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Abstract

In this article, a 5.5 GHz inductive window filter based on SIW waveguide structure on FR4 substrate is introduced for use
in the WLAN band. This filter, together with the transition step microstrip line for connecting the waveguide to the 50-ohm
microstrip line, has a return loss (S11) of less than -10 dB, a bandwidth of 700 MHz, and a low transmission loss (S21),
which is 98% of the WLAN application band. covers The parameters of the filter are obtained by using the induction window
by modeling in the form of a T network and the K inverse transformation method. The induction window intermediate filter
has been analyzed using HFSS software, and the return loss of 25 dB and suitable bandwidth have been obtained. The filter
proposed in this article is light in weight and volume, and the cost of its construction is very low and can be implemented
and integrated into many communication and microwave systems.

Introduction: Filters are widely used in modern telecommunication systems and satellites. The general requirements for

these filters are low loss, high power transmission, small size, and high trace bandwidth with low implementation cost.
Compared to flat transmission lines, rectangular waveguides have low loss and high-quality factors. Despite this high cost
and the difficulty of using them in plate circuits prevent their use in low-cost and high-size users. Recently, a new concept of
integrated waveguide substrate (SIW) has been proposed. Many telecommunications devices such as antennas, power
dividers, filters, and separators have been reported based on the integrated waveguide technology. This technology is a
suitable choice for the design of microwave and millimeter wave filters, which provide a low profile, the ability to be
implemented on cheap printed circuit boards, and low weight with good performance.

Method: A fourth-order filter with a bandwidth of about 700 MHz at a central frequency of 5.5 GHz is designed in this

section. The usual method for calculating the length and width of each induction window cavity is as follows: 1- Obtaining
the dimensions of conventional rectangular waveguide and SIW waveguide 2- Modeling each induction window cavity as a
T network using Marcuvitz theory to calculate the reactance and susceptance of the T network 3- Convert T network to K
inverter

Results: A four-order SIW induction window filter with a transition line at a center frequency of 5.5 GHz was designed and
demonstrated. The designed filter has a return loss and an adjustable loss in the WLAN application band. And it is easily
integrated with microstrip circuits. The filter in the WLAN band has a smooth transmission coefficient with -8 dB loss.
Discussion: It can be seen from the figure that the return loss of the filter in the WLAN band is in the range of -10 to -28
dB and the transmission coefficient in 80% of the WLAN band has a smooth response and in the rest with an acceptable
transmission coefficient.

Keywords: Band-pass filter, transition line, return loss, induction window, waveguide complex substrate.
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W= 1.9 mm, W>=3.8 mm, Ws=5.7mm, L1= L>= L3=8 mm, Wi=
1.4 mm, L= 8 mm.

doddo .Y

slojlsale 5 0))0e (1l Glapim ;0 03,05 joboas Lo 2l
Sl o il (nl 6l (oagee @3 850 5 S (008 ol il 59
b Y ks Wl g S S el e YL ey JE il S
b daaglio 5o (bt we slapmgo V-V cil (ol o5lmosly
s Vb CeinS s s ol Sl s lamis Jlil byl
Slamio slajlae jo lag] 5l eolatw | JSiw 9 Vb aisje (ol 049 b
30 g oo YU o3l g a5e o5 gloo 5,0 oyl 5l eolai ! asle
ety SIW) "6 pozrge goiome 4V ) oz pspdo o3 slaJlo
SlooaisS s Loy i e Slgol 5 (6 b [¥ cilons
e @ Y p) G385 e p o Sl 5 o ils (ol
il DUl S, (53955 ol LFF] sloa s 5135 (6 perge
Ry oS el g edkio mo0 5 929,500 sla ild (bl
039 9 0ol 2l e sy 59) 2 silwesley bl Gl
Iv-a] Wl ol 3 1) conlio 5 ,Shoe b ol

elais oz ge 48,bgs slaolens o 5Kuls L SIW sla sl
¥ ;0355 Ehsw Gk 3l oS plaabe 5loslie ATl Jsees
o 89y 2 i e Slaplell plos b Glo Tay a5 (e Slomio
Ol b BiS igh gafate 0l maal 4 5Ls g Lo Y )
A 5SS o3l LSIP ol b plaai oy ;o Wil oo i
DT st slocsass ol

23 8dkee gl Qlill oyt oy, b ilS S lie 0l o
el ogos ozl 55 ca loas &l g >b 35,0 15 OI0 LuilS )
o3liin Th jozrge g (Jyore (ebatn o pizrge 0 (S0 Sl Slaglane
g (goem s 0 S GlS 8 50 3 Sles g1 SIW (559)955 )
@ SIW (g ge Jblow Jloail gl glay I8 2l Sy g
L b ol el )b Ll jo cw loous slpain o o i 1g S &l Jlae
ko gy o T aSed D90 a0 (3955 Jae b (il ooyl oslinal
5,90 HFSS Jl581 o5 5l osli ol b yids 00 5 o ol K ogSas
b sl 5 Jres YO (i8Sl oS culand 518 Llos

