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TOM TAT

Bai bdo nday da nghién ciu vé mdng anten vi dai ing dung cho hoat déng ¢ tan sé

2.45GHz. Trong bai bdo nay, cdc co so ly ’thuyét cing nhu cdc cong thirc vé vé anten vi day

dwoc tdc gia van dung dé tinh todn, thiét ké mot anten vi dai. Sau do, tac gia da thiét ket mang

vi dai hai phan tir va bon phan tir voi phwong phdp cap nguon song song. Phan mém HFSS

vI3 duoc sur dung dé ddanh gid cdc théng sé ciia anten: tan so cong hwong, do thi birc xa, hiéu

sudt, dé loi. Cuoz cung, nghién ciu da cho thdy véi mang anten vi dai 1x4 cho két qua nhuw

sau: a0 loi bang 9.7(dB), hiéu suat birc xa la 95,7%, tan so cong huong la 2.45GHz voi bang
théng BW=90MHz va hwdng birc xa cwc dai ciia mang la 0=0°.

Tir khoa: mang anten,; anten vi dai; do thi birc xa;dé loi; HFSS.
ABSTRACT

This paper studied the application of microstrip antenna array for operation at 2.45GHz
frequency. In this paper, the theoretical bases as well as the formulas about microsequence
antennas are applied by the author to calculate and design a microstrip antenna. Then, the
author designed two element antennas and four element antenna arrays with parallel power
method. The HFSS vi3 software is used to evaluate the antenna parameters: resonant
frequency, radiation pattern, efficiency, gain. As final, the study showed that with x4
microstrip antenna array, the results are as follows: gain=9.7(dB), radiation
efficiency=95.7%, resonant frequency=2.45GHz with bandwidth(BW)=90MHz and the
maximum radiation direction of the array antenna 6=0".

Keywords: array antennas, patch antenna, radiation pattern,gain;, HF'SS.

1. GIOI THIEU CHUNG

Ngay nay thong tin vo6 tuyén da _phat
trién rat manh mé, cung véi su phat trién do
thi anten thanh phan khong thé thiéu cia bat
ki hé thng thong tin vo tuyén nao. Ngoai

thiét bi di dong, thong tin [2]. Anten vi dai
khong chi thich hop ung dung cho cac thiét
bi di dong ma con thich hgp trong cac ung
dung cho hé thong mang cuc bo khong day
(Wireless Local Area Network, WLAN) hoat

viéc quan tam t6i gia thanh san xuat, k¥ thuat
ngay cang nang cao, thi tinh tién dung nhu
do bén, trong luong anten nhe, kich thudce
anten phai nho gon ciing 14 mdi quan tim
hang dau [1]. Vi nhing dic diém d6 ma
anten phing vi dai (microstrip antenna) di
hap dan cac nha nghién ctru, nguoi ding vi
kich thudc nho, chi phi thap, d& ché tao va d&
tich hop 1én cac access-point (AP) hay cac

Doi: https://doi.org/10.54644/jte.65.2021.144

dong ¢ cac dai tan 2.4 GHz va 5GHz, hay cac
dai tan khac cao hon khi tng dung cac cong
nghé cua mang 5G [2, 3,4].

Tuy nhién néu chi ding mét anten vi dai
don nhét thi chua phat huy day du cac tinh
ning cua viéc truyén soéng [5, 6]. Do do
nguoi ta da nghién ctru cdc cach tao ra mang
vi dai (gdm nhiéu cic anten vi dai _ghép lai
v6i nhau) v6i cac cach bd tri va cap ngudn
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khéc nhau dé tao ra nhirng dac tinh ndi troi
cua viéc truyén song [7,8].

b6 cung 1a ly do, tac gia thyc hién
nghién ctru ndy nham tinh toan va mo phong

mang anten vi dai hoat dong ¢ tan sb
2.4GHz.

Dé tai duogc trinh bay tuan tu tir chuong
hai dén chuong 5. Trong chuong hai s& giGi
thiéu chung vé kién thirc anten, anten vi dai,
mang anten. Dén chuong ba sé& tinh toan thiét
ké anten va mang anten vi dai. Chuong bdn
s& tién hanh mo phong va danh gia. Va cubi
cung la chuong ndm s€ dua ra nhitng dong
gop chinh cua dé tai.

