Do vay, S, vas,; khong
giéng nhau nén lam lam tang mwc tu’o’ng hé glua cbng
vi sai va cong 1.

+5,,) (1)

Dé tao ra cau truc dbéi xirng hoan hao, y twéng thiét ké
dwoc thé hién trong Hinh 2 (c), d6 l1a: lwdng cwc duoc
cép ngudn bdi cdng 1 dwoc in & ca hai l&p bén ngoai
cla hai l&p chat dé dién méi ghép vao nhau trong khi
do dwong cap ngudn dwoc in kep gitra hai I&p dién
moi. Trong trwdng hop nay, toan bd clu truc dwoc ddi
xing qua cbng P.2* va cong P.2- (m&t phéng thdng
dirng chira dwong déi xirng trong Hinh 2(c)). Diéu nay
dam bdo viéc ang-ten sé dat dwoc hé sb cach ly cao.

Cudi cuing, can Iwu y rng hai dau vao cla cdng vi sai
can cip ngudn cé cung bién dé va nguoc pha. Vi vay,
s d6 bd cap ngudn cho &ng-ten lwdng cuc phéan cuc
kép trong trwdng hcyp nay co thé dwo’c biéu dién nhw
Hinh 3. Trong d6, cdng 1 cp ngudn cho lwdng cuc

Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, S6 3 (82) 2023
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1 theo kiéu mot dau (don) va cbéng 2 cap ngudn cho
lwéng cuc 2 theo kiéu vi sai sau khi qua b chia cong
suat can bang va bo dich pha 180°.

Céng 2

3dB |

B¢ dich i
pha 180” !

Mang cap nguon vi sai
e e

P.2+ |- Antenna --- =
-« i —>
e
T
Cong 1
Hinh 3. M6 hinh mang cép nguén cho &ng-ten
lwéng curc phén cuc kép dé xuét

3.2. Giai phap mé rong bup séng ang-ten

Déi véi cac diém truy cap trong nha, loi thé cia ang-
ten s& hiru bup song réng la cd vang phl séng réng
khap. Dé dat dwoc didu nay, dng-ten dé xuéat st dung
thém cac phan t&r ky sinh dang don cwc dé& mé rong
bap soéng [9].

Co ché clia viéc mé rong bup séng dwoc gidi thich mot
cach dinh tinh trong [9]. Nguyén ly dé tao ra bup séng
réng dwoc minh hoa trong Hinh 4.

C0+()+00=C)
I | R T Y|

Hinh 4. Nguyén ly btrc xa bup rong

4. QUA TRINH THIET KE VA CAC PAC TiNH CUA
ANG-TEN DE XUAT

4.1. Thiét ké mang tiép dién vi sai

Pé tao ngu6n cép dang vi sai cho &ng-ten dé xuét, bo
chia cong suét nguwoc pha bang rong dwoc st dung.
Hinh dang cla bd cap ngudn vi sai dwgc minh hoa
trong Hinh 5, bao gdm bd chia cong suét Wilkinson va
b6 dich pha 180° bang rong.

C(fng 2

Hinh 5. C4u tric mang cép nguén vi sai

Bang 1. Bang gié tri tham sé ctia mang cap nguén vi
sai (don vi: mm)

h0 h1 h2 h3 h4 h5 h6
6 8 3 3 2,2 8 21
h7 hs hg Vo vy v, Vs
13 2,7 8 1,14 0,6 0,8 0,5
0 270
o ——
a¢ I 1 225
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Hinh 6. Hé sé tan xa va sai pha tai dau ra cia mang
cap nguén

Mang cip ngudn duwoc thiét ké trén chat nén dién
mo&i Roger RO4003 (¢, = 3,38; tand = 0,02 va d6 day
0,508 mm) tdi wu cho bang tan 5G NR n78. Hinh 6 cho
thay két qua mé phéng cac tham sb tan xa va do léch
pha & dau ra cla bo chia cdng suat. Ang-ten dat dwoc
IS,,l <-23dB, [S,,7| =[S,,1=35+0,1dB va do léch
pha 180"+ 1° trong dai tan 3,0-4,0 GHz.

