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Analysis of Cylindrical Stripline with
Multilayer Dielectrics

C. JAGADESWARA REDDY AND MONOHAR D. DESHPANDE

Abstract —An inhomogeneous, muftidielectric-layered cyiindricaf strip-

line using TEM-model approximation is anafyzed. A simple, closed-form

expression for the characteristic impedaoce of an inhomogenous cylindrical

stripline is derived. Numericaf resufts on the characteristic impedance me

compared with theresults obtained by Wang [1], and also with theresnlts

obtained by the conforrrud transformation [2]. Extensive data on the

impedances of inhomogeneous cylindrieaf stripline are afso presented.

I. INTRODUCTION

A CYLINDRICAL STRIPLINE consisting of a cir-

cular arc strip placed between two cylindrical groufid

planes separated by a dielectric material has been analyzed

by many workers [1]–[3]. Assuming only TEM mode exists,

Wang [1] presented extensive results on the characteristic

impedance of such lines. By setting up dual series equa-

tions, the constants appearing in the solution of the Laplace

equation were evaluated using the Least Square Method or

Simple Integration Method. However, the results in [1] are

valid for homogeneous dielectric medium. Further, the

dual series equations are to be solved each time the trans-

mission line structure is changed. Applying conformal

transformation, Rao et al. [2] have analyzed cylindrical

striplines with homogeneous medium. By using the loga-

rithmic transform, a cylindrical strip was transformed to a

planar strip with a finite ground planes. Assuming the strip

width to be very small (compared to 2 n ) the characteristic

impedance of the resulting planar strip was found using the

well-known conformal transformation. Hence, the method

[2] is expected to give correct results for very small strip

widths. Solving the Laplace equation in an elliptical coor-

dinate system, Joshi et al. [3] have solved the problem of

cylindrical stripline for a. homogeneous dielectric medium.

In this work, a method of analyzing cylindrical stripline on

a multilayer dielectric-cdated cylinders is presented.

In this paper, assuming TEM-mode field, the Laplace

equation is solved for, potential distribution function

V(P, @) in the various dielectric regions. The constants

appearing in the solutions are evaluated by subjecting

T(p,@) to the proper boundary conditions. From the

*(P, ~) function, the electromagnetic field and hence the

properties of cylindrical @pline are determined. A special

feature of the present method is that by using a reasonable
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approximation, an expression for the characteristic imped-

ance of a multilayer cylindrical stripline is obtained in tl

closed form. The results obtained by the present methocl

are compared with the available results [1], [2].

II. THEORY

The cross section of a cylindrical stripline to be awdyzecl

is shown in Fig. 1, with the notation to be used. Assuminf;

only TEM-mode field, the potential function V( p, 0) in

various regions satisfies the Laplace equation [4]

6

()

8+ 82*
—=0.

‘F ‘~ + 8@2
(1:)

Using the method of variable separation, the solution OE

(1) can be written as [4]

*~(p, @)= A~Olnp+ B~O+~(A~.pfl +B~.p-”)f:osn@
n

(2)

where the subscript k becomes 1 for the region I (i.e.,

a < p < d), 2 for the region II (i.e., d < P < b), and 3 for

the region III (i.e., b < p < c). Subjecting the Y,~(P, 0)

given in (2) to the following boundary conditions:

*l(a, @)=o

*3(c, @)=o

W1(d, @)= W,(d, @)

NP1(d, @) 8*2(d, @)

80 = 8@

V,(b, d?)= T3(b, @)

the potential function *A for three regions

*l(p, @)=aoln(p/a)

+ ~a~sinh(n lnp/a)cosn@,
n

V2(p, @)= bOln(p/d)– b&ln(p/b)

+ ~a~sinh(nlnp/b)
n

(3)

(4)

(5)

(6)

(7)

takes the form

foraz~p<d

(8)

–b~sinh(nln p/d)cosn@, ford<p<b

(9)

*3(p, @)=coln(p/c)

+ ~c~sinh(nln p/c) cosnQ, for b s::p < c.

n
(10)
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Fig. 1. Cross section of cylindrical stripline.

In the above equations

a. = Ale, a. = 2A1. an

bo=ao[~+~[~j~]

in (d/a)

b&=aOln(b/d)

b.=

{

cosh ( n In d/b )
&Mn
c

rz cosh ( n in d/a )

cO=~n~/c)[~lnb/d+lnd,a]

a.

-[(

cosh ( n in d/b )
~+Mn

c“ = – 2N~ c,, cosh ( n in d/a ) 1
sinh (n in d/a )

ikln =
sinh ( n in b/a )

sinh ( n in c/b)

‘n= sinh(nlnb/d) “

are obtained as

a
aO =

77

((

> in b/d+ in d/a
f r~ )

(20)

2sinrrcrcosh(n lnd/a)
an= , \.

