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Abstract

This research proposes a wide-and bandpass filter using microstrip transmission line.
The filters have been simulated by using IE3D program designed at a center frequency of 2.45
GHz. The first filter is a single-mode wideband bandpass filter using square-loop resonators with
outer tuning stubs. The measurement of this structure shows a 0.19 dB insertion loss and 18 dB
return loss. The second filter is a dual-mode wideband bandpass filter using square-loop
resonators with outer tuning stubs. The measurement of this structure shows a 0.34 dB insertion
loss and 17 dB return loss. The third filter is a single-mode wideband bandpass filter using
square-loop resonators with connected four outer corer stubs and outer tuning stubs. The
measurement of the third structure shows a 0.16 dB insertion loss and 14 dB return loss. The fourth
filter is a dual-mode wideband bandpass filter using square-loop resonators with connected four
outer corner stubs and outer tuning stubs. The measurement of the fourth structure shows a 0.16
dB insertion loss and 13 dB return loss. The fifth filter consists of two cascaded square-loop
resonators with outer tuning stubs. The measurement of this structure shows a 0.54 dB insertion
loss and 17 dB return loss. The sixth filter consists of two cascaded square-loop resonators with
connected four outer corner stubs and outer tuning stubs. The measurement of this structure
shows a 0.35 dB insertion loss and 9.6 dB return loss. Finally, it can be concluded that the square-
loop resonator filters with four outer corner stubs and outer tuning stubs have the suppression of
the spurious harmonic better than the conventional of wideband bandpass filter with tuning stubs.
The proposed filter circuits can be applied for any wireless communication and also can be

developed for microwave intergrated circuits.
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22.1 MIAATR nmmw'lnmannsm]nﬁwnwa
snaitlaBidna3nszAnTwa £, ﬂmmuumtytymum"lﬂﬂsam1J dhilediuvesina
ladidnasnduing &, anunmuvesgsesladidanin 7 uazanundevesansy w aunsil

. ad a a a 4 [ y
13nnmsnaassvesni ladiannsnlsensua e ¢/ 4 < 0.005 wansldaail [7]

a w
s —<1
h
-1/2 2
g, =S &N 2T ood1-2
2 2 wlh h
-1
Ve
asli X1
h

£, +1 e,—l( 12 )'”2
£, = + 1+
2 2

o 2
AT AN (Phase velocity) M ldvnaums
%
v, =2 23)
P 'gm
anwenntulumorideyana (Wavelength) w1 ldnnaunis
v
L TN (2-4)

TN H

4 o 4 1o d o w
oot v, femnuduravesndumimdnwihlumohdyga
¢, fenuTveaasluemeiinuiiiy 3x10° wasdodud
£, fomnailadiana3nlsz@nina (Effective dielectric constant) ¥83TAAFINIBA

4, feanuenndulumnidoygs (Guided wavelenght)

2, feanuenndulueinein
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f feanudvesndaululasiv

A = ad a o o @ ad a
£ ﬂﬂﬂ']ﬂﬂ'ﬂulﬂﬂlﬁﬂﬁiﬂﬁHWYIﬁ‘UEN’Jﬁﬂj']ui‘fNvlﬂl’)lﬁﬂﬁiﬂ

AANUBINTSIHNTZIWARY (Propagation constant) vesauhdyanauuy luTasanIum1den

auns

y=a+jp
asaAnouvesm It 1deyaIal (Attenuation constant) 11148 InauNs
a=a,+a; (Np/m)

msgayduiifineIndani1 (Conductor loss) M1l INaus

a, =0.0083 Jr

wZ,

a da ad a . .
niqyeiifineinladidnain (Dielectric loss) M1 1dnnauns

_3.145,(5,~Dtans

o=
4 &.(s,—1DA

ARG (Phase constant)¥1 19 INTUATS

] b

Hlidasgydsiifannm ¢ mswasiveeldm

y=jpB

4

(2-5)

(2-6)

-7

(2-3)

(2-9)

(2-10)
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e I (Blectrical length) vosmeidgyanouy T Insandifiinauen € wld

1NAUATT
6=pt (2-11)

wld 0-.-”/21110 =4,/ 4ungf=rxdle £=1,/2
TﬂUVI 7 /4 ﬂan1ﬂmn1stmm~mu (Propagatlon constant)
a  femsaanouvsImuideyn 1o (Attenuation constant)
a, femsquduiiiianind i1 (Conductor loss)
a, femsgadviifiannladidnasn (Dielectric loss)
B ﬁﬂfimﬂﬁlﬂ’d (Phase constant)

