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Compact Tri-Band Bandpass Filter Using Dual-Mode Stepped-
Impedance Resonators and Parallel Coupled-Lines
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[Abstract]

This paper proposes a tri-band bandpass filter using dual-mode stepped-impedance resonators (SIRs) with parallel coupled
structures. The proposed filter adopts U-shaped SIRs with open stubs and parallel coupled lines (PCLs) that have inter-digital and
comb-line shorted ends. Two U-shaped SIRs with open stubs build the first and third passband, and the central PCL resonators
build the second passband. Five resonators and coupling structures are theoretically analyzed to derive the scattering parameters
of the proposed filter. A novel tri-band bandpass filter is designed and fabricated using the induced scattering parameters. The
measured result of the fabricated tri-band bandpass filter shows a good agreement with the simulated one.

Key word : Bandpass filter, Dual-mode resonator, Parallel coupled line, Stepped-impedance resonator.

http://dx.doi.org/10.12673/jant.2023.27.1.57 Received 20 December 2022; Revised 31 January 2023

@ @ This is an Open Access article distributed under Accepted (Publication) 13 February 2023 (28 February 2023)
@ the terms of the Creative Commons Attribution

e Non-CommercialLicense(http://creativecommons
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial i
use, distribution, and reproduction in any medium, provided the Tel: +82-31-670-5195
original work is properly cited. E-mail: gjsung@hknu.ac.kr

*Corresponding Author; Gyuje Sung

Copyright (©) 2023 The Korea Navigation Institute 57 www.koni.or.kr pISSN: 1226-9026  elSSN: 2288-842X



J. Adv. Navig. Technol. 27(1): 57-62 Feb. 2023

.M 2

o] FAl/o)E Bl Al=HlE Bl Edg o] St i
a17] 913l vk ARl B v gl AH)27F 9 5RE AL Q)
t}. o]of| W} RF front-end ©o] -8 §-3% 52 sl th5 o
o el ol2|gt 875 SFAYI= Taskal B4 A
favoltk nlo]| AR AEY vk oS HE 2H2 4719} 7%
A, A g B8 ol A S 2 Qlo], v BE
Z7](multi-mode resonators, MMR), ZAletd Ju|eds F7
(stepped-impedance resonators, SIR), EH 4 F7
(stub-loaded resonators, SLR) 5-2] T}t E2 2 Wl
e E2 Al2Elel 48551 gl

U B A 8 3317)5 o] &3 o|F e HE [1], &
EH 4 4% 2= F317] (quad-mode resonator, QMR)E: ©]
&3 olF o] ZH [2], /1Y 2B E A4 SIRE 0] 832573
/45 ] ZH 3], 5 SLRE 083 Ut LE [4] &
ke 7xo] v oS ZE7F AlRME Aok AR E W
SIR# AP R E o] &3 35-tHY ¥ [5], 3¢ SIRE ©] &3
35-tY FE7} AIRKE AT [6]. VT SIRE o]-8-3h 25T
o FH= T4 T 93-S 2487 91El SIRel ~=H
HE A3} [7]. ©]F F= SLR ¢l SRR(split ring
resonators) S HIX|sle] 7|5 Fo|a A WA US FI45E
ZA37] 7% 35t ZE 7 AR ATH 8] 3 HA = Al
A &3 o] T4 FIE AT 7 A= 35-U19 2H
£ A5 A8l 27119 2E BT AAE FX17)7F AR L
™[9], 70 2 et 2 EE AL E 37170 AZste] A4
S S 71 g 35t HEI7F AP AT} 10].

E =7oAE o]F BE SIRY H3 AR5 o835t
F2 U9 A= S5 AU 4 548 2 2% 3
-9 ddE5y EE AJMS) tiH 4 725 2k
o] $RE/ZIRE fY oEnEAE Fato] ARE S A
akal, A28 720 35t diE s ZHE AA, A%

17 3,
T
1

=

g 1. ®eke 35-fY tifsSat Ze
Fig. 1. A proposed tri-band bandpass filter
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0| 2= SIR%t F&ll 225 0|88t &8 35-CHY St ZE HA

-30

60

=
=
o
3 90
<120 |- —@,=26deg at 2.45GHz E
6:=30deg at 2.45GHz ]
— 6:=34deg at 2.45GHz i
-150 -
2 3 4 5 6 7 8
Freq[GHz]
o
-30
-60
=
=
o
3 90
-120 6:.=36deg at 2.45GHz
O1.=44deg at 2.45GHz
—0O1.=52deg at 2.45GHz
-150 - v
2 3 4 5 6 7 8
Freq[GHz]
o
-30
60
=
=
]
3 -0
-120 62=16deg at 2.45GHz
62=20deg at 2.45GHz
——6:=28deg at 2.45GHz
-150 "
2 3 4 5 6 7 8
Freq[GHz]
0
-30
60
=
=
=
3 -0
-120 O2=16deg at 2.45GHz
62=20deg at 2.45GHz
——62=24deg at 2.45GHz
-150 =
2 3 4 5 6 7 8
Freq[GHz]
o
30
-80
=
s
=
3 -0

gl 6:=29deg at 2.45GHz
6:=33deg at 2.45GHz
—— 6,=37deg at 2.45GHz

2 3 4 B s 7 8
Freq[GHz]

