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ABSTRACT

A study of the shielded coplanar line (SCPL) is presented. The main

goal of this thesis is to develop an equivalent circuit model for a typical

discontinuity in the SCPL. The formulation is based on Galerkin's

method, using Green's function applied in the Fourier transform domain.

The impedance (Zo) has been calculated by using a variational

method. The propagation constant (fl(w)) and effective dielectric constant

(&,,,) of the SCPL have been calculated by using the method of moments.

The cut-off frequency of this waveguide has been obtained by a theorem

of Van Bladel and Higgins.
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I. INTRODUCTION

The shielded coplanar line (SCPL) is useful for radar and communi-

cation circuits at microwave and millimeter-wave frequencies. In order

to use this transmission medium in the construction of microwave circuits

and filters, it is necessary to have valid circuit models for typical discon-

tinuities such as the series gap in line, open-ended stub, and a discontin-

uous change in width. There is a definite need for an accurate full-wave

analysis of strip transmission line structures. By full wave analysis is

implied the process of rigorously solving the frequency dependent

electromagnetic (EM) boundary value problem with retention of all the

field components. In this thesis, the boundary value problem associated

with the discontinuity structure of interest incorporated in a SCPL

resonator has been solved in a formulation employing full-wave analysis.

The solution of the problem has been derived using an efficient method.

Specifically, the derivation of the characteristic equation for resonant

frequencies of a resonator model is carried out using Galerkin's technique

applied in the spectral or Fourier transform domain instead of the space

domain. The resonant frequency of the structure of interest is obtained



by numerically solving the characteristic equation. The details of the

analysis method will appear in Chapter II of this work.

In Chapter III, at the discontinuity in an open-ended resonator, the

fringing capacitance of the open end will be calculated by two methods.



II. THEORETICAL ANALYSIS

The shielded coplanar line (SCPL) to be analyzed is shown in Fig. 1.

A strip conductor is located symmetrically between ground strips on both

sides. The strips are placed on the dielectric substrate. The SCPL is

constructed by placing dielectric and conductor within a closed channel

forming a shield. Dimensions must be sufficiently small to avoid propa-

gation of waveguide modes within the channel.

El
Figure 1. Top and End view of SCPL

It is assumed that the thickness of the conducting strip is negligible

and that all the media and conductors are lossless. For simplicity, the
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center and the ground strip are to be located symmetrically in the z-

direction within the ends of the shielding enclosure.

A. FOURIER-TRANSFORMED GALERKIN'S METHOD FOR THE

SCPL RESONATOR

The analysis of wave propagation on the SCPL systems of the type con-

sidered here has been carried out by Itoh and Uwano [Ref.2]. These au-

thors treated the problem using Galerkin's method of moments in the

Fourier-Transform domain. Their work is summarized in terms of a set

of Green's function equations:

ZzzJz + ZzxJx = Ez(1a)

ZxzJz + ZxxJx = Ex(lb)

Where JP m )(k., Itm), -I = ( Pm)

In Eqs.(la) and (lb), J. and Jx are the z and x components of the

currents on the strip conductor, and E. and E, are the components of

electric field tangent to the substrate surface, and the _ are Green's

functions.

The tildes over the factors in Eqs.(la) and (lb) imply Fourier trans-

formation of the respective quantities. In this work, the Fourier trans-

4



formation is carried out in the bounded region interior to the shielding

enclosure placed around the line segment representing the resonator.

There we have the finite Fourier transformation:

f+rI/2 +a/2

f (kn, Pm) = dz J (x,z) exp(ikx) exp(j,,z) dx (2)
-rl2 -a2

where k, Pm. are the discrete transform variables defined by,

kn = (n- l/2)r/a for E, even, - H, odd (in x) modes

k = nir/a for E, odd , - H, even (in x) modes

Pm = (m - 1/2)ir/rl for E, even, -H odd (in z) modes

where a is the width of the waveguide enclosure, and rl is its length.

The analytical task then consists of assuming suitable coordinate

forms for the current densities J, and J, and Fourier-transforming

these. Inner products are then formed in Eqs.(la) and (lb), in accordance

with the standard procedure of the method moments. This procedure

gives rise to a set of homogeneous equations in the unknown coefficients

assumed in J, and J,. The solution condition for the simultaneous

equations leads to a determination of the resonance frequency of the

SCPL resonator of the problem. The unknowns E and E, can be elimi-

nated by applying Galerkin's method in the spectral domain. The first

5



step is to expand the unknown J and J in terms of assumed basis func-

tions Jj and J4 with unknown coefficients cj and d.

NI

= IdjJzkn,flm) (3a)

N2

hx = Z c/~x(kn, Pim) (3b)

j= I

The basis functions -l and J.1 must be chosen to be the Fourier

transforms of space-domain functions Jx(x,z) and J,(x,z) which are phys-

ically realistic, and which are zero except for the region I xI < A/2 and

I z < 1/2. Substituting (3) into (1) yields the matrix equations,

NI N2

Zzz d'z + Zzx cxj-" Ez (4a)
i=l j=l

NI N2

ZxzIdJzi + ZxxZ Ycxj =x (4b)

iil j--I

6



Where J.,= i ((k, Pm) ,-14=-l./q, Pm). Taking products of the re-

sulting Eqs.(4a) and (4b) with the basis functions and for different values

of i, j, yields the matrix equations:

NI N2
'zk Z d Jz zZ ,, !zk Ez 4c

J zziza + zk cjhj =~(4c
i=1 l

NI N2

JXI ZXz dijzj + XI ZXX jjxj = Jj Ex (4d)

i=1 j=I

Making summations of Eqs.(4c) and (4d) to complete the inner products,

yields the matrix equations:

+00 +00 NI

m=-oo n=-oo i--d1

+00 +00 N2

+--"3- -"-Z---E ZkEz (5a)
m=-oo fl-oo j=1 mf nl

7



+00 +00 NI

JxIZx dihij
m :-oo n=-oo i_1

+00 +00 N2

+ 3 3JI -xI ZCyxj=I3JxEx (5b)
m=-oo n=-oo JI m n

The right-hand sides of Eqs (Sa). and (5b) are zero by virtue of Parseval's

theorem, because the currents J,,(x), J,(x) and the field components

E,(x,d), Ex(x,d) vanish in complementary regions of x. For example,

when the inner product of -!zk E on the right-hand side of Eqs.(5a) and

(5b) is taken, Jk(x) is zero outside the strip, and E,(x) is zero on the strip.

