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Design of a Miniaturized Wide-stopband Hairpin Microstrip Filter
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(Beijing Research Institute of Telemetry, Beijing 100076, China)

Abstract: This paper introduces a novel design for a miniaturized wide-stopband hairpin filter that aims to overcome the chal-
lenges of parasitic passbands at the harmonic frequencies encountered in traditional microstrip hairpin filters. By incorporating three
1/4-wavelength open-circuit microstrip lines at the input and output of the conventional hairpin filter, the design effectively suppres-
ses parasitic passbands. Additionally, the application of cross-coupling techniques facilitates the miniaturization of the device. The
design, fabrication, and testing phases culminated in the development of a bandpass filter with a 400 MHz bandwidth and a center
frequency of 3 GHz. The filter demonstrates an insertion loss of 2.5 dB and achieves effective suppression of parasitic passbands be-
low 13 GHz, with an out-of-band suppression of 24 dB. The new filter design is characterized by its simplicity and low complexity,
with dimensions of just 23 mm by 27.7 mm, meeting the current demands in the communications field for high-performance, minia-
turized filters, and demonstrating significant potential for future applications.
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Fig. 3 The example of marginal coupling and cross coupling
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Fig. 7 Simulation results of S parameter

0 f
-20 :
% -40}
£ -60F
80}
-100
frequency/GHz
B8 Z=APEIRESAMM I

Fig. 8 Comparison of S parameters of three filters
i3 o M O LA SR AT LIS B, i 2k i T

Ty £ mT LA U] 8 A 200 410 ) 2 A e A A A,
1717 AT S B R A e R U g o i ARk R



* 56 - TR REF, —M/NBEMEEE S & RBUGH IR IK AR AT

5545 B 3

UGG AR X L, S5 8 s, Wl LA il it
VNI TF B GCHT e EAT B A Sl A AR, JRIRA R
M 15 38 U8 0 A B AT PERE IR UE B RS O AR 3
GHz, 7584 400 MHz, @ ifi4i/hF 2.5 dB, [F]
W, 7613 GHz LAF, iZ0p LU B x g A M5 524
At 31 dB ] o IZUE A Y /N 23 mmx
27.7 mm, FE5EM T AR AT A [ R 58
TNBIAE T . BT Y DG B RS BRIl Sy L=
13.75 mm, L2=3 mm, L3=4.2 mm, L4=3.3 mm,
L5=5.1 mm, L6=8.1 mm, S1=0.25 mm, 8§2=
0.26 mm, W=0.25 mm,

3 L¥MMI

R T BRSO S I HER T R B, AR S
XF T 0 R T E R AT T SEBR I B AT . X —
TR ity T e Y08 % i 2 3 B FiL 5 Al (PCB) 2 AR
W, ) Rogersd350 ikt . 8 9 FTos %
DEPEAR A . XS I, S S0 I
SRR 10 Frw o AR as T LAE 8 i e
TAEA 94 400 MHz, HUOARZRAE 3 GHz, HuO i
KU IEUA R 2.5 dB, K25 Al A A0 AT Lk
24 dB, A AMIHIE S E RS 13 GHz, BEAM:

B9 %HhE
Fig. 9 Actual photographic

0=

0 SI11
8 30 '( -24 dB
240

-50

-60

10— 6 8§ 10 1

frequency/GHz

H10 SAHmXLER
Fig. 10 The test results of S parameter

BEBLF. 1T MO 06 0 T 252 LA B3B8 1 6
FLBR 51 9 B HL 4 5 SR 4 0
LR 2 O EREIS BITER , S f b 5
BRI A

4 L5FRIE

% 24 A TR S A R ok, A SCikt T
— T /N R AL SE BH A R e BRI AR, IR
TR B e e Y U5k A T I ) A 3 Y ) A )
T AR G A o 3%0H L K e R R g AT L TR
Giah, RN AN G DR T =AM R 2,4 1)
R 2, R8T XA E A A HIER, X
W G A5, R RN, SRR
ZHT YR WA /N BT . A SGE L
FL.OSEWIINT., fRE]THEN 400 MHz, UL AR
£ 3 GHz F#r BUUE U 4%, SE Wi FL A A 50 FE
2.5 dB, X AFAE A AAIEIAR] T 24 dB, RTY
423 mmx27.7 mm. A SO T 454 5 H A R
TEfR O UE P % A7 AL O R DR AR A L, B A5
AT e . BT MERE /N, A EL A NI, W 2
AN TR, A TR IR AF M T 5

SE 30k

(1] FBT, RABE, kb, 5 . —FhIERHLAT U & et id

U A B BT [I]. A6 5T R L R 2 2E R, 2021, 44(1):
92-96.
ZHENG Haiyu, ZHU Weiguang, ZHANG Zhitao, et al.
Design of a microstrip hairpin bandpass filter with wide
stopband[J]. Journal of Beijing University of Posts and
Telecommunications, 2021, 44(1): 92-96.

