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Design and fabrication of a dual-band band-pass filter using
dual-mode square patch resonator and ring-shaped slot

G. Moloudian?, Ph.D; S. Bahrami?, Assistant professor; H. Ghouhestani®, MSc

1- Department of Electrical Engineering, Arak Branch, Islamic Azad University, Arak, Iran, Email:gh-moloudian92@iau-arak.ac.ir
2- Department of Electrical Engineering, Salman Farsi University of Kazerun, Kazerun, Iran, Email: bahramis@iust.ac.ir
3- Department of Electrical Engineering, Salman Farsi University of Kazerun, Kazerun, Iran, Email: ghouhestani@kazerunsfu.ac.ir

Abstract: In this paper, a band-pass filter with suitable performance for wireless telecommunication applications is designed and
fabricated. For designing the proposed filter, the dimensions of dual-mode square patch resonator are chosen to be within a quarter of
the wavelength. Circular perturbations (circular slots) are used for better performance of the proposed filter. A dual channel filter is
designed and fabricated on an FR4 substrate. The center frequency of the proposed filter for the first channel is equal to 2.35 GHz
and for the second channel is equal to 3.375 GHz; the 3-dB fractional bandwidths (FBWSs) of 12.75 and 10.3 %, respectively. The
measured insertion losses are 0.8 and 1.45 dB, respectively. The proposed filter has a small size of 20 mm x 20mm. The group delay
of the proposed filter for the first and second pass bands is almost constant, which indicates phase of the insertion loss in the pass
bands is linear. The proposed filter is fabricated and tested. The results of simulation are fairly consistent with that of the
measurement. The proposed filter can be used in wireless communications and modern microwave telecommunication.

Keywords: Band-pass filter, microstrip, dual-mode patch square, circular slot.

VPRS- VIT - i Loyl &b

WA/ 00 VAV VAF 5 YN VY wallin oDl b

VPRV ONY alie by o,

Y R e T

B (sditee 09,5~ (gmigpe 9 (25 oSl (o) lab olKtils S LS 09,58 Gl e )8 Sl = pll e oo g5 LS

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019 Serial no. 88


mailto:bahramis@iust.ac.ir
mailto:bahramis@iust.ac.ir

gl ol )38 ol yild cSle g b

VWAA sl oY o)los PRl 5y, oS3l Gy owikigee dlme | AV

5 Sed 950 HEVUT Shocd dlies by ogde iluesly
& ool aged @l 5 Gileand @l 0S5 B s pTosll
S e Bl el el w85 1E gy Sejlail g ced 5
g dodde &S|l 51 o casl oals (gaw il ) Ogod dlie Ll
S8kes 052 g (5595 4 pgd Ceewd 3 ALBAS la)lS )9
5 Pk @ g Sond 53 LSy sl G0 93 bl
@ oyl Coond )0 o oo ooleidey IS0l S il
G ey Ceend 0 L:;LQ; g odwlamsd =l 050 0 Zou

1oy meles i (6 T ases

S 90 sl ,eiligs, -
w2 g 9o, puilei oo Lo e s 90 slayeiliss, (5,05 (ybe 1y
Joe INV] oS oy "y STolS Ja 5l solizal b 1) (o g0
VOSE )0 gae 90 o yiuls,Sole g eilss, Jolee e g by

[Y \] Sl 00 ao)ﬂ

-
&

M Electric wall
[E Magnetic wall

la)

S

Mode | Mode 2
(B)
29693, Jobee,lue .o (g0 99 59ilig), sl Hlog Joo A1) S
E 90

5 JoS (S Sl ojlgs oSS ol 9 YU zobaw (Jow ol o
GL“C)L'\‘:" Lol 6~JoL.u o)|9:g.> ‘5‘315 ©obs GL‘“)‘?—&Q

IV T 05 oo anlne o alad, 51 STglS 5o * cacbolisieg 2SUI

E;, = Z ZAmn cos (%y) cos (%y) o)

