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Compact Dielectric Filters With Inductive Cross-Coupling
Between Load and Source

CAO Liangzu, GAO Ruiping. YIN Lixia
(School of Mechanical and Electrical Engineering of Jingdezhen Ceramics Institute,Jingdezhen 333403, China)
Abstract; In order to improve the stopband attenuation of the filter, a compact dielectric filter with inductive
cross-coupling between the load and the source has been developed. A new concept that the source and the load can
be regarded as pseudo-resonator is proposed for the first time. An inductor is used as the cross-coupling element be-
tween the source and the load or the source and the second resonator. Two pseudo-resonators together with two die-
lectric resonators can form a cascaded quadruplet (CQ) ,two dielectric resonators together with a pseudo-resonator
can form a cascaded triplet (CT). The locations of the transmission zeros are analyzed and the design of the proposed
filters are discussed in details. Three second-order filters made of dielectric ceramics with dielectric constant of 80

are fabricated and measured. The results show the measured numbers and positions of transmission zeros have a good
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agreement with the simulation. The fabricated filters have compact volumes of 14 mm X 6.5 mmX 10 mm.

Key words: dielectric filter;cross coupling;load and source;transmission zero; pseudo-resonator

0 =&

PhE s Sl P AR iz T BUE B LA M
FEESFRG P . XEER G EORIB P A BUR
P19 T 17§ A ABYRE 155 P BEL A 55 0 SR T 2K P O A
2 JE B S GEH L R T R EL Y T D SR IO T R A
PR BLG T5 15 - X 22 T BOB AR AR A9 5 4 7
IR PAS UL . TR AT D) R R AR L A AT B A
A4l AL % i AR R B B dr A e B k. A LUE
3R

D iR AR R A S H Wang ™ LUBH
Sl SEBUREAR S L LA TR B I S5 A QB 4R A% L B
WA L 3 LB B 1 BEA o o AR o 20 01 7 A —
%5 % mi s F.-C. Chen™ 845 a7 ] BE 422 11 Ay #83

Y5 B H7:2017-10-17

BT L0 BRI RS G R 5] AR S AR
(] 1 5 PR G o DA T A BEL A 72 AR 3 A& & 5 X
Li" 7R 3k F 4 3 B 25 48 (SIFW) H 43 51 5% (8] 3r
B B LR B 3 L T 1 S B R R S RN AR S s AT
5 B AR G 1Y 4 GOk v 2 G T U IR A 1 T 30 BEL Y
B

2) TEASKA AR 0 18 B 45 4] 51 A28 R G T %
=5 (CT) sk g2 1 PO 5 (CQ) » J. ThomasBrian™
T XA SR A 1 TAE R, L. Cao™ I [R] 4l
SR LI S S. Bastioli™ 7E IE L HEF1 1)
I BB R Z 8] 48 A &2 8 RHT 8 8 & B S8 A A 4R
IR AR 12 SRR .

3) AW 5 MR Z M G ARG SRR A

ESTB:EHRARMEHEETIIH (61661023) ; YL Y 4 Z 77 )T AT 3 4 ¥ B 51 H (GIJ151560) 5 YL VY 45 A 98 B 2 4k 4 ¥¢ 1) 1 H

(20151BAB207014)

EHE BN R 219669, B WL EE A #0814, 2N E DA T RS 8B 5E . E-mail: clz4233@aliyun. com,



5% 43

RS IR R R S S A /N B T 497

Amir Torabi* 78 32 35 1l 4% i XURE 3E 3% 28 v DLy A
THCHE 28 CIRD 5 i 0 BRI 4R (P 28 22 1) 4 T it 5 | A 2%
PERE G+ A2 3 J 4 14 e BHL BT 28 S B0 IR 5 6 28R 0 1
RS

AL S, SCHRL8 T 10 8% M R A 25 4 I e &R 4%
AT A TR A T A . AR SCRAMYG L R R 38 X
RGO AR IR 5 B 2 1], sUR 5 50 N IR R
V5] 5 | AT 58 SURE A 5 4 ) A BEL A 14 78 it 55 A, o A1
P B AL Z 8 IR RE TS24 R 5 3t
FAW Ay o [ I 3 S — ol 353 R 0 1 358 SRR A I
AW R R IR R B R IR A IS 4R L 1
AR AR Z AT AR R CT 8% CQ ., ANy B 4 F 25
A (N+2) X(N+2)(Hf N jﬂl SR 25 150 1A
BHEES, e T
1 Eibar