£ feanunvesmnidya s

222 MmyAnsEimaduiuaududnyue
a ' a 4 o o & a 4
mslnseimaBuiuaudgudnuasvesmoihdgyanomuylulasaadl die ¢/ 4 < 0.005

¥y
annsom l@dsaumsae 1l (7]

&
asll Z<i1
h
z ——'7—1n(8h+1j @13)
p 27r,/e,e w 4h
asdi 21
h
Z,= 1 -14)

Je1393+ %+ 21 E+1.444)
n 3 \h

Tavhi 7 AeduRuaudadulueiniain (ntrinsic impedance) Wiy 1207 Q n3o 377Q



Ho Aomnuduay18lue1naing (Permeability) iy 47 x107 @uiiuas

g, AomanmuouluoINIIg (Permittivity) A uniiivu8.854x 107" vhsﬂ/umi
Z, femduiiuaudgudnyuzvssmoridoygnu

aunsdananez 1§ 1ddedletinammu ¢ fisudiuguinse ¢/ 7 <0.005

223 asdunnzimanunideniuen
Tumsinamanunddennuen (w/ k) vesmoihdgyanauuy luInsaasidionsiu

" a o o ' a a a a
mdufiuaudnuinuay Z, uaza ladidnasmlszdnine £, w1 ldonaunms [7]

Astl w/h<2
w_ 8exp(4)

= (2-15)
h  exp(24)-2
nsel w/h>2
% - {(B )-In@2B-1)+Z— [ln(B 1)+0.39 _M}} 2-16)
r gre
0.5
Taudi pre s wd (RN @-17)
60| 2 e +1 )
Z
607 (2-18)

B ey
Zsiler

23 ﬂ'li%lﬂi'l#'ﬁluﬂ?ﬂ‘ﬁﬂ'l‘Sﬂi#é’ﬂﬂizﬂ'lﬂﬂﬁﬂ%llnﬂﬂ?ﬁEN‘VII!H?hOE)ﬂ
o a s a s )
Taom lludrlumsimswimnidimesmsnszdanszny S, Sp,, S, 08 S, YDINT
a I{ ° °

Tulason [8] wedinned lunuudiaesesaesmadionn (Two-port network) Tauviims
a A 4 & PP ¢
1mi1:11'ﬂaumﬂnszwu (Incident wave) wazAdUaoy (Reflected wave) Faluauideild

o a ¢ a o o A A 9/
'Hﬂﬂﬂ'li'!lﬂi'lz'ﬂlﬁ!ulﬂU'Jﬂ‘U'N115111Iﬂinﬂﬂ’]vl‘lnﬂﬂ'llu’lﬂ‘uﬂ\lﬂﬁuﬂﬂﬂizﬂﬂlla%ﬂﬁuﬁz"ﬂu

UAAIAININN 2-3 z'huﬂﬁumnnsznuuazﬂﬁuazv’fawaqNﬂsﬁamma’fwanuﬁaw‘fm1wﬁ 2-4



Taoh

Vi (x)=4e”
V™ (x)= Be’**
V) =V () +V" (%)

V') V(R

I0)=I'@+I @)= =
0 0

+ [ 4 {a
V(@) nineBaussdunauannsznufiduyn
Vo(x) wwedusseunduazfeunouya
I*(x) wnsdanszuanduannsznunounn

_ 4 .
I"(x) wnsdnszuanduasiouidunn

O O
NN\ e
ZO
<"\ Be'”*
C, O
x=0 x=1

a & 4 v
HNNN 2-3 AUANNTSNULLATAUTSNOU

4
mnsauaas laaat]

10

(2-19)

(2-20)

(2-21)

(2-22)

" w a @ ' 4 4 o
mdunlszans myazfoundy (Reflection coefficient) STHINATUANNITENULAZAA LA BUNAL



"

e e
msueuealad (Nomalized) el
V(x) = % 2-24)
i(x) = Zo I(x) (2-25)
a(x) = Zé_:) (2-26)
e ] 2-27)

1z

haumsii 2-21), 2-22) wazaumsh (2-23) idag Imildeglugiuevealadez 18 aums

aoluit

v(x) = a(x) + b(x) (2-28)
i(x) = a(x)—b(x) (2-29)
b(x) =T'(x)a(x) (2-30)

nnauMIn (2-28) wazaumsi (229) Sagdaumsimilanihveuealaduumusn

v
o2 l@nadatl
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a) =3 0+ )] = ‘}Z— [+ Z10) (3D

bx) =3 ) - i) = - \/12_
0

[Vx) -2z,1(x)] (2-32)