m=0n=0

doddlo -

@5 299,50k Slpbe g e OS] o S8 i L oyl
ST 50l 00,8 oy (inl38l ceslin o Slae L )38 e (sl 2L8
celbe ol jgue sl 35 Gl LS 5l (Slpbre slapiass
sl2)5ls) 5l Olgier s olee S (b (sl - o9 oo oslitul
il g oole )b o5 DLl (SasS olail Jdsa o9 90
S VT o L] sges solanal (53,5 slauils 3 sy >k
FAES VD 35 50 G5 B L AU S5 g 95 )05k il
ool o il (Sbgy ko (gwaie JSO L 5 by, 5l eslinal b
e g ibss, ) eolinal b alils S5 L35 ke ks G Y] o
Ol 4 gae 90 53lins, o 0 ,Slee o S jsboay Ll sl )l ISS
Lags 45wl so cnbline 5 (S 3Sl ae g0 sl a5 Ceul & g0
Joliel wds behs sl eanS S yele Sy
blas 5 75k 4 o yials Sole Cuond Sy (0,5 4Ll Tl 5 i
ok ks Shb sl Tl ied e sl [0-¥] T lscslss
(Juyolin) "oz Coms 5 (nly Cos JUI bl 5 ol
) Ol G oke ki b ly [A-F] S o el
b sibissy 5 [45Y] 2 tlie 15505, asile calies JIS8I L sl s,
Sl Sy 5l (Ko wger solizal NYN-] 75 g o slodil>
Fslaiges o5 wtbige (e Bg Wb GA Gl S So e
L oojgrel ol oy odygl [VENY] o lagld g4 ol ok
bz b olayld 45k (e 99,50k SlbLs)l e Sdpiy
A Olgiee sl 09,5 oy Sl Alilloin sl 4 b e
S ol jeee Wb g Gl &5 g (ALb GlagSa | ke
el s 0391 [YeoVO] g VY- o] o la il opl 5 (slaiges
b sgee ol g 5 pase B aib b, 0ke 2l S Dol o
oads &l Yz Ojsets mle Jlws S ey ¥ 5 5l eolaul
b Bl 51 oolitl b alblSgs ,a8 ke ks o DVF] s ol
L alblSes 380k ki o sl oo &l YU &yl am o
) VAL jo colie 3 Shee b (53150 o0 guoys bokas 3l ooliul
5 oeoliial b allSgs L8l sld o VAl o el sas
Aok il S IY-T 505 JEnl jho iz b sae 9 sla sy,
ouls )l codio JSo b (gow 90 (slo,gilis ), 5l eolaul L alllSgo
Seig S Slabsd (b po plgse o ymily,Sole bglas 5l cul
oyl 5 (VY] Lo sy s Y] Lo xld ssle WU _uils' 3
3 dges oolitul Slple slaptanm ;o 8,515 ol [YY-Y¥]
bolas Jolo Jlae & gbiws lp alagsy, (Yol 5 [y

Sl 0l o ynly , SOl
5 ookl b alblSgs L35 b yild SO >Lb 4 @lie ol o
FB e o Shee sl 2900 B0y S00 93 (ompe g 55ls))
S se oolil IS gonls oy I cgolgrin 50 Le
A 0550 a5 65y il 5 (LB Sl ey ooleiiay LS

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019

Serial no. 88



gl ol )38 ol yild cS Lo g Ak

YYAA Lels oV o)lads £ al> o5 55 oSS (33 (g e/ AVO

S0 99 (0 & 39 lg))y (2leile b 1Y S

Ay ze Job e ojlsla 1) (oleiing (o pe 553lg5, ol

g Al pj alal) 5l plgion ) 00l Culaa goe Job uulasd S

Iyl

(mm), ¢ =300

c
Ay =———————
9 f(GH2) Eefr W
oslawl ADS 1331s 5 5l eoleining ,8lig3, ok ilwand 1y
5 Sozen oling H5ilss) slr ST sl S e
il e

=

\‘-\_\_,_bn::-\-\

i)
=
]

S-Parameters, (dB)
o
=

] ]

)
=
]

(.