K1 hEaLMme (HEME . XA
PR PSR S SUR B L T AE R B M Ol R
B ET R ELRE A M S XA LB fC (M
i NS IR 2RO A R B IR (8] L 2 PR g A S
BB, B LS, Loyl i AF S IR R, N %)
$, B N HLAN Gs F Gy 43 500 ok 6 A o 1 Fi S R

//_T?\—%ﬁ\

i |

K1 %*FF%TJ%E’JWL{F&%%E’J A T
AR SCHRL8 JrT 25 & th LA £ 4R WA 2 B

S 1 2 L
S M M, M, M,
1 M, M, M, M,
2 M, M, M,, M,
L My, MIL M, M,

2 PRRIEDAR A N2 Bk & A
XEPIRIE B A AT ZR 5 4 B i G R A 16
NICRBRX AL 4 TTRIN A 6 DT ITTR AR R
HEMAS XA . X 6 MITEAEHR 0, ZF
M LR TOE B . AR B RER
SR AL 6 Z00FS £ A H R B B 3 P

AR 0 » 3K T R 1R R g FERE T 3 T
FEREAR N B3 — T Bk A, 1 X 33K Ao Ji Jeb - A% SCHR i
TR B B 05 8 K TRURT G0 R AR HE R AR A
TR CRE Hik A 2 18] Al Al CT A CQ.L AR e il i
REA 350 0 7 1% i 22 S 0 B AN T A AR 5 5 i
(N 20 B bl H e L S5 7 AR 408 38 I 45 18] 9
TG R o) FIANER A BTN AL Qo {H . B 3 S X
G B0 7 B8 AR AR A

+90°/ +90°/ +90°/ +90°/  +90°%/ +90°/

-90° -90°  —=90° _gp0 —90° 90 500 —20°

+90°_-Cs, Wity

Currge
g -90° E
L

SL

(a) BIKPUHY (b) L= (c) BB =47
B3 22 SRR I P R IR B AR AR R
&l 3Ca) A UEIE IR A (1T S 5 L &Ko) P
MERGUH 1 5 2 RO ML CQ, & 3(b) (o)
— M EEIREE (S MM A ERS(H 1 5 2 R
ﬁJZLT HsH 1.1 52.25L ZEEHEHZEMHE
A.SHLZEL.SE2ZEZEMRL LG, K
Tﬁ F A TR H I 25 R SR 1 R
k1 WHEAEWAMELTE
5l 3 i 1 3
Bz +90°+90°+90°+ 490°—90°+90°—

. S-1-2-L  90°+90°=+450"°  90°490°=4090°
a

7 SL —90° —90°

Az 2% S AH A

it 4+90°+90°—90°+ 4+90°—90°—90°—

S1-2-L 90°+90°=+270°  90°+90°= —90°

() g e —90°+90°+ —90°—90°+
S-2-L 90°=+90° 90°=—90°
Az 2% S AH [ AH

it 4+90°+90°4+90°+ 4+90°—90°+90°—

S1-2-L 90°490°=+450"  90°+90°= +90°
(c) ; —90°490°+ —90°—90°+
HiE S-2-L . . . .
90°=~+90 90°=—90
AL 22 ki FAR

B2 1 Al B 3Ca) 76 B P i1 4% 77 A — A%
R B3 (o) 7R BHART A 3 7 A= — A% i B 3 (o) 7E PR
e v AN R
2 it

