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Characteristic Impedance of Microstrip Lines

by
M. C. Bailey and M. D. Deshpande

Abstract

The dyadic Green's function for a current embedded in
a grounded dielectric slab is used to analyze microstrip
lines at millimeter wave frequencies. The dyadic Green's
function accounts accurately for fringing fields and
dielectric cover over the microstrip line. Using
Rumsey's reaction concept, an expression for the
characteristic impedance is obtained. The numerical

results are compared with results, reported by others.



Introduction

In recent years there has been a great deal of interest
in analyzing microstrip lines at millimeter wave
frequencies due to use of these lines in monolithic phased
array systems.

Microstrip lines were initially analyzed using a
quasi-static approach and later by a waveguide model to
study dispersion characteristics [4]. However, these
models do not take into account losses due to radiation and
surface wave excitation. These losses can be significant
at high frequencies and some attempts [1-3] have been made
to account for these losses. In reference 1, the current
distribution on the microstrip discontinuity is determined
by solving the electric field integral equation. From a
knowledge of the current distribution, characteristics such
as impedance and guide wavelength can then be determined.
The microstrip line embedded in a multilayer dielectric has
also been analyzed using a generalized spectral domain
Green's function [3].

In this paper, the dyadic Green's function for a
current source embedded in a grounded dielectric slab is
used to determine the field due to the microstrip line
current. Using Rumsey's reaction concept [5], the
characteristic impedance of the microstrip line embedded in
a dielectric slab is then determined. The numerical
results obtained using the present method are compared with

earlier published data.



Symbols

d Total thickness of dielectric.

E Electric field vector.

E' Incident electric field.

f0 Frequency.

fx(y) Transverse distribution function.

I Complex amplitude of nmpulse.

I, Total input current.

J(x,Y) Surface electric current density vector.

3 S

Jéx,y) x—component of J(x,y).

J;U&,ky) Bidimensional Fourier transform of Jéx,y).
Jt,Jﬂ’ Surface current distribution on microstrip.
J I Surface current distribution on microstrip

induced by x-polarized plane wave.
Wave propagation constant in dielectric, ko/cr .
Wave propagation constant in free space.

@]

Dominant mode propagation constant.

®

Fourier transform variable with respect to x.

>

Fourier transform variable with respect to y.

<

Number of pulses in y-direction.

Width of microstrip line.
/Y Z Unit vector along x-,y-,z-axis respectively.
-W/2 + (2n-1)Ay/2.

Characteristic impedance of microstrip line.

2

~

Microstrip location from ground plane.
Imaginary part of K_.

W R N NN XN 2 8 X" PR

Real part of Ke.

Ay W/N.

Relative permittivity of dielectric substrate.
Wavelength in free space,

n Characteristic impedance of free space.



Theory

The geometry of a microstrip line embedded in a
grounded dielectric slab is shown in figure 1 along with
the notation to be used. 1In order to determine the
characteristic impedance, consider a microstrip line being
excited by a current source backed by a perfect electric
conductor at the x=0 plane, as shown in the current source
looks into a semi-infinite transmission line, the
characteristic impedance of the line would be the same as
the input impedance seen by the source. Assuming the strip
width, W, is much smaller than the operating wavelength,
the y-component of the strip current can be neglected. The
surface current, J(x,y), on the z=z’' plane may then be

represented by
I(x,y) = xf(y) exp(-3K_|x]|) ~wIX <o (1)

where Ke=3+ja is the dominant mode propagation constant
along the strip. The range of X is extended to -« due to
the image of the strip behind the conducting plane at x=0
and the magnitude of x is used to indicate propagation away
from the source at x=0. The transverse distribution, f(y),

in equation 1 may be assumed to be of the form

f(y) = I P(y) (2)

ne12
[

n

where

1/48y for (yn- —%X) sy = (y+ —%X)
= 0 otherwise.

P_(y)

From the continuity condition, the distribution f(y)



must satisfy

Ww/2

[ )y ay =1, (3)

~W/2

The pulse amplitudes, In, in equation 2 are determined,
as explained later, by using the integral equation method
in conjunction with the method of moments.