70— e
1 15 2 25 3 aF 4 45 F &
Freq, {GHz)

3l 59ilin)) sl (TS5 slo oyl oY S

S e ol Jsilis)) sl edeliwan gl ¢ 4z L
Slime g 8ls ), 8 -F dB sga jgue il sl (S21) M s e lals
ol 8l e 3l s colio wib opl jo (S1) VT a8 L olaks
O e gl ojls 418 55l KF F/F U Y/A oogasee o cl>
ale S (s 18 oIS 5 eisoleing 5, S B il

oS g ool ¥ S5

o g9 lo gy Bl S Lo :F i

c..ub as N‘*Ju;" ﬂ,.Ja,J 5 bl glasgSay | 598 sloopls 5&..;'3
g oSy St |y (mpe 555055, leil ik 4 by e (oilS)
slul b gl 35,085 FIV 5,8 50 500 j5ue 0l SO iz

H, = (ijiiff) (%—?) 3
o= (%))
Ke* = (%)2 + (%)2 ®

W «Slgls o plmn sla,gls;, dg— asinls Amn (598 Laslg, o
oo oo Koo Z Sqar 0 (S0 38Ul e adlie Bz cslaggly (555
MN g (au¥ ) a by ye) Joe S 2SUlgs colieft € 3o (o0 @
DS o et |y Guilg, slesge 45 aiiws oo Slasl

IV g0 daslono 5 abasly 51 g |y STl sl (ilS 52

1 mi 2 Ny 2
fmnzzn\/T7 (Tn) +(£) )

5w| 4)‘}[).’)44.'45.:).@ ‘).>§.n uSJ).._i”LgQ CA.gUeffE “-«35.94\.'4)1))\)45
IV sg0s aculns oy alaly 5115 T olgs oo

_ &+l —l1+eg
geff_ 2 + 2

()
/ 10h/ @
=

Calis g anY s an b e S pSlles ol gy (@58 alail 5o

bz slooge L uilig), (wilS 3 (gogamel olowy .ol 4Y 15

Wil HLlaSy Guiligy (uilS )3 glils a5 sleoge 4y aS 51y 5g2

09.“‘5.@ ass L‘o).,)m 6L&b.)}4

SOl Il ild (2 5b =Y

e @ 90, 5l eedleing HA5 Gl il (b ol ol o
Lgol.gr,w )951.39)') \‘s’l.o..)l} C)‘l" Y JK..) @....Sd.a oolazwl s 99
S0 o sl I

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019

Serial no. 88



g yly, ol 38 L il cS e 5 b

YA Lol o o)l FA Ao oy 5 oSl G swsoiigen Al | AYF

odds aitlw diges (6, o5ll g s s b (glwand sl
)AjuLua )...L.B 6|)J OM]WQAJ GL»J .5\.3)|o L‘:”P )L..m; d.’Ua.’ rg,(bl.l

ol 00 00ls yLas £ IS o goleriny

S5a -1.34 dB
0 g 0
E E s

] — 7
-1 - 104

3 =0
15 C 15

] s
207 r 0
e oo ]
253 ™ 25
30 [ 25 30

0- a

] TR

i s B
-0 L&
-] F40
=30 15
= C
4] »
=] C
%f-w- Fan
-3 ||||||||||||||||||||||||||||||||||||||| 25

1.0 15 20 25 3 35 40 i35 50

freq, GHz

— 5y (zimulated) sssss 5 (measured)

— S (simulated) +++++ 591 (measured)

(59l 335 s lon 2 (gilS 3 il 3 S

Jov—ar J515 poliio auls) goleduiday ;35 gleo yilad sl Y Jgur
(Wbl oo o oo o

Flyly Jlade Folyly e |l | jlade
a 15 b 15 c 6.2
d 5.1 e 3 g 0.7
w 1.2 R1 2 0| R 3
rs M| 3 R4 43 X 0.1

Olisisn soleinin 35 le il (sl odalinst s 4 4z g b
i oanliie (glyy il o st aily 90 gyl yild oyl a5 S
o0liie el 00l s, 40l | jane il o 2L Slaseie
e o o) 0d (6 S ojlasil g (ilmand bl &5 0gb o
5 Gy A W o 0 s GLSS L..,....q S8, 2l (el

w20 se 60l )3 lee il (gl cnsliimsay s o5

&2 59U, Sl ekl b (goleiiy AUl )38 e ilid JS5 a8
ol o o0ld Lzs O JSi 10« JSS g9 pld SlaBISE § aipe

