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On the Analysis and Design of Spurline
Bandstop Filters

CAM NGUYEN, MEMBER, IEEE, AND KAI CHANG, SENIOR MEMBER, IEEE

Abstract —The parameters of generaf two-coupled lines and symmetric

three-coupled lines in an irdsomogeneous medkrrn for the lossless case are

obtained. The impedance and chain matrices of spuriine bandstop filters

are derived. One-section spurline bandstop filters with their stopbandr

centered near 33 (WZ have been designed and tested. There is excellent

agreement between the experimental results and those predicted theoreti-

cally.

L lNTRODUCTION

R ECXNT ADVANCES in microwave and milimeter-

wave integrated circuits have created a demand for

compact bandstop filters; spurline bandstop filters (Fig. 1)

are most promising. They are compact structures, with a

significantly lower radiation loss than conventional shunt-

stub and coupled-line filters [1].

A basic spurline bandstop filter, consisting of two identi-

cal parallel conductors (Fig. l(a)) built in stripline config-

uration, was first introduced by Schiffman and Matthaei

[2]. Bates adapted this technique in microstrip medium by

assuming the same phase velocities for even and odd

modes [1]. Later, Nguyen et al. analyzed the structure,

taking into account the different even- and odd-mode

phase velocities [3]. None of the papers published on this

subject, however, analyze spurline filters using asymmetri-

cal two lines (Fig. l(b)) and symmetrical three lines (Fig.

l(c)).

The principal advantages of the asymmetric two-line

filter are its ability to act as a symmetrical two-line filter

combined with an impedance transformer, and can be

designed to achieve a wider stop-bandwidth by choosing

appropriate dimensions for the asymmetric coupled lines.

The symmetrical three-line filter has significant advantages

over asymmetrical and symmetrical two-line filters because

it can offer a much wider bandwidth in addition to a

higher stopbansl rejection in a comparable size.

It is the intent of this paper to provide an analysis and

performance of such spurline bandstop filters in an inho-

mogeneous medium.

To study the theoretical behavior of spurline networks,
the parameters of the corresponding Imsless coupled lines

are also obtained completely in terms of the static capaci-

tance matrix for the structure and the capacitance matrix

of the same structure with the dielectric removed.

11. GENEW~ TWO-COUPLED LINES

Fig. 2 shows a nonidentical, coupled transmission line

embedded in an inhomogeneous medium. This structure
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Fig. 1. Spurline bandstop filter configurations.

supports two quasi-TEM propagation modes, designated

here as mode C and mode ~. (

The propagation constants and ratios of voltages R ~,~
on the lines for the two modes have been obtained in terms

of the elements of the per-unit-length inductance and

capacitance matrices of the structure [4]. Assuming the

dielectric is nonmagnetic, the two distinct velocities v=, ~

and parameters R ~,. for the two modes can now be

derived in terms of the eletqents of the per-unit-length

capacitance matrices of the structure with and without the

presence of the dielectric, C,, and CO,, (i, j = 1, 2), respec-

tively. They are given as follows: ,

{

D1+D2 1 –1/2

*3[(D1–D2)2+4E1E2
1)

1/2
UC, ~ =

2

(1)

and

1
R— (( D@~)@-D~)2+4E1El 1)1/2

““= 2E1

det [ CO] = COIIC022– C&. (4)
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2. Schematic of a pair of coupled lines with unequal width

VO is the free-space velbcity. The characteristic impedance

Zolk (i =1,2 and k = C, n) of line i for mode k can be

derived as

1 1
z– .—

O1k– Vk(cll + Rkc12) Yo~~
(5a)

1
z ‘“02k =

(

~=+. (5b)
~k C22 + R;1C12

The total static capacitance per unit length C,~ of line i for

mode k, thus, can be seen to be

Clk = Cll + RkC12 (6a)

Czk = CZ2+ R~1C12. (6b)

The elements of the impedance and admittance matrices

have been obtained for a general case in [5]. For a lossless

coupled lines structure, they can be found to be

[

Zolccot 6C Zolvcot em
2,, = z,, = -~ (l_ Rc/Rr) + (1- R./Rc) 1
212 = 221=zq~= 243

[

. ZOICRC cot eC ZolvRmcot em
= ‘J (l- RC/Rn) + (l- Rn/RC) 1

[

Z02C cot ec zo~mcot en
.