4.2. Qua trinh thiét ké va cac dac tinh cta ang-ten
dé xuéat

Thiét ké nay dwoc phat trién tir &ng-ten lwdng cuwe chiv
T truyén théng véi balun tich hop [17] trén mat phang
dat co kich thuwé'c 50x50 mm. Sau do, lwéng cwe duwoc
thay dbi véi cac co ché cap ngudn khac nhau dé céd
thiét ké t6i wu cudi cung.
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Hinh 7. Hé sé cach ly clia dng-ten dé xuét va dng-ten
luéng cuc truyén théng

DA4u tién, mot lwdng cwe hoat dong & tan sb trung tam
3,55 GHz duoc thiét ké va khao sat. Dbi véi lwéng cuc
théng thudng, chiéu dai clia luéng cuc xac dinh tan s
cong hwdng trung tam, trong khi chiéu réng ctia né anh
hwéng dén bang 'thong hoat dong. Tuy nhién, loai ang-
ten nay cé he sb cach ly théng thwong xap xi 30dB
Dé tang hé sb cach ly gitra cac cong, mot nguon cap
don théng thuwdng dwoc thay the bang mot nguon cap
vi sai. Theo nguyén téc cla nguon cap vi sai, cau trac
clia dng-ten cang dbi ang cang tét. Dé dat duoc diéu
nay, lwéng cuc véi kidu cap ngudn dcm can dwoc nhan
déi. N6i cach khac, hai luéng cuwe gibng hét nhau duoc
in trén hai chat nén xép chdng 1&n nhau, duoc cap
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ngudn b&i cdng don & gitra. Cubi cung, cac phan to
ang-ten don cuc ki sinh dwoc thém vao hai bén lwdng
cwe chinh d& mé rong bup séng cla ang-ten ma khéng
lam maét di tinh d6i x(rng can c6 trong cAu truc thiét ké.

Hinh 7 cho thdy hé sb cach ly cia mét &ng-ten lwéng
cwe phan cuc kép thong thuwdng va dng-ten dé xuét.
D6i voi thiét ké thong thudng, hé sb cach ly cta né
chi khoang 30 dB. Trong khi d6, két qua mé phdng hé
sb cach ly cta thiét ké dé xuat cao hon nhiéu. Theo ly
thuyét, néu cau tric ang-ten hoan toan ddi xng, thi hé
sb cach ly gitra cac cdng 1a vo ciing (khi’S21 = 0 trong
cong thirc (4.7)). Gia tri m6 phdng hé s6 cach ly cua
&ng-ten dé xuét dat khoang 60 dB cé thé do cAu truc
déi xirng bi anh hwéng chi yéu béi chat lwgng mang
cép ngudn nhu bd sai pha 180"

Hinh 8 cho thay két qua mé phdng clia hé sb phan xa.
Theo quan sét, két qua mé phdng clia &ng-ten c6 bang
thong tré khang la 23,4% (3,05 -3,88 GHz) va dat dwoc
mirc cach ly gitra cac cdng cao hon 45/60 dB trong
bang thong tré khang hoat déng khi cé/khdng cé mang
cép nguon.
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Tén s6 (GHz)
Hinh 8. Hé sé phan xa va céch ly ctia &ng-ten dé xuét
Nhw da dé cap, d& mé& rong bup séng cta &ng-ten,
bdn phan t& ki sinh dang don cuc dugc thém vao dbi
xtng trén ca hai mat cta lwdng cwc & khodng cach
nlra budc séng. Két qua 1a trwdng blre xa cla ching
két hop v&i nhau lam tang d6 réng bup song.