(1))

Wged .0 o2 loilr b Al Goleduday ;AT (b yild 10 S
(Tl p3) ool sl digod .z (b (59)) ouds aislw

ADS l338lp 5 5 (golgiiiy H38 plee j2ld (iluands 5 (b ol
Sl p3Y okd ads 6l cenlie ad 4l 9 Goman b Gl
idd olsl oS e ool wl Altium Designer l3-3le 5 5l el

Lol o 00,91 ¥ Jgaz 5o (golgiing
clies o FIF S SUles ol LFRA aY 5 ooy 2 eosb ol
PSS | b o (ol el o (g luosly siashes /A
5 5 See V1B Caslsds Uy uo 00Ls 31 .Censl 00y 03lizesl SMA
ool g yils Sola Jlsi by (gola olsiear 585107 (2) L,
S g olSws Ly el g omlyb 5 ey il ) el o
59 odwlawody mls sl a8 5 118 o Foslail g cund 550 , 5 YLI

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019

Serial no. 88



gl ol )38 ol yild cS Lo g Ak

VAR liasl o o)l FA als o5 o8I Gy g dla | AVY

L e cpiions ,550 sla 5 b anglie o a5 wib o V/$0 B
5V dB Jsl jome wib (sl (a5 Db Gl oty on (ornlie
o 5Ly Ol 38 lee kS S o0 sl il )b 51 oo (S
iS5k Sl b esiians alaly a5 03l oo (VSWR) MMliws! 240
cdl a0 9 S5 jlade lls cdls e 5o syl ol o le
e bl cnl Oliee (Jol sgee b sl ol Sl 2 jlade STl

sl i e LIS K s gl

b 4 by Ko mli jl (S Sy syl ¥ gus
20 (pdilizee )5 b aug lio g (golpdiiy

Schedule [val sl % [val A
@oloing
First band
'“Ser?c‘i’g)"’“l #IV -IY0 e | Y )\
Retu(LnBl)ossl 1 WO Vo v. \q
FBW: (%) Y. Y £IVY \YIVO
VSWR; VIVA Vot Voo \IYY VY
Second band
Insertion loss2
(dB) £10 RN - 150 YNY VIO
Return loss2
(dB) VY VY0 O/ Y. VE
FBW. (%)
YA Y O/F0 ey
VSWR: vy | VE L vy Vo

U Gl S (650 ge el (38 sla el 2 egdle
3 0T lgsiss 45 25iga iy 5 aseiun il S5 sl oy S
Dged duwlone A alayl,

1 d(Phase(S
Group delay = —— (%)

360 W

@ Cond o &b 5B gie les 09,5 5L YU alal, 4 ax g3 L
Sl 5B L Lo w56 a8 el Sl Sl o i el ulS 3
Jacie )l 09,5 13U cdle l jo il e O )gon 55
k3 og, 5 2l 5 gyeme DAL @b 51 5 JSS 0l salys (1

A2 o0 Hlid jeee glaail o ) eolering ;35 ke
Joee b sy 590 Sl 1 AT S i oo Y JSS 4 axgi b
Sl slr 09,5 3l e sl (b Lo 9 y5e il 5 sl
).) ﬁ}d I J.:L) KS‘J" 9 Ml)})la \/f() by ’/7 oéjd.?u’ )b Jﬁ‘ P

by e -

shyls olpiing s a5 ciS lgy so ol lawsay mli 4 asg b
YIO B YIY oogazme ;0 Jgl JUIS (sly joue wil ol oo jome b 40
TAVIVG (o 05l sl 9 55,083 /Y Wb sligy L 35,085
L 3,085 Y00 U YIY osgase ,0 pgo JUIS (sl joue 2l ol oo
dBlge 1V Y (o Sl Sl 5 LSS YO il sl
JUB sl 9 5,285 YO L 2l Jol JUB sl 655 10 555
ks gl odlcinads bl duglie el 35,083 YIYVD pg0
ol 0a 08,91 ¥ Jgaz 50 K0 &Vlie gl b solping

