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Cilng vcfi sir phat trien nhu va bao cua khoa hoc 

ky thuat, cae thiet bi dien tii vdi cae eong nghe 

mdi ra ddi, ddi hoi thiet bl thu phat sdng vo tuyen 

ma thanh phan cpian trong la anten ngay cang cai 

tiin, phat tnin. Nhieu edng nghe, ky thuat duqc ap 

dung trong linh vuc thiit ke anten: trong dd, anten 

Fractal la mdt hudng di tiem nang, thu hiit rat nhiiu 

nha khoa hoc tham gia nghien cim va phat tnen de 

img dung trong thiit bi dau cudi di ddng cho cae he 

thdng truyin thdng tien tien. 

CAU TRUC FRACTAL 

Ndn tang dau tien cira Fractal duoe nha toan hpe, 
vat Iy hoc Leibniz dua ra Id self-similarity (tinh tu 
ddng dang). Self-similarity la cau tnic Fractal dupe 
tao ra tit nhimg nguyen td gidng nhau bing each 
sip xep theo mdt Meu nao dd. Cd the phdn chia 

Self-simUarity thanh: '-' 

- Exact seli-similanty: la cac Fractal cd eau tnic 
hinh hoc, dupe tao ehinh xac ta cae ban copy ciia I 
nguyen td (Hinh I). Dien hinh la eau triic hinh tam 
0ae do nha toan hoc Sierpinski dua ra, hay Men 
tnic dudng eong ciia Koch. Diu tien, nd la nhtmg 
tam 0ac deu hay hinh vudng vd loai bd tam 0ae 
deu hay hinh vudng nhd d 0tla. Sau dd, tu: cdc phan 
tir CO ban nay lap di lap lai nhieu Ian de dupc cau 
triic Fractal mong mudn. 

- Approximate seU-simllanty: la ede Fractal cd eau 
tnic gdm mdt phan dupc tao tit mdt sd ban copy eua 
I nguyen td. Hinh 2 Id mdt vl du ve Men trite nay, 
Men tnic do nhd toan hpe Mandelbrot tim ra. Nd ed 
hinh dang khdng ddi ximg nhu tam 0ac SierplnsM 
hay mieng bot bien Menger md nd duac tao ra bing 
each ghep mdt sd bin copy lai vm nhau. 
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Hinh 1: Hinh dang cau true Exact self-similarity. 
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Hinh 2: Kien true Mandelbrot, 

- Statistical seU-similanty: Id cac Fractal dupe tao 
ra b0 mdt sd mdu ngiu nhien, thudng Id cac cau 
tnic Fractal trong ta nhien (Hinh 3) nhu la phdi, nao 
nguCri, la cay, dc hay sam set,.. 

Cau true Fractal dupe sir dung trong che tao anten 
thucimg Id Fractal cd cau tnic hinh hpc (Exact seli-
simllarity). 

Bdi bao nay trinh bay viec img dung eau trite 
Fractal Exact self-similarity, de thiet ke anten bang 
rdng (UWB) va anten boat ddng tai da bang tan, 
lo0 hinh anten dac tnmg cho cac he thdng trayen 
thdng tien tien hien nay. 

NGUYEN LY T INH TOAN FRACTAL CHO 

THIET KE ANTEN 

Cd nhieu phuong phap duoe sit dung de tinh 
todn eau tnic hinh hoc Fractal nhu ky thuat de ciuy, 
tam 0ac Pascal, thuat toan tten dinh (Deterministic 
Algorithm), hay thuat toan lap ngiu nhien... Trong 
khudn khd bai bao nay, chi 0cii thieu hai phuang 
phap CO ban: sit dting ky thuat de quy vd tam 0ae 
Pascal. 

Hinh 3: Cau true Fractal tim thay trong tu nhien. 

1. Ky thuat de quy initiator/generator 

Cac Fractal duac phat sinh bing each sir dung de 

cjuy inUiator/generator cho ket cjua Id cac hinh tu 

ddng dang. Cdc hinh nay ed sd chidu Fractal duoe 

tinh theo edng thitc sau: 

D 
log c^o 

log (^) 

Trong dd: 

D: sd chidu Fractal. 

N: sd doan thing. 

R: sd ehieu dai cua mdt doan. 

Viec so sanh sd chieu Fractal vdi sd chieu trong 
hinh hoe Euchd cho ehung ta thdng tin ve tinh chit 
cua Fractal. Dd la neu D ed 0a tn I thi ehi la doan 
thing thdng thudng, cdn neu D co 0a tn 2 cd nghia 
Id dudng cong phu hoan hoan mat phing. 

Vdi ky thuat de quy initiator/generator, chimg ta 

bit dau bing mdt initiator, nd ed the Id mdt doan 

Hinh 4: Hoa tuyet Von Koch, 
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Hinh 5: Tam giac Pascal va 

thing hay mdt da 0ac, Mdi canh cua initiator dupe 

thay the bm mdt generator Id tap lien thdng cua cdc 

doan thing tao nen bing cdch di ta diem bit diu 

den diem cudi cua dudng thay the (generator cd the 

la mdt ludi vudng hay mdt ludi tao bm cac tam 0ac 

deu). Sau dd mdi doan thing cua hinh mdi duoe 

thay the bm phien ban nhd hon eua generator. Qud 

trinh nay tiep tac khdng xac dinh. Ket qua se nhan 

duoe ede hinh cd cau true Fractal khac nhau. Hinh 

4 cho ta thay each tao ra hoa tayet Von Koch bing 

phuong phap de cjuy. 