(e)
a8 4. MeotE Zeje SX7| MY|E Zolo e 37 &M
(a) 64, (b) Bra, (C) Goa, (d) Om, (€) O3
Fig. 4. Resonant characteristics of the proposed BPF of
weak coupling to the resonator electrical length (a)
61, (b) B1a, (C) O2a, (d) O, () O3

59 www.koni.or.kr



J. Adv. Navig. Technol. 27(1): 57-62 Feb. 2023

7} g} o174,
r_ Ylbo+Y1b£
¥ =
®
olck. webA Aleke 35-t)] thel B} B o) s-stetulEl =
(Y7,TLO+Y7,TLE)YU
A, T T ©

o} 7ho] 3t 4= It} v, & YEH LE9
=4

19 4= AR E] ] IV 9] A7) Aold i 33 &
38 Ho] a1 9k 17 4a)oll A= 19 34 oS WA
ul, 1A T 2 2R S TR Fukee] W) A

A VA glar, 11 4b)ollA= 6,5 HSAI w, 1A
FH g 3iA) B I3 Fu4e] W) A e
3 TI® 4o)F 0,5 M ), 29 Sy 37l
Sk Wt A4 Ve s AS ol F1 9131, T3 4(d)
= 0,2 WA w, 194 F 2 20 A B Ale]
o] 225 Fulgee) W) A Yehbs AS B Fa1 Q)
o} 19 4(e)= O(=6y)E WA w, 3HA| T ¥7]
T3] bﬂﬁ}ﬂ A e &43 Ho] F=a1 Q). o) /de]

I
o
K3
I
k)
)
[

(e}

e 54E Sl 1A SN2 Y, Y, 5 ol=rEAE
Zhs ezl oel] A=, 294 FIHAL2 Yo, Yo 5
g oEREAE Zhs ASAd el oal L, 3uA) 3t

WAL Yo, Yoo 54 olEr]®lzg 2 Agamst Y, 54
ol=uEAg 2 A el s BaHE 22 %k
W Y, Vi, Vi 579 o =nlElag 2 g pas ]
WA E 07} 3 A BT AL e o] % mE TR

=) [e}e) 5k 2=
2 S5 8-S #0845 Ak

l. 35-CHY CHESH E2| &A H M

2E ]J‘RP 3T-TH°E‘

AEE °]3EP 3v—ﬂ4°t‘ o %ﬂr JJFJO]EP ”ﬁ]ﬂ 7‘

17]1¢] EAQAde A9l A7)F Do) & o] &3} u}o]ﬂi/\E
H 7z EeF A719) 27] gk 75k313L, AnsysAH] HFSS
5 o] &3 M| AlEH oS Ball AdAISIITE A%k d
o] 284 A= 3 13 2k 9 A 271 1625 mm
x 152 mm ©] 2L 0.2 Agx 0.19 A, 7} FTh A, = 3 HA S3}u)
o S4 Farall A ] ¥l 3otk AnritsuAke] 37347C ¥
B 327 24718 ol 43le] S48, 13 62 1 A
27| AlEdold Aate} nlatste] Hol F31 9ivh 2.45 GHz

http://dx.doi.org/10.12673/jant.2023.27.1.57

W

o) 3 WAl Satidel A= 2.72 dBO] AHIEA S A, 3,

GHz®] 7 WA S el A= 2.28 dB2] AF9)E4S A9,

5.75 GHz®] Al A &3} tf ol A= 2.95 dBS] A& S &

E 1. Mok 3E-0Y tdEnt 2ol =28 37|

Table 1. Physical dimension of the proposed tri-band
band pass filter.

# 1 [mm] w [mm] g [mm]
1 5.1,2.0 22 0.1

2 4.5 0.5 0.15
3 4.5 1.0 1.2

4 7.0 1.5 0.235
5 11.25 1.25 0.2

6 2.0,3.0,3.0 0.5

7 4.25 1.25

8 4.0 0.265

9 7.52 0.2

a8 5. Mz 35-0he] thelsnt 2
Fig. 5. Fabricated tri-band bandpass filter.
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Table 2. Comparison of tri-band bandpass filters.

2 =
Ref. [8] [9] [10] [14] [15] o
Center | 1.575 | 1.85 24 1.57 4.17 245
Fregq.|24 3 35 2.45 6.14 35
[GHZ] 3.45 4.1 52 35 1444 | 575
Fractional | 10 8.3 6.3 4.3 53 29
BW 5 1.2 44 9.1 8.6 4
1%] 11 73 59 8.9 2.1 49
Isolation | >40 >45 >35 >35 >5 >50
[dB] >35 >35 >55 42 >15 42
Inserti 0.7 1.9 12 1.86 2.1 272,
ersesr[;}‘;r]l 1.14 1.4 18 0.98 135 228,
03 1.7 15 1.49 4.08 295
Sipernoy | 044x | 021x | 029x | 042x [05x | 02x
ize M1 1 56 0.14 0.17 0.2 0.17 0.19
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