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nolARAEY BEASY Fag 9E < 2 71X S A (full-wave) A H &
ALge A FHAHA fth B =FdAM tFL e ARG Y {F3AEH(EFEDTD)S
E g A9 4 IPFY dvoln, 1FH £Ed dd Fog JH9 AHE A7)
9% o] Wre] HEL AgHoz Y2 FIYolth B =R Eze MMIC CAD ¢
48 9% volaz22EY <¢dHUE Rdysed oA 3AE ARIY FIAEEY
B34 g AFdhe Aot '

A Study on the Analysis of Microstrip Patch Antenna
Using Three-Dimensional Finite-Difference
Time-Domain Method

Park, Myung-Yeul - Jung, Chun-Suk
Dept. of Electronics Eng.

<Abstract>

The frequency-dependent characteristics of the microstrip discontinuities have
previously been analyzed using several full-wave approaches. The finite difference time

x0] =& 19973 e A GedT2Av Y st ATHUE
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domain(FDTD) method in this paper is another independent approach and is relatively
new in its application for obtaining the frequency-domain results for microwave
components. The purpose of this paper is to establish the validity of the FDTD method
in modeling microstrip ‘antennas for MMIC CAD applications.

1. A &

A8 AL T4 vlolaRy gigoAe wlolaRAEY I HAYYPL o8 7}
217 o, of A WHe AA Fue 49 Y Wy AGY AR JYE
At

2AF7R F2 old Fud o A WY E 58 2 2 (Finite Element Method),
A &4 2 ¥ (Integral Equation Technique), = HER (Moment Method)5©] 1L, A7+
g &4 Hgols H4H ZW (Transmission Line Matrix Method), Bergeron's Method %
Azt § %218 (Finite Difference Time Domain Method)e] $1TH1].

Fo3 49 HY Ay T HFTLALUE FE EAH Mo o]&3ki o el
Tz29 daME A 758 spurious modes7t A ST Be AAA I WrEE 9
a7 e 94¥de shAn ri2]. RYEWL gy e Fzo #AA] testing
function®. 2 delta function®, basis function©® step functiong FE AP{sE=] o]
Meo] ofg] Ho|rH3].

So2E Azt Y 4 ByFe s AEAR YL 197089 24k P, B. Johns$t
TF AFAE A3l Agte] W1 Huygens 9o 712& F31 W2ad WAL AL
2 3k Ftel i olabslt A s HoRA, AZEGGolA AT ARE Fld
st Fog o getulEE de X 4 Wjelt1][4]. o sHAWHL off
g B33 e @XgR o] foldn TLM 327 AA7de e AAx 7AA
2 E47e] FEAEE BF IFEtT Jute Aotk I} A2 FZE 4stux ¥
ol A7 FAE reformulationd P arF glow o AlEyolHoer W ok
ARE A& 7 Jdoy, £, AR, JrE Y FA7F B geve Ao, 1y
T2 AAMAGNT Wre £9& daz 3,

At MY F oE shve Al {3y ol th5][6],091,0101. o] &4 W&
19661 K.S.Yee[6]ol 2l& A¢td F EMC, RCS, MIC, MMIC ¥ 2] £33 Rofoal =
A3 Fxe EAE M eed HEHAH o, e A3 39 AUy RY a&Holn
ZRaYE7)7b Rojstn Wad Ao gRe AFY fFEE F 7] dEd AF o
&50o] ik o] WS TR AEME e 2 AEHelA Ak o] o
HE f9uter ¢ & b glon, of AAHAE ‘outgoing wave' 7t F5E 5 3l
v BAxAE AE&AAH drh B =AM E AEY FRAEHE o] &3 vlojaza
# A el A center F P edge | E o A Sl s GHUE YA 3
Al oldlE F7]1 8 22k 3x9d np¥e AlTte] wE WEE BYow wAlEl
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2. FDTD ¢xudg &
AR FeAEHE AR Y Fhe digiA wad WA Yo] FYxE ZAME
(centered difference approximation)& &34 W WA Ae 2R3 Fgogr §dld
At =AW AAY HAH AEL "0'R e AAY AARAS H &I 3T

HAAA L ATy HHZHE ‘outgoing wave'd WALE Hr) 93 5dEd s
Heg 3}

Q9
!

