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A Study for the Equivalent Circuit and Slow-Wave Factor of Defected Ground
Structure Transmission Line
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Abstract - A frequency-dependent slow-wave factor (SWF) and equivalent circuit model of transmission line with
defected ground structures (DGS) is described. Once S-parameters of a DGS transmission line are given, the
conventional frequency-independent equivalent circuit elements are extracted using 3dB cutoff and resonant frequencies
(Fc and Fo) as the first step. Using the initial equivalent elements and simple transmission line theories, a
frequency -dependent equivalent transmission line model is established through an analytical method, and finally the
frequency-dependent SWF is calculated. The proposed equivalent circuit model and SWF are frequency-dependent and
more reliable because even small insertion loss within available passband is considered, while they have been independent

of frequency.

Key Words : DGS,

.M 2
SERERRERIE I E LD INE EE L S R
was, oz skl S7bsl AdEss ARAL @

Ks]
AEo] dexze W7y HAol A WHTE AMdo]
o] AFEE $oted @ g8l U el @ vlEEy 4
¥2  PBG(photonic bandgap), DGS(defected ground
structure), EBG(electgomagnetic bandgap) % ©l§2&Z
o i, BE AFARe FAWY FRE YA
iz FEHE AR An1-5].

ole1dt HAW Wy HAFHMEEL AAT 7IeEH 4%
o] FvlH o wrEAY iz 3 e v #HEoe] A
Hezd, £28 AeMBd e gl 1718 54 7HAL A
o} %3 DGSO 49, &9 elemento] Aot 7hEEa o

g B8l 2 ARG FH0] golstd 2S84l Hf
$ Hojubup: Aol it dAF AH}E F3le] Bl 2
Atk e SAH0RZ: W04 doly F7t ¥t
2 AR L-C7F dgAgd 7 Asxze §4 o9

=]
s B BE E 5 At olde BYE S8

_\.&

i)

2% . o mlolz
2y Fro 4%z Erda 2247 AAZE olgH B
A, 27t B4 dudag ol 8std ndyds A=t

T wAARL GBS H AR EAGHE LR BIEST - 1
E-mail ! jslim@sch.ac.kr
o JE @ R MO A CESCRKS LR SRR
wx B @ B0 WA BAREAT - J‘T‘ﬁ
|| ?’ £ Adb A E A ECTENTE BIER - T
§  JF & B KA CE R I_F'}iH s A A
Bt H 20085 TH 8H
EhE S J’ 20084 1053 9H

DGS M&Mze| Srts|zet Mupx|eispof of g MLa

Defected ground structure, Slow~wave factor

Hod g2g HASAY e 28 T F AH6-9]

PBGY DGSE A$X29 HA ¥ /S?Jﬁ}@ e &
Agre LI o2 Qstd Y EElH dojo Hlshd
ANH  Helrk  AoAA AP & %(propagation
velocity)7} =oixle A3 Z 3 (slow-wave effect)’t
Buri3,4101 A EAREe 2o AXE ZFoltd £&
aA olgH = AAAA A4 (slow-wave factor, SWF)7F
45 W17 deprl & Frtete A7E HAERZE FE
o} 2zl §#3to}.

PBGY DGSE xgsts dddze SWF @& 3
2] AP AxrF AlE# o] A(electromagnetic(EM)
simulation)el] 23 W< A4 (transmission coefficient, S21)
9 $dgk g dE vaste WA eR SWFE T
[34]. Wetx e WM E Fust dgy 4 &
Aglel SWF7F A9 dAstA vt 299 PBGY DGS
2 z¥ste AgMZIL FaA A28 FHFE HolA
A FAFRFE Fote] FESTE S219 9 &4% 9
Aol M3l MY FAsA Foh. mEbA SWEoll A A8 ¥
7 717 AlEslor gk v e wEdAMe F
ol whel S21¢] &4e] FrtE SWEZF 719 dA s
U= A7
FAFIr] HIEFE S2102 FAHE
A3 AXEZ, DGSE ol&s MR el AL FaF
e FAFIFHGE wl$ B Foz AYsdol A
& Folojo} Fth PBGH DGSE T sl AfM=ze #
T2t /2 o1l T tiddo A &£Me] F3] H&
1, B =EdME o Fyg dde 78 FF 99
(available passband)2.2 37l 2 ),