Input port Output port
a(x) a(¢) a’ (Z:) a, (x)
Za ; A i Za
b (x) bl!\ll) bzztn) b,(x)
Port 1 Port 2
=5 x =4

a A& 4 Y y
HNNN 2-4 AAUANNISNLUATAAUTENOUVDINITADINNYIDDA

NANMN 24 udAIRAUANATENULATARUANoUYDNSARININdIEDn  (Two-port
i s ¢ a 4 A
network) Iaufinein 1 ﬁjuwasmauvmﬂszﬂauﬁwﬂaunnﬂsznu a(2,) uazaauaziou
y o o ; _
b (%) fiszugn x, = £, uazwesan 2 1ﬁuwai’mamwnﬂi:nﬂuﬁwﬂ5umnnsz'mJ a,(2;)

unzaduaztou b, (£,) fiszoema x, = £, naumsh (2-30) aansadou I8y
b (£,) =S4 (L) +S,a,(¢,) (2-33)
b, (ez) =83a(£)) +Spa,(¢5) (2-34)

nnaumsi (2-33) uaz (2-34) daldeglugliuadaduazannsadisumsnszianszae

a4 ¢ v o
(Scattering parameters) 38 S - parameters 1aum1siafinesn 1 uazwosa 2 1adsil
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5D _[Sn S a,.(_f,}] _
[bz(fz)]—[su Szz][az.(fz) (2 35}
S, S
S = 11 12 (2-36)
[] |:S21 Szz]

a ad @ 1 a a o Y
A 2-5 imsdam S, vl BufiaudnuAnYME
1 a 1 9 o v d”
#1 S - parameters 1INAUMIN (2-35) Annsamiar S Tadsaunisaelui

_ Bt
" a,(¢,))

2 1 o a 3 o a
nuwmmﬁnﬂszﬁmmsﬁ:‘nauﬂa‘uﬁmauum
a,({,)=0 )

b (L)

2 v a L) g 12
T minedemdmlszdnimsdaiudueidnya lguna
a, L,

a(£,)=0

b,(£,)

Q2 W a 1 a v 4
- minetamduilse@nimsdeihududuna ligiedya
a(¢,)

a,(£,)=0
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_b(¢)
a4y (C,)|a(€,)=0

\J L3 - Ql £
mneismdulszdnimsazfounduduoidna

Avsannmn 2-6 fmualdmniidye e (Transmission line) lufimsqeaydy (Lossless)

v

uazduuaudgadnyarmedmduyauazeinaliusauiadlinwiiy so Tevu duniu
v o & o a -

aunsamAnuAuRuTvBInTsUAIRZIs UM B UYALETIBIAYAINAUNST (2-32) Bz

] Ed
aumsn 2-33) eunsaeuauns v 1ddai

1
a,(x;)= Vi(x)+Zy,1,(x;) (2-37)
el 21 )
1
b,(x;)=—r—==V,(x)-Z,1;(x;) (2-38)
2\/2—‘)[[ 0/ ]
Yot i=12
£ £,
£,(x) £,(x,)
+ +
Zy Vn(xn) : Vz(xz) Zn
- “network & =
Port 1 Port 1 Port 2 Port 2
X = x = £ x, =4, x =0

M 2-6 wesnaeaniadhenn
& 4 . o 9 a o1 a o 4
ami 27 uanmwesaaesmadioonlaosoussiudmeduna E, Taolindufiuaudgmedn
- - o o o ° " @ a o o o
fuma  Z,uozdufiuaudmededine  Z, awnsednnamadulssdnimsastoundui

a - w L o
Buna S, Nsvozna x, = £, MnANUAUNUTA]
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VI_(el) ZTI -"Zm

S” =-—;v-——-— @ e o e (2'39)
V| _(el)_vz(zz)=0 ZT|+ZOI
Zs; 1L
P i(e,)l : e
\]Zolll (ez) Il (ez)=0
£, Zy ¢
Z,=Zy_p1,(0) 1,([,)‘ —<h(4)  L(0)
+ . al) ¥ o+ &) s
E, & Vl(o) AN ) VI([I) Vz(lz)n,‘ . Vz(o) Z,=2,
- - b(x) 5 - b(x) -
Port I\ Port 1 - — Port 2‘\ Port 2
x =0 melzfl x =&, zozx2=0