Clodslwwsdy culio

SIW pog0 Judxi g 2>lyb Y
Y55 50 65 s alas 5l slal)l 5l s maime 4V 05 S
L rge (ol slooylens (03l 5 k9 YU oy Slmio (y
5 Jglae ebaie g0 90 JSS (V) S 50 09 seais b L]
G Sy o loads ools Lui SIW (65915055 3l oolaiw L g
e i Jolata (Lot sy ge 5 SIW g o (L]
Syge a4 ol )0 (purblineg xSl lae g5 a5 ad b oo K0S,
oolitn | b SIW _oaailig), o,a> adsl olbal ol by [NV ] s | TE0
g WG olal b (Jgono (Lbatuns jugo dyains (uilS 3 slaJge 8 5l

GV VoY sl VT 0 2l 093 0 Lo ooty Jlw —ticwigh (515l yria (ol ) 5 oudj13 2 SLrilobes dabilun

goes azlos Lo ( Dl soee



xy ya5 Gl il

WLAN (o 2,)l5 (sl s 2 90 gosizmo 40Y 105 5599955 31 ool b (Wl o

K= Z, |tan9+ tan~12a )
2 Zo
1 (2%, X, 1 Xa
®=tan1(—b+—)—tan 122 ¥
Zy Zy Zy

o,y i S SESS jloslinul b 1ld (358 (g 5l ootz b
St s Jsb el 5 098 o b (Jebiivs jzge jo S
el b )izl 55 oelcensny g, 0l L SIW gloe i 51 S o
oty yiled g ol 05 o0 (63l s HFSS 13810 5 10 790 plos

Wl 25 O yg0 4 SIW L

Wsn= 11 mm , Lu= 6 mm, Wr= 9.5 mm, Lr= 13 mm, W= 14.5
mm , L= 9mm.

Ll Le L3
Wl LSIW yild (gu S VIS0
Caloas ools plas pld sl cyyo g a8 cdl (A) S 0
-V oogaze ;0 WLAN Wb jo jild i8S p cdl aS 09l soosalive
ShISWLAN &b s oA+ jo Jsl o po g 0,l8,18 b ws-YA L
ol o3 8 i i L a5 Olo il

Y
=
T

[
=3
T

S parameter (dB)
. E o4 g

5

WLAN (IEEE 802.11a)

S11 SIW Filter
S21 SIW Filter

515 é 6.5
Frequency (GHz)

oy b SIW yalid (S1) JUisl il g (S11) (i o il : A JSio
oW

2 I8 Jasl ks b SIW Ll oy o> aripe mld SO
Sk o beols Gl g 2l 35,05 00 (655 e S 8
o, Wb o JeB B cél g oaF el gl sas )b
Silbmmetzme o fuily S Sl le b (24 5 <l WLAN
A el b Gloe JWsl co o slls WLAN &b jo il g3

| J.g‘swé

VEF bl 1 lowd o1l 093 & slowd udiy Jw —diowig (glailw iz (B3l g (w315 51 (Sdilolw doliad mmm

7 A

A5 Jlasl b b SIW g (S0 38! lase wjes (0) JS—5 o
S e ke 48 el atetin SalS JSE ! 5l eslons]
(F) JS— )0 izrad Sl S35 (29,5 9 (6995 O (ool
da s o ‘_gU..\ aS Cow ool ol Q,uLo..» )L'wa u.»‘ S ‘_ng).';AUg:

210 G f/0 ‘5_...:[5)9 03gdZxe 4O GA_MLAA o" ?).: Q&‘g )l W]

Aol ge ¥ RIS

JUt b3 L SIW przrgo jLis b (S 58U ploge &2595 -0 S5

Jas
sF
-10p S11 SIW Waveguid with Transition
o 1 821 SIW Waveguide with Trasition
o 15[
g
5 20
E
s <251
o
Q. .30
w
351
0

