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Design of miniaturized SIW filters in the Ku-band

Teng Jun Zhao Fei Wei Hao Wei Heng Tang Luyao
(The 54" Research Institute of CETC, National Engineering Research Center of Communication Software and

Asic Design, Shijiazhuang 050081, China)

Abstract: In this paper, two miniaturized SIW filters in the Ku-band are investigated, and the equivalent magnetic wall
cutting method is adopted to obtain the quarter mode substrate integrated waveguide in order to meet the required
miniaturization specifications. Two distinct QMSIW configurations, designated as triangular QMSIW and rectangular
QMSIW, are developed based on the distinct equivalent magnetic wall cuts. Subsequently, the QMSIW filters with two
distinct structural configurations are subjected to investigation. However, the out-of-band rejection capability of the
designed QMSIW filters is not high, and therefore the complementary split ring resonators are loaded in the QMSIW
resonant cavity in order to improve the out-of-band rejection. Then we employ the electromagnetic simulation software
to simulate the proposed QMSIW filters with the two different structural configurations, and obtain the ensuing
results. The passband range of the rectangular QMSIW filter loading the CSRRs is from 14. 94 to 16. 02 GHz, with a
relative bandwidth of 6. 97%. The insertion loss is better than 0.6 dB, the return loss is better than 15 dB, and the
out-of-band rejection is better than 35 dB@ 19 ~ 20 GHz, with a size of 0.2 X 0.3141%. The triangular QMSIW
structure filter loading the CSRRs exhibits a passband range of 14.89 ~ 16.11 GHz, with a relative bandwidth of
7.87%. The insertion loss is better than 0. 6 dB, the return loss is better than 17. 2 dB, and the out-of-band rejection
is better than 40 dB@19~20 GHz with a size of 0. 27X 0. 274%. Both modified QMSIW filters are processed using an
alumina oxide thin film and tested with GSG probes and subsequent to the actual test, it is determined that the test
results are essentially consistent with the simulation results and met the expectations.

Keywords: quarter-mode substrate integrated waveguide; equivalent magnetic wall cut; Ku-band filter; complementary

split ring resonators
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Fig. 3 Equivalent circuit diagram of second-order QMSIW filter
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(b) Simulated results of rectangular QMSIW filter structure

K4 % QMSIW 38 1 BT
Fig.4 The design of rectangular QMSIW filter

it
~
>}

CIe
/g\.,

+

(a) ZATEQMSIW I 4 f 25 Hym = E
(a) Schematic diagram of triangular QMSIW filter

SZH/dB

-60 1 1 1 1 J

5 10 15 20 25 30
HF/GHz

(b) ZFATEQMSIW B 2% H U0l L4 R
(b) Simulated results of triangular QMSIW filter structure

Bl 5 =% QMSIW JE 75 1%
Fig. 5 The design of triangular QMSIW filter

=M QMSIW I HAEM SN a=2. 9 mm,wl=
1.7 mm,d =0.17 mm,w2=0.2 mm,s=0.4 mm,D =
0.2 mm,h=0.254 mm, SHTITR45 R, =M QMSIW
T8 TR A 1 38 T 9 R Y L 3 ABARAE T 0. 2 dB, B HFEIL T
20 dB, 5f 4 0. 285X 0. 28512,

M IR QMSIW i a4 09 05 B 45 ROk & L i I s
WY R SEA BT /N, 52 76 430 B 3 L 19~ 20 GHz By 4



B3R F . Ku B AL STW Rk 28 693805t

5524 W

il BN T 20 dBe. BE BB B A O RPN IR . I
i 2R B A A 2 9 3 P K QMISTW 1 35 8 1) 417 A1k
KT

3 fm#E CSRR £&#H) QMSIW & i 25 i% it

1A A% iy T a5 B e A R — R A sk T B
4 o A5 50K BE 3 2 09 451 3R 5, 3l o (2000 R a5 Ak
JE FLF B B 4 I S5 BEL BT R 190 12 i s AR 0L 2 BT R
A SR MM TR AMERE S, BRG] AL E
B FEHEWE 6 BTR .