If E(x,y,2) is the electric field due to the strip
current, J(x,y), then the input impedance seen by the

source is obtained from

W/2 (o]

z_ =12 = j jJ(x,y) o E(x,y,z’') dx dy (4)
W/Z

ON

This approach thus differs from the solution to the
multilayer transmission line problem [3], where the
characteristic impedance is obtained after dividing the
average voltage by the total current on the strip.
Furthermore, by taking into account the actual current
distribution in the y-direction, it is expected that the
present approach would give more accurate results. Using
the dyadic Green's function for a current embedded in a
grounded dielectric slab [6], the x-component of the

electric field E(x,y,z) is obtained as

-in k 2z’
x o E(x,y,2') = ————— I J Q(k k ) J (k k )
(2n

-0 -0
exp(jkxx+jkyy) dk dky (5)

where,



Q(k, k) = (K-K)5, (k k) + k9, (k, k) (6)

gl (kx'ky) = {_S_ln_(kl_z_l__).}

(k,2")

{ klcos(kl(d—z’)) + jkllsin(kl(d—z’))} ,
. (7a)
kIcos(kId) + jkIIsin(kId)
-kfsin(kIz’)
gz(k k) o= —
A e _kcos(k d) + jk sin(k d)
sin(klz’) (e -1)
. - (7b)
(klz’) kIcos(kId) + jklisin(kld)
/k%-k%-k> (k?+k%) = x°
X = x oy x Uy
1
. 2 .2 . 2 2,2 2
-3,/ k2+k2-k (k24K2) > X
( k2-k?-x2 (k*+x%) = k2
0 X v X y 0
Ky =09 —_
-3/ k7 +k2-k? (k*+x%) > k2
X y (5] X y 0

In equation 5, LR is the free space characteristic
impedance, §1 and ?2 are derived in reference 6, and

Jx(kx,ky) is given by

W/2 w
3, (k. k) =f If(y) exp (-3K_|x|-jk x-jk y) dx dy (8)
W/2 —o

From equations 2 and 8, and assuming a to be a finite



negative value, the integral in equation 8 may be evaluated

in closed form as

(&
—
=
~
—
L}
ne1=

sin(kyAy/Z)
1 jl"[ (_8v/2) }

1 1 .
I:F‘K - k +K ]exp(—]kyyn) (9)

Substituting equation 5 into equation 4 and after some
mathematical manipulations, the characteristic impedance is

obtained as

jnokoz';r 3T, [ ] {rin(kyAY/?—)]

zZ =
o 2, 2 2
(2m)°k" n=1 I _= _° (kyAy/Z)
1 1

[kx_Ke - kx+Ke] Q(kx'ky)

JX(-kx,—ky) exp(-jkyyn) } dk dk (10)
where

wW/2 0

J (K k) = J I F(y) exp(-3K x + jk x + jk y) dx dy

X X

W/ 2 [}
N sin(k_Ay/2)][exp(ik vy )
= § I Y —— (11)
m=1 (kyAY/Z) X e

Substituting equation 11 into equation 10 gives



-jnokoz’ N N II
Z = v Y Z Z n m
(21'()21(2 n=1 m=1 Ii

51n(k Ay/2) 1 !
f I {[ (k,8y/2) } [(kx-xe)z kZ-KiJ

Q(kx,ky) exp(jky(ym—y;))} dk dky (12)

Making a change of variables such that:

*l
:

equation 12 is rewritten as

—jnokoz’ N N T I
= 2,2 g ; 2
(2n) "k n=1 m=1 I,

sin(£ k Ay/2) 1 _ 1
i £ { [ (€ %, Ay/2) } [(c-vf cz-vz}

© QL&) exp(jEk (¥ _-Y.)) } d¢ dg (13)

where, Q(,€) = Q(koc,kog).

Note that the integrand in equation 13 has poles at (=v
of order two and simple poles at {=*r. The integration with
respect to { can be evaluated using the residue theorem. 1In
order to evaluate the integration with respect to (,

consider the following contour integration,



3 -V

J- { {qivlz—[ 21 ;]} QAy,€) dy (14)
C

where { is the real part of 5, and C is the closed contour

to be selected. The function Q(4,€) has branch cuts at

2

and poles corresponding to the roots of the equations:

kI cos(kld) + jkxx sin(kld) =0

€ k  cos(kd) + jk_sin(k d) = 0

These poles correspond to the surface wave modes that would
be launched by the semi-infinite microstrip line. These
surface wave poles and the branch cuts may be plotted in
the complex 4-plane as shown in figure 3. The contour C
should be selected such that the propagation of the surface
waves in the x>0 direction is assured. For this condition,
the surface wave poles on the positive real axis must be
included in the contour C. The required contour C is shown

in figure 3. The integration in equation 14 can be written

as
j = I + I + I = =2nj { R + R+ R3) (15)
C C C C
1 2 3
where,
R = ¥ Residues of Q at surface wave poles