T TET LR () Al A T 3 g A 4 2 1 B
A PR, IR W A 0 R Z B R L R
900 MHz, 18 % # ¢ 10 MHz, fi & 9 O #i &



498 E B o5 F K 2018 4F
20 MHz4b 7 A A& i & 1 10
B[]l A O AR A R PEBR BT N 8 QL AR A U _10b
P dR B EE Y R B A 0.1 dB YL o sl
HRME R H— B RN g0 =1. 000 0, g, = .
0.843 0,g,=0.622 0.g; =1. 355 4, ky, FIMIE Q. & -s0 -
{Eé}%u y‘j -70 ] —— L= 1'_60 nH
ki, — b D » | | +L5LI—50nH |
fovgig: 080 085 0.90 0.95 1.00
£ ﬁ%\/cﬁz
Q= 8o (2) o (b) Xf 2 E3(b)
S b, fo 52510 WA 64 SR PO B 2 .
B R, =0.015,Q.=76 L2
& 4 Sk R AEH  PLCL i PLC2 A BI% 4 2% S -3
() 45 5 L PS2 PST Rl PS3 S B #1825 7% 1% 4 fé}js‘g
AR R £ IR AR 15 R O I R 4 AR i e
T KIR MR S AHNFE N — 90" TR IR R A, 8 —70f  ——L,=50nH
MM EEME SRR, B 4@, 3 MRS 0% 08 0% 095 100
HIES 18 90" KR 3 Ca) s B 4 Ch) o, 2 PS1 Al W el N
PS3 ¥k +90°, PS2 3k — 90° B, %f i & 3 (b)), i 5 ADS {lj %
PS2 g +90° M, Xf 1z |81 3Ce) o MNIEL 5 Ca) () AT 3 S 52 SURE 5 X0 118 5 a4

L,

PS1 PS2 PS3
[o]
| Rl
S HHESML PiffgSML ifWSML Term?
7=50 Q PLC2 7=50 Q
@ %E}fﬁﬁﬁﬂ%‘éﬂﬂ“
PSl PSZ PSS
Terml ﬁSML *E@SML %SML Term2
7=50 Q PLC1 .Ii}PLC2 7=50 Q
(b) B ‘3%24\1%%2%&9&&%4*
P4 U5 3R UG D w i p AR

S ADS2009update X & 4 R L AT 4 2L,
D5 B IEWNE 5 s . B 5 ) xR 4 Ca) I PE .
5 (b)) X R 4 (b) By 3 B (PS2 [ A B ) — 90°) .
5Ce) Xt Rz 4(h) T8 (PS2 A R +90°) .

—— L;=100 nH
—— L,;=50 nH

0.95 1.00

0.90
% /GHz
(a) XN E3(a)

0.85

F8) A 33 38 RS SRS A0 FE T T 0 52 i) R JR i BROK L 1%
i 2 BT I . (HE] 5 (o) SRR 28 SURE B X
B i 1Y) S R A B W A S e I R A
SRR G« U8 A% I A5 A R PR FR . IS Y
o — AR AT R — i AP BB Q (B L AT 2
U8 A 1 S R AE K
SR A HL R ECh 80 1 B0l A o B s o A T 4
(7 b A1 5 U8 I8 A4 PN A1 2 T B — i 1T A1h 4 T U BT AR
):' NP1, 25 mm, B IH T8 6.5 mmX14 mm,
WA K 290 9 mm, AL R A TR S
%rm W P A 1] R P RS A L AL R
AU T i s AR TR R LR A . B AR Y
SERANIEL 6 iR R TR T R A R G A o R
5B BRI LR (0603 AL ATC
OS] HLURGER 1 — o B4R S 5 R R O — im0 i
A PR DL
D '5@%%7]‘5 LR 3Ca) ) CQ 4
Kl 6Ca)),

m (I

EEIFES

[ B L%

TR
® o oo

P 6 B SUR-A A0 o 8 i i B TR



5% 43

RS IR R R S S A /N B T 499

2) 5SROk A R A E (IR
6(h) () 435X W F I 3Ce) (b)Y CT &5ty .,
B 4% 4y BT AN (Agilent E570B) I 3 38 Uk #5% 174 4
Mo HH %, Al 7 s o K Ah SR I L A5 5 2 A
BS50F A —3K

0r o WRRHRS —— BRAERRN

—50 v
g0 L=z HiELR AR —— WICRRE
0.8250.850 0900 0950  1.000
$i%/GHz
(a) XMl 6(a)
10
0
—10F
8 20t
S .
§ 30 YL R R
% Y —— WERERRN
T —— DRI R B
-50 —— Vi AR
-60 : . . :
080 085 090 095  1.00
Ji#/GHz
(b) XT N2 E6(c)
10

SZ&¥/dB
b
(=)