Therefore, the final boundary condition is satisfied. Equations (5a) and

(5b) will be expressed in matrix form as follows:

NI N2

+ ZCjK -2)- 0 (5c)
i=1 j=8



NI N2

jdK 1 '2,) cI5O, (5d)

Where

K21' '(woo) x Z x Jzk(kn, P m)ZzzJ zi(kn, Pm) (6a)
M=-00 m=-o

+00 +00

K2'2)(coo)= Z zk(kn, Pim)ZzxJxj(kn, Pm) (6b)
M=-00 M=-00)

K~2~(c) =+00 +00 6c

K,(2"'CO) 1 1 Jx(kn, Pm)ZxzJzi(kn, Pim) (c

+=00 + 0 0

(~2,2)(w) = I Pm)Zxr~xjkn, Pm) (6d)

Where Z,, = Z4q(k., Pin).



A homogeneous system of equations is thus obtained in terms of the

unknown coefficients c, d1 . In order that j and d have nontrivial sol-

utions, the determinant of the matrix must be zero, and hence the reso-

nant frequency is determined for the resonator.

Equations (5) are now solved for the angular frequency co by seeking

the root of the resulting characteristic equation. The resonance frequency

of the SCPL strip line resonator is derived from the obtained value of

co.. The accuracy of the solution can be systematically improved by in-

creasing the number of basis functions ( N 1, N2 ) and by solving larger

size matrix equations. However, if the first few basis function are chosen

so as to approximate the actual unknown current distribution reasonably

well, the necessary size of the matrix can be held small for a given ac-

curacy of the solution, resulting in numerical efficiency. Hence the choice

of basis functions is important from the numerical point of view.

B. GREEN'S FUNCTION FOR THE MOMENT METHOD

Equations (la) and (lb) may be expressed in the matrix form [Ref.2]:

where the transformed Green's functions have the values:

10



kJ(RTH2 +RTHI) (8a)Z = knl ZED

2 2 2_ 2
[k- y1)RTH2 +(kn y2)RTHI] (b

ZZZ - ZED (b

= k2 _Y2 1 (c
ZXX(~-1)RH ZED (c

ZI =XZ

2 2

ZED = (RTHI + ER x RTH2)( RH+ 2~

CaselI ? > 0

RTH1 = yj tanh(y1 d)

RTH2 = Y2 tanh(y2h)

case2 v? < 0

RTH1 = - yj tan(y1/i)

RTH2 = - Y2 tan(y2h)



/22 2

Where i = 1,2 in the indicated layer. The quantities Z,, Z,, Z, are ac-

tually the Fourier transforms of dyadic Green's function components.

C. CUT-OFF FREQUENCY IN TWO-DIELECTRIC LAYERED

RECTANGULAR WAVEGUIDES

If a rectangular wave guide is partially filled with a solid dielectric

arranged as indicated in Fig. 1, this dielectric results in lowering the cut-

off frequency and phase velocities of the modes as compared with that

of a guide of the same dimensions wholly filled with air.

I y

I.................................................T

2x

D -H-

Figure 2. Cross sections of the waveguide , ,.
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These effects have led to several important technical uses of layered-

dielectric guides. The field in the guide is a linear combination of ele-

mental waves, infinite in number, and termed normal modes. These

modes are to be found by taking a z (axial) dependence of the form

exp(]hz) for the six components of E and h and by constructing, through

separation of variables, a wave which matches all boundary conditions.

This procedure, as is illustrated below, yields a relation between h2 and

co2 termed the characteristic equation of such form that, for a given an-

gular frequency co, h2 can take only a discrete, though infinite, set of

values (the eigenvalues). To each eigenvalue corresponds a mode. When

the eigenvalue h2 is negative, h is imaginary, exp(jhz) is a damping factor

and the mode is not propagated. When h2 is positive, the mode is

propagated. The transition between these two states occurs at a frequency

termed the cut-off frequency of the mode, for which h2 is equal to zero.

The lowest of these modal cut-off frequencies is the fundamental cut-off

frequency of the guide, below which no energy can be propagated in the

guide. It follows from Maxwell's equations that the field components of

13



a mode can be expressed as a function of E, and H., by the equations

[Ref. 11]:

c- )fc = kE, =jh(VEz) +jwlp(kxVHz) (9a)
C

2

- )Hc = k zH =jh(VH2 ) -jcoa(kxVEz) (9b)
C

where the subscript c denotes a component in the plane of the cross sec-

tion, k is a unit-vector directed along the z-axis, and E E7, H H2 de-

termine the (x,y) dependent part of a component. Thus, typically

E, = Ez(x, y) exp(j(cot + hz))

It also follows from Maxwell's equations that in each homogeneous me-

dium, E and Hz satisfy Helmholtz's equation.