(/~ cosh(nln d/a)+ M.cosh(nln d/b)

rz 1

(21)

Following the method described in [1], the characteristic

impedance of the cylindrical strip is obtained as

rc
73

.—

188.5 I- 1 v ~r,

(12) A. Comparison with Wang’s method

In order to compare the expression in (22) with the one

(13)
reported by Wang, the few steps given in [1] are repro-

duced below. For a cylindrical strip with homogeneous

medium and having relative dielectric constant (,, the

(14) unknown coefficients satisfy the dual series

aOg + ~a~LHcosn@ =1, O< @<a (23)
n

(15)
aOf + ~a~K~cosn@ = O, Cl <@<r (24)

n

(16) where g, f, L., K. are as defined in [1, eqs. (6) and (7)].

Following the simple integration method, the unknown aO

is obtained as

()L. sin n a
aO=ap/g–p~an —–K. — (25)

n g n

(17) where

It may be noted here that the present method up to this P= [a+(n–a)f] -l.

point is an extension of Wang’s method [11 to a multilayer For small values of (c-a), L“ = nln(b/a), K. s n, f =1

dielectric-coated cylinder. Th~ constants ~~ and a. may-be

evaluated by setting a dual series as is done in [1] and then

using the Least Square Method or Simple Integration
Method. However in the present work, the method de-

scribed below to evaluate a ~ and a. is followed. For small

values of (c – a), the electromagnetic field would be con-

fined to the region just below the strip and inner cylinder

(i.e., p = a). Taking the fringing field into account, the

potential at p = b is therefore

1, – a–Aa<@<a+ Aa (18)‘(~ ) = ‘(O, otherwise

where Aa is the extra half-strip angle to account for the

fringing field.

The unknown coefficients a ~ and a., using the condition

and hence

a
a. =

v in b/a “
(26)

The characteristic impedance of the homogeneous cylin-

drical strip is then obtained using (8), (9) or [1] as

188.5 ln(c/b)ln(b/a)
&.zo= ~

In(c/a) “
(27)

It is to be observed that for c,, = c,, = (,, = c,, the expres-

sion in (22) reduces to the form given in (27).

B. Warped Stripline

In order to study the effect of warpage on an otherwise

planar structure with multilayer dielectrics, we consider a

structure as shown in Fig. 2 where c – b = b – a = h/2,

*,(b, @) =*3(b, @) =V(@) (19) b-d= d-a= h/4, c-u=h. The strip width W=2ab,
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I
Fig. 2. Cross section of warped stripline.
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Fig. 3. Characteristic impedance of a cylindrical stripline as a function

of strip half angle for c/a =1.1, b/a = 1.04 and 1.08. ---- present
method, — Wang’s method [1].

a = W,2b = W/2a = [(W/h)(h /a)]/2, when c, b, d, and

a become large and a small so that h and W remain finite,

resulting in the warped stripline structure b/a = 1 + lz/2a,

d/a =1+ h/4a, c/a =1+ h/a. Making use of the ap-

proximation ln(l + x) - x for x<< 1 and substituting the

above relations in (22), the impedance formula can be

obtained as

‘zO=w[l+k+’R]”(2
For a homogeneous case considered by Wang [1] f,, = c,,

=CP3= CT, the impedance formula reduces to a simple form

(when h/a <1)

&z. = -

where warpage is indicated by h/a.

(29)

III. NUMERICAL RESULTS

To verify the validity of the present formulation, the

characteristic impedance of a cylindrical strip with c., = c,,

=C - =C.. c/a =1.1. b/a = 1.04 and 1.08 is commtted
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Fig. 4. Characteristic impedance of cylindrical stripline as a function of

strip haff angle for c/a = 2, b\a =1.2 and 1.8----- present method, —
— Wang’s method [1].
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Fig. 5. Characteristic impedance of cylindrical stripline as a function of

strip half angle for c\a = 2, b\a = 1.4 and 1.6. ---- present method
— Wang’s method [1].

TABLE I

COMPARISON OF aO VALUES CALCULATED BY THE Prwsmr
METHOD AND WANG’S METHOD [1]

=/. - *. I U8C*.W ./. -2 U..? .8 @/ ..&
“ b/”3.9 ‘-- bla.. .2-./8..0

( mews) ~gp Huw Yfi%r hw ~hw a y~t wang
—

.30 2.8530 2&331 O.lEGU 0.3E% 0.cw6

w 5.6639 5.6660 0.378, O.m, 0.6,,

60 8.l19E0 8.k963 O.w? 0,S72? 0.2W9

m 73.33?9 ,, .33s 0 .7%7 Q .7283 O.*

lW 14.~6k9 16.%6+9 0 .94S2 O.*’f? 0.ut32

tza 16.9578 * .’3468 t.+y+z $.,&o> O.IJ?Z

140 19.83W ?9.83!6 1.3232 ?.3330 0.s7,5

m 22 .66s3 22S70> 1.5123 7.5x10 0.6>,,

mm 35.6%8 25.* 1.?07> 1.?013 0.7.?4S

using (22) as a function of strip angle

0.n92> 0 .6w14 0.61423

0.67/ ,.z, m , .Z7a

0..N46 ,.0287 , .69%

O.,* 2 .hm 2.5LM2

0.40?? 5.’M7I 3.v4r?