EAFIFo ] DGSY FAEAE ol &stE A3V &
Solztd 7Hg B9 vdns & 4o glovl 11] 329

A
DUERE

o

2041



ERBERNEE 578 1158 20085 117

233 59 28X DGSY) 93td Zse Ar)= gols

SWIZE 02 A8ds e 354 gedd Fo 43
¥ SWEE Atshe Aol cledess B9 AA ¢4
AN A= Ego] @ Aotk

B l‘:—r"ﬂ/‘i% o 1ol Bl 23 2L DGS dZ2e o
A Fdhel $82F WA DGR oF Foho] Aojy
Srh82 AAgH SWE7 F9h4 dEde e wela
A gk B wEAA AHgste A8 olge sEe] ofn)

418
&elx 3dB AeFHFeFE)e FA
DGSe] 57132} 71249 AEH2 oot} ey B
sl AE ol& o]&35ld v 54 duraze AvH 2
ol g Zte AfMEE By £33 J1g B3 g9 o
oA Fovint EAse A4LELLS ® 3
Ao Adddd 7RSS 73 Agtst 4
dHAxe} JE gL T <
=, °ol& °|83td 714 F3 o= (available passband)el
A Fakgeo] mEkd WEle SWFe ZAIE AA g

B oeRdA ANSE 57 H2E 6 Fad oed
JuE WESEY, 2Re w2 AARE 5 H5A2
54 dudas 428 Aol ol 54 gow 1A
£ Aol ohig Fugel we wgths Aol olde
DGSSl 2714 4ol Fahsol wet dReA) gons
A AR A4St AQY, oo skl T 5HHz
AME SRR £AgEe] FAFIHFIA BAe] 23

ARE FaAA 2 o] nFHAT
g O 2914 F, Fo8 23 o]§ o]&slq a9 39
DAY 7 LCHE e T, TAFIE oY daE A
gelxrt S48 EZ DGS 571329 EAo] HAHoR
2 (nductive)el 3, FRFgF  o|FdE &
(capacitive) ] & Ho] 7] s, A4H ez oY F
A2 JEo] Fag oEHAde A E

2 o] g}umz] :Laib} [12]*

0

il - [«]
4 e CEANAY FANE AA% AN AHemE
Fis dEqUe %3 Aok Aolst A

2.1 DGS M =22} Belle| S7IE 2 2%

3% 1€ DGS A29 42 RdFn Jed, 7hg 2e
ASHE 21708 AEHR vo]ZRAEY AR, A
A@e] £ DGSE 2AFT Utk MR Rw
Rz 48 2% WA 2, A2 A+ 247

L

G, 5% st9:, F 2EWAL Mz AFsE &% 3
Zol& 27 SW, SLole stk 9 vielazsEd 4

29 MFo] WalH|, SLo| MEA Wet 2 Bak glou
AASHA 2A e 497 Bk DGSY AEE4 2 57
g2 aag 22 BeENY 7] Astel 47 2 ZHol
AT 5000 AP e W Ashs 2o Yurgeloh

2 =fodAE DGS AR A2, vFAdE(e)0] 229
1 A7 3mils?l 71%E AdsT, W, G, S, SL, SW

2042

X7t Zzb 24, 3, 3, 05, 24mm¢! DGSE AAsdd. o
H 19 B2l DGS A2 & Zo}7F 15mmY o] of
o Agilent ADSelA 4383 EM A& o]l

EMEM a9 20 AAIFS rt o] LA ¢
o] T&Y HAFM2AME B F gE IIHA] Y
g, ol DGSol 28 712 571 32 Axghol

T

T RS-

f
¢

ol &
2
T

f
-3
£

2°ﬂ o3t AFT gz £H(S21)e] A
9 gleu, 4GHzoﬂ VR E MAE E4dol AE)
Zrate] Faert FAAEFE £Hol A FUhed. o
ZgA o] % 718 E3 thH(available passband)e
4CGHz A =2 H3t+ o] HE s

>

< =

Microstrip I DGS
Line on the [P ! On the bottom
Upper plane Ground plane

agl 1 DGS olo|32AER MMEsAME
Fig. 1 DGS microstrip line

—~
5]
-10—
15—
25 20 S11 s21
o
oG
o 30
TT
35
40—
45—
50
T 1 i | F | L T T LI
0 2 4 8 8 10 12 14
freq, GHz
a8 2 DGS olo|aRAER MRe| S-mizfo|g

Fig. 2 S-parameters of the DGS microstrip line
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