2 2VyA + k A = 0, A = (Ez,H z)

Equations (9) and (10) enable expression of the boundary conditions

on Ez and H. The conditions at a metallic wall are E, = a -2 =0; the

an

14



conditions at a dielectric interface, in the particular case of Fig.2, are that

the quantities:

jh a jO aOik x 2z k 2 8 y 2  (l COa)
5X z

and,

jh 8 ia
- Ez (i=h,s) (lOb)

be continuous at the interface. These considerations are applied to the

guide depicted in Fig.2. Separation of variables in Eqs.(9a), (9b) and

application of boundary conditions at the metallic walls yields

Ezh = Ah sin(mir - ) sin(uh ) ( la)

E d sih

EzS = Ah cos(m-r --) cos(u " ) (l lb)

x (Y-h)

Hzh = Bh cos(mr -a) cos(uh ) (I11c)

15



Hzs = B, cos(mir X ) cos(uh (I ld)

Where subscript h refers to the dielectric, and s to the air media, and m

is integer (including zero). Let U be an auxiliary variable defined by

Ui = ((-0-)-h2 -- ( )iI/2, i h, s (12)

Applying the boundary conditions at the dielectric interface through

substituting Eqs.(l 1) in Eqs.(9) and (10) and setting y = 0 yields:

Ah sin(Uh) + A, sin(Us) = 0 (1 3a)

Bh cos(Uh) - Bs cos(Us) = 0 (13b)

hmr sin(Uh) hmir (Us)Ah d 2+ As d- sin-2Ah d k2 Sdsln

kh k.'

wUh (Uh) +B s2 sin(Us) 0
kk Us -0 (13c)

16



CoVh UhCOSUh (OFs UsCOSUs hmir COSUh
h A - - B d 2kh 2  hs2 ~ h

hmir CosUs
+ B d 2 - 0 (13d)

The determinant of the coefficients of this system of four homogene-

ous linear equations in A., A., B, B, must be zero in order that the field

be nonvanishing. Formulating this condition yields the characteristic

equation,

KmUhtgUh UtgUs  KeUh

2 + 1[ 2  2 ]lhkh Ik; khlhtgUh k tgU

+( hcsm )2 (1 1 (14)
cod )k2 k 2

k h/

Wherein K, = i and Km , and defining real auxiliary variables
ES us

VA, Vs by

Vh= [( C hO 2 ) 2m d )21h]1/2  (ISa)

17



S)2 h2 2 ]1/2 c 2(15b)
Cs

The factored characteristic equations for the cut-off frequency as obtained

from equation (14) are:

Vst h V t g V

k 2 - K Vh 2 0 (16)
SIh

S+K 2 Vh 0 (17)21 e 21hgV
kssth V) k lhtgV

where ig = tan, th = tanh

In Eq.(14), on determination of the cut-off frequency through impo-

sition of h = 0, the second term disappears and Eqs.(10) can be factored

into two simpler equations. V, in Eqs.(16) and (17) cannot be real for

h = m = 0. No single hyperbolic mode characterized by m = 0 can be

propagated. By use of trial frequencies in Eqs.(16) and (17), we can find

the cut-off frequency for m = h = 0 . A fortran program for this calcu-

lation is shown in Appendix A. The cut-off frequency for the shielded

coplanar line ( SCPL ) having dimensions shown in Table 1 was found

to be 6.8 Ghz.

18



Table 1. CONFIGURATION DATA IN SCPL

dimension data(mm)

D 22.86

Ih 2.54

is 7.62

2.2

Dimensions are shown in Table I Symbols refer to Fig.2 as follows

D : width of shield

1h : thickness of substrate

1, : height of air

Er : dielectric constant

19



111. COMPUTER PROGRAM CONSTRUCTION

A. CURRENT DISTRIBUTIONS

In actual computations for the dominant mode, the strip current densities

J,, and Jx, have been chosen to have physically plausible distributions, as

shown in Fig.3, for the continuous strip which has width of 2a and length

of 21.

Jz (x) 'Jz(z)

-11 +11

Jzl (x) Jzl (z)

-c -b +b +c T
-11 +z11

JxW) Jx (z)

-a W a x -i I

+11

Figure 3. Form of assumed current distributions

20



Where 2a = A, 2b = B, 2c = C, 21 = I ( see Fig. 1).

The coordinate forms of the current distributions in Fig.3 are:

(x) f " (I + I---I') (18a)

x -bx>0

J2 l(x) = 2c ) x> (18b)
-x + b x(<1

L 2(c -b)

I= c (rz)J-(Z) T COS (18c)

I ri (18d)jzl(z) = zlI z (I 8d

1.x

Jx(x) - sin a (18e)

Jx(z) =- -z -  (18j)
2l 2

Fourier transforms of these current densities are:

2 sin(kna) 3
Jn(k) + (ka)[HWN] (19a)

21



___a 1 2
[H WN cos(kna) - 2sin (a)+ 2(1 - cos(k,,a) - -I

kna (ka)

1 2
J41 (k,,) = (-bT- ~ C)[b sin(k,,b) - csin(k,,b)]

+ I A 2 ( cos(k,,b) - cos(knC)] (1 9b)

47r cosj3lnl

JZCPm) 2-(m) 2  (20a)

Jz I(flrn) = in/r! (20b)

27r sin(kna)(2c
Jx~k) -2 2 22c

(kna) -Ir

cos(flmI) slfl~fml)
Jx~flm) = m!Pm 1 2 (20d)

And then, forming products of the x- and z- dependent factors,

Jz~nfim =Jz(kn).Jz(Ptm) +Jz I(kn).Jz I(flm)(2a

22



Jx(Pk, Pm) = Jx(kn) Jx(Pm) (21 b)

B. COMPUTATION PROCEDURE

1. Change of Transform Variable

In the present work, the strip line resonator was fully enclosed in

a metal shield. This permitted the use of a finite Fourier transform rather

than the integral transform which is typical of the infinite-line calcu-

lations.

