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TOM TAT

C6 nhiéu phwong phap khac nhau dé khdo sat dwgc cac mach dang phang ¢ tan soé cao.
Cdc moé hinh pho bién nhat la mo hinh du’O’ng truyén vi dai, mé hinh hoc cong huwong va mo
hinh toan song. Trong cdc mé hinh khdo sdt nay thi mé hinh dwong truyén vi dai la mé hinh cho
két qua kém chinh xdc nhdt va khéng thé dp dung cho cdc mé hinh mach phang phirc tap. Con
mé hinh hoc cong huong cho két qud chinh xdc hon nhiung ciing phirc tap hon so véi mé hinh
dwong truyén vi ddai. Mé hinh khdo sdt ndy phit hop véi cdc dang anten ghép va cho két qud
chdp nhdn dwoc. Con doi véi mé hinh toan song thi néi chung khi ing dung déu cho két qua
chinh xdc. Pay la cong cu linh dong va cé thé ap dung cho nhiing phan twr don lé hay nhwng
phan tir ¢6 hinh dang phu’C tap hay hé nhiéu phan tit, ... Trong bai viét ndy chiing t6i xin giGi
thiéu mo hinh toan song va phwong phadp sw dung trong mo hinh la phwong phap Sai phan hitu
han mién thoi gian.

Tir khéa: anten vi ddi, FDTD, mé hinh héc cong hudng, mé hinh todn song.

ABSTRACT

There are various ways to survey the flat circuits at high frequencies. The most popular
models are Microstrip Line Model (MLM), Cavity Model (CM) and Full-Wave Model (FWM).
Among the above mentioned models, MLM is the least accurate model and unable to use for
complex flat models. The CM is more accurate, and also more complex than the MLM. Yet, this
model is well fit to the twin antenna with the good results. FWM is a flexible model that we can
use for designing single patterns, complex patterns, or multi patterns also.... Therefore, this
paper will in this context provide FWM and FDTD (Finite Difference Time Domain) method
for surveying this model.

Key words: Microstrip line, FDTD, cavity model, full wave model.

I. GIOI THIEU PHUONG PHAP FDTD

Vao nam 1966, 1an dau tién nha vat Iy K. -
S. Yee da gioi thiéu trén tap chi IEEE, mot Sa_EJr J=VxH (1)
tap chi khoa hoc c6 uy tin vé phuong phap mé ot
phong FDTD ap dung trong m6 phong song
dién tur, va cho dén nay da co rat rit nhiéu bai
bao, cong trinh, tai liéu nghién ctru thudc linh OH -
vuc khao sat song dién tur bang phuong phap HE =V xE 2
nay da duoc cong bo.

Phuong phap FDTD chu yéu duge xdy 7, Phuwong trinh sai phin
dung dua trén viéc roi rac héa cac phuong
trinh truyén song dién tir do nha bac hoc
ngudi Scotland, James Clerk Maxwell, thiét
lap duoc la:

Phuong phéap dé rdi rac hoa cac phuong
trinh nay 1a dya trén cac dinh nghia sai phan,
hay dao ham quen thudc:
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Xét mot cach gan ding, ta cho: dx — Ax 1a doan v cling bé thi tir (3), (4), (5) ta dugc:
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2. Ap dung phwong phdip FDTD dé roi rac
cdac phwong trinh Maxwell
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Hinh 1: Minh hoa cdc dinh nghia sai phan

Ap dung céc cong thirc sai phan (6), (7)
va (8) dé roi rac hoa cac phu’ong trinh cua
Maxwell, ching ta s€ thu dugc cac cong thirc
mo phong 3-D. Tuy nhién, trude khi roi rac
hoa chung ta s& bo sung thém phuong trinh
lién hé gitra dai lugng mat do thong luong

dién D v6i dién truong E vatu truong H:

=
D_o.f (9)
ot

1T -

CLYNLE Y (10)
at Ko

D(o)=¢, £ (0)E(®) (11)

Trong do: D la mat do thong luong dién

truong,

* \ .7 . A A
e la gia tri dién mo6i phu
thudc vao tan so.