A 27 wosadeamadieen Tastioussdudimeduduya

' ] 9y
nnamd 27 aansoouidulsesauyamiiu (Thevenin’s equivalent) 1RGNN 2-8 Auiu

. ¥
MNaUMsA (2-37) Annsammnsziauazis UM uyanINsauyam ATy 1Ada

i 1
I ([1)='27[V|(e|)+zo|1|([1)] (2-41)
01



5,(¢,)
-
O
o) 7
2 2
v, (¢ z
bz (lz) 2(_ 2) 02
F ¥
\J
Port
x, =4,
2 2-8 NesTNYAMITY
Tastmuald
Vi) =E 1y —Zy 1, (£) (2-42)
Waumsn 2-42) unuas I luaunmsi 2-41) 2'ldn
E,
') =™ (2-43)
7 (4) 2Z,
a ¢ " a @ ' a o -
wazines anousuduIRUMmnsEuanfounduu lddail
V(¢
-I,(¢,) = 2(2) (2-44)
02
Waunsn (2-43) uazaumsn 2-44) unuadluaumsi (240) 2'lédn
2JZ, V,(¢
Sy = 125( ) (2-45)

01
VZo

1,TH
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o = s - 1 4 ¢ . .
e udertumsains iz Inseie (Network)Tﬂumiﬂizé’uﬁ'wﬂﬁugﬂ"lmu (Sinusoidal
i i a a 4 @ a () a o (] -
excitation) 1ngduRUAUY Z,=Z, udaadanmil 29 cunsammdulszdnimsdeium

s " - o o o ‘ y
wwnalgdunn S, uazamdulsz@nsmsazfounduierdya S,, 1ddaunsdeluil

_b)| _Zp-Zy

= (2-46)
z az(ez)lal(e1)=0 Zyy+Zy
_b@)| _ 220 Vi) (047

" et )@} =0 %, Exm

a s v ' v ¥ s
HNNN 2-9 Wﬂsﬂﬂﬂ“’l'Nl‘ll'lﬂﬂﬂiﬁUil'lUlliQﬂu!'U'WlNﬁ'l'ulﬂWl'Viﬁ

2.4 menhFanauuyhidasaaiilifytne
mhideiffesvssmnhdggnauuyluTnsansUfithpninee (91 winnmit 2-1000)

uansdeeeihdgygnelu Tnsaaduiifpninee souazlunmdl 2-10) uamsiemoirdayee

TuTnsanulfiflynrinee 90 unzdayy danlunmii 2-12 HaaITUYaveImmih iy

= Aﬂ o
Tulnsansinfiyuinee
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() ¢}

i 2-10 mohdggalulasaainliyurinee

L L

T—TCE
S T

N/

M 2-11 2esauyavessnhidyga luTnsanTunliyuine

{o d o o
Tagfigufuszy C uazdamitenit L mldnnaums

mohdyaululnsaasUnliyuiinee 90

i 2
2.5y ¥ 2
C =0.001A [(l 0.35¢, + 2.5)( P ) +(2.65, + 5.64)( . )] PF (2-48)

139°
L=022h {1~1.35exp[-q.1§(%)_ ]} nH (2-49)



Uil iangiciine

i Tinedsean i fsdauenangam

o« a (da o o o
mohdgygnulyasanIintiyrinee souasdayy

2
C =0.001A [(3.935, +O.62)(%) +(7.6¢, +3.8)(—:1i):| PF

0.947
L =0.44h {1—1.062 exp|:—-0.177(%) }} nH

2.5 souringUiiadl
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(2-50)

(2-51)

_ 300A031lf7# (T-junction) uaAsSsNIWG 2-12 unzanesanyaseedepldrfiuapsdenini

1 4
2-13 EnsafuIMIAErEwIAL ( Susceptance ) Tadade 11l [9]

d

—L =

2

4
DI

n2=1-—7r(—f—
fpl
_B_Ti_555,+2
YZ Dl y 6‘r

2=05 —{0.0S +0.7exp [—

0.055|:l —2£(L] ]-Z—'
Z, fpl Z,

2 2

pl

2 2 D]
3 SR o
&Lz D).

2
1+o.91n£+4.5ﬁ(—f—

ZZ ZZ fpl
2
—1.35]—20(-2-1) #79L
Z, ) D,

ACM 621.380283 22585

LAHNT ADULWY
WISNSAIH VLA UANMNANT T
asldaoindganauurlulassns

32000000955700 0929

2
162 |v02sal L | —o17m& |4
Z Z

(2-52)

(2-53)

(2-54)

(2-55)
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o (2-56)

___h
)

f,(GHz) =042,

—0 2-57
p (2-57)