2-1. W24 A4

A FaAEEY dugFEe Y T4 PE(field)9) A (propagation)g T
F5 Wade] H(cunW A9 MRPoZRE ATl 49 AYE 9, wjAL
&do] fla Y3 FHA (isotropic)el® E & (homogeneous)o] &t 7+ & AL A7HF
A WZE e A dF 92D WAL g3 go] YErd F gtk

oF 1 W
ot = e VXH

2, & pt 247 dde $3¢ 2 FAEE vEdth 99 ), @F otes 2o
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dt u\ o0z y
o0H, l( 0E, Ex)
ot u\ ox 0z
oH, L( oE, Ey)
ot g\ oy ox
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oF, _ l( 8Hz Hy)
ot e\ oy
oE, L( aH,, oH, )
at e\ 9z  ox
oE, 1 ( oH, aHx)
ot e\ ox ay

A2k FEA A oA e 2 g er gdd0
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A Had FAAY g ¢ Ao g fie WHE 98 A v 2
AqME AFEY {FEAEYPE o5 & Fad oM 7 HgeA ArgEE A
o] 3gjrtolr},

3 A F A The] HotE A EH oMY M Yeer [Z1]A HY
A o} 21'741-4 Zt HEEo] A4tE ARE HAF F7F H 4 (spatial nodal point)-& A<l §
22X F¥AE del(mesh)2 FAHE AA AT [2g1]le) @9 AAREE 25 A
AR AAe] HE AEES ANE EYAL °E vl e WA HH FE AIETe
2A AAY F314E(oop integral 2.2 do] Atk AZtI Y FaapR YA WA} xA
o YAE B3 ojxkst +A e AwrH HojxA HAFI A Zre| M= A7 o]Aks}
bA 9 Aol Az AL T3 AAG AAV B2 AlabEe] Atk & Az olaks} 7
Aol atola AA AEe] natrlite AiE Aud A HEL (n+1/2)AtA3
of Al4k=lo] o}, ol o] follA]l o] YduelES ‘leapfrog time marching method’ 2 %
v [2™2]E 13HE 9] a4 FHdolA o] Muo] W& Yee dma]E9 FH-A3+ A
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rzi

>~I

L1 1 ..
r

=14t

| |

x=0 x=14x x=24x x=3dx x=44x

[91] 9AAA M) M7 Rge [272] 12d &4 FhdeA o9

A=A o] Uidk Yee digZ9
[Figl] The position of the electric and F-ANZ AE

magnetic field vector components [Fig.2] Space-time chart of the Yee

in Yee's cell algorithm for a one-dimen-

sional wave propagation

2-3. W24 A o3}
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349 N FOAE PAE o8¢ vholazag AA e ANl BE AT 7
2-5. #A 84 3¢l ¥AH(numerical dispersion)
FTUE UiE Yeed ©9ZAA F= 2] Aj9) &%t A9 WE modal

A
wavelength, B2} ©]4t3l 7+Zd] g3 FFE B o A4S £ HAHQA i
(dispersionjol gt 3t} 3xbgdol theh ] A FHU AL (12)4 7 2 J&r?%]%_’— 7HR 2]

1 L 2 L — 1 ) o]
(o) - sin*gesd = g7 - sin'(g ko) 2)

1 el L ool
(ay? s (2 k,0y) + Tag? S (2 k.1 2)
Edo] gle MM HFudel Y AHH Bare BAE (1347 2}
) : ;
T = KAETE (13)

(1287 13212 vms] BE 12)HdA Af= Ax= Ay= Az=0 o|F 13)4 7 LA
e ¢ Uk AT ALY A7 AT ol4ksl HAS HAsIEH £ HHH BAE
Zd F vy =7 (12)3 oA HAdel wrakol Azlel iz} (diagonal)EFe] E o, F,
Ax=Ay=A8z= A, ke = ky = ke = K/V30lE, at=A/(cV3) Ao YANE o
el ga@AZE Yl

