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A Method to Reduce the Size of Amplifiers
using Defected Ground Structure

UBA - MES . YHAT . 09Y .o T HNS
Jong-Sik Lim - Jun-Seok Park* - Chul-Soo Kim** - Young-Taek Lee - Dal Ahn* - Sangwook Nam
2 &

2 =2 ol 2EYo|Y FFH JolErto| et 2 HUY AEMB Y HAW) AF HA =
(defected ground structure, DGS)E #4713t FE7]9] Zolg Fol TS AA ¢tk DGS 7]¢l8te wAy s}
£ 57HQ §71e) L-C A&l 93t A AA §Ao] 83 AEMZET v IA Jeuyed, o2
Qlated DGSE e AFHMEY 2714 2|7t DGS7t fle $YF B3 2oy ALMBRT UE Ats
Mg o) g3tk F, U3 AN Hol§ #A8) 48] DGSE A4YT F A+-HZ £23 4olg &Y
& Aths Ao £ =8 o] &3ts Fodoltt. 4 ASH2I 27 PR Y o]k BRojET &

M, DGSE AYstE EF LolE £ULEAN A3 dolg 4 H=2g A 239 43379 o+

H5S IHE HAY 4 Atk ANE PES AZ8] Aste) vlolAZ2EY, CPW 27l thate] 922

N

2

1482, thA) DGSE ol &3kl Aol 29 TE718 AT 1T oI5 337 AP 2ol To
o A4HT o DOSE AHetel 2012 29 ASNZE 22 AR 238 AHEL DSl ¢l o}
2B 22719 5ol 935719 453 A 2L HelFD Utk E@ DGSE AUst 2e)E
$Hzel 399 B71% Qolx U2t Ad FARE LiFD Uk

My Y e Mt o
(3
RIS

£
e
2

Abstract

This paper presents a new method, which uses defected ground structure (DGS) on the ground planes of planar
transmission lines such as microstrip and coplanar waveguide (CPW), to reduce the size of amplifiers. The main
idea can be summarized as follow; DGS on the ground plane of microstrip or CPW line shows an increased

_ slow-wave effect due to the additional equivalent L-C components. So the electrical length of the transmission
line with DGS is longer than that of the standard transmission line for the same physical length. Then, the length
of the transmission line with DGS can be shortened in order to maintain the original electrical length to be the
same. This leads the matching of the original amplifier to be kept. In order to show the proposed method is valid,
two kinds of amplifiers, the original amplifier and reduced amplifier, are fabricated, measured, and compared using
both microstrip and CPW. The measured performances of the reduced amplifiers with DGS are quite similar to
the ones of the original amplifiers for both microstrip and CPW amplifiers, even though the size of matching
networks of the amplifiers with DGS are much smaller than those of the original amplifiers.

Key words : defected ground structure, DGS, amplifiers

Fo] =82 20019E X2 Ao gt ALHUSFUT,

Meghgtn 2717 FE5-8H4School of Electrical Engineering & Computer Science, Seoul National Univ.)
*EAY Y AR7]& 3R (Division of Information Technology Engineering, Soonchunhyang Univ.)
HAZTANENATY 9371497 A(Telecommunication Basic Research Lab, ETRI)

= ¥ 3020011215-174

- FRYE YA 20029 32 7Y

436



1. M2l

ZZNE RE BN A2HdA oW 8%
BZ 74gH SFUEA, Aoy 7HFHAA 2R &
= p|go] oj & Atk O E 21F N FEFL w37}

Az, wolAgs ZE7lo) JIMT 8F HAHE
nEsts WY YolA Hed & A% HESF R
79t g29 233 PHER) HHE HE
9= AHY 2oy, XEyHoZ A 2
Fe AL FE QE 29lo)7] YR FAF
EX 7ted sutolth

nfo) A8} F£7)9 4¥se YrHCE AY
329 A¥3E ou|sls AR o it FHA
2ol A71E EA A FANA o] ZAHL,
T 1 AA7 QAEE FAYo|RE, FE 4AFY
g Ao Nodshes vt A9 fioh 2¥EE e
A At Wy e AT E AASEA
Au AxAA 7H53 3 A AFE AH A
#hoz olgst: wiln olm AAZ B¢ 3
2 Folzn W YN Hdg JFAE Y
o) oltt. AL Wyd F2 A FPA A3}
B FAo|L, A9 Wy ou] HAF E9 32
o] &35te] #loje}R(layout)S & wf, W o] A|F
o] Qg Ago FZ olLHT T WL 5
3] MMIC(Monolithic Microwave Integrated Circuits)
v} RFIC(Radio Frequency Integrated Circuits) A7)
oA W F8 A3 ke stueldh AM
Z 74A) WhE e mg 7hEEA| golk XE AAR
7t ZEE AAE 9 ZFAsA ARe FHoloh
a8e BE 2z 4TS o4 FF7) RN
= olw WO HAE sk, APIARY &
EHEo] dAT Zo|& 7/IAA "t