P90 iz SY Lo b (goledudin yind gL oyt Ay lo oY Jgu

oy .
‘ "“; P Mgly | e o5l
&l Sr e __ o]
_ (55,255) : (&2 yoishe)
(58155 % & Fagee
] N -]+ A¥ o/ Yoxy-
[¥] \fidi -IYY YIA
[#] Y/-$ -/f4 YY OIAXEIA
[vf] Y/ <IN £IY0 YY/Ox\F/§
VIA N VIFE
[v.] YAXVA
Y/¥ “evy Y/-$
VIA -1-¥] \Iss
[vy] Yoxy-
\Ai e AD YIof
VY - IvE Y.
[va] Q/AXY -
£ VY YA
- IA WY Y
[¢] ¥oxYAY
Y ¥ Y
Y100 SNY FIVY
[va] VA/EXYE/)
¥/ NIV AT
g YYD ¥ \YIVO
YexYe
wolginy AR ¥ VY

shls ol )3T le b &5 S (5o V9o 4 az g L
S35 o S ilS B L (e o Sl (61) (63255 H9ue wib g0
b sligy s BW) ol sl ail oo 3,085 YIYYA 4 YITYD
el 9 555 [E9W 5500 sla,l5 L avslie o (FBW %) (5 S
el olin Y 5 SosS 3 golpiin 5L o3l il e
S 0 o S il 4 plE e @l dnlie 4 azgi b IS sl
9 S5 3k LAl 4 lsSee ;38 Gl L3 S e sl el
i3Sl Sl (sla il o elis ymd 0,31 g3 il
¥ dgaz 5o ;50 o¥lie b goleiiny 35 Gl 21l sl (2550
oleiiny S a5 CiS plgoe F Jouzr 4z i b enl oud 03]
Adlige (5L 5 s Sl lade Sl 5l calie 3 Shos 1l
P39 9= 35k sl g (/A B sl j5ee b 6l (5550 DLl e

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019

Serial no. 88



gl ol )38 ol yild cSle g b

VAR liasl o o)leds FA als o5 o8I Gy st Al / AVA

5 i @l b gleand @b sgei o)l culi T )5
Sasls gl ool (oo aisle diged 4 bgype) ool (6,50l
Sl 5 pewie Olbls) jo Gleice solerin L5k 2ld

ged o3liiul (300 5299,50Le

&=l

[1] H. LU, W. WU, J. HUANG, X. ZHANG, N. YUAN,
“Compact Dual-mode Microstrip Bandpass Filter Based
on Greek-cross Fractal Resonator” , Radioengineering,
vol. 26, no. 1, pp. 275-284, 2017.

[21 M. Zhou, C-m. Tong, S-h. Fu, Li-n. Wu, “Design of dual-
mode bandpass filter using SRR structure”, Microwave
Opt Technol Lett, Vol. 52, No. 10, pp. 2372-2375, 2010.

[3] S-H.Fu, C-M. Tong, X-M. Li, M. Zhou, “A novel CSRR-
based defected ground structure with dual-bandgap
characteristics”, Microwave Opt Technol Lett, Vol. 53,
No. 8, pp. 1703-1706, 2011.

[4] X.Shi, Y. Liu, Q. He, L. Gu, H. Z. F. Liu, K. Liu, “Novel
dual-mode circular patch bandpass filter using CSRR
slot-type perturbation”, Microwave Opt Technol Lett,
Vol. 55, No. 3, pp. 666-670, 2013.

[5] S. Sun, W. Menzel, “Novel Dual-Mode Balun Bandpass
Filters Using Single Cross-Slotted Patch Resonator”,
IEEE Microwave and Wireless Component Letters, VOL.
21, NO. 8, pp. 415-417, 2011.

[6] J. Ni, I. Vendik, D. Kholodnyak, J. Hong, A Compact
Bandpass Filter Based on Right- and Left-Handed
Transmission Line Sections”, IEEE Microwave and
Wireless Component Letters, VOL. 23, NO. 6, pp. 279-
281, 2013.

[7] X. Cao, Z. Tang, F. Wang, Y. Wu, W. Yao, B. Zhang, Y.
Wang, “A novel tri-band band-pass filter using combined
simplified CRLH and right-handed SIRs”, Journal of
Electromagnetic Waves and Applications, Vol. 27, No. 8,
pp. 999-1007, 2013.