J by - ' ' @
Tvil 7, foBufiunusinduluomming (nirinsic Impedance) wirfu 1207 Q¥ 37702

fl7 flannudan (Frequency cut-off)
D fennuninauyavesmnihdygw

a a

- 7 @
Z, ADDUNLAUFAUANHUL

M 212 sevdegUdaN

! l:n, n,:1 i
3E /e 3 |
b t
T, / 1y

1T

v

MM 213 NesAUYavesTBLABgUEaN
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2.6 wosaduuuile

- lnssvesmeihdgygnanuyllasaniihia 1y ezdszaeudisasesadunuuda (Open
sb) toner 1 imsiundvieyiuguasesildnanudesmsudasdanndl 214 uamaady
wudla  aunsammdunaueadaunudaudnuazives i uaduuunida  (Characteristic

admitta.nce)vlé’ 1 Q'ﬁy 7]
Y, = j¥, tan [Z’. e] (2-58)
(2-59)

Tesft ¢ AsanuvBIAAY
- 1 - 3 [
Y, fewealiauaudguanyus

A 1 a a 4 o
Z, ADABUNIAUNAUANYU

M 2-14 aduuuuda
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amoueaaduidla (Open ends stub) 2evsauyaszilsznevldwanhduaud C,,, uoz

o &

o Iy ' @ - o J @ o
NesfuisumiuaNuIvesansl Aﬂam AINNN 2-15 uﬁmﬁqmmﬁuwuﬁmanms

sty 9]

5 i-1
- =exp{2.3036ZC,-(e,)[log%] } (pF Im) (2-60)
w

i=1

My Copew cZywih

kv e

AL
PN (L [w/h+0.264
h £,-0258 w/h+0.8

(2-61)

(2-62)

Taoh  w/h>02 uaz 2<¢, <50
o 1A a 3/ ' 4 oo i - ° 91 1 e
aumssenanisnnuianan deendh 4 nlediwududannsafissiiiinmiaiui
! 4 \J A - - o
qINAN 0.2 wesiudlash 0.01<w/h<100 uazmnanladidngsn ¢ <128 aunsafuim

¥
1Redaziduadagasae 1yl

AL
AOPel, ‘fl%zsfs -
h &4
Taoft
80.8[ + 0.26(W/h)°'““ + 0-236
=0.434907 .
? &2 —0.189(w/ h)*** +0.87 (2-64)
(W/ h)0‘371
Plos s i1 2-65
% =1%5 3585, +1 (2:65)
0.5274arctan[ 0.084(w/ k) *'¥4
X [0.0840w/)!*¥% ] e

=1+ 05236
EN



& =1-0.218exp(-7,5w/ h)

&, =1+0.0377arctan[ 0.067(w/ k) *** ]{6 - 5exp[0.036(1 - &,)]}

—
4

T
'

E,

'
L |

|
]
!
M

amii 215 (n) yelmevesaduilla (v) 2esauyarssneudasanduaud

@) anven lulasaauifioun
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S e R A L Sl alT SEESNSN Cldeiae —

, 4 o 4 v ¢ 4 4
Tuduilerndnfianesnsemgauouaiuduny Taolfis Tsmesuuuadladivdouud
o ' ﬂ ' - da [ @ ] av La -
wanndoidulsnsesdiunaualudndeifinisdiuady  daudteiiliegaeuyune
FuuvuasesnseangauayTasldis Tanumesuuaeladinion uazaevsnseangauaylae
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Abstract— This paper proposes a dual-mode wide-band bandpass
fliter using the microstrip loop resonators with tuning stubs. The
filter is based on microstrip loop resonator consists of four
identical branches and each branch is a microstrip open-loop
element. The introduction of two outer tuning stubs connecting
opposite to the ports widens the passband and sharpens the
stopbands. The microstip loop resonator have a wide stopband
resulting from the dispersion effect and the slow-wave effect. The
filter is designed at center frequency of 2.35GHz and simulated
by IE3D. The measurement of fabricated structure proposes 36%
bandwidth and 0.28dB insertion loss.

