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A Parasitic Elements Extraction of the Distributed Elements and an
Application of the BPF Using the Short-Open Calibration Method
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Abstract

In this paper, we extract the parasitic elements of the transmission line with the defected ground structure(DGS)
and the short-circuited comb line section using the Short-Open Calibration(SOC). The scattering matrixes of short, open
and the distributed elements in microstrip line are measured by full electro-magnetic(EM) simulator and Vector Network
Analyser(VNA). The electro-magnetic effects of the proposed structures are considered by the [ and T equivalent
circuits with frequency independent elements, and the relations between the measured scattering parameters and the
elements in the circuits are shown by performing 2 port network analysis. Moreover, to design the 2.4 GHz bandpass
filter with second order butterworth prototype, the proposed methods are applied. As results, the measured S1; and Sz
indicate —20 dB and —1.3 dB at center frequency, and these are shown within 5 % error compare to the predicted
results at 0.5~5 GHz
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Table 1. Element values and physical parameters.
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Goal Applied | Physical Values
values | parameters

Ipgs=4~54 nH 507 nH | LWpes 0.4 mm
[=3.3+02 nH 342 nH |Does, Woes 6 mm.
5.2 mm

L8304 nH | 807 aH | e | 32 mm
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CptCy=2.520.2 pF | 238 pF S 015 mm
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Fig. 10. Photograph of the fabricated BPF.

-
40 4 ——— B(S11)_Butterworth 2nd ‘a \.i\-
e o v §B{S11)_EM Simulation with Loss 4
dB(511)_Measured b
dB{S21)_Butterwarth 2nd y
R dB(S21)_EM Sirnulation with Loss .
— —e— — dB{S21)_Measured *

y

Return and Insertion Losses (dB)

-60

1 2 3 4 5
Frequency (GHz)

A8 11, d3ET S49 A e E
Fig. 11. Predicted and measured scattering parameters.

4 Ak ¢ =AE
3 7o) dA 9 sensitivity

A GES ARG
al

.
ri
rir
M
-
X

ir
=]

R
by
At
2
=,
e
i)
Y
(E
&

E
X
Oy
=
:Jd
= N
o
ol
(4
S Moot AN mn

[}
ok
=
a
2
>

)

il

o
>

o

ol

ol

a2

Nl OW

e 3

>,

o
%0, j‘J -

R

23

o

> =

2 2

U ao

of X =
ot oo )y o

o ol

—= -

0O TR N 114
lo
fu
>

gl o
o
o
v, e =
e
2
=
a
=
1o
to{l
k"
ol
N
~
o

N
<

Yojmz) AL A9
2 45 Fa%E
EER DR

ISR s
o
L rlo
i)
ol
w2
il
Lo
L
i,
o

o,
o,
]
i
mO
i T
1w 3o
lo
ofN 2
5o
2 oy
I3
e

b

i
do
2
2,

ooy
N
(mY :OE
L5
e
o

ok
B
=
4 o o

g A
ol& A
S X 19 el AEHo 4
A&o] 422 Fo|A PCB
F8FA, 25%15%0.6 mm ©] 3}
.ol gk A7) A
§A Aot A 19 11

N
o
N
3
oo o
>
= T
N
op M
o
ki
B~
i
i
o,
rir rlo

1o w
st
)

N

N

>
&S —
w

o N

s

T o

o >

o FEC;E‘)
i nﬁu =R
—ﬁn}{EE
o u®

D
[}

3

o
BT, 2.4 GHzAl A S SAE Al 43 vt
247k —13 dB, —20 dBolt}. & =EA A

roh

N
ok
k)
o2l
2
o,
i
Bl
QL

riz
rr
Hu
Ao,
X, o
=)
A
itk
o
ofo
o
[
>
)
o
i
2

2
ofi
-

B
X
i

2

o

ofo

<

) ol
rlo

L

djo

<

i

lo

1o

o,

e

o8 r
)
-
H
1o iy

e p-

ol
iy

N
i o
By
X
o

Y

e o

,d
%0,
)
ok
s
it}
=
~
P
=2
WOy opo 9 o Mo orr 12

ox, e
tlo 4,

g

-

N

e
oF, M

3(_:

