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A Technique for Reducing the Size of Microwave Amplifiers using
Spiral-Shaped Defected Ground Structure
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Abstract

A new method to reduce the size of microwave amplifiers spiral-shaped defected ground structure(Spiral-DGS) is
proposed. A microstrip line having Spiral-DGS on the ground plane produces increased slow-wave factor and electrical
length for the fixed physical length. In addition, it provides an excellent rejection characteristic for a finite frequency
band like band rejection filters. The rejection band is used for rejecting harmonic components of amplifiers. The
reduced microstrip line lengths in matching networks by Spiral-DGS are 39 % and 44 % of the original ones in input
and output matching networks, respectively. It is shown that the measured S-parameters of the reduced amplifier agree
well with those of the original amplifier. The measured second harmonic of the reduced amplifier is much less than
that of the original amplifier by at least 10 dB. The same technique is applied to reject the third harmonic using the
proper Spiral-DGS for the third harmonic frequency. The measured third harmonic is smaller than that of the original
amplifier by 25 dB.

Key words : Periodic Structure, DGS, Spiral-DGS

o} 2F3E EE FF7] R4 Sl F29
I. Held
A EE 7hed shuelth. $&7] 3z 429

mlm m}.

o] =#& FHEF214 93t AYHUL,

Mg 14 A7) 71 8 & 85-(School of Electrical Engineering and Computer Science, Seoul National University)
*AE Oty ARA H 3-8 (Division of Electronics and Information Engineering, Chonbuk National University)
H#eAg sty A4 H7)& 388 (Division of Information Technology Engineering, SoonChunHyang University)

= W31 20030524-028

FRAAFTAA : 2003 d 79 249

904



WEolY AFFATZE o & vlola2s FF7]9 £%35 U

)
i)
ol
Ku)
e
ol
=03
£
2

© g o

e me wlo
2{_4'
4
t
O,
v}zl
L
=
PRS- )

A"
[0
fes {
okt
I |
S
b
ok
rle
o=
oE
i
32
o
ro ot O it T

Eu)
o

2

lo

X

o

2

> N,
re

2

rO

off
2

N

)

rir

g

0

2
ol
o)
N
=~
%0
K

e donk

adet 2A7 449 F57) 20 tato &2
gho} Al AT fA B A P FRE Y
Aat7] g iR, Y 2 o AFAR

o}# 38 DGS(dumbbell-shaped defected ground struc-
ture, DB-DGS)E A3k We] ofu] A|lAld o]
1!, PBGphotonic bandgap)t} DGS$} 7+& 7]
ZE A7 gy ASHEF 5% Dol &
3 ALHzET © & AR A4 (slow-wave
factors, SWF)9} #7112 Zo|& Z=the Aol o
) 259, ol g DGSe hEA QA Blo)
a2y I $8OF FE7|9 A¥e} [1]90A
A==

3, 7)29 o}gd DGSHT U Z7Hs S}
oY El 29} SWFE zH= W Eo]3 DGS(Spiral-DGS)
7t Aol AFH AN Spiral-DGSE AUE A
$HZE ¥F2Y A$HA2Y o} DCSE AU+
ALHAZRY ©& 2 SWFE 27] g 2o oj$ &
vl g I A Spiral-DGS7F S%71¢] A3 W
of L4ETH, g2 I77t H EoE ROR 7]
& & 9ok B 7|E9 o}F Y DGSE 4ol &
o ZZ7HOE ¥ A Y F Uk

Spiral-DGS®] E t}E FHOR, A Ao 57
(band rejection filters, BRF)S| A & &= gl& oj$- &
A% e A7 A4S & 4 Atk kA Spiral-
DGSel At Fa4- o] FE7]9 stEY g}
HATHA, FE o)A StRY AdEo] e AAE
th &, 32y Agg A3 ¥xe ko] gloj
Spiral-DGSE 4}Yste] 328 A2¥ssid, 32y
o] AARE g9 FHES Bolx Aolrh

II. Spira-DGSE XLz OO|AZAEE
MEMEY S

I 12 B33 nfo]aZAEY AZ, of#EHY
DGS9} Spiral-DGSE A U&= Wo]AZAEY MZE

L, 8
lIWSO ULt Mlicigstrip line |
@
L.g -
G
P SR
o= DGS pattern on
S the ground plane
Raras o SWoepe— - - Macrostrip line - |
WWSO o r\v\W"ﬂ:haumtDGS
De-embedding B=G
plane B
(b)
- L, 8"
G

—» Spiral-DGS on
S the ground plane
... Microstrip line- |
b WAt a unit DGS)
C=G

De-embedding

plane C W2 W1

JE 1. () £3589 wo|aZAEY HE, (b)otH 3
DGSE AYe wo|ARAEY A&, (c) Spi-
ral-DGSE AYE vlo|ARAEY AZ(e,
=26, 71% F4=20 mils, G=S=A=B=C=2 mm,
SW=W1=W2=0.2 mm, W50=1.4 mm)

Fig. 1. (a) A standard microstrip line, (b) A microstrip
line with unit dumb-bell shaped DGS, (c) A
microstrip line with unit Spiral-DGS( ¢ =2.6,
Substrate thickness=20 mils, G=S=A=B=C=2
mm, SW=W1=W2=0.2 mm, W50=1.4 mm).
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Fig. 2. Electrical lengths of three microstrip lines up to 10 GHz over.
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Fig. 3. Slow-wave factors of three microstrip lines.
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Fig. 4. Layout of the (a) original amplifier, (b) reduced
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by DB-DGS(D=1 mm).
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Fig. 11. Measured ratios of (F,~3F,) of the reduced
amplifier shown in Fig, 8.
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Fig. 12. Measured ratios of (F,—2F,) of the reduced
amplifier shown in Fig. 8.
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