1. INTRODUCTION

In microwave communication systems, the bandpass filter is
an essential component, which is usually used in-both
receivers and transmitters, Thus, the quality of bandpass filers
is extremely important. Planar filters are currently a popular
structure because they can be fabricated using printed circuit

hnology and are suitable for cial applications due
to their small size and lower fabrication cost [1]. Therefore,
how to design a bandpass filter at low cost and with high
performance is currently of great interest. Microstrip bandpass
filters can be easily mounted on a dielectric substrate and can
provide a more flexible design of the circuit layout. The dual-
mode resonators filters have been known for years. The
compact high performance microwave bandpass filters are
highly desirable in the wireless communications systems.
Consequently, the dual-mode filters have been used widely for
the system b of their ad ges such as small size,
light weight, low loss and high selectivity. Many authors [2]-
[4] have proposed the wide-band bandpass filters using dual-
mode ring resonators with tuning stubs but the configurations
still occupy a large circuit area, which is not suitable for
wireless communication systems where the miniaturization is
an important factor. Therefore, it is desirable to develop new
types of dual-mode microstrip resonators not only for offering
alternative designs, but also for miniaturizing filters. On the
other hand, the modem wireless communication systems
require the bandpass filters having effective out-of-band
spurious rejection and good in-band performance, The
resonators with reasonable spurious are required to meet the
out-of-band requirements. The microstrip open-loop
resonators have a wide stopband resulting from the dispersion
effect and the slow-wave effect 5], [6].

978-2-87487-001-9 © 2007 EuMA
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Fig. 1 Microstrip loop

using direct-connected orthogonal feeders

In this paper, we introduce a dual-mode wide-band
microstrip bandpass filter with tuning stubs. The microstrip
loop resonator consists of four identical branches and each branch
is a open-loop microstrip element. The bandpass filter is based on
the bandstop filter employing direct-connected feed lines on the
orthogonal of the microstrip loop resonators. The introduction
of two tuning open stubs connecting opposite to the ports
widens the passband and sharpens the stopbands. Then, a
dual-mode can be used to improve the narrow stopbands for
lower side band and higher sideband.

II. BANDSTOP CHARACTERISTICS

The microstrip loop resonator with direct-connected feed
lines on the orthogonal depicted in Fig. 1 is a bandstop
configuration. The resonator consists of four identical
branches with a small square patch attached to an outer corner
of the square loop. The bandstop filter is designed at
fundamental resonant frequency f,=2.35 GHz and fabricated
on a RT/Duroid substrate having a thickness #= 1.27 mm
with relative dielectric constant ¢, = 6.15. The filter was
designed and simulated by IE3D program [7]. The dimensions
of the loop are 1/= 8 mm, s= 0.715 mm, w; = 1.85 mm,

w,=0.75S mm, w;=1.35mmand a=9.3 mm.

The equivalent microstrip loop circuit shown in Fig. 2 is
divided into input and output ports forming a shunt circuit
denoted by the upper and lower parts, respectively. The
capacitance jBp, is the T-junction effect between the feed

October 2007, Munich Germany
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Fig. 3 Simulation results of the microstrip loop resonator using direct-
connected orthogonal feed lines

line and the microstrip loop resonator [3]. The capacitance

JBy, is the junction effect between the loop resonator with

each branch. The analysis of the characteristic of the
microstrip loop resonator is performed by IE3D program [7].
Fig.3 presents the simulation results of the microstrip loop
using direct-connect orthogonal feed lines and the frequency
response exhibits bandstop behaviours.

III. TWO TUNING STUBS FOR A SIGLE-MODE BANDPASS
FILTER

Based on the structure [6], a single resonator is modified in
this paper by adding two tuning stubs connecting opposite to
the ports as in Fig. 4. The length of tuning opened-stub is
I=2,/4.

Fig.5 delineates the equivalent circuit of the microstrip loop
resonator with two tuning stubs. Y, is the admittance

reflecting into the stubs Y, can be expressed by

Y=y, tanh(}(t+1m,,)+jBn ()
where y, is the characteristic admittance of the stub,  is the

complex propagation constant, /., is the equivalent open

Portl

Port2

Fig. 4 Structure of two outer tuning stubs for single-mode

! }Jﬂn K é”l

! ;.’Bﬂ

1 ! 1 1o 1
fJBn JBn b‘ f/ﬂn

Port2

Fig. 5 Equivalent circuit of a mi ip loop using tuning stubs

Fig. 6 Simulation results of two outer tuning stubs for single-mode bandpass
filter

effect length [3] and jB,, is the capacitance of the T-

junction between the microstrip loop with stubs /, .

The simulation results of the microstrip loop with outer
tuning stubs of /,= 16.25 mm, w, =0.4 mm . The 37% of 3-

dB fractional bandwidth can be interpreted from the frequency
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Port2

Fig. 7 Structure of dual-mode bandpass filter

Fig.8 Ph

ph of a dual-mode band|

filter

response Fig. 6. The introduction of two outer tuning stubs
connecting opposite to the ports widens the passband and
sharpens the stopbands. The single-mode filter exhibits
insertion loss better than 0.26 dB and return loss greater than
12.6 dB in the passband.