Hu 3

o

N

1=

B
iR 1o,
o2y
[t

bo{l
B
B
lo
H
i

o A

& 4 Slth AlA,
O ZH Yl Specd

ojstA AAE F Ark U

¢

fr o i % sl mx S ol
A
Y

= o
i)
i N,
O
o
ok
e o
ot faad
A mlo
ot N
oo o
g

121



SEBREPERE BU L H25% 000528

OLI oft
o
tio
e
31
2
o

I f

Ol >

& 7o

ro =t

o 1© o2 |o

a
MIC L LTCC 7]%0113 ;?251}

B 2 wn

U
_lii
ofo m0{ 2
4
FU.L, ;:_‘
2 0 =
2
>
2
i
L
S
b
o
%y
2,

by

%@ dAE ?}Oi’ﬂ f’]*?ﬂ 54 e
a

{11 C. Patrick Yue, S, Simon Wong, "Physical mode-
ling of spiral inductors on silicon®, IEEE Trans.
Electron Devices, vol. 47, no. 3, pp. 560-568, Mar.
2000.

{2} 0. H. Murphy, K. G. McCarthy, C. J. P. Delabie,
Aidan C. Murphy, and P. J. Murphy, "Design of
multiple-metal stack ed inductors incorporating an
extended physical model", IEEE Trans. Microwave
Theary and Tech., vol. 53, no. 6, pp. 2063-2072,
Jun. 2005.

(31 A. Sutono, Deukhyoun H., Y. J. E. Chen, and J.
Laskar, "High-Q LTCC-based pas sive library for
wireless System-On Package(SOP) module develop-
ment”, IEEE Trans. Microwave Theory and Tech.,
vol. 49, no. 10, pp. 1715-1724, Oct. 2001.

[4] A. Sutono, J. Laskar, and W. R. Smith, "Design of

2004 29 AUy AAFG
3 (b

| 2006 29 ARy AAFE
#F (FEHAY

2006 2¥~#A: Aty Ax)

| TR AR

| [T RO 23155 32 4A

2 A, RF LAk AA|, kel

122

miniature multilayer on package integrated image-
reject filters", IEEE Trans. Microwave Theory and
Tech., vol. 51, no. 1, pp. 156-162, Jan. 2003.

[5] M. Farina, T. Rozzi, "A short-open deembedding
technique for method of moments based electro
magnetic analyses”, IEEE Trans. Microwave Theory
and Tech., vol. 49, no. 4, pp. 624-628, Apr. 2001,

[6] Lei Zhu, Ke Wu, "Short-open calibration technique
for field theory-based parameter extraction of lum-
ped elements of planar integrated circuits”, [EEE
Trans. Microwave Theory and Tech., vol. 50, no. 8,
pp. 1861-1869, Aug. 2002.

[7] David M. Pozar, Microwave Engineering, Second
Edition, Wiley, Chepter 2, 4, 8, 1998,

[8] J. K. Park, . P. Kim, and S. W. Nam, "Design of
a novel harmonic-suppressed microstrip low-pass
filter", JEEE Microwave Wireless Components Lett.,
vol. 17, no. 6, pp. 424-426, Jun. 2007.

[9] Ke Wu, R. Zhang, M. Ehlert, and D. G. Fang, "An
explicit knowledge-embedded space mapping techni-
que and its application fo optimization of LTCC RF
passive circuits", IEEE Trans. Components and Pac-
kaging Tech., vol. 26, no. 2, pp. 339-406, Jun. 2003.

[10] 254, & &, odA, HAF, 994, "*E

e~ T3 A% PCBE 014 Aol B
$ 93 25 U9 53 2e, FIARRY

S =84, |

17(11), pp. 1089-1095, 2006’3 119

19979 2€: gAdSy AAFd}
3 (F5H4h

20019 89 Adoieta e
3 (344D

20099 29: A9ty AAEe
 (F3HAh

20018 79 ~8A: LG-Nortel A<

[Z BAR0N 2255 52474 2 84 RF 273 44,
AA 44 a4



@2 A Calibration & o) 43 £X

19803 2¢: Mgy A3
3 (33

1982d 29 Meusty AxLE
3} (FE4AY

1989'd 29 ARWFL AAFS
3 (FhuAh

198413 99 ~& A Adsty Az

Ak 2 A4, 2755 32 44 2

123



