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Design of dual-band bandpass filter based on novel quad-mode resonator

Sun Jiuhui. Zhang Dewei, Wang Shuxing, Lii Dalong
(National Digital Switching System Engineering and Technology R& D Center (NDSC), Zhengzhou 450001, China)

Abstract: In this paper, a novel dual-mode dual-band bandpass filter using a quad-mode dual-stub loaded
T-type resonator is proposed. The quad-mode resonator is analyzed using odd-/even-mode method. Field distri-
bution of each mode is illustrated, and each mode can be independently controlled. The required extra quality
factor (Q.) can be realized by determining the proper feed-lines parameters, and detail analysis is provided to
adjust bandwidth of filter passbands. Then the cause of the zero point of the filter transmission is analyzed get
the rule of the zero point change is got for adjusting the zero position and improving the selectivity of the filter.
defected ground structure (DGS), etched on the bottom metal surface of the filter, working as a non-resonant
node (NRN) and proving source-to-load coupling, are utilized to introduce extra transmission zero to improve
the passband selectivity without increasing filter volume. The filter was designed and fabricated, and the simu-
lated results are in accordance with the measured results.

Key words: quad-mode resonator; dual-band bandpass filter; odd-/even-mode method;  defected

ground structure; non-resonant node; transmission zero
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(a) proposed QMR structure (b) even mode equivalent circuit (c) odd mode equivalent circuit

Fig. 1 Structure and equivalent circuits of quad-mode resonator (QMR)
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Fig. 2 Field distribution of four resonating modes
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Fig. 4 Configuration of the filter
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Fig. 6 Simulated Q. with varied feed parameters

F6 Q. kS KA ki R

W AATAE 3 MMEMIE E(TZ, s TZy» TZy) % S AL E A AL LG Mr ok & 7 BiR .

Bl 7y sith 1T TZ, BERT (o + 1 24k, WD E], Y [ +1,=10. 7 mm B, TZ, {7 T8 38 A7 0 45l ;
M0 1 =8.7 mm I, TZ, 7 FARAGE B 2, 2438 4R 25 19 RO Bl AR s, 98 I8k 4% (0RO 0 B 4 AE T el as s K
12 A A S BEZ ARk . A T I (8 43 AT, BT LK 1 A 38 5 SR 0 18 RORE AT 38 U8 I8 4 A5 B B A 0 E A
oyt

(M, M — Mo, ME)
(M2 — M%)

H 2 C6) AT AR 2, 2 M2 <<MZ, H My, <<0, Mo, >0 I AR5 2 SR T8 A 19 B REAT . 45 2% A TR0 i

053005-4

0= (6)



PNASAF T B VORI IR i ) 008 415 31 18 8 A it

25 M ARR G R B 3R 1 BT o ROBUE A A9 R R PR AT A My <20, M, >0 BYZEAR
®1 RFEHOBEERH

Table 1 Coupling matrix of low frequency passband

M S 1 2 L

S 0 0.022 0.026 0

1 0.022 0.047 0 —0.022
2 0.026 0 —0.045 0.026
L 0 —0.022 0.026 0

M8, B, TZ, mARSEES g, i HAb A 2 I A & A AR W 7(h) . BN HL R T A SRR A B
AL 4L R L+ TR T PSR R AR L R A B 1 K T A% A% B AR I AR AE TZ, A E A
B AG S a5 . BT LA TZ, A F AN S8 2Z 18], 10 FL AT DL 5 8 5 B IR TZ, 0.

B 7(O T TZ, WA 1 097254k, 4 1, =6.8 mm B, TZ, {7 T & @47 i A M, 124 £, =6.5 mm
W R T TZ, AL TR Ol A i 220, AT A3 TZ, 5 TZ, BAMERPER ., X P8 52 5 2 2R o H
A T 0 28 R A A VRS IR 28 1 R AR I L R R T A R A A A B 2 R L e R )RR
ANTC6) . H IE AL T A 2 OB RS A R R AN 3R 2 TR . R R 2 MR R A A 0 R A I ) R A

A M, <<0,M,, >0 BZER,

o —1+1,=10.7 of
_10l -10}
20}
-20
= 2 -30
= 301 = —40f
a —40} a 50} S§,=0.3 mm
S§,=0.4 mm
-50 —60 TZ, TZ‘TZ=
_70 2 =—5,=0.5mm
-60 - - - -
5 6 7 8 9 4 5 6 7 8 9
frequency / GHz frequency / GHz frequency / GHz
(a) varied /,+1,, [,+1,=8.8 mm (b) varied S, (c) varied /,, ,+1,=6.2 mm

Fig. 7 Variation of the transmission zeros (TZs) with varied parameters
K7 k% S E L
x2 BIMBHENREEER
Table 2 Coupling matrix of high frequency passband

M S 3 4 L
S 0 0.019 0.036 0
3 0.019 0.051 0 —0.019
4 0.036 0 —0. 045 0.036
L 0 —0.019 0.036 0
B T U RSB AT e PR L P TZ, T 0 ' ' ' ' '
(AT 45 9 72 D00, 5% I 6 o 3t 28 6 73 TZ, 5% 30E 4 490 i b
WL R TZ, 008 T T A A 0 A2, 4 20F7 T~

BN 8 rh A K R BT s o LG IRE I I 2% 4 b B DL B A ]
B B9 B AR R A

RZAE T BEAT , 08 I 25 06 HF S0 A0 I T R 4F, e 4R
PR 22, T HE— D R D A% IR R B AN K
BT A AR FE DR AR IS o i Z) DGS, AnE 4 (b) B
TN BXAERT LATER AR 51— A PR T A BUANME i —
MEFE M. B8 4 T &l DGS 5 A Z| DGS iy IX.
Sl T LAAS B 76 58 A 00 BELHY I S B AT T A R 1 42
e T L D 4% 1) T B R A B K o L W I