2. KIEN THUC CHUNG VE ANTEN VI

DAI VA MANG ANTEN VI DAI

2.1 So lwgc vé anten
2.1.1. Ham tinh huwong

_ Ham huong tinh la ham vector phirc, bao
gom cac thanh phan ¢ va 6 [9]:

E.(0.9) =E,(0.9)}, +E,(0.9)], 1)

2.1.2 Cong suat burc xq, dién tro birc xa va
hiéu sudt cua anten

Cong suat birc xa 13 bao gom ca cong
suat ton hao Py, va cong suat btrc xa Pox [9]:

P4= Ppxt+ Py ()

Anten dugc coi 1a thiét bi chuyén doi
nang luong, do d6 mot thong s6 quan trong
ddc trung cta nd 1a hi¢u suat l[am vigc.

Hiéu suat cua anten na chinh la ty 5O

gilta cong sudt birc xa Py va cOng suit may
phat dua vao anten.

e G)

Na = P,

Hiéu suat cua anten dac trung cho mirc
do ton hao cong suat cta anten.

2.1.3. H¢ so6 hwéng tinh va hé so ting ich
clia anten.

Anten 1y tuong 1a anten c6 hiéu suat lam
viéc 100% va nang lugng buc xa song dién tir
dong déu o tat ca cac huong. Anten 1y tuong

duoc xem nhu mot nguén buc xa vo hudng
hodc mdt chan tir nira budc song.

Hé s6 huéng tinh: [9] La ty sb giita mat
dd cong suat buc xa cua anten & hudng va
khoang cach da cho so v6i mat do cong suat
blrc xa bdi anten chuan cling tai huéng va
khoang cach nhu trén, véi di€éu kién cong
suat birc xa cua hai anten giong nhau.

S(0,9)

D(6,9)= S

0 “4)
Trong do:

S(0,9)1a mat do cong suat birc xa clia anten
& hudng (6, @) tai khoang cach R.

So 1a mat do cong suét tai huéng va khoang
cach nhu trén voi gia thiet anten birc xa dong
deu theo cac hudng.

Anten chuén c6 thé 1a mot nguon burc xa
v6 huong gia dinh hodac mét nguén nguyén t6
nao do6 da biét.

D6 loi ciia anten: La ty sb giita mat do
cong suat burc xa cua anten thuc ¢ hudng khao
sat va mat d§ cong suat cia anten chuan &
cung hudng va khoang cach nhu trén voi diéu
kién cong suat dat vao hai anten bang nhau,
con anten chuan c6 hi¢u suat bang mat [9].

7,:5(6,9)

8(01 (0) = AS— = 77AD(‘9' (0)
0 6))

Trong do:
1, : hiéu suit ciia anten.
S(0,¢) : mat d6 cong suat birc xa clia anten.
D(8, 9) : 12 hé s6 hudng tinh.
So: 12 mat dg cong Suét.

Do loi ciia anten khong nhiing chi bién
thi dac tinh dinh hudng cua anten ma con
bi€u thi su ton hao trén anten.

2.1.4 Tro khang vao cua anten.

Khi ndi anten vao may phat hoic may
thu thi anten s tré thanh tai cia may phat va
may thu. Tri s6 tai nay duoc dic trung boi tré
khang vao cua anten. Tro khang dugc xac
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dinh bang ty so gitra di€én ap dau vao U, cua
anten va dong dién dau vao Iy cta anten [9].

Z==R,+jX, 6)

2.2 So lwge vé anten vi dai

Anten vi dai 1a mot ban mach dung dé
buc xa song dién tur c6 hinh dang nhu Hinh
1[10]. C4u tao anten vi dai don gian gom
mot Radiating Patch (mit phang birc xa) nam
trén Dielectric Substrate (16p di€én moi), phia
d6i dién voi patch 13 Ground Plane (mit
phang dat).

y }
y RN

h I dielectric (g,)

groundJ

Hinh 1. Hinh dang 3D cua anten vi dai[10]

2.2.1 Cdc thong sé co ban ciia anten vi ddi

Tan so cong hwong, chiéu dai va chiéu
rong cua anten vi ddi.

Tan s6 cong huong cua anten vi dai &
mode (m,n) (TMm,) 1a [12]:

e R

L: chiéu dai

(7)

M: chi€u rong

Thudng str dung mode (1,0), tan sé cong
hudng s€ la:

zr( | ®

g
2 fl,O 2

9)
Trong do:

€, : hang so dién moi cua l6p dién moi.

