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TU KHOA Cac ang ten dugc khdo sat va thiét ke trén chat nén Rogers RT/duroid
- 5880 v&i hiang sb dién moi 1a 2, 2, tiép tuyen suy hao 14 0,0009 va chiéu
Ang ten vi ddi cao 1a 0,6 mm, ching dugc cip nguon bang dau do dong truc. Phén
Hinh hoc fractal mém HFSS duoc st dung ¢é md phong céu hinh va sy hoat dong cua

ang ten. So véi ang ten vi dai hinh tron ban dau, ang ten dugc dé xuat
o hoat dong tai hai bang tan voi do rong bang tan & dai f, =28 GHz la
Cac tng dyng 5G BW,=2,35 GHz va bang tan tha hai & dai f,=38 GHz la BW,=8,45
Bang tan kép GHz. Bén canh d6, do loi dng ten dé xuat ciing ting dang ké 1a 8,29
dBi. Cac md hinh vat 1y cua dng ten da dugc ché tao va do dac dé xac
minh tinh dung d4n cua thiét ké.
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1. Gioi thigu

Ngay nay, véi sy phat trién nhu vii bao cua khoa hoc cong nghé, nhu cau str dung cac thiét bj
hién dai vai toc d6 cao ngay cang tang. Do do, cac nha cung cap va khai thac dich vu thuong
xuyén thay doi, cap nhat, cai tién va nang cap hé théng cua ho dé ngay cang phu hop va dap ung
dugc thi hiéu cia nguoi dung. Mot trong nhimg thay ddi d6 1a cac hé thong thong tin di dong da
va dang nang cip tir cac thé hé thir tw (4G — Fourth-Generation) 1én thé hé tha nam (5G - Fifth
Generation). So vai 4G, mang thong tin di dong 5G da duoc cai tién hon nhiéu, né duoc thiét ké
dé tang toc d6 va kha niang phan hdi nhanh chong ciia mang khong day. Vi vy ma hé thong 5G
c6 tde do tai xudng nhanh hon, truyén phat dit liéu muot ma hon. Hon nira, hé théng 5G s& ma ra
nhitng ung dung hoan toan mdi va gy ra mot cudc cach mang I6n trong nhitng nam tiép theo [1].

Céc hé thong di dong trong cong nghé 5G dang trong giai doan phat trién ban dau cua no voi
nhitng gi khéng 16 cong nghé dang hudng toi viéc gidi thiéu cac modem va cac thiét bi truyén
thong twong tu trén thi truong. He thong thong tin di dong 5G su dung bang tan millimet lam
kénh truyén cha dao, bai vay ma ang ten cho mang 5G can phai dap tng cac cac yéu cau ky thuat
rat cao cuia cong nghé nhu do tinh hudng cao, o6 kha nang diéu chinh chum séng ciing nhu phai
tuong thich véi cac ddc tinh séng cta bang tan millimet nhu bang thong rong. Cac bing dang
dugc khuyén nghi va st dung cho mang di dong 5G dé cap & Bang 1 [2].

Béang 1. Phdn b6 pho tan toan cau cho cdc hé thang 5G

Pit nwoc <1GHz 3GHz 4GHz 5GHz 24-28GHz 37-40GHz 64-71 GHz
HoaKy 600MHz  3,5GHz 59-71GHz 27,5-28,35GHz 37-37,6GHz 64-71GHz
Canada 600MHz  3,5GHz 59-71GHz 27,5-28,35GHz 37,6-40GHz 64-71 GHz
Chau Au  700MHz 3,4-3,8GHz 59-6,4GHz  24,5-275GHz  37-37,6GHz

