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Design of Tri-Band Filter Based on CQ Topology

MA Mingming,TANG Zongxi

(School of Electronic Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract; A tri-band band-pass filter is proposed and designed in this paper. By employing CQ topology and the
defected ground structure (DGS), eight transmission zeros (TZs) are generated and high frequency selectivity and
inter-band isolation are obtained. The two-section half wavelength stepped impendence resonators (SIRs) are care-
fully designed as common resonators which resonate at the first three passband simultaneously, the quarter wave-
length resonators (QWRs) that resonate at the first and third passband respectively are added to assemble quadru-
plet filters. Meanwhile, the defected ground structure (DGS) is etched on ground surface to adjust the coupling co-
efficients flexibly for specified demands. The tri-band band-pass filter operating at 2.4, 3.4, and 5. 5 GHz simulta-
neously is designed, fabricated and measured. The good agreement between measured and simulated results verifies
the the reliability of the proposed design method.

Key words: defected ground structure; stepped impendence resonator; quarter wavelength resonator; transmis-

sion zeros; coupling coefficients

T 223 D A - E HEXE L TR I 3 A2 S 22 T D
PN TAE S RBIEOR . BRI ES R 51 AN
VeI T R A I

7=
TG 438 15 52 A 14 2 % A0 T8 5 s A 1 AS T 3 L

i GPS,WLAN, 2G, 3G, 4G I WiMax, {§i 5 BR #Y
AT B R S B L 22l U g O AR B
HMARGMWERESMNZ —. FNZHRLEERS
MR ESE A — A IR AR R T2 R
Y, Chen C F #l Chu Q X £ & 3F it TR T B
6 BT IR 4 # (SIR) 41 8 1 2 3 7 98 . 7 m
BRI BL TR BRI TE T AT A K AR 5 4% A R
F BT DU B A0S B 7 i i e . LA SIR
BN B B/ T B AR R IR 22 AR R A O T

%5 B 89 :2016-08-06

DB W EE R CQ #4015k B M 25 49 (DGS) . 5
A IAGIAT 2 D E AL AT TR
FEPERIAR i 97 Sh R B . R I SIR Bty At
PR AR IRAF R BEP L R>1. 38045 T 8/
ﬁi%[ﬁlﬁ fz/fl(/ﬁ\:':'j S j"]% 1 Jﬁi%ﬁgtpibﬁﬁ}:,fz
JNE 2 JE A R AR B IRTESS 1.3 @A 1y 1/4
B R A7 (QWR) 5 22 JL 388 I v 280 A A 57
SRR 1) 5 SR A AR B B AR o RIS L 1A Bk B M 45
e SR 8 R 5 R B LA 2 0 08 90 8 TOUJZ e P A )

YEF B A HWINI(1995-) . 53 BRI B AR L T2 S s R AR P B BIF 9 . o BB (1956-) L 3 B RN » 8042+ 1 o A S Uil IS L
Y SR R BB B S R G B 2R AR O S R G I R AR T T2 AR 5 T B AT



562 K B o5 F K 2017 4
1 /&%‘%Q'ﬂlﬁﬁ’ 1.3 mm,m, = 0. 2 mm, m; = 3. 4 mm, m, =
L1 EiEsEmiEt 3.4 mm,m;=0.9 mm,m; =3 mm,m; =0. 6 mm,

WE 1 R 20K SIR Hy 9 iy T 3% 10 1% B 28
M. LRyt 20 M Z, B KB
I3 6 F1 20, . AP SIR 15 A S 90H

Y = jY, ¢« [2(M — tan 0, tan 6,) (tan 0, +

Mtan 6, )tan 26, tan 26, |/{2M — (M* +
1D tan 26, tan 20, Jtan 6, tan @, } ' (@D

itEF':lel/Zl sM=Z,/Z,,

7,26,
Z,6, Z,6,

3 >l =

- PN —

Vi

K1 ki SIR

ﬂé{ﬂzk SIR-[/ %HT ym_ %’] 0] :62 Hﬂ‘?ﬂ‘?%

A0 K SIR AY L AR 3R 3 B3 R foSIRXT m K R
Or.s M
Orsw = tan ' /M (2
HIPE A 2R BOB IR MR fa . fo 5 BB IR M0 %
fosr IR RN
fo _ =
Jfo.sm 2tan' /M
3)
fe _ m—tan VM
lfo.sm tan ! m

