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Applications of Haar Wavelet Based Multiresolution
Time-Domain Method to Microwave Structures
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Abstract

A multiresolution time-domain analysis scheme is derived for the analysis of microwave structures
by using Haar wavelets to discretize the Maxwell's curl equation. This technique requires less
computational effort than the conventional FDTD method because larger space grid can be used in
the simulations, To validate this scheme, several 2-D - 3-D microwave structures are simulated and
the results are compared with those of the conventional FDTD scheme.,
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TDell 2&A 2ALY T go)Ey ALEe 3
AZ JeRd 4 Qe

FDTDY Haar dol&3% MRTDE AW +%
(open structure)oll #H&3ste] dHsts Agde
AFES dz2grt s glerg AN 99

%
S TAAACE . waA, AL F9E A§s
ol FAle Al 499 7HdRE AAHeR YAt
gt ARGt dALER] T A FRAMG 7
o] YRz Higstd WITE 7|8 T4
ZZ(ABC: Absorbing Boundary Condition)e) =
L3 "k & dArelMe o8 7HRe) F57A
24 FAA Mwd 1% F53AZAE Haar 9

&3 MRTDE F#sach M 72 H4e ¢
st —y o R sk ARt £3 it
oy 7HEEE ohee) 139 B RAS w
Fafjof gt

-

F

9 13 _
(35— 7 37)Bm = 0 (20)
2 (2009 FEWAAS Mws) 13 ZAE o

€] o
golo) ALY FU NG & e
Haar #lo]£3 MRTDS 734 2AUYH fol8
R IArE AEEt] AAY B2EE ANW
2o Ay AE 9A Bk

3 £ dt— 4
a1y = a1 ET+ w
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“(wnEi-LES) (21)

A7V & = ¢dg, ¢dy, B, b, B4,
dod, ¢pb, ¢p¢= Haar #°1E£3 MRTDY =

ALY dolEx AFE Yepit Axdoz
Mur®] 13} F534AZ2AE FDTDY Haar $o)&
2 MRTD7} 53 2204 S AMRSHS O 4

ek,
0. wxofM 2ot % 0

3-1 28t Meimto| Mgt QmHA FA

L~

Y

PCB(Printed Circuit Board) 713¢] A8 A
Y (power plane) S RE FFE AHIYR(IC
: Integrated Circuit)= PCB7139] o8 A9
AA A = A AMEEE PCRYRS E
Ao Ao E A s EHe HA
Hel 4L 3 Uo) shte HAH sty
FHAE AE V, HOZ 44T £ g} ojgd @
Aewe Fa Hd =9A(parallel plate wave-
guide) 2 FAsH =Ho oW X™eM HAFI &
2A HR Azt dgEe 2@t gE A3
M} Vo ¥MstE /A A ") ol4n 7
PCB71# & A #HoMe 22471 T2 X Hd v)x)
T RS #F) AT /1B 97 28 A
4ae Yot 73 AYHBNME AERTAY
g thatd tiPolBR Aximrt Agdw #A
&t2l PCB71% S9ellM e wiabgE ik 19 6
M Be A o] ©A7F F83] £ = A
4 ZLER AD YA A dA s
% e FA0E 78 57} g,

Z(rlry = LOZMH(@(/@V— 7ol) (22)

371N H? & 0% 2% Hankel ¥50ln R,
= 39 54 dIguAE vehdg 4 9 249



Hoar 9101280 D3 2als A4 48e o188 vlola2a 27 84

Ao AFE FoAY 01 02 A HelA FAM T
e ?Jﬂ‘%ﬂ.’:% 2 (22)9 olEXE wAA.
AR A FRE lOcleOCmO]Dﬂ A AL
dx = dy = 2mm, dz =018 mmeltt. A 7]
Be] Eole #XETA st FHEY A A
sl uf$ 27) wEo) shie) AZ Rt
FAAY FAE e, 42 MY EE FA
4 el PCAXN Fsigion A4ZAE
a8 7% % 1o 247 JeEidsith