Nhu chiing ta da biét thi dai lugng mat do

thong lugng dién truong D khong phu thude
vao dac tinh ctia moi tru’(‘yng chat dang khao
sat ma chi phu thudc vao déc tinh cua nguon
phat song dién tir. Do d6 khi thiét 1ap cong
thirc quan h¢ gitra mat d¢ dong thong lugng

dién D va tir truong H, thi dang cong thirc
s€ don gian hon do khong phai xét dén yéu tb
moi truong. Sau d6 ching ta lai cdp nhat lai
gia tri dién truong E nhd vao phuong trinh
(9). Mic du sd luong phuong trinh s& nhiéu
hon, nhung no sé glup cho chuong trinh mo6
phong duoc thiét ké rd rang hon. Bién doi hai
phuong trinh (9) va (10) ching ta thu duoc
cac phuong trinh thanh phan sau:
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Ap dung phuong phép sai phan FDTD dé
o1 rac hda cac phuong trinh trén, chung ta xét
trudc hai phuong trinh (14) va (17), khi roi
rac hoa sé€ thu duoc:
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D™ (1, k+1/2)=D"" (L j.k+1/2)+

He' (e 12,9+ 12 k) =H " r 1725+ 1/2.k) —

Ap dung mét cach twong tw nhu trén ching
ta ro1 rac hoa cac phuong trinh con lai. Tur
dang phu’orng trinh da dugc roi rac hoa nay,
chung ta c6 thé hinh dung dugc khong gian
mo phong s& ¢6 cau tric dang ludi nhu ¢ hinh
2. Trong ludi khong gian moO phong do s€ co
cdc nut lugi, ¢ moi nht ludi khong gian mo
phong do sé duoc gan véi gid tri hodc 1a cua
dién truong hoac la cua tir truong.
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Hinh 2: Minh hoa céu tqo heéi mé phéng FDTD 3-D

3. Diéu kién chon bwdc thoi gian mé phong

Trong bai toan mo phdéng dién tir truong
bang phuong phap FDTD, viéc chon mot gia
tri cho bude thoi gian cling la mot bude quan
trong boi 1€ n6 s€ anh huong tryc tiép dén két
qua dau ra va do 6n dinh cua bai toan. Nguoi
ta da chirng minh dugc rang, dé c6 dugc mong
mudn nhu trén thi diéu kién vé budc thoi gian
phai la:

AT AL = 1 (20)

max \/ l l l
C . ) + . ) + . )
(A" (Av)" (Az)°
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Trong d6: ¢ 1a van toc anh sang, bang
3.10%(m/s),

Ax,Ay,Az lan lugt 1a chiéu dai
cua cac canh cua mot 6 ludi Yee.

Cong thirc nay dugc dua ra boi ba nha
khoa hoc 1a Courant, Freidrichs va Lewy. Do
d6, d6i khi ngudi ta con goi diéu kién nay 1a
diéu kién CFL.

4. Tin hiéu dung trong moé phong

~ Tin hi¢u dung trong bai toan m6 phong ¢6
the co bat ky hinh dang nao, nhung thu(‘yng
dugc su dung la dang xung Gauss. Xung nay
¢6 pho tan s6 cting la hinh Gauss va cung cap
dugc mot pho tan rong, tir tin hi¢u DC lién tuc
dén mot tn sO gidi han nao d6 ma chung ta
mong mudn bang cach thiét 1ap thong sb cho
xung. Phuong trinh dang lién tuc cua xung
Gauss la:

()’

f(ty=¢ T

21)

Trong do: t, 1a thoi gian tri hodn xung,

) o T la do rong xung (anh hudng
dén pho tan cia xung).

Dang r0i rac cua tin hi¢u xung Gauss la:

0Tt )

f(nT)=e ** =e =

(22)

Vo6i:  nla budce thoi gian chay hi¢n tai,
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M 1a thoi gian tri hoan xung,

x la d6 rong cua xung.

5. Diéu kién bién hdp thu

Nhu da noi & trén, mién khong gian tinh
toan cua phuong phap FDTD la hiru han, do
d6 chung ta can phai c6 mot bién c6 kha nang
hap thu dugc cac thanh phan trudng cua tin
hiéu lan truyén dén nham tranh hién tuong
phan xa khong mong mudn cua tin hiéu tai
bién cua khong gian bai toan. Co nhiéu dang
bién hap thu nhu bién hip thu Mur bac nhat,
bic hai, bac ba, bién hap thu Chebyshev, bién
hap thu binh phuong toi thiéu, bién hap thu
Newman, bién hip thu PML,... Ngudi ta goi
tén chung cac bién hap thu nay 1a bién 4BC
(Absorbing Boundary Conditions).

Bién hap thu duoc st dung trong bai viét
nay 1a bién PML (Perfect Match Layer) vi
bién nay c6 vu diém la khi khong gian thiét ké
c6 bién rat gan véi d6i tuong mo phong (anten
phat, anten thu,...) thi kha nang hap thu tin
hiéu t6i bién van rat tot.