Ay : buéce séng trong 16 dién moi
d g g lop
c: van toc anh sang trong khong gian ty do.
Do c6 hiéu tmg vién [12] nén chiéu dai
cua patch s& dugc kéo dai ra mot khoang Al
moi bén.
wW

(&rer +0.3)(h+0.264j

w

Al =0.412h
(&urt — 0258)(+0.8

j (10)
Trong do

et - hang s6 dién moi hi¢u dung cia 16p dién

mdi, dugc cho bdi cong thic:
1
— 2
Crett = i +l+ & 1(14—121)
2 W

h: chiéu cao tdm patch.

)

Chiéu dai thuc tam patch ldc nay 1a:
Chiéu réng ctia patch duogc tinh theo cong
thire dé dat dugc buc xa song thich hop:

wo_ ¢ [_2
2f, \ & +1

(12)
Khi d6 theo [7, 8, 9] dé phdi hop trd

khang gilta duong truyén co tré khang Zo va
tai co thuan tro Rr nguoi ta s& thém vao mot
duong vi dai c6 chicu dai I= (2n+1)*A/4 va co
tré khang Zi=sqrt(Zo.Rvr).
2.2.2 Dj dinh huong cua anten vi ddi

~ Do dinh huéng 1a mét trong nhiing hé s
chat luong quan trong doi voi moi loai anten
va dugc dinh nghia nhu sau [9, 12]:

2
27W | 1
> (TJ |,
0 1

Trong do:

. (kOW
| S| =5
:.0[

(13)

(14)
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2.2.3 Cdc phwong phdp cip nguén cho anten

vi ddi

Véi anten vi dai thi c6 hai cach cip
nguén 1a cap dong tryc va duong truyén vi
dai. Trong bai bao nay, phuong phap cap
ngudn bang duorng truyén vi dai dugc su
dung. Cip ngudn bang duong truyén vi dai 1a
mot phuong phap dé thuc hién vi patch co
thé duoc xem 1a mot dudng truyén vi dai ho
va ca hai ¢ thé duoc thiét ké trén cung mot
mach. Tuy nhién n6 ¢6 han ché 1a s& lam xuét
hién sy birc xa khong mong muén néu kich
thudc doan cap ngudn 1a trong ddi dai néu so
sanh voi d6 dai cua anten[8].

2.3 Mang anten vi dai
2.3.1. Khdi niém mang anten:

Mang anten gém nhiéu anten dit gan
nhau, cach nhau mot khoang cach nham tao
ra cac hudng buc xa cd cuong do 16n nho
khac nhau cho mang anten [9]. Méang anten
tao ra truong dién tir ving xa theo cong thirc
sau [9]:

Er=EA*AF (15)

V61 Ea: 1a bién d0 truong cua ting anten
phan tr. AF 1a hé so sap x€p va c6 dang theo
cong thuc sau:

a-adeoso ) | sin [N (kdcosd + B)]

AF(N,0)=e
Sin(kdc056'+ﬂ)

sin[N(kdcos@+ﬂ)]‘
‘ Sin(kd0036?+,6’) ‘

|AF(N,0)|= (16)

Trong d6: N 1a s6 anten; k=2m/A (v6i A 1a
budc song lam viéc); d 1a khoang cach gitra
cac anten trong mang anten, B hé sé pha cia
cac phan tir anten(p=k*d).

2.3.2. Mang anten vi dai va phwong phdp
cdp nguon cho mdang

Maing anten vi dai 12 m§t mang anten voi
cac anten thanh phan 1a cac anten vi dii.
Mang anten vi dai co thé tao ra mot dang birc
xa theo mot yéu cau duoc dit ra trudc.

C6 hai cach cap ngudncho anten vi dai 1a
ndi tiép va song song [10, 11]. Trong nghién
ctru ndy, phuong phap cip ngudn song song
duogc sir dung. Khi d6 theo [12] dé phdi hop
tré khang gitta dudng truyén c6 trd khang Zo
va tai c6 thuan tré Ry nguoi ta s& thém vao
mot dudng vi dai co chibu dai I= (2n+1)*\/4
va co trd khang Z=sqrt(Zo.Rv).