R. = Residue of Q/Tq-vf at g=v
R. = Residue of leqaﬂﬁ) at g=v.
In equation 15, the integration along C, is zero because of

the radiation condition, the integration along the branch



cut, C3, represents a radiation field, and the integration
along C1 is the required integration to be evaluated with
respect to {. Since the radiation field due to the
microstrip line would be very small, the integration along
C3 will be neglected. For the present case, the
contribution due to surface wave modes will also be

neglected. The integration with respect to { becomes

- 89(8,§) . AULE)
= -2m { T lg:v ——7f—_'c=v } (16)

Substituting equation 16 into equation 13, the expression

for Zo reduces to

-n,k,z’ N N I T f{ [sin (kOEAY/Z)r

205 Tz L L
2nk n=1 m=1 I (kOEAy/Z)

o]

20Q(¢,8) QL. 8)
) ag i ¢ {=v cos (E(m—n)kOAy) ¢ (17)

From the characteristic equation (27), it can be seen that

the term

NN T TO[(Q,6)
i
n=1l m=1 I C=v

{sin (k, £8y/2
(k,£4y/2)

)12
} cos(E(m—n)kOAy)} d€
in equation 17 is always zero.

10



For a uniform current distribution in the y-direction

(In=10), the expression in equation 17 becomes

o]

‘nokoz’ 8Q(C, &) sin (kOEAy/Z) 2
Zo = 2 aC dg (18)
nmk =v (kOEAy/Z)

0

For a nonuniform current distribution of
210/(nW)
f(y) = - (19)
V1 - (2y/w)?

the characteristic impedance of the transmission line

becomes

o0}

Mok J { 3Q(Z, £)

0 nk? aC ‘C=V

2
Jy (gkow/z) } de¢ (20)

0
where JOU) denotes the Bessel function of the first kind

of zero order.

11



Evaluation of Ke and In

In order to determine Ke, consider the infinite
microstrip line as shown in figure 1. The surface current

distribution on the striprmay be assumed to be of the form

I (x,y) = x T (x,y) = X £(y) exp(-IK x)  -wsxso (21)

where f(y) is as given in equation 2.
Using equation 8, the Fourier transform of JJx,y) is

obtained as

Ik k) =xJI (k. k)

In2n
1

X
n

[sin (kyAy/Z?)]
(k by/2)

ne-1 =

é(kx+Ke) exp(-jkyyn) (22)

where §(-) is a delta function and is the result of

assuming a traveling wave current in the x-direction on the

strip as denoted by the exponential factor in equation 21.
The x-component of the electric field radiated by J

is obtained by replacing Jka,kQ with Jm‘ka%) in

equation 5. Then by equating the x-component of the

electric field to zero on the surface of the strip, since

the total field must be zero and there is no incident

field, an electric field integral equation is obtained

12



—jnokoz’ N
0= —= g I 2m
(2m) "k n=1
» sin (k Ay/2)
. Yy
I J { [ (%, By/7) } Q(k,rk,) & (k+K)
exp(—jkyyn) exp(jkxx+jkyy)} dk_ dky (23)

By setting x=0 in equation 23 and selecting Réy) as a
testing function and multiplying both sides of equation 23
by Péyj yields

_jnokOZ' g ”
= I 2n
(2m)?k® n=1 "
®® sin (k Ay/2
|7 R o ) s on,
w0 - (kyAy/Z) " Y " ‘

P (y) exp(—jkyyn) exp(jkyy)} dk dky (24)

Integrating both sides of equation 24 with respect to y and

rearranging gives

-in k2’ g , T T sin (kyAy/Z)
—C I 2nm
(2m)*k® n=1 " - 7 (k,4y/2)

o
1

. Q(kx'ky) S(kx+Ke) exp(—jkyyn)

P (y) exp(jkyy) dy} } dk_ dky (25)

[ Ym+AY/2
y, ~Ay/2

13



Using the property,

J f(x) 8(x+x’') dx = £(-x")