0.11912 3.1%5 3.’7602

0,57% I).*O 4.7987

0.6%, 4.%7% 4.9673

0.?54 5.i.eh6 5.@Ae

a. The results are

presented in Fig. 3 along with the available results [l\l.

There is a very good agreement between the two results.

The characteristic impedance of cylindrical strip line for

larger values of c/a and b/a is also computed and pre-

sented in Figs. 4 and 5, along with the results obtained by
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Fig. 6. Characteristic impedance of a cylindncaf stripline versus strip
half angle with c/a =2, b/a =1.4. — present method, ---- Joshi et
al. [3].
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Fig. 7. Characteristic impedance of a warped stripline versus w/h with
k/a <<l. ---- present method, — planar strocture,. . . Wang’s
method [1].
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Fig. 8. Characteristic impedance of cylindnccd stnpline versus strip half
angle for c/a = 2, b/a = 1.2, cf/a = 1.08, cr, /cr, = 1 and c,2/c,, = 1, 2,
4, and 6.
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Fig. 9. Characteristic impedance of cylindrical stripline versus strip half

angle for c/a = 2, b/a = 1.4, d/a = 1.2, c,3\.c,l = 1 and c,z/c,l =1, 3,

and 6.
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Fig. 10. Characteristic impedance of cylindrical stnpline versus strip

haff angle for c/a= 2, b/a = 1.8, d/a= 1.4, f,3/c,,, and c,2/c,, = 1

and 6.
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Fig. 11. Characteristic impedance of cylindrical stripline v versus strip
hcdf angle with c/a= 6, b/a =3, d/a= 1.6, 6,, /6,,= 1, (,2/6,, = 2

and 5.
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Fig. 12. Characteristic impedance of cylindncaf stripline versus strip

half angle with c/a =6, b/a =3, c,2\cr, = 1,d/a= 1.06, 1.78, and
2.74.
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Fig. 13. Characteristic impedance of cylindrical stripline versus strip
half angle with c/a =6, d/a = 1.18, c,, /6,, = 2, c,, /c,, = 1, and b/a=

1.5, 1.9, and 2.7.

Wang [1]. The results obtained by the present method

almost coincided with the results obtained by Wang [1]. In

order to determine the maximum value of c\a and b/a up

to where the present analysis is valid, the coefficients a ~

and a. are calculated by using the simple integration

method [1] and the present method. The results of the

calculation are shown in Table I. From Table I it is clear

that even for c/a >10 and b/a >2, error in the present

method is around 5 percent.

Taking into account the fringing field by considering the

effective width of the strip (aeff = a + (b – a)/2b), the

characteristic impedance by the present methods is calcu-

lated and compared with the results obtained by Joshi

et al. [3] in Fig. 6. There is a good agreement between the

two results.
Using (29), the characteristic impedance of a warped

stripline is computed and presented in Fig. 7 along with

the earlier reported results [1]. There is a good agreement

between the two results. From Figs. 3–7 it is clear that one
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Fig. 14. Characteristic impedance of cylindrical stripline versus strip

half angle with b/a =2, d/a =1.18, c,, /c,, = 2, cr, /c,l = 1, and c\a

= 2.3, 3.5,4.7, and 5.9.

can use the simple expression given in (22) to find the

characteristic impedance of a cylindrical stripline.

Figs. 8–10 show the variation of the characteristic im-

pedance as a function of a half-strip angle for different

ratios of c.2 /c,, with c/a = 2, b/a =1.2, 1.4, and 1.8,

d/a =1.08, 1.2, and 1.4, and e,,/cr, = 1. It can be seen

from these figures that by using inhomogeneous medlia, it is

possible to vary the impedance for the same half-strip

angle. Figs, 11, 13, and 14 show the variation of the

impedance with strip half angle for variation of one param-

eter keeping the others constant. For Figs. 11-14, the

particular set of parameters have been chosen to have

impedances around 50 Q.

It can be observed that the characteristic impedance

increases as d/a or b/a or c/a is increased as shown in

Figs. 12–14, and it decreases as c,, /.s,, increases when

other parameters are kept constant. These curves are useful

in designing a 50-0 cylindric~ stripline with inhomoge-

neous media.

IV. CONCLUSION

A simple, closed-form expression that gives remarkably

accurate results for the characteristic impedance of an

inhomogeneous cylindrical stripline is obtained. ‘The im-

pedance formula has been simplified for the case of warped

stripline assuming large radii and keeping ( c – a) small. The

numerical results obtained by the present method are com-

pared with the earlier available results and found to be in

good agreement. Extensive data on the characteristic im-

pedance of an inhomogeneous cylindrical stripline for vari-

ous stripline parameters are presented.
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