Anh 3,4-3,8GHz 26-28GHz 37-40GHz
buc 3,4-3,7GHz 26-28GHz
Phéap 3,46-3,8GHz 26GHz
Y 3,6-3,8GHz
Trung Quéc 3,3-3,6GHz 24,5-275GHz  37,5-42,5GHz
Han Quéc 3,4-3,7GHz  4,8-5GHz 26,5 — 29,5GHz
Nhat Ban 3,6-4,2GHz 27,5-29,5GHz
Uc 3,4-3,7GHz 4,4-4,9GHz 28GHz 39GHz

Bén canh nhu céu ting toc do truyén dit lidu, cac thiét bj vién thong c6 xu hudng tich hop
thém céc tinh néng voi kich thuéc nho gon va linh hoat trong su dung. Do do, viéc thiét ké cac
thiét bi nho gon vei hiéu suit lam viéc cao hon dang la mot van dé dugc cic nha thiét ke guan
tam. Co nhiéu yéu t§ anh huang truc tiép dén hiéu suat cua hé théng thu phat song vo tuyen mot
trong s6 d6 1a hiéu suét ciia ang ten trong cac thiét bi nay. Do d6, viéc cai thién hiéu SU4t ciia ang
ten ciing quyét dinh hiéu suat tong thé cua hé thong. Trong thiét ké anten, hiéu suat thuong duoc
danh gi4 thong qua cac thong sb quan trong nhu kich thudc, sé bang tan hoat dong, d6 rong bing
thong, hé sé khuéch dai, hiéu suat buc xa,... Hién nay, da c6 nhiéu loai hinh nghién ctru va giai
phap k¥ thuat nham tang higu suat ciia dng ten nhu thiét ké vi dai anten, shorting pin, shorting
wall,... Sir dung céu trac hinh hoc fractal va siéu vat liéu trong thiét ké ang ten 1a mot trong
nhiing giai phap dang duoc can nhic lya chon [3].

Hinh hoc fractal dugc hiéu 1 dang cua vat thé ma cac thanh phan cua ching c6 sy gidng nhau
vé mit hinh dang nhung & cac quy mé khac nhau. Cac vat thé c6 dang hinh hoc fractal c6 thé
duoc tim théy trong tu nhién nhu bong cai xanh, cac nhanh cdy, cac nhanh song, tia sAm sét,...
hodc chung c6 thé dugc tao ra boi cac phuong trinh toan hoc nhu cac hinh hoc fractal Sierpinski
carpet, Minkowski island, Hilbert curve,... Hién nay, hinh hoc fractal dugc tmg dung trong nhiéu
linh vuc cia doi séng nhu cong nghé thong tin, y hoc, nghé thuat,... Bén canh do, viée nghién ciru
1y thuyét dién tir dira trén hinh hoc fractal dé tao ra cac thiét bj buc xa méi [4]. Bac biét, véi cac
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tinh chat dic trung cta hinh hoc fractal nhu tinh tu tuwong tu (self-similarity) va tinh 1ap day
khoang tréng (space-filling) c6 thé 4p dung trong thiét ké céc dng ten c6 kich thuéc nho gon va
hoat dong da bang tan [5], [6].

Siéu vat li¢u dugc hleu 1a mot loai vat chat v6i nhitng déc tinh khong t6N tai trong tu nhién.
Chung dugc tao ra do su Sap Xep cuia cac cu tric vi md dé tao ra cac dic tinh vat 1y vi mé mong
muén. Vi vay, siéu vat liéu con duoc goi 1a vat lidu nhan tao, tinh chét cua chung phu thuge vao
C4u triic nhidu hon 1a thanh phan ciia chung. Cac ciu triic vi mo cua siéu vat liéu c6 thé duge lam
bang vat liéu dién tur, khong c6 dién tir hoac dién moi va duoc goi 1a ¢ nguyen tt”. CAu trac cua

“nguyén tu” c6 thé dbi xing, dang huéng hoic di huéng. Sy sip xép cia cac “nguyén tir” co thé
hén loan hozc theo mét trat ty nhat dinh, do d6 chung co dong thoi do dién moi &m (e<0) va do
tir tham am (x<0), dan dén chiét suat am [7]. Do 0, cic ciu tric siéu vat lidu c6 thé hd trg dong
chay nguoc, tie 1a van téc pha cua siéu vat lidu va van tbc nhom 1a song song. Siéu vat liéu co
nhitng tinh chat ma khong vat liéu tu nhién nao c6 dugc nhu khong tuan theo dinh luat Snell,
hiéu ung Doppler, birc xa Vavilov - Cerenkov,... do d6, n6 c6 thé 1am thay doi ban chat cia song
dién tir khi truyén qua n6 [8].