-0

of a delta function, equation 25 can be written in the

form
-jnk,z’ N >
0= ——— [ I 0(k_,k
2 k* n=1 " _i { Becrk,) k =-K_
. 2
sin (kyAy/2) .
exp (-jk (v -v))  dk (26)
(k,8y/2)

Since Q(kx,ky)=Q(kx,—ky), equation 26 may be rewritten as

2
sin {(fk _Ay/2
i [ (€k,8y/ )} cos (£k Ay(m-n)) }dg (27)
(€x Ay/2)

where £=ky/k0, g=k /K s v=K _/k , and Q(C,&)EQ(kOQ,kog).
By selecting m=1,2,3 --- N, equation 27 may be written

in matrix form as

3 b [ ; 3 h
0 lll 112 113 71N-1 Il
21 22 “23 2N 2
= Z Z_ 27 - 7 I (28)
"3 32 a3, 3N 3
L 0 - L ZNI N2 N3 ZNN- - IN -

14



where the components of the square matrix are given by

[+ ¢} v 2
[ o) [ )]
m 5 C=-v (EkoAy/2)

. cos(EkoAy(m—n))} d¢ (29)

For a nontrivial solution of equation 28,\the determinant

of the square matrix in equation 28 must be set to zero,

therefore,
7 r4 7z - Z
11 12 13 1IN
21 22 23 2N
J31 32 ;33:" 3N = 0 (30)
z Z Z - Z
N1 N2 N3 NN

Equation 30 is solved for K_ in a numerical procedure
by selecting N and then starting with an estimate of Kezk
and iterating Ke until equation 30 is satisfied to the
desired accuracy.

In order to determine the current distribution in the
transverse direction, it is assumed that the infinite
microstrip line shown in figure 1 is excited by an
x-polarized plane wave. The surface current induced on the

strip may be assumed to be of the form
N
I(x,y) = x J (x,¥) = 21 I P(y)x (31)
n=

If Emlx,y,z) is the x-component of the scattered
electric field due to J_ (x,y), and E:((x,y,z) is the
incident electric field, the boundary condition of zero

tangential electric field on the conducting strip gives

15



-E(x,y,2') = E_(X,Y,2") (32)

Ex$x,y,z’) can be obtained from equations 5,6 and 8.
Equation 32 then becomes

1 _jnokoz’ N "m
E(xiy,2) = — =5 LT Q(k, k)
* (2m)°k n=1 " 7 7k =0
sin (k_Ay/2)] ,
. Y ) exp(-jk y ) tdk (33)
(kyAy/Z) yon Y

Equation 33 is an integral equation with In as the
unknown complex values to be determined. Equation 33 can
be solved by selecting Péy) as a testing function and
applying the method of moments to yield

N
YI Z = - Ay Eaz,) for m=1,2,3, - ,N (34)

where Eaz’) is the x-polarized plapejwéyéWef§§;£;§;ﬁééh@w
incident on the strip from the z-direction (normal

incidence) and z is given by

-yn k?z’ Ay T
Zmn = Tloci J { Q(C,E) ‘C'—'O
0
sin(£k Ay/2)
. cos(E(m~n)k0Ay)} d¢ (35)
(€k,0y/2)

Equation 34 can be written in matrix notation as

16



"1 17z 2z _ 2z -2 ]
1 11 12 13 iN
12 Z21 Z22 223' o ZZN
?3 ?31 ?32 ?33: o ?3N

e IN L - le ZNZ N3 NN

and the complex values of I are

inversion.

17

[ -Ay E
-Ay E

-Ay E

S o D o O -

1
| -4y EO

obtained by matrix

(36)



Numerical Results

In order to obtain numerical results, the semi-infinite
integrals appearing in equations 17, 18, 20, 29 and 35 are
evaluated using Gauss Quadrature integration techniques and
the upper limit on the integration is truncated to a large
finite value. From numerical results, it was found that
the upper limit on the integration depended upon frequency
and could vary from t~200 (for high frequencies) to t=1000
(for frequencies below 5 GHz). Because of the complexity
of the expression for Q(kx,ky), the derivative, aQ/akX or
3Q/8¢, is evaluated numerically.

In order to obtain meaningful numerical results, it is
desirable to apply convergence tests to I, K and z, - The
matrix equation is solved for T for various values of N
and plotted in figure 4. It is observed that a stable
solution for I is obtained when Nz25. Figure 5 shows the
variation of K and z, as a function of N. It is noted
that N=z25 also gives converged values for these quantities.