J R.(I– RC/RT) + Rc(l– R./RC) 1
Z14= 241= 223=232

[

RCZOIC %201.

= - ~ (1- RC/Rm)sinOC + (1- Rm/RC)sin6m.1
213= 231

.[

z z
.—

~ (1- Rc}~m)sin6c + (1- RT/;C)sinOm 1

[

RCZ02C cot 8C + RwZo2Tcot O.
Z22=ZU=j

R.(1– RC/Rr) Rc(l– ‘.IRC) 1

[

. R: Zolccot 6C R: Zolmcot 9.
.— 1J(1-RC/Rm) + (1- Rn\Rc)

224 = 242

‘[

R;ZOIC R;ZOIW
=—

J (1- Rc/Rm)sinf3c + (1- Rm/Rc)sinf3n 1

(7)

and

Yolc cot ec Yolncot em
Yll = YSA= - j(p Rc/Rw) + (1- ~m/RC)

Y12 = Y2~= Y34= Y43

“[Yolc cot Oc Yol=cot en

= J Z(l– Rc\R) + Rc(l– Rr/Rc)

Y14 = Y41= Y2j = Y32

.[ Yolc YOln

.

“1(= ‘J ~ Rw– Rc)sin8c + (Rc - R7)sinOr 1

[

Y Y

‘1’ =”1 = ~ (1 - Rc~~m)sinf3c + (1- Rm/~c)sin~ 1

“[

RCY02Ccot de RWYo2Vcot ev
Y22 = ‘M= + J Rw(l– RC\RW)

+ R=(l– Rn/Rc) 1

[

RCY02C
Y24=Yd2=–j

Rm(l– Rc/Rv)sin$C

RrYo2~

+ Rc(l – Rfi/Rc)sin6n 1
(8)

where de,. are the electrical lengths of the line for the two

modes. For the special case of two symmetrical coupled

lines, the two propagation modes become an even mode

and an odd mode. The even- and odd-mode phase veloci-

ties are obtained as

(9)

where the subscripts e and o denote even and odd modes,

respectively, and the even- and odd-mode characteristic

impedances are

1
Zoe =

Vpe(cll + Cl*)

1
zoo =

Vpo(cll – C12)

(“lOa)

(lOb)

whereas

0,,0 = c~l * c~*c (11)

are the even- and odd-mode static capacitance per unit

length.

III. SYMMETRIC THREE-COUPLED LINES

In the structure of three symmetric coupled lossless lines

in an inhclmogeneous medium (Fig. 3), there are three

quasi-TEM. propagation modes, referred to here as modes

a, b, and c.
The propagation constants and ratios of voltages on the

lines for the three modes have been characterized in terms

of the elements of series impedance and shunt admittance

per-unit-length matrices of the structure [6]. In this paper,

the distinct phase velocities v., b,. and ratios of voltages are

derived in terms of the elements of the static capacitance

matrices C,,j and Coij (i, j =1,2,3) of the structure with the
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dielectric in place and removed, respectively, and are given 1 1

by
z= .— (16c)

02b vb(C22 + 2C12/R2b) Yo2b

Va= (B1– B3)-1’2 (12a) 1

{

B1+B3+B~
z Olc= Z03C=

VC(Cll + R2.C12 + C13 )
Vb,c=

2 11
.— .—

1 – 1/2 (16d)

1}

Y Y03C
+z[(Bl+ B~– B5)2+8B2Bz

1/2 Olc

and

(12b) 1 1
z= (16e)

and 02’ VC(C22+2c12/R2c) = ~“

1
R {(— – B1+B3– B~)

2b’c= 2B2
The total static capacitance per unit length C,~ of line i for

mode k, therefore, can be seen to be

+ [(Bl+ B3 – B5)2+8B2BL 1)
1/2

c~a= c3a= Cll – cl~ (17a)

(13) Cl~ = CJb = Cll + R2~C12 i- C13 (17b)

where RZ~= ~~/V1~, i = 2,3 and k = a, b, c, is defined as C2~ = C22 +2 C12/R2~ (17C)

the ratio of voltage on the ith to the voltage on the first CIC = CjC = Cll + R2CC12 + Cl~ (17d)
lines in mode k

C2C= C22 + 2C12/R2C. (17e)