Trong k¥ thuat anten, si€u vt liéu dugc st dung véi muc dich cai thién hiéu nang cua dng ten.
Tuy thude vao muc tiéu thiét ké cua ang ten, phuwong phap wng dung siéu vat liéu dugc chon khéac
nhau, ching c6 thé duoc tng dung 1am mai truong xung quanh dng ten, lam thanh phan cua ing
ten hodc c6 thé 1a mot phan bi khuyét thiéu trong cac thanh phan cia ang ten [9].

Nghién ciru nay trinh bay mot phuong phap thiét ké dng ten hoat dong bang tan kép cho hé
thdng vién thong 5G. Ang ten duoc thiét ké dua trén su két hop gitra hinh hoc fractal va cau trac
siéu vat liéu dé tao ra dng ten hoat dong tai hai bang tan f;=28 GHz va £,=38 GHz. Trong do, bé
mit birc Xa c6 dang hinh hoc fractal duoc diéu chinh, cac cu triic siéu vat lidu 1a cac bo cong
huéng vong phan chia (SRR - Split Ring Resonator) dwgc sap Xép bao quanh thanh phan buc xa
Clia dng ten tao thanh mot 16p siéu bé mat (Metasurface) [10].

2. Thiét ké dng ten

Tinh toan va mé phong ang ten vi dai So sanh cac két qua dat duge cua cac
hinh tron hoat dong tai tan s6 28 GHz ang ten
7'y
Thuat toan hé
thong lap IFS
N
Thanh 1ap bé mat btrc xa ¢é dang hinh Lua chon kich thudce clia dng ten phu
hoc fractal Minkowksi hop voi bang tan thiet ke
. ’ . . . A . 3 . z
Vi chinh cac kich thude 2 g Vi chinh cac kich
2 sk ; & B BO sung cdc cac A X 5
d¢ diéu chinh tan s6 lam " Ve thudce dé diéu chinh tan
ek 0 don vi SRR P A
viéc ctia dng ten ] A sO lam viéc cua ang ten
nhu thanh phan )
Lua chon kich thude ctia ang ten phu si¢u b&é mat

Y

Thanh lap mat ang ten fractal véi cac

hop véi biang tan thiét ké U R
P & cdu trac siéu vat liéu

Hinh 1. Luu dé cdc buéc thuc hién thiét ké ang ten

Phan nay mo ta mot qua trinh thiét ké dng ten hoat dong tai hai bang tan 28 GHz va 38 GHz
cho hé théng vién thong 5G. Qua trinh nay duoc bat dau bang viéc thiét ké mot ang ten vi dai co
bé mat bt xa hinh tron hoat dong tai bang tan 28 GHz phuong thirc Cap nguf‘)n bang dau do déng
truc. Budc tiép theo 1a thanh 1ap hinh hoc fractal Minkowski c6 stra doi cho thanh phan bé mat
birc xa dé tao ra ang ten hoat dong tai bang tan kép 1a 28 GHz va 38 GHz. Tuy muc tiéu hoat
dong tai hai bang tan dd dat dwoc, nhung bing thong tai cic bang tan chua cao. Vi vdy, nhom
nghién ctru di bo sung vao thiét ké mot 16p siéu vat lidu bang cac bo cong huong vong phan chia
SRR bao quanh bé mit birc xa nhu mot 16p siéu bé mit dé ting cuong bing thong va cai thién do
loi cua dng ten. Céc dng ten nay duoc thiét ké trén vat lidu nén cua Rogers RT/duroid 5880 véi
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hang sé dién mdi (¢) 1a 2,2, tlep tuyén suy hao (zan 6) la 0,0009 va chiéu cao (h) 14 0,6 mm Vi
phuong phap cap nguon bang dau do dong tryc. Luu d6 cia qua trinh thiét ké ang ten hoat dong
tai 2 bang tan dugc biéu dién ¢ Hinh 1.