Ho wlola2AEY AR PBG(Photonic
Band Gap)u} DGS(Defected Ground Structure)$} 7
& FNFZ2E AEEd 3t 548 4o e
A77t BAsA ARHL QPP PBGE o1&
& F7] 729 A$, vlolAR2EY M2 FH
AAo] #7150z 73L HEAFAUY, vl A
Ao o|&H 07 Radjy FUg HAALZE A
Boz wEoAl A9 23} o35y) Feio 54
& Aohit whlo] AAFH YT o] WHAXE u

e

A% A PRE o188 F¥/19 233 WY

9 AR A WA FAFRe 47 o)
A}, ojo] Hae] vl TZAEY A2 HE o}
o HAR ol REAY 19E Ade ¥ B

A AQlEle, & ZAHd) s geo 49
(defect)S TEOIA, PBGAA & + Ade RF
SAEAY 2317 O $43 548 9 Pk

ANt B3} DGS F7) +2E 71 PBG F7]
F%Zd nisto delo] sy 7H
o opgl, A% o5 FAl 4
I 57182 Rdgolv 3§
PBGR T 7HAIFRAME 58 F
7 glq_[51~l9]‘

DGSE AU wlo|aRAEY MZ(0]8 "DGS A
e AIE A% 724 st $7b d¥EX
el Z71EE B4 AU AR AR 2
o F3E e oy 2 FYE 4oy EE v}
o]ARAEY AR ¥Ed fA FHL0 ST
Aoz $7stEn, o2 std A AU slow-
wave) 4L 42 & ok wEA AT AN
70l fAEMNE E2F dojg 29 F A%
=R Al o)9 7+ DGS Az Ax A
438t vlo|a 2y FE7|9 ARIRE
513 ¢ e S AR o] WEE 71E
A wg s A gon, 2338 7)
£ E8l9 448 329 distd tA
132 AET 4 e WHolrh AAE

1S 4F87] dstd o2 AEY
185t HA G "YFZ7)(original ampli-
ZZ7)9 A2l DGSE A &3td
“5\_?'533‘:}% Z%7)(reduced amplifier)”
28] DGS A ol ol %9 3571
ol A9 2 %a— BT £ DGS 49 B

A7 Aole) 27k A4k Az BolE FUS
2 AL $AE 4 AL Bol7] st} WA
29 DGS 429} W73 BOIE 245 st
At

g9, AAE FHE CPW FZ7]d st
Hasle 1 gL #AGAT E =RAA A
Adhe Wy ol A9E wE A vl
ZAEY MRE oE EOA 71e 43U, X
£ d"o] CPW AR Heldt LTS Halth

(o3

o] A&

o) o 2 7hgst
stAA o] FojubA,
NEZRE FY

L2

o ox rie

1o B
o o

3 njgl"

ox P>
ot oft
o o
4

oﬂ‘. a2 nB:

(X o ot N
)
24

b o2 e

o
rde

(<3

u o
Aul
of.

>
[
L

&
-
~z

H

)
[o3
‘_g‘mlm
!
Léf‘g

437



BETHASBRGE $13% 5% 2002F 67
. DGS MEM=Zot Hux|He4

1 12 vlo]a22EY AR HAW o}
o2 AAZ B9 DGS HEe] o B2
Atk vig HA A AFE FE F7HY JdHE A
o ANARL o] BAFLE B4 Faigd)A
o FA3 A F40) BAYT 19 2= 39 |
3 22 DGS MR thated EM Al o|HoE
e Y SAoln AFFE 7 $Ee A% A}
27189 Wty F34 50) BRAAAT, A
407 1929 2& EAS BT &, o)2HO
2 $u=0) HwA A F37H 4B 39 |
o Zojzl slwz A5 ASel, TAZEHL
17.2GHzol A AR HALE 17 2004 & & ik
EM Al &g o]AE 93l Microwave Studio V3.0-2
ARg s o

X

t P

¢

Iwso

T8 1. AR LYY @9 DGS AL AY
olol AR AEY M2 of (e ,=26, 7| BT
=0.5 mm, W50=1.4 mm, SW=0.5 mm, G=S=2
mm)

Fig. 1. An example of a microstrip line with a unit
DGS pattern on the ground plane (¢ ,=2.6,
substrate thickness=0.5 mm, W50=1.4 mm,
SW=0.5 mm, G=S=2 mm).

0 S-Parameter Magnitude in 4B
i T
i i e

........................

......

— — ;
2 4 B B 10 12 14 16 18 28
Frequency | GHz

18 2. J¥ 19 DGSE X &3 nfo]a2AEY A
29 AYAY AY 54

Fig. 2. Transfer characteristics of the microstrip
line with a DGS pattern shown in Fig. 1.
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Fig. 5. Su phases of the microstrip lines with
length G shown in (a) Fig. 3(a) and (b) Fig.
3(b).
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Measured Performances of the Original Amplifier

%
—o— St1 (Original Amp) H ' H
20 F{ —5—S11 (Original Amp) |- - -k = v oo mmsnne R b
—&— 522 (Orisinal Amp)
15 f-vemomanan [EEEEPPEE
[T 3 S SRS, . S
@
ket
AT ORI N R N
4
& 04
I T N - N S
£
3
eﬁg S5 e TR e AP Ty
izl
JR L S -, T Ey . R o s L R LSS
15 J Y e
J O T S S R |
1.0 15 20 25 a0 s

Frequency [GHz]

(a)

J8 8. 7 52719 249 4% (a) 9537, (b)

Fig. 8. Measured performances of two amplifiers.
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Fig. 11. Measured performances of two CPW amplifiers. (a) original amplifier, (b) reduced amplifier.
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