The inner products can then be carried out as truncated summa-

tion, saving much computer time [Ref.9].

00 

00 
0Z00- E Z:

In the products, the lower limits are n = - oo, m = - o, unless symmetry

holds, in which case the sum is:

E + 2.
n-'-co m=0 rnl

The wave numbers used for the two summations are:

23



- 1)
kn, a , x - direction

(m - -)jlr
Pm - rl z - direction

As shown in Tables 2 and 3, a summation over n of 20 terms is enough,

and for the summation over m, 1000 terms leads to convergence within

1 MHz error which is negligible in comparison with the resonant fre-

quency.

Table 2. VARIATION OF NUMBER OF TERMS N

n m fo Ghz

10 1000 3.318

20* 1000 3.3289

40 1000 3.3287

24



Table 3. VARIATION OF NUMBER OF TERMS M

n m f0 Ghz

20 100 3.23

20 500 3.317

20 1000* 3.328

20 1500 3.3287

C. CALCULATION OF FRINGING CAPACITANCE

Two equivalent representations of the electrical effects due to the fringing

electromagnetic fields at the open ends of the strip transmission line sec-

tion are available:

(a.) The stored energy in the fringing fields may be given an

equivalent-circuit representation in the form of a small capacitance,

AC, which is connected from the physical terminations of the line to

ground.

(b.) The effect of the open end discontinuity may also be represented

by assuming that the length of the open-ended strip is increased by the

addition of length increment Al to each end.

The two foregoing representations are related by the assumption that:

AC = AIC, where C is the capacitance per unit length of the strip trans-

mission line. Therefore in the present work it is necessary to determine

25



either AC or Al, from the calculated resonance frequency of the strip

resonator. Two methods are available for finding A/ or AC from reso-

nance data: (1.) The half-wavelength resonator assumption, and (2.) the

terminated transmission-line model for resonance of the open-ended strip.

1. HALF-WAVELENGTH RESONATOR ASSUMPTION

It is assumed that, at its fundamental resonance, the open-ended

resonator has a length equal to one half wavelength of the propagating

waves on the strip, apart from the perturbation due to the open ends.

The wavelength can be found from a knowledge of the propagation con-

stant fl(o), where co, is the angular frequency of resonance, i.e.,

7 Therefore, Al = -- where I is the physical length

of the resonator strip and )A is the guided wavelength in the strip. In view

of the TEM model for the transmission line defined by L (henry/m) and

C (farad/m), we have the relations:

ZO = C (22)

CVi2/r5W (23)

V I C (24)
26reff
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where v is the wave velocity in SCPL, and c is the free- space velocity of

light.

By using Eqs.(22) and (23), the capacitance C is defined

C _ P (25)Zoo

where C is capacitance/ meter of the transmission line, and Z is its

characteristic impedance.

Therefore the fringing capacitance AC is

l )'g [3(26)
AC = AlC = I (-i- - 0 o(

2. TERMINATED TRANSMISSION-LINE MODEL

It is assumed that the impedance seen looking from the center of

the strip toward the open end has a zero value at the resonance of the

strip resonator. This impedance can be calculated from the expression

for the input impedance of a section of transmission line of length -/,

terminated by impedance Z, (see Fig. 4):

Z, +jZ 0 tan(-I )
Zi"= 2 z  (27)

Zo +jZ tan(# -I )

27



Where Zo is the characteristic impedance of the line.

I4 1/2 '..

Zin

TAc

777

Figure 4. Terminated transmission line model

In the present case,

l = _1 _(28)

jCOoAC

AC I0Z1 cot(f (29)

A plot of Eq (27), as a function of trial values of AC is shown in Fig.5.

With the value of co, at resonance known, a CAD program may be used

to determine the value of AC which leads to a zero of I Z, .,

28



OL03

AD - 23

ILIh 03 4"

0.

AA) I

D - .34

0-

0-

209



IV. RESULT OF COMPUTATION

A. SCPL WITH VARYING DIELECTRIC CONSTANT

In Fig.6, A , B8 , and C were held fixed, and t, was increased from

2.2 to 4.0 and 10.0. The effect on AC, &reffi and Z. and resonant frequency

Jwas investigated. The value of AC is obtained by the two methods

described above.

....................

... -. ..

N 2

Figure 6. Cross section view of SCPL
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Table 4. CONFIGURATION DATA IN SCPL

dimensions data(mm)

A 5.08

B 10.16

C 20.32

W 22.86

H 7.62

D 2.54

Figure 7 shows that the anticipated effect is obtained. An increase of r,

causes the fringing capacitance to increase and resonant frequency, f",

to decrease. In Fig.8, the increasing t, causes Z. to decrease, and E,,ff to

increase. The calculation of E,, by the variational method or the al-

ternate method of moments returns nearly the same value. Again, the

results are consistent with the expected predictions.
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lFigure 8. Z. and sw~ versus s, in SCPL
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B. SCPL WITH VARYING CONDUCTOR SPACING

In Fig.6, the values A, D, H, GW remain fixed while the gaps between

the center and ground conductors are increased (where GW is the

ground-plane width ). The effects on AC, Eeff, and Z was analyzed. The

increase of the gaps as shown in Fig.9 illustrates that resonant frequency,

f0, and AC remain relatively constant, independent of the SCPL gap

width. Figure 10 shows a slight increase in impedance, Z, and in tf

with increase of gap width.