)B1 = [%( Co11C022 – Giz + C12C012 ( C013 – Con) The impedance and admittance matrix parameters have

+ c13(C&2 – c013C022)]/v~” det [CO]
been obtained for a general case in [6]. For a lossless

structure, they can be derived as follows:

~2 = 1 C12 ( C011C022 – C(?12) + C22C012(C013 – Con)

+ c12(c~12 – c013c022)]/Vi” det [Co]

)B3 = [ C13 ( C011C022 – G12 + C12C012 ( C013 – Coil)

+ C1l(C& – C013C022)] /v~. det [Co]

(2 )B4 = [ %C012 ( C013 – COI1) + C12 COH – C$13

+ C13C012(C013 – Coil)]/V;” det [Co]

B5 = [C22 ( C;II – C;13 ) ‘ZC12C012(C013 – con)]

/v~. det [Co] (14)

with

det[CO] = [% – C013][C022(C011 + C013)–zC&2].

(15)

The characteristic impedance and admittance ZoZ~ and Yoz~

(i= 1,2,3 and k = a, b, c), respectively, of line i for mode

k can be derived as follows:

1
z Ola = zo3a =

Va(cll – C13)

11
.— .—

Y Yo3a
(16a)

Ola

1
z Olb = ’03b =

vb(C1l + R2bC12+ C13)

11
——

YOlb = Yo3b
(16b)

211 = 233=24= 266

—— – j; [Zolacot 8a

- (RzC&bcot6b - R&olCcot &)/Rd]

212 = 221= 223= 232

= 254= 245= 256= 265

= – j(zo2bCOt 6’b – zo2cC0t dc)/Rd

213 = 231= 246= 264

= j+ [Zolacot Oa

+ (R2c.zolbCC)t ob – R2#ol.mt oc)/R(il
214= 241=236=263

= – A [ -zOla Csc e=

+ (R2bZo1CCSC 19C– ~zczolbcsc ~b)/Rd]

215 = 251= 224= 242

= 235= 253 = 226= 262

= – j(zo2bcsc 19b– Z02CCSCOC)/R~

216 = 261= 234= 243

= j; [ Zola Csce=

+ (R2Czo~bWt)b – R*bzo@sC6.)/R~]

222 = 255

= – J(R.2bzozbCot eb– Rz.Zoz.Cot %)/Rti

225 = 252

= – j(Rz~zozbCsCob – R2Czo2cCsCeC)/Rd (18)
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Fig. 3, Schematic of symmetrical three-coupled lines.

and

Yll = Y33 = Yu = Y66

~ – j+ [ Yolacot ea

- (&c&cot % - ~’d’’i,,ccot ~c)/&]

Y12= Y21= Y23= Y32

= Y45= Y54= Y56= Y65

= – j(y&@ tj – y&cot ec)/~d

Y13==Y31= YM = Y64

= ~i [ Yolacot e.

+ (&cy&U)t e~– ~~&@ot ‘.)/Rd]

Y14 = Y41= Y36= Y63

= ~i [ ‘Olacsc ‘a

+ (~2byolccsc e, – &Cyo~bcscd6)/&] ‘

Y15 = Y51= Y24 = Y42

= Y35 = Y53= Y26= Y62

= j( Yo~~csce~ – Yolccsc ec)/~d

Y16= El = ~4 = Y43

.— j+ [ Yolacsc e=

+ (RzcY&bcsc o~ – ‘Z~yOlccsc ‘.)/Rd]

Y22 = Y55

= – j(R2bYo2~cot 6b T RzCYo2Ccot6.)/Rd

Y25= Y52

= j(R2bYo2bcsc eb– R2CY02CCSC 6c)/Rd (19)

where 0=,~,~ are the electrical lengths of the lines for the

three modes, and

R~= Rzb– R,C. (20)

IV. SPURLINE BANDSTOP FILTERS

A. Two-Conductor Spurline Filter

Fig. 4 shows the schematic of a single section of the

spurline bandstop filter employing two coupled lines. After

applying the appropriate boundary conditions to the im-

pedance matrix in Section II, the ABCD matrix parameters

1.419

A ‘A
INPUT ~

1 11

PORT VA

t?

t

& + + *

Fig. 4. Schematic of two-conductor spurline section.