2-5. A7t N9 AH

329 fEAERS A4 999 AAA 2V)FE BF 0o HAAY ¥ 9Y EE°“
7}9-A ¢t HA(gaussian pulse)E ™ A2t A v} QA7FAIFIHA AA Y /-3AE K
Aoz AAYG AASE AWE AT AAY AAs M2 T A9 o4t 7]'214
Auky Folx X9 AlHAA AirEe] A 33Y FEAFEHAA fd8€ oy HaE

AR JuwdoA e AA £X o N8 g Fo= o]FoRT} B =&
A Y Hay vlolan2EY HE dHe FHA(static field)o] 7F$AIt EE] Az
7t FaedR AE7h A EH, o] A& ofel e A3} o] RHEAT
Et)= e, exp[—(t—1)*/ T°]
_ : , (14)
E(f)=eq" exp[—(t— )%/ T°]

471 e enT 27 YHXEE O A x, 2z AES e sEe dF
Axe 948 47idsd o &8 HA 22X ¥Fe %*’—‘T— 2EY otg] FAA FEAT F
A3 z RS 7HAE e A s AAZ 0°d AR RS HATHTLEB]L ol
o] AAAE 718 RS B¥d U] JSEE 1 BSE WU gAE Foln AA
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dure A7t e 7R
o, Felol ME HYE 24 FH} 07 A$AR FHE BT o o f2 I
7 AsE ASAG FHe) BE o gtk 4F Bre B xyFoA BY UL F
e el Be AHE A& + Atk 3, B AL 99 FAe 4R A AW
8 AEAIAA B9 Astel FoEA 1 Fa4 dde] JE YL F AT aHE
2 AgAIAE 87 Aol AstUzo E FuE A& Ao FAHTh A$AGF Bo]
A hye t=014 948 B2st A7kE 9 4HP] 2 HF (perturbation) & EAsHA %
5% Adsolcl W, W22 ARAE Tt BY T4 dde £88 5 A= 44
L IEEEE R

2-6. AAZxA
2-6-1. AAH (electric wall) AA=A"

Axddgel 4R FolA, HAWHA A¥TEE AL ALY Ay EANAL 4A
% A (perfect electric conductor)® 7FA ST}, o]e} Zo] &AH =A) HAAW YoM HA Y
HA HAEL “0eg g AAY AAZHDEL L5

2-7-2. A A ¥ (magnetic wall) 4 AZ2A

33 AEY FERAEELE FoIF AFHEAA 71E EE(fundamental mode)TH
FAEE Fohg doed date HEdo Hyu e T2 7HFHoR Fe o
Y 4%, 2 718 2= AXA EXx F9 diAo] Aot wetA o] HAE o] &3
A A 998 e Y g Aok oW ™A E AL HA dEe) 070 HE
E AAY ZA 21& &Il

2-6-3. ¥4 73 AlZA(absorbing boundary condition)

geln 3ne o| AARUE Q& T FVHOEA A A4EA A% F e
tolch. of Bzre) £ #NY muYelN FH Frg AUV e BASHE
FHE P42 @A Aojop B EFHYU ‘open field 2L VHAINES sof @
L F frez Agste ok ojw wAE YoslA gobok Bk ot AATIhel Al

Pk ohvet shel Astsl BAY BAE FANNLE E 9 Ao He BAlolth

-

2 8 fu o

A% AW Hake FA A€ d=gg Adstede WY AAW 9o "= A
e 82 3] Yo FAAE AL AARHAH F vk W9 nlojazrEY
2] iAol gloj o4 e w4 HFAW FAA & WS HA WHo o] HA
ol Habe A A€ e 0oz Agdch U Ol A W AAR Hike
AAe A AR e F5 BAxAE ASToRA wrog Meste st oW whAl
= dod)A Forok FThE ‘open field RAE TVHEAIEE Aol Fr} vlolaEA
EY BRd A7tHe d2e 4 ZAYUAAN £ JAEHERE o AAH HA
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33 AZYY FEAHE PEE o] 8¥ vlojazAy AA Qe A B AT 9
T 9% ZARA £3 BFeE Avdte d}d 3F WYL VHFIH.
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A g% AA"H A dAY g FAY L (15T 2.