053005-

5

S-parameter

e
-

il
i,
4o ; :
\ .
50} i '
—60 —— with CSRRs
~70F ==~ without CSRRs i
4 5 6 7 8 9

frequency / GHz
Fig. 8 Comparison of filter response with
defected ground structure (DGS) and without DGS
& 8 izl DGS 5 At %) DGS 1%} L



oo ot 5 s TR

BELHY 8 400 1R o 75 3 T 4
15 DGS T NRN D550 G AR LLL o B2 R Y-
11738 3 H - 2R A 3 T R E R R . RO A RS 2 1)
ANFELERE G BT LRI LK 5 DGS & A= R (078 43 B0 55 B ok i 47 Q source/load
S Hr . I 9 R __G___
L I AT LS4 B A5 i 2 i s A0 '
= My MixMsy + My (MsMsy + MinMss ) — MM M
M, s Mg; + M xMsy

0 =

(7 Fig. 9 Partial topology of the proposed filter
AXDOHTAR N KR NRN,3 KR fow . EICHRLI8ILL S Z 9 URDERR I SN AT

B9 43 A i LTS M, = — Mg, A B AR (D) 15 3
- — My MMy + MyuMss (Mg — M) + MM
— Mg + M My

A AT, Y My = M B ZF 806 B 928 AL AR 5 20 20 C6) A [R) L 1 i 908 15 NRINC ) 185 4 0 %6, %
DGS FJIERIIZ ML KT foar » BTN DGS BIBERITR /N T fosw » FEIM BB SH Fr = Fraen = foda
BB 1w S oaa » WIEFIH 2 DGS FF EUAH 1] B (9 350 R AR AL R . 2 Mo = — Mo B, S T 746 23 B 5 X
XA SCH IS BLHEAT AR . A | M |5 | My | B NRN A T5@ 45 09 07, BT L My <<0, 1 B, U5 85 3% 7 2%
T foaar BUREA B 23 T X NRN AUREG T LU [ Mgy | > [ Mg | AR A 20 (8) 1] LUAE 3] My << Q<C0, M HHE §i
FHALT foa 5 NRN B[R], MIGF I 2 DGS FF H AR B 80 2225 4k

PR HEBUE PRSI 2 T Mo 5 MBI R RIAT LAAR B0 %) DGS & 5 AR b B . F o R 1 B K
PR MR TR 2] DGS (1437 4345 o7 LAAS B, 25T 101 RH ) B 8 IR 4 04 H 37 02 R AR 19 5 24 JF 10 AH 75 15 38 4R 2% 19 He
Yok R 5 7 DA AT LAAR 2598 . 24 DGS HF AT B Moy = — My 24 DGS F HAHTE B My =My o

AR B9 PR NS AR G BRI SR 3 TR .

#x3 NRNWHBEERE

Table 3 Coupling matrix of non-resonant node (NRN)

0= ®

M S 3 N L
S 0 0.895 2 1.112 4 0
3 0.895 2 0.187 3 1.2115 —0.895 2
N 1.112 4 1.2115 —19.772 —1.112 4
L 0 —0.895 2 —1.112 4 0

AR B3R 23 B R F T VAR 09 05 50 220 DGS , DT £ 57 208 30 4% = A9 1l 1 8 £ 4 L i EL NRIN A3 T 328 5
AL . AR AT AR A B S 2R AT DOAR 1) (9 07 s A & L T LURE DGS 5938 R R I T 2=
HE I e WROE A A B AR A BT 51 A — R S, DU R T EL R DURE DB I s I A A B R
23 Ko A2 PR by I ] JE DR AS SO P BT AR DG S5 44

3 K

AR SR FAb A AR A A L E Bk 2. 2, SRR N 0.5 mm. £l 4 Bn] DUAS B B S R A
MRS M.L,=5.9 mm, [,=3.4 mm, ,=7.2 mm, /,=1.2 mm, /;=3.2 mm, ,=2.9 mm, /;=5.2 mm,
ls=4.35 mm, [,=0.7 mm, [,,=2 mm., [, =4.3 mm, [,,=3.1 mm, [,;=0.95 mm, w;, =0.8 mm, w, =
0.4 mm, S;=0.3 mm, S, =1.35 mm, S;=0.35 mm, S,=0.45 mm, S;=0.2 mm, S;=0.4 mm, ZZ/H
P& RST A 0. 432, X0, 384, - Hid A, SRR AT (9 HhoC R B B S 1 . 1 10 Ca) 45 1 IR 0 I 52
K10 25 77 L5 R SR a5 R a s e, 07 B 5 M4 R LA W& WA 8 77 /9 O ARl 6.2 GHz/
8.05 GHz,3-dB X7 5840 5 0 5.6 Y6l 2. 3% .48 A4RAER 1.5/2.4 dB,

4 % g
TEAR ST FRAT T30 250 DUAS SR 28 50T T RO Rl 6. 2/8. 05 GHz B BUHE 54 U P % . 203 g

053005-6



PNASAF T B VORI IR i ) 008 415 31 18 8 A it

bottom view

top view

S-parameter / dB

—— measurement
—— simulation

-70 ! L ! ! !

4 5 6 7 8 9
frequency / GHz

(a) filter (b) results comparison

Fig. 10 The filter fabricated and comparison between simulated and measured results
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