Hinh 9 biéu dién dd thi birc xa cla &ng-ten trén mét
phang x-z va y-z & 3,5 GHz khi cAp nguén cbng 1 trong
trwdong hop khéng cé/cd cac phan tir ky sinh, qua do
thé hién anh huéng clia phan t& ky sinh. Quan sat thay
rang, sau khi s dung phan t& ky sinh, d6 réng bup
séng cla anten & mat phang E da mé rong dang ké.

mp.x-z

mp.y-z

Hinh 9. D6 thj burc xa cua dng-ten khi c6 va khéng cé
phan ti ky sinh

Hon niva dwa vao phan bd dong dién trén dng-ten &

Hinh 10 cé thé thay rang chiéu dai cta lwdng cuc va

chiéu cao, khoang cach gira hai phan t& ki sinh la

hai tham sé chinh anh hwéng dén d6 rong bup séng.

Chiéu dai nay &nh huwéng dén cwdng do ctia dong dién
chay trén né. Do d6, khoang cach gitra hai phan ti ki
sinh cling nhw chiéu dai ctia né phai duoc toi wu dé
&ng-ten dat dwoc bup séng rong trén toan dai tan hoat
dong. Mat khac, viéc mé rong bup séng sé lam méat kha
nang phéi hop tré khang va gidm hé sé cach ly, vi vay
can phai can bang déng thai cac théng sb clia ang-ten
nham dat dwoc hiéu qua tét nhat.

Hinh 10. Phan b6 dong dién ctia &ng-ten dé xuét

Hinh 11 biéu di&n hé sbé tang ich ctia dng-ten. Quan sat
thay rang tan sé cang cao thi hé sb nay cé xu hwéng
giam do sy mé réng bup séng vé ving tan sb cao. Mat
khac, hé sb tang ich thu dwoc khi cAp ngudn & cdng 2 sé
gidm so vé&i céng 1 do anh hwdng clia mang tiép dién.

Hé s6 tang ich (dB)
(=]

-6

3.0 32 3.4 3.6 3.8 4.0
Tan sé (GHz)

Hinh 11. Hé sé tang ich cda dng-ten dé xuét

Hinh 12 va Hinh 13 hién thi dang dd thi blrc xa clia
ang-ten & tan sb 3,3; 3,55 va 3,8 GHz khi cap ngudn
lan lvot & cdng 1 va céng 2. Cac mau birc xa clia dng-
ten &n dinh: C6 céu hinh déi x(rng, bang théng rong, ty
lé trwdc sau cao va phan cuc chéo thap.
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Hinh 12. B4 thj birc xa cla dng-ten khi cap
nguén céng 1
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Mpx-z

Hinh 13. D4 thj birc xa cla &ng-ten khi cap
nguén céng 2

4. KET LUAN

Ang-ten dé xuét dat dwoc hé sb cach ly cao do khai
thac tinh dbi x(rng clia thiét k&, mac du chi sir dung co
ché cap ngudn vi sai cho mét lwéng cwc. Tuy vay, dé
dat duwoc cAu trac dbi xirng nhét c6 thé, lwdng cuc 1
can duoc ché tao tir hai tAm dé dién moéi ghép lai voi
nhau, diéu nay lam gidm tinh don gian cta thiét ké. Do
réng bup séng dwoc mé rdng dang k& bang cach st
dung két hop cac phan tir don cwce ki sinh trong khi van
gitr dwoc tinh ddi xirng cla thiét ké. Két qua moé phéng
cho thay &ng-ten c6 bang théng tré khang bao phu dai
n78 clia mang 5G va hé sé cach ly gitra céng voi cdng
> 45 dB. Hon nira, ang-ten c6 do réng bup séng nira
cong suét dinh la 1357165  trong mét phang E/H. Voi
céac tinh nang nhw phan cuc kép, hé sb cach ly cao,
bup séng réng ang-ten d& xuét co thé la mot ing ctv
vién cho cac diém truy cap vo tuyén 5G trong nha.
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