3. TINH TOAN VA THIET KE ANTEN
VI DAI

3.1 Thiét ké anten vi dai hinh chir nhat

Cac thong s kich thudc ctia mit buc xa,
chiéu cao va hé s6 dién moi 1a nhing thong
s6 quyét dinh tin s6 cong huong cua anten,
nén chung phai dugc lya chon va tinh toan
chinh xac. Lya chon vt liéu ché tao anten 1a
tam mat in hai mat [13], cac thiét bi thong tin
thuong hoat dong & tan s6 pho bién va de
giao tiép 12 2.4GHz nén ta co cac thong sb
nhu bang 1 [14].

Bdng 1: Cac thong so dau vao cua anten

Hinh dang patch Hinh chir nhat
Tan s cong hudng 2.4Ghz
Hing s dién moi 4.3 (FR-4)
Chiéu day dién moi 1.6 mm
Céch thic cip ngudn Puong vi dai

3.1.1 Kich thwoc cua anten

Dua vao cong thirc (12) dé tinh chiéu rong
cua patch anten dugc tinh theo cong thirc sau:

1 [2 ¢ [2 308 [ 2
2f \(e, +1 2f \e +1 2%24%1079\4.3+1
=0.0038393 (m)=38.393 (mm).

c: van toc anh sang:= 3x10® m/s

Héng s6 dién méi hiéu dung cua patch duogc
tinh theo cong thuc (11):

1
=L | B Wy 16 j 3997
2 W 2 2 38.393

Chiéu dai cua tdm patch theo cong thirc (9)
tai tan sO cong hudng la:

Cc
Zf\/ greff B

L= 31.261(mm)
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Do c6 hiéu ung vién nén chiéu dai miéng 1 1
patch m& rong ra mot khoang theo cong thire " 2(G +6,) 2(9.8648*10" 4 +5. 8832*10"—4)

(10) la: o 79
W >V, = 317 497 =11.021(mm)
(Erer + 0.3)(h + 0.264)

Dé xéc dmh chleu rong duong vi dai, chung ta

=317497(0)

AL =0.412h ’ i :
( it — 0. 258)[W + 0.8} ap dung cong thuec:
" 7 - 1207z
=0.741 c=
\ 0-741 (mm) . \ /ereﬁ {WO +1.393+0.667 In(WO +1.444ﬂ
Chiéu dai thyc cua tam patch la: h h

L=L+2AL =31.261+ 2*0.741=33.743 (mm)
I L Vi theo thiét ké, duong vi dai 6 trd khang 50
3.1.2 Tro kh t ’ )
ro idng vao cud anten (Ohm) nén Zc = 50 (Ohm). Tir ddy ta rat ra
Anten duoc cap nguon bang duong vi dai  dugc chiéu rong dudng vi dai:
50(Ohm) nén diém cép ngudn cia anten sé

dugc 14n sau vao mot khoang yo cho bai cong W, = 1207
thue sau: N [Vr\]/o +1.393+0.667 In(vr\]/"+1.444ﬂ
Vo = Seost |20 = 50 (Ohm)=>W, = 2.439 (mm).

T R, (17)

3.1.3 Dg dinh hwong ciia anten
Trong do: Rin 1a tré khang vao tai canh cua

anten. D, = Dy * D, (19)
1 Trong d6: Do la d§ dinh hudéng cua khe
= — don, Dar 1a d§ dinh hudng cua h¢ so AF.
2(G,+Gy) s
Ta co:
G dién dan cua khe 1 2
I D, = 27[—W 1:3.18772:5.034(dB)
Gl = —12 Il
1207
2 2
Dy = = :1.2528:0.9788(dB)

1+ ng 1+%

1
Dy = DoDar = 3.9935 = 6.0128 (dB).

3.2 Thiét ké mang anten vi dai
G, = 2 S = 1'168325 =9.8648*10" (siemens)
1207 120z

2
) sin®0dé=1.16835

Nhu phén Iy thuyét da trinh bay vé méng
anten, mang anten vi dai gdm nhiéu anten vi
dai gép lai voi nhau; va phu thudc vao hai
thong sd: sb phan tor cia mang va pha cua
dong dién cung cip cho cac phan tir.