2.1. Ang ten vi ddi hinh tron hoat dgng tai tan sé 28 GHz

Khoi dau cua thiét ké ndy la dng ten vi dai, nd 1a mét ang ten phang vai bé mat buc xa cé dang
hinh tron va dugc cap nguon bang mét dau do dong truc. Cac kich thudc cua ang ten vi dai ban
dau dugc tinh toan boi cac cong thie (1) va (2) [11].
F 1)

¥
{1+ 2h [In(”F) 1.7726}
e, F 2h

8.791x10° 2)

e

trong do: r 1a ban kinh ciia hinh tron, f,. 13 tin s6 hoat dong, h va &,1a bé day va hang s6 dién moi
ctia chat nén.
Kich thuéc cia mat phang dat va 16p nén dién méi (L ;) trong thiét ké dugc tinh boi cong thic (3).
L, =2r+8h 3)

CAu hinh va céc kich thuéc cia dng ten vi dai hinh tron duoc thé hién ¢ Hinh 2a, Hinh 2b,
Hinh 2c va Bang 2. Hé sb phan xa va ty s6 song ditng VSWR (Voltage Standing Wave Ratio) cua
ang ten vi dai hinh tron dugc biéu dién & Hinh 4a va Hinh 4b, ky hiéu tuong tng cua ing ten nay
trong hinh 1a Ant.1.

r =

Voi E =

2.2. Ang ten fractal

Dé c6 ang ten fractal, chiing toi di thay dbi hinh dang bé mat buc Xa cta dng ten ban dau tir
hinh tron (Hinh 2¢ — tuong tng véi lan lap thir 0) trg thanh dang hinh hoc fractal Minkowski c6
stra d6i. Cu thé, tién hanh loai bo mot phan 1¢p dong c6 dang nta hinh tron dé c6 dang hinh hoc
fractal Minkowski (Hinh 2d — twong tng vai lan I3p thi nhat). Qua trinh bién d6i d6 ta goi 1a cac
budc ldp cua hinh hoc fractal. Trong nghién ctru nay, chiing t6i sir dung phan loai bo dé tao thanh
hinh hoc fractal 1a mot ntra hinh tron (néu dang 1 phai ca hinh tron) vi vay dng ten nay co thé goi
1a dng ten fractal co sira doi.

Mot quy trinh toan hoc dugc sur dung dé hinh thanh hinh hoc fractal Minkowski, c6 thé duoc
mo ta dya trén mot loat cac phép bién ddi affine théng qua thuét toan hé théng ham lip (IFS-
Iterative Function Systems). Phuong trinh (4) dugc sir dung dé mo ta cac phép bién doi affine
trong cac mat phang [8]. Thuat toan IFS tao hinh dang cua fractal Minkowski véi cac 1an lap
khac nhau, sau mdi lan lap, fractal Minkowski tao ra cac tp con cua né, voi hinh dang cia mdi
tap con gidng véi hinh dang cua fractal trong l1an lap trudc d6 [12].

e

trong do6, x va y 1a toa d6 cua mot diém x; t 1a hé sb dich; a, b, ¢, d 1a cac hé sb kiém soat goc
quay va ty |é ciia cac phan fractal, trong khi e va f 1a phép tinh tién tuyén tinh. Ca sau tham s6
déu 1a s6 thyc [12], [13].

