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Modified Hairpin Filters Improving the Suppression Performance
of Stop-Band
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Abstract

In this paper, a new hairpin type strip-line BPF(BandPass Filter) improving the suppression performance of unwanted
frequency signal is studied. A modified hairpin filter is designed by classical hairpin filter design methodology and
is readized by newly placing structure of designed filter. And a newly formed coupled-line effects between modified
bilateral symmetry structures make the transmission zeros. Each transmission zeros can shift its frequency to wanted
frequency by tuning a certain part of filter.

To investigate the validity of this novel technique, an order-5 Chebyshev BPF centered at 9.2 GHz with a 15 %
FBW(fractional bandwidth) were used. Accroding to design and measurement results, a good performance of insertion
loss of 0.8 dB and unwanted signal suppression of maximum 50 dB is achieved at full input/output ports.
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Fig. 1. A conventional 5th order hairpin BPF.
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Fig. 2. Novel hairpin BPF with coupled-line and nor-

malized equivalent circuits of coupled structu-
res.
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Table 1. Physical parameters for a proposed bandpass filter.
a b o d space 1 space 1 space 1 strip_w
] 4=(mm) 0.7 0.55 2.65 01 0.1 0.25 0.35 033
S-parameter(dB) :’—1‘3:]: 40“ Eo]h H]'Q’]' 7LO] ]}‘9] *6‘]]01-\14 E]-]Clﬂ,
27 51 iyl AR o5ir)e) A AHE vt

7 — a=09mm,b=075mm
72 GH = a=08mm,b =065 mm
7.0 GHz - — a=07 mm,b =055 mm
80 T T T T T T T T T
4 6 8 10 12 14 16

Frequency(GHz)

a8 3. A% AEe Zojo} 7HAd utE g AA
oJ3}7)9] Sparameter Al E-#|o]Ad A3}

Fig. 3. Sparameter simulation results according to cou-
pled-line lengths and gaps.

rlr
N

g A Fg7} o]
W Fo dieol & s 3t glo] A =] A
o tA& Ad3| 2ds) dat= ?fﬂr?’ﬂ
A 54e Y F slte

9ol A5 A A A F l 7.2 GHzoﬂ el
o S4< 7HAE of97)el i) AA el AR
g g E % 19 AYsiden, o] our)st

24
2
d

71| Lk Ql slojd ofutreke] AlEH ol 2
32 a9 49 Waakich
20
J HghEl Ejol 521
0 \
?
T 20 ssudmEes2 -
% T e
g 60— S
il s EE 51 S \ ajor=i TE{O| 511
_80 III]II|III|II.|IIII.III|IIII
5 6 7 8 9 10 11 12
Frequency (GHz)

a8 4. 719 WYy &% 57 AE Y F
3} of5}7)9] AlEdE oA Sparameters.

Fig. 4. Simulated Sparameters of the conventional fil-
ter and a proposed filter.
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filter.
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Fig. 5. 12 layers LTCC substrate information and st-
rip-line-to-microstrip-line transition structure.
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Fig. 6. Sparameter simulated results of LTCC strip-
line to PCB microstrip-line transition structure.

A 7|5 Ades 4, Wil Edse A
F ARE olxdhe 2Ak¢k A2s17] fsiA Az H
obgl Wi HESE o]&af o = Fejz A%
& de7t o aPaL o Ag d2ote] dAH}
AolM E4E £0]7] Al Aol =5 F7telol
gt} 13 59 952 ARE V|d ARE Hol e
RO ZM 1259 LTCC 7|sho] HZF5H = A
HAF o71M, o97]E H3 dEe 653 7

l

of\r rU]o

AR e A7 S4E FEAZ WdE o ofn]

Atolel] fx)etH, ~EF] HA2E JAJ317] Y3l 3
4T FHatddde gA BlotE o] &3] FAANA F
o} a8l ol A5 8-S 93 g
7} o, ofgy)e} = Ato]9] 2l

Hlo}S o] &3] AZAH, 1Y 59 QEZL [ TCC
olu}7)9} 95 PCB 7|9 Ato]e] Ho] 3%

W} o] W ofojo] B H§slr] Hal wel
4R L-C-L B 32} Al &, oA
A APAH AR F& AF HEZ o]FojR
Y RS o83 Fdete FoglA 22 A

g EAS Y EE Aisle WHolth o] £
E NEYolA & A7} 25 dB oA WA} £4S
4L F AAHHE 6).

M AlZelold & 5 21t

SMD o] o5}7] A= 93] & 79 LT-
CC 7| 1255 A3 AAE HF dolotso] 1L

g 7l Yehd Atk F49 qA97)E JFEoR AL
HoZ A& wlo} X HHES o]&3le] H4w
et Adst 2EY A2t AdHoz 54
A gt o] o] &3 AE LTCC o379}
A S5l A"l FEE Aol 19 8o °‘E}

a9 99 =4 A= Anritsu Network Analyzer
(37397C) %} Test Fixture(3680V)E A&l ZA =]
o 37 Ao} AlE ol A7t AA gy F
Foll A oF7he] ApolE Holrle s, HAHOE
YAt RS £ F Ak 34 295 HE 92
GHzOll 4 0.8 dBS] A EA(HAH A 16 dBO]
s A 57 gjgolA —10 dB ©]3} WA} &4
o] EAS Yeh otk 18] 7.2 GHz LO F34]
A 50 dBo] -3 AA 54 AU

Signal PAD <

.

W 0E D BX S é/ al
HOtR B S e

T8 7. LTCC 2EY A= oup7] gojobx
Fig. 7. LTCC strip-line filter layout.