1% 794 7]129) FDTDS} Haar 101X MR-
TDY X A7} o|2xjs} A FAFES & F

PEC —y
ABC —’{ @ g 14— ABC
PEC —1
T3 6. siAE A ste T A4 AR
45 —o— Analytic Solution

—— Conventional FDTD
—a— Haar-wavelet-based MRTD

40 4

35 4

30 4

Transfer Impedance [Q}

25 4

20 4

Distance [cm}

T2 7 RE AQRAe A2 992 #Y

g AL Yo 448 24

Atk Qe FFAAZAL vl FLEA T
% 29 F A E 16AE F0 dF 4247
A& 71E9 FDTDEY 28 AA F2=28 A7k
o 71H4e ¥ & AT AA AT AY
AW FAENUSE ¢ 7 ST

3-2 7 3719 oM

clo|A2s FA7|= e, QA E, Fag
olE, £E7] § 48 717 ARE FEH AR
H3 gih UMHEJ} TR FHE IZEo)E
9] RLC 371 fAlst mlola 20} o2
748 AZE A2 (lumped element) 25 Y3ts 23
B4 97 27 BEd 173 dhgelA e vt
o|AET ¥ 17P AgEY 78 I 7Y

Tude GENS TAZ Yol BE 4 9
AAY A 011141]7P FANRAN FAE :—l
NA 99 e rat = 738 FA7)Y 1FRY

A7 19 83 7ok

a2l 8 Ay de 7
¥E TE, EE

Haar Wavelet MRTD

Conventional FDTD

Spatial Grid Size

Ax= Ay =2 Ixpprp, Jz =018 mm

dx = dy=2mm, dz=008mm

Time Step Size At =2 dtpprp At =06 Dt o
Problem Size 25X25X%1 50%x50%1
Computational Time Step 1500 3000
Calculation Time 7749 sec 13349 sec
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BRBEEREHIGE B 105 FO6R 199%F 108

TE iy O
M,y RE8) FAFRE O30 4 ()3 2
of FARH 4> b)) e +8 I
o 718 REE TE,) REoTth 712 RE9 o
249 gz F35E 22535 GHzolth

(ET T 2T @

A 238 & 29 19 99 22 ek
ATk & 29 AA AHAZ0] BHOE A B
AL sHdelel And MFd AAZAT A%
f= Al7to] ABEOE SHFOE Haar Aol
MRTDS] 7$ Azbel 18 ol Z4 @it
-r;: & dHgeY 2718 SeiEs 4

A9 AgA7el A4 Azl nAE 9%
cqum FAHANT) BASA BT

8218 5 AT 19 Gol BE st Zo| A
o 300047t BARA ANY Haar Aol
MRTDE 6000417+ 244712 848 7)) FDTD
% 742} e AE At oo WA 30
2 277% £4 FDTDE Ase 34 99
slel ARETE Holn7) Wee] Fas o9
Zo) g2 % AeET 2 A% AT + vt

‘7f:

FDTD& sj4% B 22610 GHz(Zddh 2.4

ol
rr

0.

> tfe

rEoglo miN X Rl MU
o

O
T
il )
]

A

#2 78 337

i)

FAFHS 52 40 489 24

—o— Conventional FOTD
(3000 time simulation)
—o— Conventional FD
(6000 time simulation)
—e— Huar-wavelet-based MRTD
(3000 time simulation)

Normalized Amplitade
»

1.50 176 2.00 225 2.50 275 3.00

+0.9862 %) °1™ Haar 9°183 MRTDZ #4& &
AF g5 22560 GHz (A XF —0.9862 %) ©l .