21 PR, 1S4, BT, 55 /NAME TSI 5 R RO I8
T[], FIREIAR, 2014, 54(10): 1430-1434.
LUO Jie, FENG Ju, ZHOU Haijing, et al. Design of a
miniaturized wideband microstrip filter with broad sto-
pband[J]. Telecommunication Engineering, 2014, 54(10):
1430-1434.

(31 & e, W W . R e B e A S e ) B0,
W47, 2016, 32(6): 19-22.

ZHAO Long, PAN Minghai. Design of a hairpin band-
pass filter with high selectivity[J]. Journal of Micro-
waves, 2016, 32(6): 19-22.

[4] E4E0h, S8, Z20E . —Fh B 25 A 0 H B 00 ey
S e B AT 3E U P A (1), B TR, 2018, 41(18):
122-125, 130.

WANG Weishuai, XIE Xihai, JIANG Hui. Microstrip



2024 4F 5 A E M

- 57 -

(5]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

hairpin bandpass filter with spurious suppression cir-
cuit[J]. Modern Electronics Technique,2018, 41(18): 122-
125, 130.
ROZENN A, FABIEN B L, HASSAN B, et al. On-chip
bandstop to bandpass reconfigurable filters using semi-
conductor distributed doped areas (ScDDAs)[J]. Electro-
nics, 2022, 11(20): 1-13.
MINGMING G, XUEMAN Z, XITAO C, et al. Design of
double-notch UWB filter with upper stopband characteris-
tics based on ACPW-DGSJ[J]. PloS One, 2023, 18(2):
1-20.
REN B, CHEN W, GUAN X, et al. Compact bandpass fil-
ter with ultra-wide stopband based on spoof surface plas-
mon polaritons for Sub-6G application[J]. AEUE - Inter-
national Journal of Electronics and Communications,
2024: 176.
Ry o, S, v, &5 T R ARG 1Y SIW Sk
Al g P AR BT[], AE R, 2024, 57(1): 96-103.
ZHOU Weirong, ZHOU He, MENG Tao, et al. Design of
SIW wide stopband bandpass filter based on electromag-
netic hybrid coupling[J]. Communications Technology,
2024, 57(1): 96-103.
MAY, DU Q, ZHANG W, et al. A miniaturized bandpass
filter with wideband and high stopband rejection using
LTCC technology[J]. Electronics, 2024, 13(1): 166.
LUDWIG R, BRETCHKO P. RF circuit design: theory
and applications|[M]. Englewood: Prentice Hall, 2002:
40-180.
ZEH SR VAR . SERHA /N AU 3 SR A ().
T4, 2022, 38(6): 71-73.
LI Mengmeng, DOU Jiangling, SHEN Tao. Miniaturised
dual-band bandpass filter with wide stopband[J]. Journal
of Microwaves, 2022, 38(6): 71-73.
BAI L, ZHUANG Y, ZENG Z. A wideband bandpass fil-
ter with wide upper stopband attenuation containing
multiple resonators[J]. Microwave and Optical Techno-
logy Letters, 2023, 65(10): 2741-2747.
ORKUN G A, IHSAN K, ZOHREH N, et al. Design and

[15]

[16]

[17]

[18]

[19]

analysis of novel DGS-loaded low-pass filter with wide
stopband[J]. Frequenz, 2023, 77(7-8): 357-364 .
MOHAMMAD S, VALIOLLAH M. Design of a modi-
fied hairpin bandpass filter using embedded radial stubs
featuring ultrawide stopband[J]. AEUE-International
Journal of Electronics and Communications, 2023, 164:
1434-8411.

G LT R BT RS A S PR UE B AR A B TH[D).
B ZRORAE, 2022,

Tk, WhaE oy . — Rl R IO T B A 1Y BT
MR S8 TR, 2018(14): 103-104.

T &, W W . ARGty i Sk Xk e B 3l i i A
B[], k24, 2015, 31(4): 55-59.

sKEF, 2w, T EEE, 55 Ko il BOPATHE G 2ot i@ ki
AT BT[], 3R, 2012, 33(6): 31-34.
ZHANG Qi, LI Yu, WAN Guobin, et al. Design and
simulation of a parallel-coupled line bandpass filter at
Ku-band[J]. Journal of Telemetry, Tracking and Com-
mand, 2012, 33(6): 31-34.

ZAKARIA O E, ASMA K ,JAMAL A, et al. Low-cost
compact hairpin filter integrated with a diamond an-
tenna for wireless and 5G Sub-6 GHz applications[J].
Wireless Personal Communications, 2023, 131(2): 921-
939.

[20] HehE. J F% TUGHCHE A A 0 Dl i A e B H NV Y
WFFE[D]. m 5t m IR EE K2, 2017.

211 EFIR. BBk v BT 8 g I 28 5 TS [D]. 7
5 AU 2R, 2022.

[YE% ]

AP R 1999 F 4, MR A,
AKRE  1980F4, HE, FFRA,
AigE 197354, HEARA
A8 1987 A, AME, SR,
RWH 198654, MEt, HRIAEM,

(KL %%. MEW)