o

oX,
o.‘i"-.. 1
o Lo
4 In

‘<

(%—%%)Em% (15)

(15)4 & G. Mur7b AAE dzF FAF F5 AAzA)T o|AL W AARYIA H
= 4RE AETLZA (1643 2ol olakahE & stk

o E

1 vAl— A +1__ om
EJ E"+—-YUM+Ay(E1" ED) (16)

AN Eye W4 AAWH Hae AAY HAM AEolm E & w4 BAW
B 3 x==7(one node pointer) ¢]A 2] WAL HH AEE Y Ut

2-6-4. ¥ BAxA NE

Mur7t AN 13 SAste] @ §¢ ZAz4E AFsr] 98t dA Aa £
x1009] 2349 Fztol tiEiA Fot AsE BT AAH Bt 2EHAN AVE
& Agaa. |

[Zd4d]e AA AT (172, V2AHAA dUH £25 A7 9 A3he 250
time step A% ¥ F w9 2o 277 “0"Y W9 contourelth. A2E sine ¥FE 2
71E AS, ol AH A e AHAY contour’t 9 WA Tyl At A M
TR (1/4, VA HAAN 225 QA7Fe AL [2U5]HP AAW ZHAN contour?t o)
age] Yt Aok adne 429 AXe A5 G4 H 2 FoES

e Zlo] AARAMY HFE& HA & 5 Ut

(a) 324 93
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[293] (1/2, 1/2)A e 2271 & o (z194] (1/4, /DA Al &7 s W

9] ¥4 AAW A ¥ o] &4 AAW AY

[Fig.3] The test of absorbing boundary [Fig.4] The test of absorbing boundary
condition of source located: at condition of source locatedat
node (1/2, 1/2) node (1/4, 1/49)

2-8. Time Marching Solution
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H ——# Initialisation I

E=H=0
L
- Set excltation el
=n+0.5 | Process (.‘.‘!:nducbou B ‘
| . (]
t=n+1

|__BoundaryConditions " |

[295] ANt G389 84 &M=
(Fig.5] The analysis flowchart of time domain algorithm
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>
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2E{ 3RE o7 A7l YA A22E JFSAG H2E F34 W9, DC ~500
GHzz ste] 29 9y ¥Ew] A7t S48 €,=2.2 olF 1/32 inch(0.794mm)e]
78 2= Duroid 71%& AH43te] FaBLE

3-1. vloja g 2E¢ AR e} &4

V& A3t wEHEE dE %1‘?}1‘]?_1 dugFL [a¥6ls 2o Av 73 4
o]} greitel e sfA o2 QJAITE A7) 3 s elx, BE #AY EHUE Y
e AoE oY v NkAlgrl @4 X HolHE det WRgy AR 3}
g Ul BE AFAETYEE 3 & F g7 “H—\‘?: ol AIEHeolAA A BE EAE A§A
Aok gl AlEw ol BolA AA Fdol thE 3 time-step?] A o] U far-fieldel
Mo =g Aats) Alzke] Ao wE Z g l 3 B=& Asle [ g o n
i U A 2E B7b At w7t BEHT Ao F& o xpE Fus
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A

EX TR
ST | i
e v '

far field
A &

Vot ()

Vi

y
Vreft) = Violt) - Vind)

] far field(t)

ITRe

FFT
A A
... Fl
Vrofif) = FIVrefto)] ", A ol s
Vin(o = 1{vinun B tar fleld M€ i
i
v
) . \ .,
" % 5 - Vi " ] far field 1 near field o
Zince) ‘_‘73 S11(0) = Vref(£)/Vinlf) Z eyt i AL B
e i
¢
prETs |

[236] 329 FEAEHS o] &3 de &Y &ALk
[Fig.6] The analysis chart of the antenna using 3-dimensional
finite-difference time-domain algorithm