3-3 L3 njo|IRT AXj2| A

V’]Eliﬁ} 2 dejviHa RAAIE Ve ¥
HHy violazu/dev|
£} 3} ZPJV} FHYEA AHEHZ Ao mhebA,
AR AEH e BEEd d4dd 33
32 913 AA Coupling®) &3 34 % | 2238
A G4}, rlo]AR e oY CPW(Coplanar Wa-
veguide) &} & Y AFMNOE FF5HE o]
g 2EL A B HAS YA fullwave

Ahwjo]l AostA =HAoH ol FAsR

Haar Wavelet MRTD Conventional FDTD
Spatial Grid Size dx =4y = dz =2 dxpprp dx=Ady=dz=5mm
Time Step Size At =2 dteprp At =06 Jt x
Problem Size 12x8x6 24x16X12
Computational Time Step 3000 6000
Resonance Freguency 2.2560 GHz 2.2510 GHz
Calculation Time 362.55 sec 40720 sec
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A—
g 2 5.6896 mm
i 2.438¢ mm
4.0640 mm '@
ol =
o.79a0mm J [T T e ,
8 10, siMsta she AR oAgr)e) 22 1 ¥ | S escana
8 —s— Haar-wavelet-based MRTD
-50 + T T T v T T u T —
o 2 4 6 8 10 12 14 16 18 20
Frequency [(GHz}
, o a2 13 A% d5i7le) dEAS S
8,160 mr
2.334 mm
y 1.945 mm
07940"‘mi Lol e /
JH N1 A4TA BE vlelZ2AEY AN 9 g
ve & 3

.40 4 —o— Sheen’s Data {20]
—o— Zhao's Data [18]
—e— Haar-wavelet-based MRTD

-50 : . - v T r T T
[ 2 4 6 8 10 12 14 16 18 20
Frequency [GHz]

T2 14 violARAEY HA) <tV AEAF Sy

18,1 faB]

-40 ~o—- Sheen's Data [20]

a9 103 19 119 sid7Re ASASFE 1
T T e ased MRTD ¥ 12, 133 2¥ 140 247 Jehiid =3 &)
Q 2 ; é é 10 1I2 1‘4 1’6 1'5 20 éjl?—]- é;z].o]] Eﬂéj ‘EHE']U]FAQ} 3“421 ’\]7\}% R 3;1‘}

-50

Frequency [GHz] F 4o wwadch 13 12, 133 ® 304 BE
32012 AF o) AdAS S, A3} o) A A WY BE wad ARE Ho)
= ol Haar 910128 MRTDY slMdA7+e
Agrt gwe AYHT Qs Aotk FHH v} Zhao®) ASHT Algre] Ae) ke sjgais A
olazm A9 43 4 dAZ 19 109 A L 2 59
Fatedsrieh 19 119 vlo]ZB2EF #A < a9 149 AS$o® XA o] BAsA Zof
HuUE 43t Sheend) =2®el4= FDTD E AL A £ gk AAse 1N
o) A~ PMCE AHgste] a4 Al 7Hgz)e) Sheen®l Aol AF dooly ESYS B
o 4] 7F9-AlQE &4 (Gaussian function) S YA g ey o)A A28 FE XM PMC
7 % ABCZ 71 E dAAIA A (Perfect Magnetic Conductor) & A3t gy
Haar #1012% MRTDe #4elM: DC 9o Zolm Zhaort Mg 229 WHoZ wEo)zl
g Zhao't AStE A~E AHgsggt® o2 F AgeE EEYo] Aletd AL B
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BEIBHERERIGE F10% H6% 199F 10R

E3 A% o] A

53 94

Haar Wavelet MRTD Conventional FDTD (Zhao's Data {18])
dx =0.8128 mm Ax =0.4064 mm
Spatial Grid Size Ay =0.8466 mm Ay =04233 mm
Az =0.3970 mm 4z =0.2650 mm
Time Step Size At =07374 psec A4t =04410 psec
Problem Size 41x37X8 80X74X16
Computational Time Step 2093 3500
Calculation Time 3475.83 sec 7285.84 sec

E 4 vlo|AR2EY A tey AFAF A A

Haar Wavelet MRTD

Conventional FDTD (Zhao's Data [18])

Spatial Grid Size

Ax =0.7780 mm
Jy =0.8000 mm
Az =0.3970 mm

Ax =0.3890 mm
4y =0.4000 mm
Az =0.2650 mm

Time Step Size

At =0.7255 psec

At =0.4410 psec

Problem Size 29X40x8 60x80x16
Computational Time Step 3671 6000
Calculation Time 397062 sec 788543 sec
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ZH nonuniform grid)

4 oz N ae
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