Table 5. CONFIGURATION DATA IN SCPL

dimension data(mm)

D 2.54

H 7.62

A 2.54

GW 2.54

Er 2.2
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C. SCPL WITH VARYING WIDTH OF THE CENTER

CONDUCTOR

In Fig.6, the ground plane widths and values for H, D, W, Z, are

fixed. Only the width A of the center conductor is varied. This change

necessarily changes the gap width also. The changing gap caused

AC,f0 , &,ff, and Z to change as will be discussed. The increasing width

caused AC to decrease abruptly until A/D = 1. Above this ratio, AC

increases slowly. Figure 11 illustrates that resonant frequency, fo, in-

creases until A/D is equal to 1. Above this ratio fo remains relatively

constant. In Fig.12, the increased width caused Z, to decrease, and &,eff

remains re&itively constant.

Table 6. CONFIGURATION DATA IN SCPL

dimensions Data(mm)

W 22.86

GW 5.08

D 2.54

H 7.62

2.2
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D. SCPL WITH VARYING HEIGHT OF DIELECTRIC LAYER.

In Fig.6, A, B, C, and e, remain fixed while the dielectric layer height

is increased from 1.27 to 6.35 mm . The effect on AC, f,, and Z was

investigated. Figure 13 shows that increasing D causes resonant fre-

quency, fo, to increase and the fringing capacitance, AC, to decrease

slightly. Figure 14 shows that the increasing D causes Z to increase and

teff to decrease slightly.

Table 7. CONFIGURATION DATA IN SCPL

dimensions Data(mm)

A 5.08

B 10.16

C 20.32

2.2
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V. CONCLUSION

This thesis follows the methods originated by Itoh for the analysis of

the shielded micro strip resonator. A fully-shielded enclosure was em-

ployed, allowing the use of a finite Fourier transform in two coordinates.

This change reduced the computation time significantly, while producing

accuracy comparable with that obtained using the integral transform

along the line axis. Also it should be mentioned that the operating fre-

quency in the paper was taken to be below the cut-off frequency of SCPL,

as verified by the thesis in Chapter II. The perturbed-resonator technique

permitted the use of the strip current density distributions suggested by

Itoh, and the ground strip current density distributions appropriate to the

present work. These are known to give accurate results in Galerkin's

method. The numerical values of open-end capacitances were obtained

from two resonator models, and found to be in good agreement. In

summary, values of the circuit model for the open-end discontinuity in

shielded coplanar line has been investigated.
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APPENDIX A. FORTRAN PROGRAMS

A. RESONANT FREQUENCY

INTEGER 1,N,'lCOMP-AS4FC0UNT
PE~AL WAIA2,vL*OsI4,EPIFIbPLlL2
REAL KhIlfETAMEGA#RLIQ
PEAL PtFomtjosc
REAL GAMISSGAM2S
REAL J7 INJZKflIJZlNiJZKNZJLHLtIjZnL2,JLfLJJZJZIIJZ29jj
REAL JXKIJXKK42JXUE~JX3F2JX1J2JXIJZKN3pJUOkAJZ
REAL C14PLIMIT, lO-F,NEWF ,LIT4F
DUUIJLE pRI!CIsIfN flCJAP

C
LOJGICAL ILOG

C
CO'IPLEX*$8 GA.4AI#GA4A2#RTlII,IRTH2
COI4PLEX49 ZED
CO4PLEX*t ZL' .ZXXg~ZX7 ZLx
COIPLEX*M Ed aKj21E22,JSK1isK12DSK22,DET
CHARACTE54*9 FNA14E
CHARACIE!12 SNAMF
(IRO *04
I1PCNI IFILE=9CXXXX' I
PRINTs,: IENTER OUTiPUT DATA FILE NAME FNI
READSI FNAME
OPENE 21FILE=FNAME I
SNAMFZFNANE//*PLTI
npENI 3,F ILF=SNAME I
WRIIEJ 2, *1 FILF IIAML1 a 'vFNAM.
WRIIFI3#*J I FILF NAt4E = liSNAP4L

C
C PARAMETER

C.1.FtV
J=CMPLX IO. .
P[2. SAl A;1 I*)I
EO: I.E-9/( 36.P
MUOA4.*PI*l .E-7
L1141Tz .E-2
COMPARVF I
COUNTS I
LLf]G= . TRUL.

c
CALL gEArFAjA2yLIL2,WjjPUIEqI

C
WRtTF(2lZ2) AI,AZLI,L2aWsDP p*IF~R

22 FORMA1139'UPJIT :MEILEP
6 /,j,3'COPLAIAR LINE WIDTH AND LENGTH *,2(F'J.7q2d1

+ v/s i : COPLA'IAR LINE LENGTH L1,LZ 4v2fI9*7p2XJ
+ ,/T3,'RFSONATOP WIDT1H:;F
& ,/T3: 11 ?S I DE A No OUTSID)E WIDThI :Il9*jX
+ ,/.I3,HEIGOITS OF LAYERS I AND it2F. x

* ,,,,'PFkMTTIVItY OF SPJBSTRATE ER IpF9.5I
PRIMT* C( ER Tfi'r NUMUFli OF OUTER SUM LOOP N
READ*

C N?-O
WllIfCA;.lI 8TlIF 'U1UF14 OF nUrfR SUM LOOP N =:,N4
wiAIT rI.I,*IT1HENU40FIf OF OlUTER SUM4 LOOP H 3N

44



PRINT*, oEirFRn rimE NU4RER nF INNrII ! A#1 Lflon~
RE~AD*~ I M

C t4=201 401 100, 50 100, IOO2?00 Juflu, 4000 tTC.
WRITF12#*) *riii: NLJlER OF INJER SUM LOOP A4 ',m
WRttTCI30*1 Itl NUMUJER (IF tWIJER SUM LOOP' M 90

C
L=L I L?