In fact, this approach can be interpreted as using two
stopbands induced by two tuning stubs in conjunction with the
wide passband. In some cases, an undesired passband below
the main passband may require a high passband section to be
employed in conjunction with this proposing approach.

IV.DUAL-MODE BANDPASS FILTER

By observing the frequency response in Fig 6, the two stopbands
for lower sideband and higher sideband of the filter propose a narrow
bandstop. Based on a dual-mode can be used to improve the
narrow stopbands. A square perturbation stub inner corner the
loop resonator in Fig. 7. The square stub perturbs the fields of
the loop resonator so that the resonator can excite a dual-mode
around the stopbands in order to imp: the narrow stopbands. By
increasing the size of the square stub, the stopband bandwidth
between two modes is increaded. The length of the square stub is
w P 1 mm.
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Fig. 10 Simulation and ide-band of the dual-mode bandp
filter

The implemented of dual-mode resonators filter is pictured
in Fig. 8. The frequency response of the filter is portrayed in
Fig. 9 validating the agreement of simulation and
measurement results. The 3-dB fractional bandwidth of the
filter is 36%, the insertion loss is better than 0.28 dB and the
return loss is greater than 15 dB in the passband. The
measurement of wide-band response of the dual-mode filer
with outer tuning stubs is shown in Fig. 10.

The measurement of wide-band response is shown in Fig.
10. Unlike the conventional structure of the wide-band filters
using dual-mode ring resonators with tuning stubs, the filter
exhibits a wide stopband due to four identical branches at the
outer corner of the square loop and proposes the first spurious
resonance frequency of the dispersion effect.
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V. CONCLUSIONS
A dual-mode wide-hand bandpass filter wsing the
microstiip 160p respnatars with tuning stubs is proposed here.
The microstrip loop resonator consists of four identical
branches and each branch is a open-loop microstrip el t.
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The introduction of two tuning stubs widens the passband and
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multilayer board designs that use different dielectric
constant materials for individual layers, without
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The dielectric constant versus temperature of
RO3000 series materials is very stable (Charts 1 and
2). These materials exhibit a coefficient of thermal
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The data in Chart 1 demon-
strates the excellent stability of
dielectric constant over
temperature for RO3003"
laminates, including the
elimination of the step change
in dielectric constant, which
occurs near room temperature
with PTFE glass materials.

The data in Chart 2 shows the
change In dielectric constant
vs. temperature for RO3006°
and RO3010° laminates. These
materials exhibit significant
improvement in temperature
stability of dielectric constant
when compared to other high
dielectric constant PTFE
laminates.

Chart 3 demonstrates the
stability of dielectric constant
for RO3000° series products
over frequency. This stability
simplifies the design of broad-
band components as well as
allowing the materials to be
used in a wide range of
applications over a very broad
range of frequencies.

Chat 1: RO3003™ Laminate Diglectric Constant vs. Temperature
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The data in Charts 1, 2 and 3 was produced using a modified IPC-TM-650, 2.5.5.5 method. For additional information request Rogers

T.R. 5156 and T.M. 4924.



Typical Values

RO3000° Series High Freguency Laminates

PROPERTY TYPICAL VALUE @ DIRECTION UNIT CONDITION TEST METHOD
RO3003 RO3006 | RO3010
Dielactric Constant ¢, | 3.00+0.04?| 6.15+0.15|10.2+0.30 z 10GHz 23°C IPC-TM-650
2556
Dissipation Factor 0.0013 0.0020 0.0023 z 10GHz 23°C IPC-TM-650
2555
Thermal Coefficient 13 -160 -280 z ppm/°C 10GHz 0-100°C IPC-TM-650
of g, 2565
Dimensional Stabillity 0.5 0.5 05 XY mm/m CONDA ASTM D257
Volume Resistivity 10’ 10° 10° MQecm COND A iPC 2.5.17.1
Surface Resistivity 10’ 10° 10° MQ CONDA IPC 25.17.1
Tensile Modulus 2068 2068 2068 XY MPa 23°C ASTM D638
(300) (300) (300) (kpsi)
Water Absorption <0.1 <0.1 <0.1 % D24/23 IPC-TM-850
26.2.1
Specific Heat 0.93 0.93 0.93 J/g/K Calculated
(0.22) (0.22) (0.22) (BTU/Ib/°F)
Thermal Conductivity 0.50 0.61 0.66 W/m/K 100°C ASTM C518
Coefficient of Thermal 17 17 17 XY ppm/°C -55to 288°C ASTM D3386-94
Expansion 24 24 24 Z
Td 500 500 500 ‘CTGA ASTM D 3850
Calor Tan Tan Off White
Density 2.1 26 30 gm/cm?
Copper Peel Strength 3.1 2.1 2.4 N/mm After solder IPC-TM-2.4.8
(17.6) 2.2) (13.4) (Ib/in) float
Flammability 94V-0 94V-0 94V-0 uL
Lead-Free Process
Compatible Yes Yes Yes

(1) References: Internal T.R.'s 1430, 2224, 2854. Tests at 23°C unless otherwise noted. Typical values should not be used for specification

limits.