K28 QWR 454, QWR 1 — ¥ JF % » 73 — Ui
LI A i A . ol T B S A R 25 . QWR Y Jag
AN H

K — tan 0stan 0,
* Ktan 0, + tan 6,

A K=2,/Z0 0 4 KF1RLE 2 308 1/4 Pk
EBHTIE PR e (QWSIR) s 2 K=1 1), & 2 378 1/4
WA AT BT IR 2% (QWUIR) L X L 45 Fk QWR.,
QWR IEHRIS » yinqwe = 0. HI UL AT 13 QWR JE ALK
PRATZE fo.qwr X WL LR B Orqwr 1

Or.qwr = tan~ 'WVK

Z3903

rg—l

Yinqwr

4

Yin.QWR — ]

K2 QWR
B3 g uki an i AR B . HIEAERST AR s w, =
1.52 mm, w, = 2. 2 mm, w, = 1. 2 mm, w; =
1.2 mm,w,=1.2 mm,ws; =2. 3 mm,ws; =1 mm,

w; = 1.1 mm, wg =2 mm, w, = 1. 0 mm, m;, =

mg=2.72 mm,a, =11. 4 mm,a, =2. 3 mm,a; =
2.6 mm,a, —2 mm,a; —=5.4 mm,b, =2.1 mm,b, =
5.23 mm,b;=6.1 mm,b,=3.1 mm,b;

b =2.6 mm,D=0.8 mm,/, =1. 8§ mm, [, =

=5.7 mm,
0.8 mm,/;,=1.5 mm,/,=2.6 mm,/; =1. 6 mm,

ls=3.6 mm,/;=0.4 mm,/l;=2.5 mm,/,=1. 6 mm,

n,=6.3 mm,n, =0.4 mm,n; =3. 2 mm,n, =1 mm,

=1.4 mm,n; =1.52 mm,b=2.0 mm,s—=0. 2 mm,
my

(b) REmRE
B3 i 2% i b

H 151 3 Ca) AT DL B O 4 2 B K SIR A QWR
AR, B SIR [Rl B 4R 7655 1~ 3 3@ (Y e
WA, QWR 3 HE IR AESE 1 FIEE 3 A 1Y v A
F, m2) ~ G fHE RS w4 Rt
1.2 CQMBELEMMIEIT

UEUE AR R M CQ A8 XA AR &l 4 B
e CQ Z5 A W] FEBH AT 51 A — X% i 5 6, 32 = 4
RGP FEE A AN H . Hod R FoRIEIRE . LR
T I 227 VS 4IR 25% 11 985 R 00236, T A 6 s B iR 25 119
JPE. UEUEERI 3 dB A E 4 iy 11.6240,3. 226 i
3,850 AR U U A I R A 3 AR X B 3R AT U



5 439

THIIW AR R T CQ A =3 A U D 8 0 563

Peas RS R A BB 1A AR S RBNT sy, =
0.038,mL;=—0.036,m}, =0.038,m!, =0.0201; %5
S MM A R W T miz = 0. 107, my =
—0.076,mN=0.107,mN=0.007,

B4 B ar A AR
P 5 g IR A 1A S AR L B R . o R R AR
fir Z 18] Y B 4 BOXT LA M 5 R R J3Ah. i A
3(YAIL.FIA DGS 15 # &5 A K. i T 12 Bk
B DGS AT LA SR IR 4% 1 B SRR

Bl 5 I i 2 e
4
/i —
TR R
A A AR A B, DGS il 2 78 Hb 25 18 R 2 0t
BWERE . B 6 NHE RE m, GEIRE 1.2 2
[ RS S RBO M bs BIRBER. X by MO.2 mm
AR F] 3 mm, HEA R mi 0. 074 BAEF] 0. 019,
i A5 . DGS M5 A, 1T AAT R0 /N & R 8.