G2 dién dan gép twong ho cuia hai khe:

2

. sm( cosej o L
1 j 2 3,(k Ltsing)sin® d6 = 3.2.1 Thiét ké mang 2 phan tir
0

12 2 A r A
1207 cos¢ Theo nhu phin 1y thuyét da d& cap & trén

e va bang thong s cua 1 anten vi dai ¢ bang 1
= 5.8832*10™ (siemens) ta thiét ké dugc mang 2 phan tir nhu sau:
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35 70 (mm) B

Hinh 2. Mang 2 anten vi ddi dwoc cdp nguon
song song

V6i mang vi dai 2 phan tir nay, ta chon
chiéu dai cua doan cap ngudn vi dai la M4 =
25mm. Sau khi tinh tré khang cac doan vi dai
va cap nguon, ta tién hanh mo6 phong
3.2.2 Thiét ké méng anten 4 phan tiv

Ta van dya vao cac ly thuyét vé tinh do
dai cac duong truyen song vi dai nhu trong

mang 2 phan tir, ta thiét ké dwoc mang 4 phan
tir duge cip dong dong thoi nhu hinh 10.

Hinh 3. Mang 4 anten vi ddi duwoc cdp nguon
song song

4. MO PHONG VA DANH GIA
4.1 Mo phéng mgt anten vi dai

Sau khi tinh toan, tac gia tién hanh mo
phong bang phan mén HFSS [15]. Tuy nhién,
tan s6 cong huong dat dugc 1a 2.76GHz,
chua dang yéu cau dé ra. Tac gia tinh toan va
hiéu chinh v61 hinh dang: WxL (la
42.24x39mm). Sau khi hi¢u chinh lai va moé
phong lai thu duoc két qua nhu Hinh 4. Két
qua mo phong:

XY Plot 1

N/

\

HessDesignl 4

000

1250

B(s(1.1)

2500 {

4750

T T T T
2 220 240 250 280 300
Freq[GH]

Hinh 4. Hé sé Su1 cua anten vi ddi da hiéu chinh

Hinh 4 cho biét tAn s6 cong huong cua
anten la 2.45 GHz, bang théng cua anten
BW=(2.45-2.36)*1000= 90(Mhz). Tai tan s
2.45GHz hé sb ton hao phan hdi dat
-35.909(dB). Do thi buc xa 2 chiéu trén toa dd
cuc:

Radiation Pattern 1

-180

Hinh 5. Do thi birc xa 2chiéu cua anten vi
dai da hiéu chinh

Theo Hinh 5, ta d& dang thiy anten birc

xa theo hudng 0, d6 lgi (Gain) theo hudng

cuc dai tai huéng 6=0°.

Lnits
e

Value
0.0074524
20152
1.8519
1.8755
0.00930E5
0.0096084
Inicident Power 0.0
0.96858
205.43
Drecay Factor o

Quantity

tax U

Peak Directivity
Peak Gain

Peak Realized Gain
Radiated Power

£ £ £

Accepted Power

R adiation Efficiency
Front to Back R atio

Hinh 6. Céc théng s6 ciia I anten vi ddi

Nhin vao Hinh 6, ta ¢6 thé thay do loi ctia
anten 1a gan bang 2 ¢ huéng burc xa chinh va
hi€u suat buc xa 1a gan bang 1 (0.968).

4.2 Mo phong mang anten vi dai
4.2.1 Mo phong mdng 2 anten
Két qua dat duoc ¢ hinh 7, hinh 8, hinh 9.

XY Plot 1 HFsSDesignt &,
Gavery

— ds(siduongen_ 2 T1cuongdan 2.T1))
et :Sweep

000

| \
0] \
5 3 \
B \
§ 0 T
€ o0 d |
2600 1
R |
-
% o] \
E‘ 800 |
g ]
S1000] |
s ] i
s 9 |

1200 il

1400
1

15 280 25 30 350 400
Freq (GHe)

Hinh 7. Théng s6 S11 ciia mdng 2 anten vi ddi
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Hinh 7 chi ra tin sb cong hudng cua
mang khong déi s0 voi chi 1 anten, diéu nay
bdo dam dai tan hoat dong cua mang nay van
dugc bao dam tot trén dai tan duoc thiét ké.