C

I PRINT*,'FrNTER DOI)tNDARY FREQUFNCY (GHiZil
ReAU0 ,F
F=F*t .r!

C
11 PRlNtc','FHEQUeNCY = 119 F

IORIII * @FREQUJENCY ='9F

C
r14EG'A 2 * P[I*F

C
KII=CM2LX(0o.,.)
K12zCMPLXIO.,O. I
K22=CMLX(fl.,o.
DO) 2n 11 8 ,N

* KN*Ai)**2
J7KNld.*RINIKN*AlI/IKN*AI I 3.*Jz Et/(Kh*AII**'2
J7ANt:COSIKN*A2)-2.*SIN(K'd*A2)IKN*A2)*

+ ?.*II.-COlS(KN*A21l/fKN*A2J**2
JKN42:5*IN(KNA2/(KNA2,+.*J7IN3/IKN*A2I**2

* *-I./IOi-P)*(2./KN)*ICOs(K 1*83-Cn6IKN*PlI I
C

JXK"iI=-2.*)IOSINIKN*AII/lnE**2-IKN*AII**21
JIXKN2-2.*PIl*SINIKN*A2 /3/ 1*02-IKI*A2)**21
bK.II C#41'LX I0., 0. 3
SKI2=Cf4VLKI~o.,.)
SK2?=rM5'LX(O.,O.)
DO) 4 114=1 gM

IIEVA=InklALfII -. 5*P I/RL
C
C
C

r.AMI =KN**!flETA**2-EOMIo*EROMF.A*4d
C

CALL GAMCr(GAMAIgGAMIsHTHIjnI
C
C

rA14S=KN*? f-1TA*u*2-Fo*MtocftUMLGA**2
C

CALL GAMC[ILAMA21 GAM2SRTfIpI
C

?LDIltli mF1r01 ,icT~I,2I *IA'4At*42/RaTIt GAI4A2'0*.P/HiTliI
C

??KN* dl: rA*II2 #R1ifIl/7Er)

ZXx=(IKN-c.-A'tAI**2c*'II2En.TA**2-;AMA2*e2ITlmI
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TZK ZXZ
iZfle, =sIlI0rl A*L2j/ktEEA*L2l
JZIE4 5INIUU1A*L)/t)'FTA*PL1

C

J L2=JZKN42*J VIL?
JZ I= JZKN I *.flIIL I

JZA=JZKN3* J7(lr'.

JZ=o.s*IzIZ4jz2l'j'*
JX'JE I=CUS I FlF.TA* I L I)3/IET A* ILI II

+ - 5114(1 TA*ILIJ)/13ETAOILI))C*2
.XfE=CO5I1ETA*IL2II/tF)ETA*lL2Il

+ - S1MjlTA(L2J/OETA*(L2)J**2
.lX1.JXKtJI*jxILI
JX2=JXKN2*JXRE2

C
JX=O *5*1 JXI 4JA2

SK12SKI2#JZ*ZZX*JX
SK22=S2?4JXtZXX*JX

40 CONTINUE~

K12=KI26SKI?

K;P2=K22tS!(2?
70 COJ1 NWE

C
P' I Tt #J Xt 1 JX2 JX
glnlmt*, JZI1 JZ29J?3,J?

C PSt'JT*p ZZ.~p Z3 p ?XX
C PqPJTf*, JXI ',JXI,~'JX2' ,JX2, 'JXUIir JXHIF

PItINt*p 'CIECK KII = 'vKUI
W1417,*1 @CIIICK KIu = '*#KII

PRINT*, *CIIC.CK K12 = 99K12

PRINF*, IC"ECK K22 = IK22
Wfil', I79(i lCIIECK K22 = 9,K2?
OLT=K t1*I22-KC 2*KC 2
r'RI14r*# 90r~r = 'LF
WR~rrj,*e *r)ErEFIMINFNT = iE

C
C

CALL rflsfRrIFlnlirtrruuNri
CO'JNr=rokuNr -1
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c

IF ILunG) tHEN
PR1Iff', 'ACE SUREF OPPOSITE SIGNS D-I WErN 15rf £ 2N :FT-.,
PI41b, *IF SAur SIGNS MEIN ENIER 9 o n ur::1TE 04

C
R4EA:)*, IJK
IF IIJ .9 9 T 1101

t1LI)F=F
17.UT, 1)

LIDI F
LLUr * FALSL.

C

CMP=REALIUEI I
P)C'P= WILE I C14P I
L I IF= MIlS I FOLDOF I

C

IF Ii u;( ncuo GT.Lfl41T.AHD* LIf4FeGIeI.EA I 'IfE N
CALL SIVLDm~LFO~rCMAE

F:NFWF

C
PINT*9 'U4rSUNANCE FRI)UFNCY= ,
W141 1-912,) * I'ESU'4-ANCF FS4EQOE'4CY F

CALL FonoallrFj"rEoC)n

ST!IP

f:~* ~ **~**'*4**
SUU:IOU1IICl REAL)FIAIA2,LIL~ t~,8,PDHER)
REAL AItA2jLIqL~Wt,plDSIjEH
INTEGF11 DOD

9 PQIpT*g'lDATA tN'ur :KLvunuIn(t9JTER -t19FILEMMLIZ "Ust"i$
R! Af)*, DfDt
iFII)DOV.Lo.o .!114.Lr)n.F-u.o TFIFN

R4FAflI,*J AIA29LIL21frou PlDFBER
lLSFIFfln~lDO.EQ.t.1R.DflUD.EJ. iI THF1N

I'lRINt*jfENfrll TI 192 WIUjTH INI MU'
14FAD45,At PA2
1'RINI *,,ENTIIZ THlE LENGTH4 OF 041CRO STRIP LINL IN MI-1
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II At)* Lt I L2
1-1111 NI ,E Mir 1tI4. WIIlIl OF PESONIArUZ
NFAn)*,
P4 IIOr* , IrNTE- tNSMfEWIDIH AUD fUTS1OPIDuIOW
I4FA0*1 [IJP
I':vINI*,'L'lITFR IIII: firlGiIl OF LAYERS I AND~ 2'

*'R,4t.i~'I:VNIC-1 :I"E Jirg.Ijmr1 IV: E4 or- SUFISTi4ATE L04YE14

t'il114 * 1 *stLer T 001 in 9-0 -9
I;u In *i

WRITE(7321 A 3 A!1,L,,?wn,psflHrs

LI=LIOI.E-1

o =flI.E-3

F.,=E * .

