Miniaturized Microstrip Dual Band-Stop Filter Using Stepped Impedance Resonators
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ABSTRACT

A novel circuit structure of dual-band bandstop filters is proposed in this paper. This structure comprises two shunt-connected tri-section
stepped impedance resonators with a transmission line in between. Theoretical analysis from the equivalent circuit and design procedures are
described. We represented graphs for filter design from the derived synthesis equations by resonance condition of circuits. Notably, advantages
of the proposed filter structure are compact size in design, wide range of realizable resonance frequency ratio, and more realizable impedances.
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Fig.1 Microstrip Line resonator
a) A/4 Stub (b) Tri-step Impedance Resonator
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Fig. 2. TSSIR Dual Band Stop Filter
(a) Filter Structure (b) Lumped Element Model
{c) Filter Characteristic

@ Z& 7= (b)

AA stz 8t
3_4'"?7}' 7LZ} Wy Wy o
% H(low-pass) 7]

gﬂ,x{x]; Wgsty W o L 24 %k%ﬁ‘r

:1/ L/]s‘ A q"

3714, g, & & 4 A5} F3hlow-pass) TF]
7188 aae) grolth 119 byt 7o) 7 - WEz &
ALCEA7)E 2209 2ol RF ¥ ddd 1x
2 W] S5ke] LAME S Abgato] Ui
a9 2dye T4 Fu47F 242 1.8GHz9 4.2GHz¢) 1L
P EL 50%9%25%) olF FHTE e TR W
3 AN g ol A%E eI

P 7 tanfy, — @A O
rssn = I AT Q tand, A

4714,
= (Pcoth, — @ tanb,)/(Q + Pcoth, tand,)

Al A 219 B2 F3E w, % w, B 787 Y8t
o] R FHFNA Z,4, =00] HE2AE o] &3
292yl A HE-A A LC B P2 7 = A
(2)9}F o] At

V£ ) @
w G 2(“’ —w2)+w2\/ Gyl (@ — i)

z=2
: w

Ard TSSIRT 1 573 2] gl s g2
g8, z=w,/2 ¢+ dX/dwl, 7} Zoter Do g 4
& 72 Bk g FRERAH F 3 Figl
e s £2 2 geuE 2P 02 RE A3y 7
_/'[: [e]

BLJH#

W

Peotl, — Gtand, 32)
g2

tands = @ 5 Protd, tand, (3

Peot(r6,) — Qan(r/6,)

Q+ Pcot(rf91 Jtan (erQ)

tan (r8;) = (3b)

0.5Z5ec’9;3A !
|@+ P(tanf,+ Qtand,)cotd, — Q*tandytand;]* 9.4,

(39

1655



B YR FAGE =EA A5 AgE

0.5 secz(rle VB
Q+P[tan r6,)+ Qtan(r 0, )Joot (8, ) — @*tan (r 6, )tan (r

z (3d)

= glA

Aq71A,

A= P(Q%,+ QP8,+ P8;)cot’d tan’d,+ 2QP(1— Q3 x
fycotd tand, + QP(Q8, + P, + QPA,)cot®d, + Q*x
(P8, + Q0,+ Q%0,)tan’8,+ QX PY, + QF,+8,)

B= P(Q,+ QP8,+ Pf;)cot’( r,el Jtan®(r 8,)
+2QP(1— Q%)bcot (r 4, )tan rﬁl
+ QP(Q8,+ P8, + QP8,)cot? (rf,)
+ Q¥ Po,+ Q9,+ Q203)tan2(r,0.2) + QHPH,+ Q,+ ;)

o] 7] A T‘f=a)]/w2 o]l , 0., 8,, 93\_ 25 3 A 34
b o U2 A2 2o

I Zeje] &H S 3

Aol M G& A7 A o] &stod AT LA & K
2 e gA2) D= A df F € 54 (maximally flat
response) S ZHE 23 WE (g, =1.4142) °| 2, 5 749
37 F4E 159 3.05GHz (ry=2.1), g Fo] 77}
AL =50%, A, =25% A AFEE et 919 Ao A
HE ZE T AT YYI 2 H &2 P Q 7H02-6.0 W
2 A= o] AL vlo|ARAEY HEZ 1¥
ErAE 2,42 Z A1 HA Y EA QAR L
WFolct YutH o2 upolaAE 2EY HMRE THE
A5 20 AN E &4 20004 Hdf 120Q A
ot} & mEoA A BAE £F3e]7] wfFof
7} 22 W= P=04~2.4 ¢ Q=02~0.7°t}. 17 3&
A9 WS &) TP Q ol tish Ty, A
29 AA Zo] 9, & EHATH