6. M6 phong cdc vit dén

Cac vat dan c6 hé sb dién dan rat 16n, do
do trong m6 phong chung ta co thé xem gan
dung cc vat dan la ly tuong. Khi mo phong
cac be mat dan ctia cac mach phang chiing ta
lai xem gan ding bé day cua cac vat dan 1a
bang khong. Viée lam gan dung nay néi chung
khong lam giam nhiéu do chinh xac cia bai
toan mo phong. Cac thanh phan dién truong
trén bé mat vat din c6 phuo’ng tiép tuyén véi
bé mit vat dan s& c6 gi tri bang khong.

20
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Hinh 3. Phé bién d6 xung Gauss

II. KET QUA MO PHONG

Nhu dé néi ¢ trén, xung duge chon md
phong la xung Gauss. Phé tan cua xung Gauss
d3 dung dé mo phong duoc v& ra ¢ hinh 3.
Chung ta s€ dung xung tin hi¢u Gauss dé cp
cho mach can khao sat.

Mot anten vi dai dugc mo phong c6 hinh
dang va kich thudc duge mo ta theo hinh 4.
Anten nay c6 16p dién moi nén co trj s6 12 2.2,
chiéu cao 16p dién méi 1a 0,794mm, con anten
vudng c6 kich thude 1a 12,45 X 16,00mm,
duong truyén vi dai c6 bé rong 1a 2,46 mm va
cach mdt canh cua anten vuong 1a 6,09mm.

Nhu da dé cap, viée rdi rac hda cac phuong
trinh Maxwell dan dén khong gian mo phong
s€ co dang ludi, diéu nay kéo theo phai roi rac
hoa cau tric cua anten vi dai dé mo phong.
Chung ta chon chiéu dai ctia cac budc khong
gian mo phong theo céc chiéu sao cho hop 1y,
nghia 13 chiéu dai cta cac budc khong gian
mo ph()ng khong nén qua nhé vi khi d6 sb
0 ludi ¢ bén trong khong gian mo6 phong s€
tang 1én rat nhidu va két qua s€ dan dén thoi
gian tinh toan md phong s& rat lau. Bén canh
d6 budc khong gian cling khong nén qua lon
dé dam bao duoc d6 chinh xac cua két qua

mo phong, sao cho Ax, Ay va Az van la cac
phan tir vo cung bé dé c6 thé ap dung duoc cac
dinh nghia sai phan.

Céc thong sb lién quan dén kich thudc
khong gian va budc thoi gian duge chon cho
mo

12.45 mm

+—

Vi tri cua mat phing
khao sat

16 mm y

.

$ 0.794 mm X

2.46 mm

Hinh 4: Cau tritc anten vi dai

Ax(mm)| Ay(mm)| Az(mm)| At (ps)

0.389 0.400 0.265 0.441

Bang 1: Kich thirde khong gian va buwdc thoi gian mo phong
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phong duoc chi ra trong bang 1.

Xung Gauss duoc cép vao tai vitri V_nhu
3 1 4 *A \ ~ p N,
0 hinh 4, tin hi¢u xung nay s€ dugc duong
truyén vi dai truyén di dén phan anten vudng
va sau khoang 10.000 budc thoi gian thi thay
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két qua hoi tu & khoang 3000 budce thoi gian,
tuc sau khoang 1.323 ps. Dé c6 thé khao st
céc ddc tinh cua anten vi déi, ching ta s& viét
mot doan chuong trinh nho dé thu thap céc
gid tri dién trudng tai vi tri mat phang khao
sat, két qua khao sat thu duoc & hinh 5.

Kung v 101
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i i i
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i i i i
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Buoc thoi gian

Hinh 5. Xung vdo vd séng phdn xa tai vi tri mdt phang khdo sdt

Vi tri mat phéng khao sat dugc dat trén
duodng truyen vi dai tai mot diém nao d6 du xa
ngudn dé khong bi anh hudng cua céc tin hi¢u
btrc xa tir bién hap thu va ciing khong quéa gan
canh cua anten vuong.

Luu y rang sd budc thoi gian chon mb
phéng l1a 10.000 budc thoi gian, tuong duong
thoi glan thuc 1a 4.410 ps, nhung thoi glan mo
phong c6 thé sé& rat lau tuy thudc vao toc do xir
ly cua may tinh dung trong mo6 phong, truong
hop may tinh dung d€¢ mo phong chuong trinh
nay 1a may IBM-T30, 256MB RAM va toc do
xtr ly CPU 1a 1,8GHz thi véi 10.000 budc thoi
gian may tinh s€ tinh toan xong sau khoang 5
- 6 gio. Bay gio dua vao két qua da thu duoc
chung ta s€ tinh thong s6 phat xa S cua anten
vi dai dé tim hiéu dic tinh cia anten. Thong
sO S,; dugc tinh theo cong thuc sau:

E. ((0)

M)y, = 20.log
(* db 10 E ((D)

(23)

Trong do:
E.(®) la dién truong tai ngo i,

E;(®) 1a dién trudng tai ngd /.