L
IR 5 IR I
. K B E{(J W I
(a) BIRHER S AL E A (b) FFBRHL B B AL K

(b) Introduction of transmission
zeros in parallel circuit

P06 HR R IR B T AL g & A e B

Fig. 6 Introduction of transmission zero principle in

(a) Introduction of transmission
Zeros in series circuit

series-parallel connection

RIS IR B B R (o = 1/ /LC) B, HPHFIH 0,8
3 B0 T R P B8 b TR OIR S 5 TR B, O R A R R R R
(w =1/ VLC) W, LG94 0y, B4R o # 4b T
TPEIRAS . ARG TT RN L 7E HR R H b AR 4 R IO IR e ST
JEHR L B v OB AR BT IR 4 FT LA UR R A AR B s 5 A
B IE M AE B R AL T A I O IR Y 1 AR
A IR AT AR OC

£ QMSIW 3 8k & P o a5 oAb I 03 Ik 3R
(complementary split ring resonators, CSRR) , & 7= 4 1% #i
TR —F AT B, AU TE QMSIW S5 44 | Kk —
A TFBCIER P . CSRR 9 TAEJFH . 2 CSRR TAE7E
R PR A A B S I L 7T LK R RO — A AR T B A T IR
RS B T A B A A WL R, B A R BRSO . S R T i
W, G JRURE  CSRR 25 48 A LA 7E i v o ke 5140
il B A @ 1M . H UL CSRR 25 44 B H 55 %50 v i 4
Bl 7 fis .

C,
1l
|

L2

%)
logo)
L2

(b) CSRRAEZ LB
(b) Equivalent circuit of CSRR

(a) CSRR& 19
(a) Structure of CSRR

B 7 CSRR — B 45 ¥4 S 55 %50 HaL i
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Fig. 9 Rectangular QMSIW filter loaded with CSRRs

0.200 0

@il

CIji®

0.170 0]

B7E CSRR Z5H Y 4540 S50 w4 F1 L1, 538 CSRR %5
F 45 2500 QMSIW JE I 25 1 BE 19 52 W, S B0 1 45 2 a0
10 Frs .

A3HT RS, M CSRR 45 MR KB L1 AT O 9
B owd P AR SRR B Lo FICe B9 RN, BT 5 0
QMSTW U 5 75 1 v 0 A5 23 1 o7 B [0 30 458 48 B S/ A &
HEAME S S LB R AN R SR . ZE A SRR
ZER R AE wli=w5=0.1 mm,L1=0.43 mm,a =

2.05 mm,b=0.19 mm,L=1.6 mm,s=0.4 mm,d =0.2 mm.,

e 33



T # K

ci-40 —=— w4=0.07 mm
-45F —e— w4=0.08 mm
50 F —a— w4=0.09 mm
551 —v— w4=0.10 mm
60 F —¢— w4=0.11 mm
-65
-0 y
_75 L 1 1 1 1 1 1 1 1 1 1 1 1 1 J

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Bi#/GHz

—a— w4=0.07 mm |

m 20F —e— w4=0.08 mm ‘
IC] —a— w4=0.09 mm [ Z4[F
=257 —v— w4=0.10 mm
v
—— w4=0.11 mm
=30
-35F
-40
-45 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
PZ/GHz
0
-5
-10
-15
-20
-25
-30
%-35
540 —=— L1=0.38 mm
A —— L1=0.39 mm
S50 —— L1=0.40 mm
55+ —v— L1=0.41 mm
60+ —— L1=0.42 mm
65+ —<4— L1=0.43 mm
-70 1+
»75 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
PZ/GHz

S11/dB

_55 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
% /GHz

%l 10 CSRR %5 #) 4 2 506 QMSIW I8 I #5 (1 52 iy

Fig. 10 Influence of structure parameters of the CSRRs
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Table 1 Comparison of the BPF with some published SIW filters

Sk iR /GHz g ffi#€/dB X 58/ V0 it Sh 4 il / dBe Nt/ aq
(1] 4.45 SIW 1. 85 4.45 >20@19~20 GHz 0. 062
[2] 20 SIW 2.78 2.75 >10@19~20 GHz 162X 1. 46
[12] 7.89 QMSIW 1.5 3.42 >40@7~8 GHz 0.87
[13] 4 QMSIW 0.8 13 >30@30~33 GHz 0.41
[23] 2.48 QMSIW 1.08 10.8 >45@2~3 GHz 0.79
[24] 22.95 SIW 1. 96 11.76 >40@27~29 GHz 0. 756 0. 57
wit 1 15.5 QMSIW 0.6 6. 97 >35@19~20 GHz 0.2X0.314
Bt 2 15. 5 QMSIW 0.6 7.87 >40@19~20 GHz 0. 27X0. 27
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PARFEOL T 15 dB, AN H =35 dBc@19~20 GHz, R~F
0.2 0.314A%; i 2% = M J& CSRR %5 # 19 = f1 ¥
QMSIW & #i i Y E o 14. 89~16. 11 GHz. AH X4 5
N 7.87% Al ABFENL T 0. 6 dB, [P HIFESL T 17. 2 dB,
HEAMI R > 40 dBe @ 19 ~ 20 GHz, 3§ ¥ #% (19 )R ~F R
0.27X0.272%,
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