11



BEEHEEEHGE $20 5 $158 2010F18

! N\

Signal PAD  MIEHE G{PI(EISH YA HIZHE O M| (&1 2 BRIB)

O3 8. AAE LTCC 2EY AE o] AR
Fig. 8. Photograph of fabricated LTCC strip-line filter.

e A= TED §2

AL R COE

.l. ‘..I..‘.-r..l T T

6 7 8 12
Frequency (GH?.)

33 9. LTCC 2EY A2 ofspy] 4% 2 A&
glo] gk

Fig. 9. Measured and simulated results of LTCC strip-
line filter.

-20 SHEEH S
30—

-40

(gp)imawned-g

50—

-60 r|:|]|.i|rr|r|':

T

El %@ —r#—r"ﬂ XW 1‘41"—:.‘% o=t
Agtetict. 272 16 dB ofste] A &4
3haA LO Falroll A 50 dB o] 473 Al 7
A2 T U ol 7129 our] A BAE O
= AR 2H AA} Golstn, tes et
B 24& 5o AA dg FarE A 24T 5
‘}lE g3lol gt agjal LTCC 45 o83l

D BH9 Ar|E Atel @ o] ZEE
*}%%L T e A 7RG FF ASHA AT
dA A AA Y FaeE 2As] st
£ =y 7z wE A7 dga A1 2%
of 3k o2l A7t F7H o2 Fgsitt

N, [U

12

[1] F. R. Yang, K. P. Ma, Y. Qian, and T. Itoh, "Ana-
lysis and application of coupled microstrips on pe-
riodically patterned ground plane", IEEE MTT-S Int.
Microwave Symp. Dig., Boston, MA, vol. 3, pp.
1529-1531, Jun. 2000.

[2] M. A. G. Laso, M. J. Erro, T. Lopetegi, D. Benito,
M. J. Garde, and M. Sorolla, "Optimization of ta-
pered bragg reflectors in microstrip technology”,
International Journal of Infrared and Millimeter
Waves, vol. 21, no. 2, pp. 231-245, Feb. 2000.

[3] B. S. Kim, J. W. Lee, and M. S. Song, "An im-
plementation of harmonic-suppression microstrip fil-
ters with periodic grooves', IEEE Microwave and
Wireless Components Letters, vol. 14, no. 9, pp.
413-415, 2004.

[4 D. Ahn, J. S. Park, C. S. Kim, J. Kim, Y. Qian,

and T. Itoh, "A design of low-pass filter using the

novel microstrip defected ground structure”, 1EEE

Trans. Microwave Theory Tech., vol. 49, no. 1, pp.

86-93, Jan. 2001.

Priyanka Mondal, Ajay Chakrabarty, "Hairpin band-

pass filter with extended upper stopband”, Micro-

wave and Optical Technology Letters, vol. 49, no.

6, pp. 1463-1464, Jun. 2007.

[6] M. H. Yang, J. Xu, "Design of compact, broad-
stopband lowpass filter using modified stepped im-
pedance hairpin resonators', Electronics Letters, vol.
44, no. 20, Sep. 2008.

[7] J. S. Hong, M. J. Lancaster, "Couplings of micro-
strip square open-loop resonators for cross-coupled
planar microwave filters', IEEE Trans. Microwave
Theory Tech., vol. 44, no. 20, pp. 2099-2109, Nov.
1996.

(5

—_



199991 2€: FdUigtn FEFA
&3 (3D

20019 29: FEUIgtn FEFA
F8 (FAAD

2000 129 ~&A): FF=AAEA]
AT EFAFFATEE A

d - g
[ 2l E0H vlo|az2d 2 Wn|Hd FF5/5F32
A L AA, DR E S RRIF A28 B4

19963 2¢: Mt w Ax}E-st
& (F8Ah

1998 2¥: Mt w AA}E-st

3 % (FAAD
-/ 19989 2€~20004 3€¥: (F)Edl

; A FAARIRT BAATA
a 20009 49 ~EA): FxHAEAA

7Y BEEANEFATIE e

[F 2 20H vlolazst 9 dejr]E g S2 47, oF
T2 Al

A

1992y 2¢: AEWgn HA-FE
7} (FAD

19959 29¥: d=rElv|Ed A7
9 Azge (AN

2000 2€: S=Helv|Ed A7)
9 Azgety) (FEEAh

1999 11¥~2004 8€: AHAA

716 ALATY
20049 9E~EA: AFAAFANATYL PEFAE
TRE AgATY
[+ HHZ0H vlo|az sl & de|n|efa} A28 A7), 2
v]Elg} CMOS 2 MMIC 2A), oty A7), Axjs}
]

o
ra

AA WY AA 54 FAZ W E slojd ojnpy]

A% A

1998 29¥: AEuigta HAFE
T} (3D

2000 2€: AEdgtn HA-FE
T} (FEH4Ah

20009 494 ~8A): S=HAEAA
T4 HESAFEATRE Y
S

[+ HAZO0H wholaz g} 9 Dejue g $717], PLL A
A, DE]uE g RAIF A28 &4

19841 29: FHuigtu AAFE

7} (A

19863 29: F9di
T} (AN

LY

s A2

LY

13



	저지 대역 제거 특성을 향상시킨 변형된 헤어핀 여파기
	요약
	Abstract
	Ⅰ. 개요
	Ⅱ. 추가적인 결합 선로를 가지는 여파기 설계
	Ⅲ. 시뮬레이션 및 측정 결과
	Ⅳ. 결론
	참고문헌