0.08

(6)

0.06

12

0.04

0.02

b/mm

K6 A RE mi M b BRECRE R

2 MIKE R AT

WE 7 s U8 A 0 HE AR Y Rogers 5880 (41
JEPFE tan 6=0. 000 9, Az (9B h=0. 508 mm,
HERMABER e =2 2 08k s SRR
0.2482, X 0. 214, CH d, 2, K ¥ 3 ¥ K
@2.4 GHz) 3B 45 ) I 25 R an &l 8 Fiow .

8

&S, |

T2 3 4 35 6 7
% /GHz

B8 {5 ELG, S R 45

o 8 T UL, 7E 2. 40 GHz &b I 5 1) 4 A 5 #E
/NTF 1,56 dB, [o % B EE K F 11, 36 dB; 7
3.40 GHzAb I & (4 ABFE/N T 2. 02 dB, [8] 45
FE KT 21 dB;#E 5. 50 GHz &b 5 (36 A B EE /N T
2.04 dB, A ALK T 16.2 dB, Bl AW 8 MMEH
T E M F 1. 79 GHz, 2. 19 GHz, 2. 62 GHz,
2.99 GHz,3. 71 GHz, 5. 10 GHz, 5. 82 GHz #0
6. 94 GHz, [FIG, RAF T e A1 238 38 5 1 FAR 4 1) 7
SRR ES

2 1 R ) WA R AR R TR O . i R T
U3 AR SCHR S B O ¥R AR T 2 AR R E R
A5 T B R A 3 R R R A A A A
k1 Z#EFREAES

[1] 1.59/3.12/4.02 15.7/12.7/5.7 5
[2] 3.48/4.18/5.52  7.0/5.0/6.0 5
[3] 1.80/2.40/5.80 8.9/12.5/5.3 3
[4] 1.80/3.50/5.80 7.0/5.0/3.5 6
ALTAHE  2.40/3.40/5.50 11.6/3.2/3.8 8




564 Eow o5 A ot 2017 4

3 % ;!ﬁ _‘Lg_ Tech, 2006,54(9) :3550-3558.

L [6] CHU Q X, LIN X M. Advanced triple-band bandpass
HE TS SURR 3 SR AR 2 A g Y T — filter using tri-section SIR[J]. Electron Lett, 2008,44

Bt = uE A k. R AR K SIR A (4) :295-296.

QWR W8 ARG B4 72 A T 8 MBI & a5, [7] ZHANG S, ZHU L. Synthesis method for even-order

ARG T o A0SR MR FAR 4 1y A o 3l o B 5T symmetrical chebyshev bandpass filters with alterna-

PERH ,DGS v TG 28, axititm T tive J/K inverters and A/4 resonators[]J]. IEEE Trans

T —A=ZEa e g, s s IGUE T W Microw Theory Tech, 2013,61(2):808-816.

J5 WA SR [8] ZHANG S, ZHU L. Synthesis design of dual-band

%= bandpass filters Wltl’l. A/4 stepped-impedance resonators

[J]. IEEE Trans Microw Theory Tech, 2013,61(5):

[1] ZHANG S, ZHU L. Compact tri-band bandpass filter 1812-1819.
based on A/4 resonators with U-folded coupled-line (9] vAREE A7 MR R0 . 3T H 0 B b o 265 H 1 4 55
[J]. IEEE Microw Wirel Compon Lett, 2013,23(5): M SE U B[], B 5 9k, 2016, 38 (4)
258-260. 647-650.