M6t tham sé quan trong cia hinh hoc fractal 13 quy mé kich thudc fractal (DS — Dimension
scale), 1a ty 1& cung cap chi s6 thong ké vé do phuc tap ciia cac chi tiét trong mot mau & cac giai
doan lap lai khac nhau. N6 duoc cho bdi cong thuc (5) [13].
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Ds  logN )

_ trong do, N 1a sb luong siéu khéi (cac phﬁn tuong tu), c6 do dai canh 3 (hé sb ty 1€) can thiét
dé bao phu doi tugng. Poi véi hinh hoc fractal Minkowski island, cac dai lugng nay 1a N=5,
0=1/3 va DS=1,465 [14].

blrc xa

s
>
=
~Q
a

Mat phang
dat

(©) (d)
Hinh 2. M6 hinh dang 3D cua dang ten vi dai (a), M6 hinh 2D nhin tir mat bén (b),
ang ten vi dai hinh tron nhin tir trén (c) ang ten fractal nhin tir trén (d)

Mo hinh 2D nhin tir trén va cac kich thuéc cua dng ten fractal Minkowski c6 stra ddi duoc thé
hién ¢ Hinh 2d va Bang 2. H¢ qua cua viéc sir dung hinh hoc fractal c6 sua ddi trong thiét ke nay
la d4 tao ra ang ten hoat dong tai hai biang tan 28 GHz va 38 GHz. H¢ sb phan xa va ty s6 song
dung VSWR ciia ang ten fractal Minkowski dugc biéu dién & Hinh 4a va Hinh 4b, ky hi¢u twong
ung Cua ang ten nay trong hinh la Ant.2.

2.3. Cdu hinh ciia ing ten dwoc dé xudt

CCCCCCLC
CCCCCCLC

Siéu
bé mat

Bé mat
buc xa

EEQEE
CC CC
CCCCCC
CCCCCELE

Siéu bé

(@) (b) (©)

Hinh 3. Cdc mé hinh ciia dng ten diege dé Xudt: (a) mé minh 2D nhin ti trén, (a) mé minh 2D nhin tir bén
(c) nhin tur dwoi mo hinh don vi SRR da duoc phong to
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Hiéu qua dat dwoc cua viéc sir dung hinh hoc fractal trong thiét ké nay 1a ing ten hoat dong tai
hai bang tan, tuy nhién bang thong ctia ang ten dat dugc do lgi chua cao, tham chi bang thong cua
Ant.2 con giam hon so v6i Ant.1. Vi vdy, nhom téc gia da bd sung cac 6 don vi SRR xung quanh
bé mat birc xa dé tao thanh mot I6p siéu bé mat. Piéu nay sé 1am cho hiu suat cia ing ten s&
dugc thay d6i nhu ting biang thong va cai thién vé& d6 loi. Hinh 3a va Bang 2 biéu thi mé hinh 2D
nhin tir trén va cac kich thudc cia ing ten duoc dé xuat.

Bang 2. Cdc kich thuéc ciia dng ten dwgc dé xudt

Ky hiéu L, h r r p
Pon vi [mm] 6,5 0,6 15 0,5 0,48
Ky hiéu n m d S

Pon vi [mm] 0,55 0,52 0,17 0,15

Sau khi bo sung cac 6 don vi siéu vt liéu SRR lam mt I6p siéu bé mit, bé rong bang thong
va do loi Cua ang ten dugc cai thién dang ké. Hé so phan xa va ty so song dirng VSWR cua ang
ten dé xuat dugc biéu dién ¢ Hinh 4a va Hinh 4b, ky hi¢u twong rng cia ang ten nay trong hinh
la Ant.3.