Dé tinh toan phd bién do cua xung vao
cling nhu xung phan xa ching ta c¢6 thé sur
dyng ham san ¢6 trong chuong trinh Matlab
hodc co thé viét doan chuong trinh xu 1y tin
hiéu bang phuong phap bién d6i Fourier roi
rac.

Hinh 6 cho chung ta théy hinh anh dién
trlmng bén trong anten vi dai sau cac bude
thoi gian twong mg, néu nhin vao hinh anh
song dién tir bén trong anten vi dai lién tuc
theo thoi gian chung ta co thé thay duoc
song dién tur s€ co hién tugng phan xa khi di
ra dén gan cac canh cua anten vi dai. Hinh 7
cho chung ta thdy duong biéu dién két qua xur
Iy thong so S, trong khodng tir 0 - 20GHz.
Thong s6 S la thong s0 phan xa suy hao, cho
ching ta blet duogc céc thanh phan tan so nao
s& dugc cong hu:ong, thanh phan tan sd nao
s€ phan xa tr¢ lai va khong duge cong hudng.
O day i va j cung nam & 161 vao tin hiéu cua
an ten va c6 tri s6 bang 1. Do d6 dé thu duogc
tin hiéu xung vao va tin hiéu song phan xa,
chung ta s& viét doan chuong trinh dé tach ra
gia tri xung vao va song phan xa cua dit liéu
thu dugc ¢ hinh 5. Tur d6 tinh toan pho tan sb
cho thanh phan xung vao va thanh phan song
phan xa. Ap dung cong thirc (22), chung ta s€
thu duoc két qua thong s6 S,,- So sanh két qua
da duoc xtr Iy nay voi két qua thu duogc tr do



dac thyc nghiém cho thdy mot sy phii hop rat
t6t v6i thuc nghiém.

Nhin vao dudng biéu dién thong sb
S,, ching ta c6 thé thay trong khoang tir 0
>~7GHz thi hau hét bién d6 phd cua céc
thanh phan tan so nay deu da bi phan xa tr¢ lai
tai vi tri cung cAp ngudn tin hiéu va s& bi suy
hao nhanh chong do buc xa di ra ngoai khong
gian. Con ¢ tan s0 7,492GHz thi bién d phd
tin hiéu phan xa lai la rit nho, do d6 thanh
phan tan sb nay s& duoc giit lai bén trong

o6 Khdo St Anten Vi Dai Bang Phiong Phdp Sai Phan Huu Han Thoi Gian

phén khong gian ngay bén dudi bé mit anten
vudng. Piéu nay c6 thé duoc giai thich 1a do
khoang céch tir vi tri cua anten Vuong dén bé
mdt kim loai bén dudi hay con g01 la mat
phang dat ¢ nho thi phan khong gian & glua
vi tri anten Vuong va mat phang dat s& giong
nhu mot cai héc cong huong. Hinh 7 chiing
ta thdy ng0a1 thanh phan tan sd cong huong
néu trén con co tan sb cong huong 0 khoang
~18GHz, ngoai ra con c¢6 mot so thanh phan
tan s6 cong hudng phu.

Samilagis11|

10 11 12 13 14 15 16 17 18 19 20

GHz

Hinh 7: Puwong biéu dién théng sé6 S;; & tan sé 0 = 20GHz

200 At

Hinh 6. Dién truong bén di(y(arten vi dai
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1. KET LUAN

Phuong phap FDTD da cho mot ké} qua
m6 phong khé t6t. Mac du phd tan s6 cua
xung tin hi¢u Gauss thict 1ap kéo dai tr 0 -
~50GHz, nhung do két qua thyc nghiém, chi
khao sat trong khoang tir 0 - 20GHz nén bai
vi€t ndy cling xin gidi thi¢u két qua md phong
thu dugc trong khoang tan so gidi han theo
két qua thuc nghiém.

Phuong phap FDTD di cho thdy duoc
phan nao vu diém cia nd trong kha nang mo
phong. Vi thé chiing ta ¢6 thé ap dung phuong
phap nay dé khao sat, kiém tra va danh gia
mot thiét bi phu hop nao dé trude khi dugce
dua vao san xuét thu nghiém, nho do s€ tiét
kiém dugc mot phan chi phi va thoi gian.
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