[8] C. Li, C. Tong, L. Qi, X. Zou, M. Ji, “Multimode
Resonator Based on Composite Right-/Left-Handed
Transmission Line for UWB Bandpass Filter
Application”, International Journal of RF and Microwave
Computer-Aided Engineering, Vol. 25, No. 9, pp. 815-
824, 2015.

[9] L.-P. Zhao, C.-H. Liang, G. Li, X.-W. Dai, ‘“Novel
Design of Dual-Mode Bandpass Filter with Triangular
Structure”, Journal of Electromagnetic Waves and
Applications, Vol. 22, 923-932, 2008.

[10] M. Babajanzadeh, and M. Dousti, “Design of a Compact
Dual-Mode Dual-Band Bandpass Filter Using Stacked-
Loop Resonators Structure”, Journal of Circuits, Systems,
and Computers, Vol. 26, No. 10, pp. 1750163 (1-10),
2017.

[11] X.-W. Dai, C.-H. Liang, G. Li, Z.-X. Chen, “Novel Dual-
Mode Dual-Band Bandpass Filter Using Microstrip
Meander-Loop Resonators”, J. of Electromagn. Waves
and Appl., Vol. 22, 573-580, 2008.

[12] S. Jahani Maleki, M. Dousti, “A compact dual-band
bandpass filter using microstrip meander loop and square
loop resonators”, IEICE Electronics Express, Vol. 9, No.
16, pp. 1342-1348, 2012.

[13] J. Mo, X. Liu, H. Yang, S. Liu, “High-selectivity
microstrip bandpass filters usingstub-loaded resonators”
Optik, vol. 126, no. 21, pp. 2844-2847, 2015.

05,5 ;b Slsd e )l 13 ailgl VY B /A edgase
w4 asg bl col Loi el g s s ool a2l Jlons
JOITCIPUSICFL N IS PR PSR VPR gE VOS] I I SR W WA S
)L...wa Q)S.LQ.C 9 (M‘S.\ uUaLu)‘ 6‘).:) Lgoﬂ)lf IR JJL: 9o L;l)lo

-4 218
60 1.5
B0+ 21
1004 Phase(5,;) 17
120 Group-delay | 13
] (ms)
-140 1 -0ge
=160 4 0.5
180 4+ e
21 215 112 125 13 235 14 245 15
(Al Freq, (GHz)
180 33
160 — 19
140 25
120+ Phase(3 1) | 21
100 — 17
80— M 13
] Ly
&0 — — 0
] Group-delay
40 | (ns) - 0.5
W14+
az R iz 34 145 as T ET ]
) Freq, (GHz)

2928 Wl (g il 09,8 13l g (508 WAL U lages ¥ UK
P90 yge Wb gl o Jyl

& 25 4 -0
L allsse 38 0ke ibd G cole 5 (Ahb 4 @i opl yo
Sonde Slp g9 ool aiBloy goe 90 supe g ,eilos, 5l eolatul
Sl oo oolatwl Ko ggple Jo8lSs byl 5l slé 5 Slee
FRA a¥ ) 655 2 csiboaes 5 2L Sl o oleniy LS
sld el as s 18 6 Solail g cud 0y90 g 00l aSlu
3 VYO (55 r0 Sl 5 L jome Wby 95 (slls soleiiy ;35 0o
ol s ol sl S b sligy il 50K PPV
2l b avlie ;a5 ailoo 1V /Y pgo e Wil sl 5 VYZIVO
Mb‘f WL.A @‘fl?ua &_JUQLJ)‘ L;‘)" 9 00y j)).v )iu} Yl
Ol adlioe @y soidin Yox¥e bl g SasS il ol
dB pgo joee Sl sl g /A B ol joee 3L gl (5 50 SLilS
colin e 4 olg3 e 2kd ) Koo sla S 5 il oo V/FO
250 g b 5B clie i F5b olib gles b VSWR il )l