3. Két qua va ban luin

Phan nay trinh bay cac két qua dat duoc ciia nghién ciru trong viéc sir dung hinh hoc fractal
Minkowski két hop véi cau tric sidu vat liu SRR dé tao ra mot ang ten hoat dong tai hai bang
tan f,=28 GHz va f,=38 GHz cho cac wng dung 5G. Sau mdi lan cai tién, tir dng ten hoat dong tai
mot bang tan 28 GHz, ing ten dugc dé xuat di hoat dong tai hai bang tin va do loi duoc cai
thién. Hinh 4 biéu dién cho hé s6 phan xa cua cac ang ten, tir d6 cho thay so véi Ant.1 thi Ant.2
da hoat dong thém bang tan 38 GHz, tuy nhién bang thong cua 28 GHz cua Ant.2 c6 phan hep
hon so v&i Ant.1. Viéc bd sung thém cau trac si€u vat liéu SRR nhu mot 16p siéu bé mat da tang
dang ké bang thong tai dai tan 38 GHz va tang cuong mot phan bang théng & bang tan 28 GHz.
Bén canh d6 d6 loi cua Ant.3 ciing duoc cai thién dang ké. Bang 3 thé hién sy so sanh vé sé liéu
cu thé ctia cac dng ten tuong wng Vi mdi cau hinh.

Bang 3. So sdnh cdc théng sé dat dwoC Ciia cdc dng ten

Kiéu fing ten Ant.1 Ant.2 Ant.3
Bang tan hoat dong 28 GHz 28 GHz va 38 GHz 28 GHz va 38 GHz
Biang thong (BW) 1,96 GHz 1,28 GHz va 1,3 GHz 2,35 GHz va 8,45 GHz
H¢ so tang ich cao nhat (dBi) 5,63 7,51 8,29
0 12 =
JB _\ h // \\
— k 10! ' \
g -10 ‘ ‘\ II \\
- 4 \ 1 \
G 15 =] & ) ——AntA |
2 20 2 : ] = Eantoll
8 2 64 ; ——Ant3| \
2 5] ! : %
3 .1- Mo phong ol % ) \
£ 304 - - - Ant.2 - Mo phong \ :
—— Ant.3 - Mo phong \ J \ -7 A
35 ——Ant.3 - Do 2 X 4 N — P
/ ) \.A_.;a-ﬂi‘—?-*.“'-;_,_u:,(/ :
-4 T T T T T T T T T T T T T J T L}
° 26 28 30 32 34 36 38 40 42 26 28 30 32 34 36 38 40 42
Tan so [GHZ] Tan so [GHz]
(@) (b)

Hinh 4. So sdnh cdc théng sé Ciia cdc dng ten (a) Hé s6 phan xa Sy, (b) Hé 6 séng dimng VSWR
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Sau khi thu duoc cac két qua mé phong, nhom tac gia di tién hanh ché tao mé hinh ing ten
vat 1y va thuc hién phép do mét lan trong phong thi nghiém bing may phan tich mang vecto
Agilent 8722ES. Céac két qua thé hién trén Hinh 4 va Hinh 5 cho thiy cac két qua do va mé
phong ciia ang ten dugce d& xuat gan nhu twong thich hoan toan véi nhau trong hai bang tan hoat
dong 28 GHz va 38 GHz. Tuy c6 ton tai sai khac do su khong hoan hao cua qué trinh ché tao va
qua trinh do cua dng ten thyc nghiém. Vi viy né phu hop véi yéu cau thiét ké cua ang ten cho
ing dung 5G. Hinh 6a 14 hinh anh chup cua ang ten da dwoc ché tao va Hinh 6b thé hién hinh
chup két qua do hé s6 phan xa cia ing ten trén may phan tich mang vecto Agilent 8722ES.

