i ingdung)®

tcong thiét keanten da hiang, lian
cho h) thang truyen thon JIIEIIIIIEIII

Cung vor su phat trién nhu vii bdo cua khoa hoc
ky thuat, cdc thiét bi dién tu vdi cdc cong nghé
moi ra doi, doi hor thiét bi thu phat song vo tuyén
ma thanh phan quan trong Ia anten ngdy cang cai
tien, phat tnén. Nhiéu cong nghé, ky thuat duoc ap
dung trong linh vuc thiét ké anten, trong do, anten
Fractal la mot huong di tiém nang, thu hut rat nhiéu

nha khoa hoc tham gia nghién ctu va phat trién dé

umg dung trong thiét bi ddu cudi di dong cho cdc hé
thong truyén thong tién tén.

CAU TRUC FRACTAL

Nén tang dau tién cua Fractal duoc nha toan hoc,
vat ly hoc Leibniz dua ra la self-similanty (tinh tu
déng dang). Self-similanity la cau truc Fractal duoc
tao ra t nhing nguyén té qiéng nhau bang cach
sap xép theo mot kiéu nao do. Co thé phan chia

(a} Kach curve

(b) Sierpinsks gasket

ThS. Dudng Thi Thanh Td, Nguyén Ngoc T
I\

Self-similarity thanh: J

- Exact self-similanty: la cac Fractal co cdu truc
hinh hoc, duoc tao chinh xac tit cac ban copy cua |
nguyén té (Hinh 1). Dién hinh la cdu tric hinh tam
giac do nha toan hoc Sierpinski dua ra, hay kién
tric dudng cong cua Koch. Dau tién, né la nhing
tam giac déu hay hinh vuéng va loai bé tam giac
déu hay hinh vuong nho o giita. Sau do, tit cac phan
ti co ban nay lap di lap lai nhiéu lan dé duoc cau
tric Fractal mong muén.

- Approximate self-similarity: 1a cac Fractal co cau
tric gom mot phén duoc tao th mot s6 ban copy cua
| nguyén t6. Hinh 2 14 mot vi du vé kién truc nay,
kién tric do nha toan hoc Mandelbrot tim ra. No co
hinh dang khong dé1 xing nhu tam giac Sierpinski
hay miéng bot bién Menger ma né duoc tao ra bang
cach ghep mot s6 ban copy lai vé1 nhau,

(c) Serpinski carpet

Hirh 1: Hinh dang cu truc Exact self-similarity.
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A period 5
primary bulb

Hinh 2; Kien troc Mandelbrot.

- Statistical self-similarity: la cac Fractal duoc tao
ra boi mot s6 mau ngdu nhién, thuong la cac cau
truc Fractal trong tu nhién (Hinh 3) nhu 1a phoét, nao
nguoi, la cay, 6c hay sam sét...

Cau tric Fractal duoc su dung trong ché tao anten
thuéng la Fractal co cau truc hinh hoc (Exact self-
similarity).

Bai bao nay trinh bay wiéc ing dung cédu truc
Fractal Exact self-similarity, dé thiét ké anten bang
rong (UWB) va anten hoat dong tai da bang tan,
loai hinh anten dac trung cho cac hé thong truyén
théng tien tién hién nay.

NGUYEN LY TINH TOAN FRACTAL CHO
THIET KE ANTEN

Co nhiéu phuong phap duoc su dung dé tinh
toan cau tric hinh hoc Fractal nhu ky thuat dé quy,
tam giac Pascal, thuat toan tién dinh (Determimstic
Algonthm), hay thuat toan lap ngau nhién... Trong
khuon kho bai bao nay, chi gioi thiéu hai phuong
phap co ban: su dung ky thuat dé quy va tam giac
Pascal.

CONG NGHE VIEN THONG

Hinh 3: Cau tric Fractal tim thay trong tunfhién
1. Ky thuat dé quy initiator/generator
Cac Fractal duoc phat sinh bang cach su dung dé
quy 1nitiator/generator cho két qua la cac hinh tu
dong dang. Cac hinh nay cé sé chiéu Fractal duoc
tinh theo céng thue sau:

log (N)
D=

log (=)
Trong do:

D: s6 chiéu Fractal.

N: 50 doan thang.

R: 0 chiéu dai cua mo1 doan.

Viéc so sanh s6 chiéu Fractal vor s6 chiéu trong
hinh hoc Euchd cho chung ta théng tin vé tinh chat
cua Fractal. Do 1a néu D co qa tn 1 thi chi la doan
thang théng thuong, con néu D cé gia tnn 2 ¢o nghia
la duong cong phu hoan hoan mat phang.

Vo1 ky thuat dé quy initiator/generator, chung ta
bat dau bang mot imtiator, no cé thé la mat doan

ATXERE

Hinh 4: Hoa

=t Von Koch

AP CHI ¢

NTTETT KY 1 (4.2016)
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Hinh &: lam giac Pascal va Sierpinstiimod 2.3.5),

thang hay mol da gidc. Moi canh cua intiator duoc
thay thé bén mot generator 14 tip lién thong cua cac
doan thang tao nén bang cach di tir chém bat dau
dén d1ém cut cia duony thay thé [generator ao the
1# mot luoi vuong hay mot luo lao bé cac tam giac
déul. Sau do mén doan thang cia hinh mé duao
thay thé bén phaén ban nho hon cua generator. Qua
rinh nay tép lue khang xac dinh. Két qua s¢ nhan
duoe cac hinh o ciu trac Practal khac nhau. Hinh
4 cho 1a Lhdy céch ta0 ra hoa tuyét Von Koch bang
phuong phap dé quy.