[2] KUMAR N, SINGH Y K. Compact tri-band bandpass FENG Menglu, YANG Shuhui.» CHEN Yinchao. De-
filter using three stub-loaded open-loop resonator with sign of a ultra wideband bandpass filter using H shaped
wide stopband and improved bandwidth response[]]. DGS[]]. Piezoelectrics & Acoustooptics, 2016, 38
Electron Lett, 2014,50(25) :1950. (4) . 647-650.

[3] MO Y, SONG K, FAN Y. Miniaturized triple-band [10] KIM H M, LEE B. Bandgap and slow/fast-wave char-
bandpass filter using coupled lines and grounded acteristics of defected ground structures (DGSs) inclu-
stepped impedance resonators[J]. IEEE Microw Wirel ding left-handed features [J]. IEEE Trans Microw
Compon Lett, 2014,24(5) :333-335. Theory Tech, 2006.54(7):3113-3120.

[4] LI Q, ZHANG YH, FENG X, et al. Tri-band filter C117 FRERK. 3 H 8 0 S LA B 2 4 10 4 3 o i 92 [0,
with multiple transmission zeros and controllable band- TP T 22 4 (R BF2E R L 2010(6) :52-55.
widths[J]. Int J Microw Wirel Tech. 2016.8 (1): TIAN Shulin. Bandpass filter of substrate integrated
9-13. waveguide and band gap structure [J]. Journal of

(5] CHENCF, HUANG T'Y, WU R B. Design of dual- Chongqing University of Technology ( Natural Sci-
and triple-passband filters using alternately cascaded ence) . 2010(6) :52-55.
multiband resonators[J]. IEEE Trans Microw Theory
(L% 560 7) (16):162901-1629013,

[3] LI Shiyang, JIANG Wenhua, ZHENG Limei, et al. A [8] NYE ] F. Physical properties of crystals: their repre-
face-shear mode single crystal ultrasonic motor[J]. Ap- sentation by tensors and matrix[ M ]. Oxford: Oxford
plied Physics Letters, 2013, 102 (18).: 183512- University Press, 1985:20-29.

183512-4. (9] RN BEBLIL, PR, b (R 9 B2 S Al LML 2 Ji JE e

[AT TRSEER . A L. 4770030 TR B o 0 A I b i 9 Fha i AL L2007 138,

[M]. dt 5T b2 Tl 4 B4t . 2008 :149-153. [10] ANSI/IEEE Standard 176-1987, IEEE Standard on Pi-

[5] FRISWELL M I,ALI S F, ADHIKARI S.et al. Non- ezoelectricity[ S|. New York : The Institute of Electri-
linear piezoelectric vibration energy harvesting from a cal and Electronics Engineers,1988.
vertical cantilever beam with tip mass[J]. Journal of [11] ZHANG Shujun, LI Fei, JIANG Xiaoning, et al. Ad-
Intelligent Material Systems & Structures, 2013, 23 vantages and challenges of relaxor-PbTiOs, ferroelec-
(13):1505-1521. tric crystals for electroacoustic transducers-a review

[6] wW—x%. EahaeE W EMNIRITIHRID]. ER . | [J]. Progress in Materials Science,2015,68(3) :1-66.
BRHH T k22,2013, [12] ZHENG Limei, LU Xiaoyan, SHANG Hengshan, et

[7] LIU Gang., JIANG Wenhua, ZHU Jiaqi, et al. Elec- al. Hysteretic phase transition sequence in 0. 67Pb

tromechanical properties and anisotropy of single- and
multi-domain 0. 72Pb (Mg, ,3 Nb,, ;) O;-0. 28PbTiO;
single crystals [ J]. Applied Physics Letters, 2011, 99

(Mg, /3 Nby/3) O;-0. 33PbTiO; single crystal driven by
electric field and temperature[ J]. Physical Review B
2015,91(18):184105.