32 FURMAII 131 'UN t?41LIM.ETCR'
t~yJ 11T1 II1 S1qI" LINE i,.e WIUTII :',19.7,3EIx

* *: 1 9T3,'NMIECf StRIr LINEZ .1l rILIL2 , -IF 3XI
,T39 'qEUNAtUP WIDThIIF.

r.* /,J' IN3 )E Atv) rUTSIUF WIOTH 921FI- rvIxI
f ,,TJ 111EIGHI Or LAYLR5 I,2 llFs X

4 ,IrJ'PERiMITTIVIrY OF SUnSTRATF Eq 4r93

F NOl

suFIROuTiNE GAI4CI IGA4GA14StCrLI:NGT#Il
CO'IPLEX*l rANACr
REAL GA'4sLF-1GltIlrAMRCTR
GANII = SQnt(AU5IGA"SI)
IF(GAMS.LI.0. I tiorN

GA14A = C'4PLXIQ.,GA1UI

if = C*PLX1C1R,o.I
EL S!"

nAmA =CI41'X(GAPRP.I
CIR GA#1I*IANHIGAMI4-LFNGIHl

Ct CMPLXICT1400.1

EPIOT IFr
Mr-F TU144
ENO
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SULIlojT1NE SLVALjruNpaxvpxvNEWxvpSNj

*4FAL JJCVgXVINEiWXV*PflSXVgNFGXV
DOtUDLI PIlCECISiIUN rUN
I F I S f. LQ. I I tiji
IFIFUN.GT.0) ME4~

HFGXV =UXV
ELSL

N'FGKV =XV
lplrsxv %UXv

L'IU I F
Nrwxv =~sx l*SX NLGXV)/Z

FLSE

1'3sxv = XV
ELSI

'.ISXV =XV

NLwxvz ~lnsxv ONLGXVIJ'2
.tirqj

StPUROUf1NE FDS0wlaT(FQYSUFTpICouNr)
I'JIEGZII ICOIJNTIIC
RFAL FU4IQY ItUOl FQY 1RTEMI), MAGDETITFQY
COMPLrX(i OETMrIOSDIETCtFMPgTSEVE
TFUY FQy
tsusr st

FRtIE(tl = tFQY
DEITrMI = TSUFT'

FLSEIrFIECOUNr.NE. 100) THF-N
nu 3o I= I p [rlut~r- I

RFP= FIRFQY1II
CTEMP = )ETDMTIIJ

IF In1EI4P,GT.TrUy TH1EN
FII=QJtII = IFQY
TFQY RTEMP
DET~MTII? = TSOFT
TSIET CTEM"

t14) 1 r
to CUNIUNUE

FIV-'wl tCU~ltl TFQY
VETmr IciCuhi I =TSDEt
IC = ICUIT

FLSEI F1I ICOUNT OF4. 100 1 !Hf,1
WRIt~ I(3 ,1 101

Ii) F0*vMA1I/,7,5,lFRrQiLzNCY @,r20,'I4AG Ur- DET f,T35,*D~rF14MINLNTll
DO 20 J3 =01C

'4A:DET = S!R1(REALCU~rf(Jfl**2AIAIAGIOL-7I41IJ1i**21
WiIE13,2t0I FnLQYlJ)tMAr.UET,0FTMrIJ)

20 CON t I 1AP.
ENDIF
PETIU,4
EN)

49



B. THE FRINGING CAPACITANCE

* THIS IS rsII PRO)GRtAM OF CALCULAT1~4G TlIE CAPACITANCE
REAL ?CAP, Zoo ,ILTA ,L ZIN#F ,TH.PI
PEAL Agip I I
INTEGER T
CHAI4ACTE9*1 FNAMF
III = 3.14
PRITH*pqFNTEn OUTPUT FtLrNA4E'
R&IAt'!FI4AME
tIPENI 2,F ILEFrNAMF I
WRlrr(?,f~) * IILF NAME NFAM4E

* TII PInOGSAM ViP FINn)ING TANIUErA*L)
P~fINV*p'rNTER flETA*
: E A* on1e TA
PRI14r*v@FNTEQ L IM"II'
PEAO* ,L
L=L/IOf)O.
PRENt*z, 'INTEnIlESONANT F14EQUENCY FOIGHAZIO
IlCA~t ,F

PIINT*9'FNTEn ZOO
REAU*9 .0
TII TANIUETA*cLl

PRINT*, ' ,FTOonT
PRINT ~,'L' 1 L

PRINT*, OZ ',Z
* FINDING TIIE ZIN VALUF

110 FnIV4AT(//,5of TH4',T20,'ZIN'DTJS,'CAPACIIANCLII
Of) SIon T =10 1200
ft 2T*I .:- 15
ZCAI'=I./ITI*Pt*2*FI
ZIN = (-ZCAIP.1O'-Tillf(ZOOIZCAP*TiJ I
.' aI rI , CF* , v
PRINI* 671tlI!N
WR rEL12,2101 1 149 ZIN,TI