2. Tam giac Pascal

Tam giac Sierpuiskl ¢ing la mat cdn te Fractal,
ngoal cich duoc lao ra bing dé gquy nibator/
generator ¢im oo thé duoc tao ra bang cach s dung
1am pac Pascai {Hinh 5, mod 2.

Mol tam mae Pascal duet tao 1én tir cAe node, mén
node co chiua mot gia tn. Hang thii cd i node, von 1
=1 :nvan laso hang Néu cac qia tn la cac node
chia hét cho mét 56 nquyen to p [p — 2.3.5.. ) bixoa
bo, thi két qua thu duoe 13 mat Fractal tu dong dang
{self-similar} goi la “Swrpnsk gaskel Mod-p*. Nha
vay s& tao ra duoc cac "Sierpinskl gaskel Mad-2,

fa) [t

Mod 3 hay Mod-§* {Hinh 5) néu nhu xoa bd cac
node co gid m chia hét cho 2, 3 vd 5 tuong ung.

NG DUNG FRACTAL CHO THIET KE
ANTEN

Wiéc ung dung cdu e Fractal trong thiét ké
anlen, khong nhimg tac ra cac thiét ké anten co
kich thuoc nho gon [nhe lam tang chiéu dai dién
trén anten) ma con mo rong bang thong cing nh
tao ra cac thiét ké anlen da hang, dap ung yéu céu
cua cac thiét bi dau cudi hién tién huén nay.

1. Thiét k& anten Fractal bang ring

Anten duge qion thigu 1a anten Fractal Sierpinska
bang siéu rong (Hinh 6). Cau truc anten duoc tas
thanh bang cach két hap cdu tnic Fractal Sierpuskl
bén trang mat vong trén co chiéu rong Lmm df tang
bang thong va méu sudt bic xa. Kich thuoe anten 1a
29 x 28 x 1,6 mm3 vii chat nén su dung la FR4 (o, =
4.4}, nép dien bang dudng vi ddi 11,1 x 3 mm?,

Ket qua dal duoc [Hinh 7) cho thdy ro bang thong
duge cdi thién tat nhiéu khu co mat cia cau toc
Fractal. Xhi chua sir dung Fractal. anten 13 da bang
nhung tham sd $11 bang -16 dB con cao, bang

?Y

(3] i)

Hinh £ Céaa tric arten Fractal Seenske (2 mnn troe vong nged, (D)o 1, (ehbac 2. td) bac 3,
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Relun loss(dB)

théng dat ducc 2 GHz. Voi viéc st dung Fracial
Sierpinski bang thong thu duoc siéu réng 10,6 GHz,
hoat dong trong dai bang tu 3,7 GHz dén 14,3 GHz,
va hoat déng t6t nhat tai tan so 7,6 GHz, tham so
S11 cai thién xuéng -20 dB va hiégu suat duoc nang
cao, dat 92--.

2. Thiét ké anten Fractal da bang tan

Ngoai vu diém mo 1ong bang thong, st dung ciu

CONG NGHE VIEN THONG

truc Fractal trong thiét ké anten con
giup cho anten hoat déng tal nhieu
bang tan, Anten tnnh bay co dang
nhu Hinh 8.

Anten Fractal nay duoc thiét ké
bang cach k&t hop hat loar hinh hoc
la do-decagram va vong tron. Anten
co kich thuoc kha nho 23 x 24 x 0,8
mm?3, su dung chat nén FR4 day 0.8
mm. [at buc xa tao 1én bol cac hinh
két hop do-decagram vén vong tron
xép chéng lén nhau tao ra cau truc
Fractal va cac hinh nay duoc phéan b6 ta1 cac vi tri
khac nhau trén mat buc xa. M4t khac, anten s dung
CPW-fed, uép dién bang duong w1 dai va trén duong
w1 da1 che khe chit U quup tang sé bang hoat déng,
do tang ich (gain) va hiéu suét cua anten,

Két qua dat duoc cua anten thé hién trén doé thi

S11 (Hinh 9) va d6 thi gamn va hiéu susdt buc xa

@
|| [P
O pas O

Zois
OF

@;

i 9mm dy=imm
d:=3imm l=10.5mm
1:=1.7mm l=] 3mm

ly=imm

li=0.0mm

.- mm le=0,73mm fy="mm
hi=6mm hy=03mm
f=5 3mm = Smm
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1

Freq(GHz)
Hinh 9 8 thi 11,

{Hinh 10). Dé dang nhin thiy, anten hoat déng da
bang cu thé: 3,5 GHz; 4.9 GHz: 5,5 GHz; 9, | GHz:
10,3 GHz va 11,5 GHz.

Anten hpat dgng hiéu qua nhal tai 2 bang thip 1a
3,3 GHz vd 4.9 GHz vm bang thong 1on va eo gain
2,95 dB va 1,5 dB wony ung. finten Fractal da bang
nay oo thé sir dung cho rat nhidy img dung nhu LTE,
Wimax, WLAN, bang FCC, thong tin v¢ tinh bang C,
bang X...
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