45 5 6.5

55
Frequency (GHz)

SIS Jsl s L SIW 90 S gla piol )b Somie 5 S5

SIW pld ol,b g Judxi ¥,Y
25 Jsed B Wl sligg b 5 35,0 5 OB (555 50 oilS 3L 2L
Jdo 4 SIW sla bz lw .ol 505 5,90 WLAN suis] slas )18
b ks (AL sl by sS e 51 S 00255 la (S
Voo agam sl sligg b ez 4y b ald o cpl il sl
b i (nl 5o 3m LS D10 635 e iS58 o el e
Cawlodsl (V) I j0 ol oy 0y Lol jen sld cnlond
loyi> 5l Sy e slgy 5 Jsb an—wlxa sl Jsore 29,
el 2 2yt 2l oymn
B ol »)Lf..g‘ Q»))jiulhwéc\.g ‘5‘).3 (Y) 9 (\) Ja.gb) )‘ ool il -\
Soolsw ILT allss &jge 4y ol oyouy 0,05 0 0,5 Jow -V
T aSs uilipwgus 9 uiliST, aulxs gl Marcuvitz s ,q5
D] 55 Ly, 5l eoliinl b K oaisS weSae @ T asles o Y




[12]

[13]

integrated rectangular waveguide", IEEE Microw.
Wireless Compon. Lett., Vol. 12, pp. 333-335, 2002

Y. Cassivi, L. Perregrini, K. Wu, and G. Conciauro, "Low-
Cost and High-Q Millimeter-Wave Resonator Using
Substrate Integrated Waveguide Technique", Proceeding
the Europ. Microw. Conf., pp. 1-4, 2002

R. G. L. Matthaei, L. Young, and E. M. T. Jones,
"Microwave filters, in Impedance-Matching Networks and
Coupling Structures”, McGraw-Hill, New York, 1964

' Substrate-Integrated Waveguide

References

[1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

79=

F. Xu, X. Jiang and Ke Wu, " Efficient and accurate design
of substrate-integrated waveguide circuits synthesised
with metallic via-slot arrays", IET Microw. Antennas
Propag. Vol. 2, 2008

Reza Khajeh
MohammadLou, Tohid Aribi, Tohid Sedghi & Bal
S. Virdee (2023) A multi-beam circularly polarised Fabry-
Perot resonator antenna array using SIW for X-Band
applications, International Journal of
Electronics, DOI: 10.1080/00207217.2023.2278436

W. Che, L. Geng, K. Deng, Y. L. Chow," Analysis and
Experiments of Compact Folded Substrate-Integrated
Waveguide ", IEEE Trans. Microw. Theory, Vol. 56 , pp.
88 - 93, 2008

Nwajana AO, Obi ER. A Review on SIW and Its
Applications to Microwave Components. Electronics.
2022; 11(7):1160.
https://doi.org/10.3390/electronics11071160

W. Hong, B. Liu, G. Q. Luo, Q. H. Lai, J. F. Xu, Z. C. Hao, F. F.
He, X. X. Yin, " Integrated Microwave and Millimeter Wave
Antennas Based on SIW and HMSIW Technology", IEEE
International Workshop Antenna Tech., Cambridge, pp. 69-72
UK, 2007

Luo, G.Q. Hong, W. ; Tang, HJ. ; Chen, J.X. Wu, K.,
"Dualband frequency-selective surfaces using substrate-
integrated waveguide technology", IET Micro. Ant. and
Propag., IET, Vol .1, pp. 408 - 413, 2007

A. Suntives, R. Abhari, "Transition Structures for 3-D
Integration ~ of  Substrate Integrated = Waveguide
Interconnects”, IEEE Trans. Microw. Wireless Compon.
Lett., Vol. 17, pp. 697-699, 2007

Z. C. Hao, W. Hong, X. P. Chen, J. X. Chen, Ke Wu, T. J.
Cui, " Multilayered substrate integrated waveguide
(MSIW) elliptic filter", IEEE Microw. Wireless Compon.
Lett., Vol. 15, pp. 95-97, 2005

Yu Jian Cheng, Wei Hong , Ke Wu, Zhen Qi Kuai, Chen
Yu, Ji Xin Chen, Zhou, J.Y., Hong Jun Tang, "Substrate
Integrated Waveguide (SIW) Rotman Lens and Its Ka-
Band Multibeam Array Antenna Applications” IEEE
Trans. Ant. and propag, VVol. 56, pp. 2504 - 2513, 2008

L. Yan, W. Hong, Ke Wu and T.J. Cui, " Investigations on
the propagation characteristics of the substrate integrated
waveguide based on the method of lines", IEE Proceedings
in Microw. Antennas Propag, Vol. 152, pp. 35-42, 2005
Y. Cassivi, L. Perregrini, P. Arcioni, M. Bressan, Ke Wu,
G. Onciauro, "Dispersion characteristics of substrate

Cgi ot

ez azlys Lo, ¢ Pl suge

VEY i 3 0,lowd (ol 6093 5 jlowd oo JIoo —Niowbigh (gl i (B )1 g (451552 (sWbilobis dolibiad


https://doi.org/10.1080/00207217.2023.2278436
https://doi.org/10.3390/electronics11071160