9 1.0
] et s R 081 Lo O ~"N\’\
; Jo== ). - - g gea. N o8l oA - PEEE N
& - [~ £ o7l
8 6l- S o7
x
£ 5 oo
g 2 o0s
8 44 ]
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Hinh 5. Két qud mé phéng va do cdc hé sé tang ich (a)
va hiéu suat burc xa (b) ciia cdc ang ten trong nghién cuu

@ ®

Hinh 6. Cdc dng ten da dwoc ché tao (a) nhin tir trén, (b) hinh anh véi mdy do hé sé suy hao

Tir viée so sanh cac két qua dat dugc cua cic dng ten trai qua cac budc cai tién trong thiét ké,
cho thdy viéc két hop hinh hoc fractal Minkowski cac don vi SRR lam phén siéu bé mit xung
quanh thanh phan birc Xa dd tao nén mot ing ten hoat dong tai bang tan kép cho tng dung 5G
song milimet. Bén canh d6 bang thong ciia cac dai tan va do loi cua ang ten ciing duoc cai thién
dang ké dac biét 1a dai tan 38 GHz véi d¢ rong bang thong 1a 8,45 GHz. Bén canh d6 bai bao nay
ciing da so sanh véi cac két qua cong bd trudc d6 (thé hién trong Bang 4).

Bang 4. So sanh hiéu néng ciia cdc dng ten hoat dong ¢ dai tan milimet trong thiét ké nay
VGi cdc thiét ké khdc di cong bé trude day

Tham Biing tan Kich thwéc Biine thé H¢ so ting ich  Higu suat birc
chiu hoat déng (mm°) angthong a0 nhét (dBi) xa (%)
[10] 28 GHz 7,7x9,5x0,8 1,2 GHz 7.1 -
[15] 28GHz  12,3x12,3x1,575 6 GHz 75 82,75
[16] 28 GHz 14x14x0,787 2 GHz 6,1 90
Thiétké 28 GHzva 2,35 GHz va
nay 38 GHz 6,5x6,5x0,6 8,45 GHz 8,29 o
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4. Két luan

Mot quy trinh thiét ké ang ten hoat dong tai hai bang tin song milimet 28 GHz va 38 GHz cho
céc (ing dung 5G dugc trinh bay. Qua trinh nay duoc thuc hién bang céch lan luot thay doi cAu hinh
Cua cac ang ten tur dang hinh tron dén dang fractal Minkowski c¢6 stra d6i va cudi cung la b sung
cac cAu tric siéu vat lidu xung quanh thanh phan birc xa dé tao nén mot Iop siéu bé mit. Cac 4 ang
ten dugc thiét ké trén vat liéu nén cua Rogers RT/duroid 5880 voi hang s6 dién moi 1a 2,2, tiép
tuyen suy hao 1a 0,0009 va chiéu cao 14 0,6 mm, chung dugc Cap nguon bang dau do dong truc.

Két qua dat duoc clia nghién ctru 1a da tao ra mot ang ten hoat dong tai bang tan kép cho ung
dung 5G dai song milimet. Ngoai viéc dng ten dé xuat hoat dong thém tai bang tan f, = 38 GHz
VGi d6 rong bang thong BW, = 8,45 GHz thi bang thong ¢ dai tan thi nhat (f, = 28 GHz) cua dng
ten dugc dé& xuat di ting 19% so v6i dng ten ban dau (BW, = 2,35GHz). Bén canh d6, d6 loi cua
ang ten duoc dé xuét ciing ting dang ké so véi dng ten vi dai, cu thé d6 loi 16n nhét dat duoc 1a
8,29 dBi trong khi d¢ loi dng ten ban déu 1a 5,63 dBi. Day 1a mot két qua hap dan, can duoc quan
tam va ap dung trong thiét ké cac hé thong khac. Ngoai ra, phuo*ng phap thiét ké nay co thé duoc
sir dung vai cac vat lidu dién moi khac nhau, c6 hé s6 dién moi thap hon s& tao ra cac ang ten co
d0 loi dugc cai thién.

Loi cam on
Céc tac gia chan thanh cam on dé tai cap B ma s6 B2021-TDV-02 do Bo Gido duc va Pao
tao tai tro.
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