INPUT
PORT

Fig. 5, Schematic of three-conductor spurline section,

of this two-port spurline network can be derived as

cos&cos8v(Rc-RT)

‘= EC(l– RW)COS67– R.(l– Rc)cos&

c=—
.i

Rc(l– Rm)cos6n– R.(1– ~c)COS8C

“[(1- Rc)2cosf& (1- RT)2COS0.

RCZOIVCSCd= – RWZOICCSC 6C 1
(D = COS6CCOSO+:(1- RC)2+ R:(1- Rm-)’]

+ RCR= sintlc sintlv

“[~(1-Rc)2+~(l-R7)2
01 ‘n Olc 1

–2RCR7(1– RC)(l– RW)
}

/’(Rc– Rw)[Rc(l– Rw)cos6r

- Rr(l– &)cOS8c]

and

B=:(AD–l). (21)

For the special case of a spurline structure consisting of

two identical coupled lines, the above equations reduce to

those obtained in [3]. The open-circuit impedance matrix of

the spurline network can also be obtained in a similar
fashion.

B. Three-Conductor Spurline Filter

A single section of a spurline bandstop filter consisting
of three syl~etrical cou~led lines is illustrated in Fig. 5.-. ------ -J
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Fig. 6. Transmission loss for single-section two-line spurline filter.

After the appropriate termination conditions are applied

to the coupled-line six-port network characterized by an

impedance matrix in Section 111, the chain matrix and

open-circuit impedance matrix of this spurline network can

be obtained as

[1[VA 1[11 L (LN– M2)/E v,
1A = ZE N – 1~

(22)

and

[%1=% N:] ’23)

“[E = – ~ Z02~cot i9~(2– R2~)– Z02Ccot 6=(2– RZC)

1
+ ~R2CZOl~cot tl~1

L = – ~ {2( Z02~cot 0~ – ZOzCcot 8C)2
d

+ R2CZOl~cot @’(Rz~Z02~cot 6~

–R2CZOzccot OC)}

iv= - *{[&bCSC4b(l?2b-1 )-202cCSCf?c(R2 c–1)]2

+ [R2bZ02bcot f3b– ~z,zozccot 6.1

[
. Zoz~cot 0~(2– R,b)– Zo2ccot 8,(2– R2C)

1
+ ;R2cZolhcot eb

1)
and

~ M= – $(2i141Md+ M2M3) (24)
d

28 19 30 31 $2 33 M 35 36 57 3B S3 W

u~.
17 .— . .

Fig. 7.

FREQUENCY [GH, )

Transmission loss for single-section three-line spurline filter.

Fig. 8. Photograph of the two-line spurline filter.

Fig. 9. Photograph of the three-line spurline filter.

with

Ml= ~02~cot d~(l – R2~)– Zo2Ccot 0.(1 – R2,)

M2 = 2z02bcot 13b– 2z02ccot ec+ R2CZol~cot eb
M3 = ~2bZo2b CSC oh – R2CZo2CCSC 6,

Md = Zo2bCSC Ob – Z02CCSC (?C.

V. EXPERIMENTAL RESULTS

To validate the theory of spurline bandstop

oped, single-section spurline bandstop filters with stop-

bands centered near 33 GHz were designed using sus-

pended stripline and tested. To minimize the discontinuity

and obtain a very compact structure, these filters have been

(25)

filters devel-
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fabricated within the width of a 50-L? transmission line.

The mode-characteristic impedances and mode-prop-

agation velocities for the coupled lines are obtained

numerically first. The theoretical characteristics of the test

circuits have been calculated through the use of chain

matrices. The responses of these filters are shown in Figs. 6

and 7. It can be seen that there is good agreement between

calculated and measured responses. Figs. 8 and 9 are

photographs of these filters. As shown in their photo-

graphs, these filters are connected to the 50-0 input and

output transmission lines.

VI. CONCLUSIONS

The results for the parameters of general two-coupled

lossless lines and symmetrical three-coupled lossless lines

embedded in an inhomogeneous medium have been ob-

tained. By applying the appropriate port-termination con-

ditions, the chain and impedance matrices of the corre-

sponding spurline bandstop filters have been derived. The

experimental results obtained on two-. and three-conductor

spurline bandstop filters were found to be in good agree-

ment with the computed results. The results obtained should

be useful in designing spurline bandstop filters in an

inhomogeneous medium (homogeneous medium is a spe-

cial case):
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