Azt Y 2ol HA GHUE 3299 4 Fzhel dEsiM AlEHoldE Ry WA
centerl Al Q== tElvE AdAste] sjMeigla, W A e vewEre] W
HAE T A8t edgeFolA AW HES stof A& A . F T sl
E5 8000 time step REEE ] AFAIZ T AE Y wHolEE A7) AT AA AEH
o] A7t BAIT Ax AQFHUTH

3-2. e 72 2 A4 #2

Centerol Al 99 =& P29} edgeFolA] H9 HE eV T2 (2979 2

Az 2ne  ox=0.389 mm, A2y=0.400 mm, 2z2=0.20mmYd = HAA =
m=608x, my=64x, my=1002y, h=34L22 AA T HA &= 60X 100X16
o}, #a)e] A7) 32x40°lth 7F AlERE  Gaussian BAE (14)27 o] o]4bks} dto A}
3t AREE AIRE ojatst A At=0.441ps.olth REAIQE H2ao wiEFr)e] &
T=15ps.ol®, 7}$A¢t HA7) ZAMH 2 “0" time stepdl Al A FEEE A A7
Lh=3T7t HxE& dAsAt. [2L87]d vdepd 479 arie [E1]F 2
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g o] 4 ulolaRAY HA e N AF AT

(a) center ¥

(b) edge ¥

[2)7] vlolag~2EY RA gHHY 72
[Fig.7] The structure of the microstrip patch antenna

ER R center ¥ 9 edge ¥ 3
h h=3 h=3
L, L, L,=50, L,=40 L,=50, L,=40
Wi, Wy, Wi Wi=6, Wy=13, W4=32 | W=6, W;=21, W;=32

Qatstsh WA Tag
st L=104y).

0ay=srEe f1xE

4-3. 39 AYPHA

£E=200, At=400, A¢=600 22l
HE(E)e #aste] se) 244 S Fotngieh center 9 F5-2
(298], (2ol M st 2ol A9 A=e) Aolg Uehde ¥ % 4ok

A gel 44 A

edge 1?]1;1 Ae=

4-4. BAEH(Sy)

QATHE a4 8k A}

daq 2299 BE F4

Aste] Age vy wolasey AFAzAA TH 4
9 5 2e 25ol teld FAsA ALtk At ARe &
ARate Ao AR QAW BAle AHLE B4

[¥1] Rx] ¢HY ZUFASF)
[Table 1] The size of the microstrip patch antenna
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2 249 e QAHE AAS WARE FRTh WAALE (271005 2ok

(291019 WA Y& FETASA (291103 2ol S, & 78 + 3tk center
A9 A% 1225 GHz9 183 GHzolA Zh2 -22 dB9F -20 dBE &3X& Yeon,
edge I99 A$ 752 GHz9 1812 GHzolA #42} -24 dB, -245 dBE ¥3& E ot
edge W99 WAIEAL AYATEE vlws ¥ W T2 FhrolAdE ARIAT o
g Fshpol e Aozt tehd g (29120904 Bk

(a) t = 200 time step (c) t = 600 time step

(b) t = 400 time step (d) t = 800 time step

[2%8] 3] FZhollA Aztell W& dA £, 9 fskcenter 9 H$)
[Fig.8] Time-dependent variation of electric field £, in the 3-dimension space

(in case of center feding)
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= 200 time step

(b) t = 400 time step

[(299] 32+ FZrel A AJRte] whE dA

(d) t = 800 time step

E

29 W3Hedge WP A )

[Fig.9] Time-dependent variation of electric field £, in 3-dimension space

(in case of center feding)
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[Fig.10] The waveform of reflection
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simulstion 23}
©0coa BXZAS} [DAVID M. SHEEN]

|Sn| OB).

7.47GHz )
Rl 18.13GHz 1

5‘ ‘llﬂ 1‘5 ZII‘I 25
Raps (GH2)
[=Zd12] §); 9 HA(ZAHA)
[Fig.12] Comparison of the reflection coefficient(measurement)
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center Y93 edge W W2 ZAgo thalA ¢telUE st ABHQ ol E 7] A
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E v ZAle Az Av)e AUt Az F A AEY A= B F oo dirHol
I BEG JHr)Fo| dojok drheE Aot
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