714 0, =6, +6,+6, o|th 2P 3014 ¢,2] RE
e Q<06 Y 112° o]3telth. Q7F H4atH 9,9
2 25 Uy 34 JeH, Q3
o tieh 7HE *e 6,8 ZA He HHY PSS+
Atk ZHQ #Y FAd= MF 22 9, S A =He
HH o] p gho| EAgtt. metd P>1> QY W &,
Z>Z>44932 7§ ERH2 L 7 AU

adle

1656

o 329 2712 aRH oz Fo)7) AsAE A9 A

}Xl ALE HEg ot Sir}, 2 45 T YA F
A (P,Q)=(1.0,03),(1.2,04),(1.4,05) o F3

ngrfuﬂlﬂ*éﬁﬂ A3 2R ZE Jepdch

K

g 104 Y

=

=1

£ 100

:

pre ‘\

§ 96 e

g

&

w92 \_’/

E

L
88 v v v v y
0.4 0.8 12 16 2.0 24

Impedance Patio P

22l 3. TSSIRe| Pet Qoil it M=Ze 2ol ¢,
Fig. 3. Line Length 6, for P and Q of TSSIR

704
® 60
2
> 50
=5
- 404
::.
<« 304
= 20
104
0 ey R
1.8 20 21 22 23 24 25 26 27
Frequency Ratio 7
(@
2.5
o
&
= 2.04
E
(=]
Z 1.5
N,
Ny 1.0
N
0.5

18 20 24 22 23 24 25 28 27
Frequency Ratio 7',

b)

38 4 7 off oHE M
(@) o EH Y
b) rofl Chet JuE2r 7, Z, Z
Fig. 4. Line Length and Impedance for r;
@ 6y, 6,, 85 for r;
b) Z, %, % Impedance for r;



OH 4@= P, Qo WE Fo HE ol o)
01,0,,0;° H71H Aol & VERTE 9, = A9 23}
Al Aolg FA, 6,2 F3 ¥l &, 7} FobA S
ol A4 Tt 0% 0,9 vl 2 F 4= 6] &0
r7b VTS dole Sk ol A& rp <2159
W, 6, >0, > 0,5, >2.15 AW, 0, >60,>0,9F
Ag WS ALY p b AR 2AY RS 9, 6,, 6,7}
A7) Aole 00 7b7hE o] Atk aYA Fg
Hl& o] W9l 2 Al QoA RS 2|8}
E 1.9200 4 2.657bA] A 3kste] A A BHE

TH 4y P, QN W F I ul & ol i At

gAY 7, 4, 2,24 TSSIRY A1 2 A Ay
Hae Z = szgg}zz:szgi»}E}%¢am.

2E 7 A4 S Y Foed A 9
H (P, QY HAE Hojupr] wj ol
Aukd o 2 12000 2 A ST

Mer, =2339 9 (P, Q) =(1.0,0.3) ©]
©(6,=9047571") ol 1, Y~
Z, =99.722602, Z, = 29.9167802, Z, = 99.722602°]
£3], 2840 YElt= & (B, QT 1y
ol tokst md WY E A

2]
Al xﬁ 34 7L

Py
A 59l

V. EE{o] 4

ZE A 2ol A v]f-A&o] 44, tan§=0.02, A
FA7F 1.6mmS] FR4 o Z4] 7| #-& A}4-3t3tt. 2
o} F e FR F3 ?% 8GHz# 42GHz, & &2