—— P G RS

—— MR RE
—40F —— PIFL R R B
-50 - wnﬁ%ﬁgﬁ 1 |

0.80 0.85 0.90 0.95 1.00
% /GHz
(c) X 5% El6(b)
B 7 U8 AR 4 1S 0 2R
3 HRIE

B DA B0 BRI AIR 2 DU R AR A
U5 T AR 5 A I R i (R A S SR B oo
P HEIE IR 27 55 P A S 00 I A 7T R A0 2 056 DY 1 45
Hy (CQ) AT LATE BT P32 4% 7 A — AR B % . —
A HETR IR A% 55 B 5 R ) A R = S5 A
(CT), m] LAAE B 9 e i o AR o 7= 2 — A 15 i %
S SRR BT A A D8 R ) BT BB AR R
AL GET7 5 TS AR A9 IR A% (8] (14 R & R A1 ity i [
B30, SR PR AV 22 T B s 0 W A2 B o 0 07 B AN
Gi LS (NT2) A . SR A B H HOh 80

A BT B g A 1 3 A S B A - DA HL R e
YRS SO G oo MRS R R AL i & i L S
IR — 2. 1207k A ) B = DL R
P 1 BEI

Sk

[1] HONG J S,LANCASTER M J. Microstrip filters for RF/
microwave applications. M]. New York: Wiley-IEEE
Press,2001.

[2] WANG H,CHU Q X. An inline coaxial quasi-elliptic filter
with controllable mixed electric and magnetic coupling[ J].
IEEE Transactions on Microwave and Techniques , 2009,
57(3) :667-673.

[3] CHENFC,HU H T,QIU J M,et al. Cascaded triplet fil-
ter using mixed electric and magnetic coupling structure
with wide stopband performance[ J]. Microwave and Opti-
cal Technology Letters,2014,56(12) :2937-2940.

[4] LIX,YOU C, YU H,et al. Substrate integrated folded
waveguide controllable mixed electric and magnetic cou-
pling structure and its application to millimetre-wave pseu-
do-elliptic filters[J]. Int ] RF Microw Comput Aided Eng,
2016,27(4) . 1-10.

[5] CAO L,LI Z,CHEN R. Analysis of transmission zeros for
coaxial filter with capacitive cross coupling[ J]. Internation-
al Journal of Electronics Letters,2017,5(1) :1-12.

[6] THOMASBRIAN J. Cross-coupling in coaxial cavity fil-
ters—a tutorial overview[ ] |. IEEE Transactions on Micro-
wave and Techniques ,2003,51(4) :1368-1376.

[7] TORABI A, FOROORAGHI K, MANOOCHEHRI O, et
al. Compact microstrip bandpass Filters using dual-mode
stubloaded resonators and capactive/inductive source-load
coupling[ J]. Microwave and Optical Technology Letters,
2011,53(9):2111-2116.

[8] BASTIOLI S, SNYDER R V. Inline pseudoelliptic-mode
dielectric resonator filters using multiple evanescent modes
to selectively bypass orthogonal resonators [ J]. IEEE
Transactions on Microwave and Techniques, 2012, 60
(12) :3988-4001.

[9] CAMERON R J. Advanced coupling matrix synthesis
techniques for microwave filters[ ] ]. IEEE Transactions on
Microwave Theory and Techniques ,2003,51(1) :1-10.

(10] W R 2 BRI, fi A b A 258 0 LA 5 ) b % 5 2% 4k
RERYZ ML ] L 5 R,2012,34(1) :69-73.

CAO Liangzu, YIN Lixia. Effect of 1/O capacitor on prop-
erties of two-pole dielectric coaxial filter coupled with a
hole[J 7. Piezoelectrics & Acoustooptics,2012,34(1) ;:69-73.

(117 3kJe. 0 K55 PRk, 2. 1 616 MHz 3 41 50 I 2% A9
BT Rl LT ] IEHL 5 56,2011,33(4) :509-512.
ZHANG Long,LIU Liangfang, CHEN Shichai,et al. Design
and fabrication of microwave dielectric filter application
at 1 616 MHz[J]. Piezoelectrics &. Acoustooptics, 2011, 33
(4):509-512.

[12] #ARET:. —FR A IR 28 4 ADC X i 5% 22 S0k & Bk 52
(V). SRR TR 224 CH AR ) ,2016(3) £ 99-103.

[13] SRR, al S i = A Bl # iy it S HIELT ], &
5 756,2009,31(5) :664-666.

WU Jiangiang. Design and manufacture of SMD dielectric fil-
ter with high reliability[ J]. Piezoelectrics &. Acoustooptics,
2009,31(5) :664-666.