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019

Serial no. 88


https://www.jstage.jst.go.jp/A_PRedirectJournalInit?sryCd=elex&noVol=9&noIssue=16&kijiCd=9_1342&screenID=AF06S010
https://www.jstage.jst.go.jp/A_PRedirectJournalInit?sryCd=elex&noVol=9&noIssue=16&kijiCd=9_1342&screenID=AF06S010
https://www.jstage.jst.go.jp/A_PRedirectJournalInit?sryCd=elex&noVol=9&noIssue=16&kijiCd=9_1342&screenID=AF06S010
https://www.jstage.jst.go.jp/A_PRedirectJournalInit?sryCd=elex&noVol=9&noIssue=16&kijiCd=9_1342&screenID=AF05S010

gl ol )38 ol yild cS Lo g Ak

VAR liasl o o)leds JFR sl o5 olES1S 0 ssoige Ao / AVA

[21]

[22]

Microw. Theory and Tech., vol. 65, no. 4, pp. 1226 —
1234, 2017.

Jia-Sheng Hong, M. J. Lancaster, Microstrip Filters for
RF/Microwave Applications. John Wiley & Sons, 2001.
G. Moloudian, M. Dousti, A. Ebrahimi, “Design and
fabrication of a tunable microstrip lowpass-bandpass
diplexer for telecommunication applications,” Microwave

Opt. Technol. Lett., vol. 60, no. 3, pp. 754-759, 2018.
5T (B (Brdo e g (o > Shxa (o
2 55w glp ganls Giudad bos,id SIS ol
cFF 0y90 s oKiils 5y owiige dlxe « € GPSouns, S
ATAD X F-YAR amio (Folod

T e 5 (S92, Slgrdexedes g lar gl
sl jo sgame (5918 (e azmio 1 Jlod» (Sl
TV 099 52 5 olRslo (32 (ot alme o (orla8 ST
ATAF VAT amio ) o)l

[25] G. Moloudian, M. Dousti, A. Ebrahimi, “Design

[23]

[24]

and

Fabrication of a Compact Microstrip Low-Pass Filter with

Ultra-Wide

Stopband and Sharp Roll-off-Rate,”

J.

Electromagn. Waves Appl., vol. 32, no. 6, pp. 713-725,

2018.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

G. Karimia, F. K. Hamedani, “Coupled-lines narrow-band
band pass filterwith ultra wide upper stopband”, Optik,
vol. 127, pp.3795-3797, 2016.

H. H. Ta, A-V. Pham, “Dual Band Band-Pass Filter with
Wide Stopband on Multilayer Organic Substrate”, IEEE
Microwave and Wireless Component Letters, VOL. 23,
NO. 4, pp. 193-195, 2013.

N. Sekiya, “ Design of compact HTS dual-band bandpass
filters using dual-function feeding structure with wide
stop-band response”, IEEE Transactions on Applied
Superconductivity, vol. 27, no. 1, pp. 1-5, 2017.

S. Yang, L. Lin, J. Chen, K. Deng, C-H. Liang, “Design
of compact dual-band bandpass filter using dual-mode
stepped-impedance stub resonators”, IET Electronics
Letters, VVol. 50, No. 8 pp. 611-613, 2014.

Chih-Jung Chen, “Design of Parallel-Coupled Dual-Mode
Resonator Bandpass Filters”, IEEE Trans. on Compon.
Pack. and Manufact. Tech., vol. 10, no. 6, pp. 1542-1548,
2016.

W. ITeu, D. Zhang, D. Zhou, “High-selectivity dual-mode
dual-band microstrip bandpass filter with
multitransmission zeros”, IET Electronics Letters, Vol. 53
No. 7 pp. 482-484, 2017.

J-X. Chen, J. Li, Y. Zhan, W. Qin, J. Shi, Z-H. Bao,
“Design of Balanced and Balun Filters Using Dual-Mode
Cross-Shaped Dielectric Resonators”, IEEE Trans. on

Lo gy )

t Asymmetric feed lines

2 Perturbation

3 Slotted lines

4 Right/left-hand transmission lines
% Triangular resonator

® Meander-loop

" Wheeler’s cavity model

8 Electromagnetic fields

® Degenerate modes

10 Layout

™ Insertion loss

12 Return loss

1% Voltage standing wave ratio
% Group delay

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019

Serial no. 88