Radiation Pattern 2

Hinh 8. D6 thi birc xa 2D ciia mdang 2 anten vi
dai

Khi so sanh két qua cua Hinh 5 va Hinh
8 ta thidy ¢ hudng blc xa cuc dai bién do
truong cua truong hgp mang 2 anten 16n hon
kha nhiéu so véi chi 1 anten (& day 14 0,96 so
v6i 1,3). Khi so sanh vé do r6ng HPBW(do
rong nira cong suit) cua mang vi dai 2 phan
tr d giam di kha nhiéu diéu nay ching to
tinh dinh hudng cia mang nay tét hon so véi
mot anten don nhét.

Ta xét, mot s6 thong sd khac cia anten
theo Hinh 9 dud¢i day:

Antenna Parameters:
Quantity | Walue | Units |
hax U 0.0028559 WSt
| Peak Direstivity 45714
" |Peak Gain 4.4272
| Peak Realized Gain 3.583
" | Radisted Pawer 0.007851 W
" | Acospted Power 0.0081067 W
| incident Pawer 0.0 W
" |Radiation Efficiency 096845
" |Font to Back Rialic 4257
o

Hinh 9. Céc théng sé ciia mang 2 anten vi ddi

Véi bang céc thong sb clia mang vi dai 2
phan tir dugc cho trong Hinh 9 nay, ta thiy do
loi cong suat ctia mang 1a 4,4 cao hon gép doi
so vdi chi 1 anten (2,01). Nhu vay do loi cong
suat da dat duoc kha cao. Cung theo ket qua
nay, gia tri hiéu suat birc xa déu rat tot rat gan
100% (96,86%), nhu vay hau nhu cong sudt
truyén den anten déu duoc bic xa hét, phan
tiéu hao rat nho.

4.2.2 M6 phong mang 4 anten

~ Sau khi cap nggé)n va chay md phong,
két qua thu dugc thé hién ¢ cac Hinh tir 10
dén Hinh 12.

000

XY Plot 1

HFSSDesignt &,
Cnverio

— dB(SiFectargle TLRectngel3 T1)

Seupt Sweep

2250 —
£
§ 500
5]
3750 -

Z1000 |

1250 T T T T T
100 150 280 250 3k 3% 400
Freq (GH]

Hinh 10. H¢ so S11 cua mang 4 anten duwoc
cdp nguon song song
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Antenna Parameters:

Quantity | Walue | Units |
Max U 0.0066261 s
9.7087
9.2954
8.3268
0.0085766
Accepted Power 0.0089579
Incident Power 0.0
0.95743
205.15

Decay Factor 1]

1 Peak Directivity
Peak Gain

Peak Realized Gain
R adiated Power

£ £ £

Fiadiation E fficiency
Front to Back Ratio

Hinh 12. Cdc thong s birc xa ciia mang 4
anten dwoc cap nguon song song
Vé6i két qua cua 3 Hinh nay (Hinh 10,
Hinh 11, Hinh 12) ta so sanh voi két qua cua
mang 2 phan tir cho & cac Hinh 7, Hinh 8§,
Hinh 9, ta c6 thé rtt ra cac danh gia sau:
- Hé s6 S11 khong doi.

- D6 rong bup song chinh giam.



- D6 loi ting hon gip 2 1an (tir 4,4 1én 9,29).
- Tuy nhién higu xuat biic xa giam so voi
mang 2 phan tir nhung khong nhiéu (ttr 96%
con 95%).

Nhu vay, mang vi dai 4 phan tir dugc cap
dong dong thoi tot hon mang 2 phan tir rat nhicu.

Tap Chi Khoa Hoc Gido Duc Ky Thudt So Q5 (08/2021)
Trwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

Vi tung loai ing dung cu thé can chon
loai mang anten vi dai cho phu hop.

5 KET LUAN

Dé tai da nghién ciu, thiét ké va mo
phong anten vi dai patch chir nhat co ban va
cac danh mang anten vi dai hoat dong ¢ tan

Panh

- Mang anten vi dai hoat dong diung véi
bang tan cua 1 anten don nhat.

- D9 loi ciia mang vi dai thuong cao hon so
v61 mot anten.

gia chung vé cac két qua mo phong: 50 2.45GHz.

Dung phan mén HFSS mé phong, do dac
cac két qua twong doi chinh xéc.

Céc két qua nghién ciru trén md phong
duoc so sanh va doi chi€u véi nhau dé rat ra
ung dung cu thé vdi tung loai anten

- P thi birc xa cia cac loai mang khac nhau
va cac cach cap nguon khac nhau la khac
nhau.
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