72 A =50% A, =25% olth. A@)& |43t
TSSIRS} A A w8 5& T3 B o33} 2},

g, = 1.4142

Ty = 2.33

P=10, Q=03

0, =69.8362°, Z, =99.722612

0, =T7.46681 ", Z2 =98.6427(2

0,=132123", Z, = 99.72261

H
WFE 0, =nr/(r;+1), Z,=1/sind| T

185,
0, =61.8187, Z, =53.9502 2% & 4% & 5 Ut A
e delHE ez AAE FENE Y AX Z
Bl o] AAZ o} Al 2e ME AP 17 590 Ve
pea=
(b)
a2l 5 (a) Hel HAZ () 4AE 2 AR
Fig. 5. (a) Design Sheet (b) Photograph
04
A0+
=204
o
T 304
f 40
5 50+
i
T 604
Simulated(HFS$)
-70 4 Simulated(SONET)
—— Measured
—80 T L} 1 T L) L) T Ll
10 15 20 25 30 35 40 45 50
Frequency(GHz)

a3 6 M XX "He{e| §H
Fig. 6. Characteristics of Band Stop Fitter

1657



A FHRFAE =EA A5 ABE

AAE HEo BE4E T3] 93 AlgHolae
SONET 9.52 ¢} HFSS10& AM&3t¥on, &4 Axe
Anritsurt2] VNA MS4644A S AH&3L ) 29 60 A
A BE 9 A EH ol AF9} £ ARE 8| w3l
Yelglon, B ad A A3 XS & 5 Yok

V.4 &8

°]F iy e A B 2 3|2 TR &
=& A HAck AtE LE 9 o] F P & mlojA
ZHolB 3|2 oA LA3}HE Y (harmonic) A £
YR ARES AAL 5 A em, 54 F359] £
S Ada7) A3 ALg B Ak o] 289 o] F Y d
g AR B = s Ao E & e £ Foe
o Y& 7HAH, At 39 AGE duda IR
71 o B2 A Fd4E 7H & Aok HEKEA
A b T u g 2 Y Aol 2 2 P JHe
& 54 492 349 o] H e HEe (Q P)S AH
st AA & 5 Qo E =Rl QA 23 L AA
A= A AFEch At o] F dd th o A=) B
EAEYO A 2 E 34 ZH7 AN A S ¢

|

==

JH
i

l

gon, 7129 e Rt 23% 48 272 AAHY
£¢ % %4 gk

D2

[1] Uchida, H., H. K. Totani, N. Yoneda, M. Miyazaki, Y.
Konishi, S. Makino, J. Hirokawa, and M. Ando,
“Dual-band -rejection filter for distortion reduction in RF
transmitters,” IEEE Trans. Microwave Theory Tech.,
Vol. 52, 2550-2556, Nov. 2004.

[2]Chen, J-X, T. Y. Yum, J-L. Li, and Q. Xue,
"Dual-mode  duval-band bandpass filter using
stacked-loop structure,” IEEE Microw. Wireless
Compon. Lett., Vol. 16, 502-504, Sep. 2006.

[3]1Kuo, J.-T., T.-H. Yeh, and C.-C. Yeh,, “Design of
microstrip bandpass filter with a dual-passband
response,” IEEE Trans. Microwave Theory Tech., Vol.
53, 1331-1337, Apr. 2005.

1658

[4] Quendo, C., E. Rius, and C. Person, "Narrow bandpass
filters using dual-behavior resonators,” IEEE Trans.
Microwave Theory Tech., Vol. 51, 734-743, Mar. 2003.

[5] Tsai, C-M., H.-M. Lee, and C.-C. Tsai, "Planar filter
design with fully controllable second passband,” IEEE
Trans. Microwave Theory Tech., Vol. 53, 3429-3439,
Nov. 2005.

[6] Chin, K.-S., J.-H. Yeh, and S.-H Chao, “"Compact
dual-band bandstop filters using stepped-impedance
resonators,” IEEE Microw. Wireless Compon. Lett., Vol.
17, No. 12, 849-851, Dec. 2007.

[7}Zhang, H. and K. J. Chen, "Miniaturized coplanar
waveguide bandpass filters using multisection
stepped-impedance resonators,” IEEE Trans. Microwave
Theory Tech., Vol. 54, 1090-1095, Mar. 2006.

R R27H

21712 (Gi-Rae Kim)

NebysE AT 2g

gt vl (Young-Bea Park)
20100 Aol gL A At}
AL
20103~ A Al 2o 8L
AR} AL A

Al ;:Lo]; uo) A2 5} 3| 24

ofy