210 FnR4ATIIS,FIS.2, T201 FIS.3, 135,21E15.8lI100 CONTIISUr
F Nf
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C. PROPAGATION CONSTANT

INTLGER MMAX#tJMAX
ME~AL q4 1A pugT pt1 P I ,Ul ,FGp0"GvE0 IKNqG IS210o BO 90f1A,FLAGgAA29CC gWW
PE&AL r.ItCrUICFOJGTjGT3pG252,G2,CT02,KEIKlilJZt
PEAL ",flUr '"MN
DZNLNS!ION Ut i01PtUT130)
C014PL EX G#41*GMS9C1IsC GdC20Np~lrpL~tl#l
COMPLILX lRMHSUMUfPjzlI
REHAD*lFNAME
PIl=4.*ATANI I.
FLAG=0
MAX=30
NMAX= JO

fll-ALI*9 FG
c PR'1U1*,"INrER SIlL!). WDTMIMt-J W9
C tQEAU* g AA2

AA2=22. 85
A~tAA7~000

C FPINt*jENrEQ 5111-0. IT.1M4) Ls

CC~CC I/BOO)

Pnlll*9r14TER SCPL IHICKNESSj1MMI 0'
READ* Dt

T=T/I 000
1l=CC- I t1
PAINr,,'ENIER tI-II 'CrL DIELEC. CONST.
ve AoIX -it

c Enc 4I.0
FgRlNT*&8 F4tER THF LINEWIDrI'MNIl 2*Wf
READS ,WW
W=Ww/2000
IMGFG4*PtE9
Ur0mO.6BIC-12
rIOUIIMG/319))*SQPl ER*i)/2l

C O1G/(OSQfEFP
C flom MFG/ 1L F1I SQ14T I F141

IWOZO.20
DUTAwO. 0
GO fl) ik
130=dlH
n~o*o .145
OUiTA= 0.00?!)
00 DU M=IpM4A
SU?4UP=O)
nlI%1)UO*IUO.M*UltA)
nO I H= I vNiA
KN? I-0.51 *PIl/A
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GISZ=KN**2*Ut4I**2-O4G**2/9Ei6
G 12S0~14TIAU I r, lSji II
IFIGIS?.LJ.OI MElN

G41L~CM'LjAI0. Gl I
GMJ=G6Ml
CtOI=- I./TANIGI *11

C 103=- I./ IA141 61*1)
Cr3=CMPLX 10. ,CTO I)

CI 3CD4PLX 10. .CTO31
FLSE

G%4=1'PLXIGI ,O.I

GMJ=GMI

CrL=C'4PLX1GT,o.)
Lr3=CtiPLX(GTJlO.I

FN')IF

r22= Ki**2 f l I M *2-EPc!JKG**2j'9.C, 16
G2 SR(AISSI G2t'Z I
IF (G2q2.Lr.o) THEN1

tI42=CM'LXIO. ,G2)
Croz=-a ./lAt(GZ*Tl
CT~zC'4PLX(O. ,Ct')2I

FLSE
G42=CMPLX I1G2 pQ .)
6? 2=1.1 tA'IH( G2*T I
Cr2=CFMPLx(GT2*0.1

ENDIF
C

fELCt 2*Ct3wCT I*CT3c (GMP/GM1 I /ER*C T *Ct 2 1- (Gf'/GM,2I *f7R
ZE= I GM2*CT.1/Fil OGP'3ezC T2 3/DEPIE

KE=C'4PLXIU. 3KEII
?E=KE*ZE
DlEMO=2b41 *Ct I *GM2' CT2.G4 *C I* Gt3*C3. GM4Zt*C;GN3*CTJ. 14;e**2
ZiI 2 1 M2*Cr?.GM3*CT 3 I/DJEW
Kill :0MG*PI*4C--7
KICIC4PLXIO. ,KHI)
Z:11=ZH*KHl

JLI =2.* Sf141 KN*W)l IKN1I 3.o( IKN* WI**23 4J 7
JZII=C#4PLX(J7I p0.9
TRN-(1DM I *62C-ZrzKN**2*Zli I/I UlMI **2I-KN**2 * JZ I I**7
SU14UOT14t14,SIMUP

C
flTjtI' 3CAUSU4UlI

C
DLI 3 I4:Z,14t4AK-11
IF I(UUI (N).1 v.orTIN-I 3) ANJ. (nutmi '3.LT.OUTIMP49 I tillji
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D. CUT - OFF FREQUENCY
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APPENDIX B. IMPEDANCE AND DIELECTRIC CONSTANT BY

VARIATIONAL METHOD

A method for computing impedance (Z) and effective dielectric con-

stant ,ff of the shielded coplanar line (SCPL) is based on the application

of the Fourier transform and variational techniques[Ref.10].

The computation was found to be insensitive to the form assumed for

the charge distribution on the top ground planes, hence a uniform (neg-

ative) charge distribution was assumed.

f(x)

Air 1

Er

x

> ..........

Ih
Figure 15. Assumed line-charge density function of SCPL

In case of Fig. 15, the assumed elementary charge distribution is:
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_ I A A
2 2

Alx) - M -L-SIxI< (al)

0 otherwise

Where p = the width C in Fig.l.

The Fourier transform of f(x) is:

A A

+2_ [ sin( -L-) - sin( _ -L) (a2)

and

QA
Q + M(B-P) (a3)

Using the computation given in Ref.10, the characteristic impedance is

found to be,

ZO = I (a4)
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Where C and C are the variational values of line capacitance with the

given dielectric and with air dielectric, respectively.

CO
C (a5)6reff c-"0

where v = 3 x lOmfs,and C. is calculated by setting E, = 1.
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