(2) The nominal dielectric constant of an 0.060" thick RO3003® laminate as measured by the IPC-TM-650, 2.5.5.5 will be 3.02, due to

the elimination of biasing caused by air gaps in the test fixture. For further information refer to Rogers T.R. 5242.

STANDARD THICKNESS:

STANDARD PANEL SIZE:

STANDARD COPPER CLADDING:

RO3003: RO3006/3010:

0.005" (0.13 mm) 0.005"(0.13 mm)
0.010" (0.25 mm) 0.010"(0.25 mm)
0.020" (0.50 mm) 0.025"(0.64 mm)
0.030" (0.75 mm) 0.050"(1.28 mm)

0.060" (1.52 mm)

RO3003:

12" X 18" (305 X 457mm)
24" X 18" (610 X 457mm)
24" X 36" (610 X 915mm)

RO3006/3010:

18" X 12" (457 X 305mm)
18" X 24" (457 X 610mm)
18" X 36" (457 X 916mm)
18" X 48" (457 X 1.224m)

¥ oz. (17um), 1 0z. (35pm),
2 oz. (70um) electrodeposited copper foil.




USA: Rogers Advanced Circuit Materials - ISO 9000:2000 certified Tel: 480-961-1382 Fax: 480-961-4533

Belgium: Rogers NV - Gent - ISO 9000:2000 certified Tel: +32-9-2353611  Fax: +32-9-2353658
Japan: Rogers Japan Inc. Tel: 81-3-5200-2700  Fax: 81-3-5200-0571
Taiwan: Rogers Taiwan Inc. Tel: 886-2-86609056  Fax: 886-2-86609057
Korea: Rogers Korea Inc. Tel: 82-31-716-6112  Fax: 82-31-716-6208
Singapore: Rogers Technologies Singapore Inc. Tel: 65-747-3521 Fax: 65-747-7425
China: Rogers (Shanghai) International Trading Co., Ltd Tel: 86-21-63916088  Fax: 86-21-63915060
The information in this data sheel is intended to asslst you in desigmng with Rogers cwcuu ial i Itis not il dto
and does not create any any bility or fitness for a particular purpose

or that the results shown on this data sheel wil! be achieved by a user fora panicular purpose. The user should determine the
suitability of Rogers' circuit rial i for each app

These commodities, technology and software are exported from the United States in accordance with the Export Administration
regulations. Diversion contrary to U.S. law prohibited.
RO3003, RO3006, RO3010 are licensed trademarks of Rogers Corporation.
© 1993, 2002 2004, 2005 Rogers Corporation.
Printed in US.A., All rights reserved.
Revised 03/05, 0694-0305-1.5 ON Publication #92-130
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LKonpang, P.Anunvrapong, C.Jumniensri and J.Wongmethanukroah. “A Compact Wide-Band
Microstrip Bandpass -Filter with Tuning Meander Stubs.” EECON-28. pp.733 —
736. Oct. 2005. Thailand.

J.Konpang, E.Anunmpgqg, C.Jumnignsri gnd JLW ng i _ kroah. “A Compact Wide-Band
Bandpass Filter Using the Microstrip Loop R tors with Ci ted Four

Inner Corner Identical Branches and Outer Tuning Stubs.” IEEE Radio and
Wireless Symposium. pp 579 — 582. Jan. 2006. USA.
1Konpang, P.Anunyrapong, C.Jumniensri and J.Wongmethanukroah “A Compact Wide-Band
Bandpass Filter with Tuning Step-Impedance Open Stubs” EECON-29, pp.845 — 848,
Oct. 2006. Thailand.

JLKonpang, P.Anunvrapong, C.Jumniensri and J.Wongmethanukroah “A Dual-Mode Wide-Band
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Microwave Week 2007, pp 791 — 794, Oct. 2007. Germany.

Piroge Kanthanan, Tawil Paungma and Pramote Anunvrapong*“Comparison

Between Measurement and Prediction Propagation Model for PCT System.”

International Symposium on C: ications and Information Technologies 2005. pp

1114-1117. Oct. 2005. China.
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