2. Tam giac Pascal 

Tam gidc SierpinsM edng la mdt cau tnic Fractal, 

ngoai each duoe tao ra bing de cjuy initiator/ 

generator edn cd the dupe tao ra bing each sit dung 

tam giac Pascal (Hinh 5, mod-2). 

Mdt tam 0ae Pascal dupc tao Ien ta cac node, mdi 
node ed chiia mdt gia tn. Hdng thu i cd i node, vdi i 
= 1 : n vd n la sd hang. Neu cdc gia tn tai cae node 
chia het cho mdt sd nguyen td p (p = 2,3,5...) bixda 
bd, thi ket cjua thu duoe Id mdt Fractal tu ddng dang 
(self-similar) gpi la "SierpmsM gasket Mod-p". Nhu 
vay se tao ra duoe cdc "SierpinsM gasket Mod-2, 

3 mod-5 

Sierpinski(mod-2,3,5). 

Mod-3 hay Mod-5" (Hinh 5) neu nhu xda bd cac 

node cd 0a tri chia het cho 2, 3 va 5 taong ung. 

U'NG DUNG FRACTAL CHO THIET KE 

ANTEN 

Viee ung dung eau triic Fractal trong ttaet ke 

anten, khdng nhtmg tao ra cac thiet ke anten ed 

Meh thudc nhd gpn (nhd Idm tang ehieu dai dien 

tren anten) ma edn md rdng bang thdng etlng nhu 

tao ra cdc thiet ke anten da bang, dap img yeu ciu 

cua eae thiet bi dau cudi tien tien hien nay. 

1 . Thiet ke anten Fractal bang rong 

Anten dupc gidi thieu Id anten Fractal SierpinsM 

bang sieu rdng (Hinh 6). Cau tnic anten dupe tac 

thdnh bing each kdt hop eau tnic Fractal SierpinsM 

ben trong mdt vdng trdn cd chieu rdng I mm de tang 

bang thdng va hieu suit buc xa. Kieh thude anten la 

29 X 28 X 1,6 mm3 vdi chat ndn sit diing la FR4 (er = 

4,4), tiep 0en bing dudng vl dai 11,1 x 3 mm2. 

Kdt cjui dat dupe (Hinh 7) cho thay rd bang thdng 

dupc eai thien rat nhieu kht ed mat eua eau trac 

Fractal. Khi chua sir dung Fractal, anten Id da bang 

nhung tham sd S11 bing -16 dB edn eao, bang 

(a) (b) (c) (d) 

Hmh 6- Cau true anten Fractal Sierpinski: (a) hinh trbn vong ngoai, (b) bac 1, (c) bac 2. (d) bac 3. 
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mdng dat duoe 2 GHz. Vol viec sir dtmg Fractal 
SierpmsM bang mdng mu duoe sieu rdng 10,6 GHz, 
hoat ddng ttong dai bang ta 3,7 GFlz den 14,3 GHz, 
va hoat ddng tdt nhat t0 tin sd 7,6 GFIz, mam sd 
SI I cii ttaen xudng -20 dB va hieu suit duoe ndng 
eao, dat 92=c. 

2. Thiet l<e anten Fractal da bang tan 

Ngoai uu 0em md rdng bang mdng, sit dung cau 

trac Fractal trong thiet ke anten cdn 

0up cho anten hoat ddng tai nhieu 

bang tan. Anten trinh bay cd dang 

nhu Hmh 8. 

Anten Fractal nay dupe thiet ke 

bing each ket hop hai loai hinh hoc 

la do-deca0am va vdng trdn. Anten 

ed Meh thudc kha nhd 23 x 24 x 0,8 

- - - mm3, sir dung chat nen FR4 day 0,8 
1S00 ^ 

mm. Mat bite xa tap len bm cac hinh 

ket hop do-deea0am vCri vdng trdn 

xep chdng Ien nhau tao ra eau true 

Fractal vd eae hinh nay duoe phan bd tai cae vl tti 

khdc nhau tten mat bite xa. Mat khae, anten sir dtmg 

CPW-fed, tiep 0en bing duong vi dii va tren ducmg 

VI dai che khe ehu U 0up tang sd bang hoat ddng, 

dd tang ich (gam) vd taeu suit cua anten. 

Ket cjui dat duoe eua anten md hien tren dd tta 

S11 (Hinh 9) vd dd mi gam vd taeu suit buc xa 

dj=4 9mm di^lmm i,=2.2mm l(=0.75mm h,=7nm 

d2=3mm 1^=10.jmm i^^lmm hj=6mm hi=0.3i7un 

d)=1.7mm l2=l 5mm l<=0.5mm h-.^S.Smm h<=0.8mm 

Hmh 8: Cau r x a-te- ic-iecag.'a-^ ,a t,e- t n " :ac a-te' 
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Freq(GHz) 

Hinh 9: Bo thi S i l . 

(Hinh 10). Dd dang nhan thay, anten hoat ddng da 
bang cu the: 3,5 GHz; 4,9 GHz; 5,5 GHz; 9,1 GHz; 
10,3 GHzva 11,5 GHz. 

Anten hoat ddng hieu qui nhat tai 2 bang thap la 
3,5 GHz va 4,9 GHz vin bang thdng Idn va ed gain 
2,95 dB va 1,5 dB taong img. Anten Fractal da bang 
nay ed the sir dung cho rat nhieu img dtmg nhu LTE, 
Wimax, WLAN, bang FCC, thdng tin ve tmh bdng C, 
bang X... 
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Hinh 10: Do thi gain va hieu suat buc xa. 
Freq(GHz) 
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