To verify the present formulation, the characteristic
impedance and the guide wavelength of a microstrip line
with W/2’=1.0, d=z'=-.04 cm, and ¢ =10, is computed using
equations 13 and 22 for N=25. These results are presented
in figure 6 as a function of frequency along with results
reported earlier [5]. Using the present method, Z0 and K_
are also computed for uniform current distribution and
nonuniform (see eq.l4) current distributions and presented
in figure 6. The results obtained by the present method
with uniform distribution are in excellent agreement with
the results reported earlier [4]. However, Z and K_
calculated by taking into account the actual current
distribution (as obtained from equation 36) is believed to

give more accurate results than the results obtained with

18



uniform current distribution. It is also observed from
curves C & D of figure 6, that the assumed nonuniform
distribution is close to the actual calculated current
distribution and may be used instead of the pulse
distribution in order to save computation time. To compare
the present method with the approach in reference 3, the
characteristic impedance of a microstrip line with d=z’ and
d=4z’, €r=2.53, f0=3GHz is computed as a function of strip
width, W/z’, and presented in figures 7 and 8. It is noted
that there is a small discrepancy between the two results
in figure 8. This may be attributed to the different type
of current distribution assumed in the two cases. With an
assumption of uniform current distribution in the
y-direction, the results obtained by the present method are
also presented in figure 7. There is good agreement
between the results obtained by the two methods. Figure 8
shows the characteristic impedance of a microstrip line
covered with a dielectric slab.

The results obtained by the present method are also
compared in figure 9 with data taken from reference 1. For
frequencies greater than 42 GHz, the dielectric thickness
becomes greater than a quarter-wavelength and the current
distribution in the y-direction may not be of the assumed
form. Furthermore, for thicknesses greater than a
quarter-wavelength, the microstrip line would act as a
radiator rather than a transmission line.

It is interesting to study the effect of distribution
in the y-direction on the guide wavelength and the
characteristic impedance of a microstrip line. It is
expected that for a narrow strip, the distribution may be
closer to the assumed nonuniform function (equation 19);
whereas, for a wider strip, the distribution is expected to
be closer to uniform, except near the strip edges. To

19



verify this expectation, the guide wavelength and the
characteristic impedance of a microstrip line with
d=z'=-.05 wavelengths, cr=10, and the strip width in the
range of 0.025 to 0.330 wavelengths were computed and
presented in figure 10. The guide wavelength computed with
the assumed nonuniform distribution and pulse distribution
are almost the same for a narrow strip (W/AO€0}05). For
wider strips (W/AO>O.27) the guide wavelength computed
using the uniform distribution and the pulse distribution
approach the same values. From figure 10, it is observed
that the characteristic impedance does not significantly
depend upon the transverse distribution of the current.

For microwave integrated circuit design, alumina
substrate with dielectric constants in the range of 10 to
12.8 are often used. In order to design a microstrip line
on these substrates, an accurate knowledge of the guide
wavelength and the characteristic impedance is essential.
In figures 11 and 12, the guide wavelength and the
characteristic impedance are presented as a function of
frequency for various design parameters. Calculations for
other parameters may be obtained with the aid of the

computer code given in the appendix.

20



Conclusion

Using the dyadic Green's function and Rumsey's reaction
concept, an expression for the characteristic impedance of
a microstrip line embedded in a grounded dielectric slab
has been derived. The characteristic impedance determined
by the present method is found to be in excellent agreement
with earlier published results. Numerical results for a
microstrip line on alumina substrate is presented at
millimeter wave frequencies. A computer code listing is
included for calculating the characteristic impedance and

propagation constant for microstrip lines.
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Flgure 1. Geometry of mlicrostrip line.
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Wavelength / Guide wavelength

64

Characteristic Impedance (ohms)

2.88 | T T )| 1
n 4 63
-~
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2’Bﬁo 5 10 15 20 25 30

Number of Pulses

Figure 5. Variation of characteristic impedance and normalized guide
wavelength of microstrip line as a functlon of number of
transverse pulses. (cr= 10, W=z’, z'=d=0.04 cm, f=60 GHz).
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Wavelength / Guide wavelength

3.2 T | 1 T T I 70
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Figure 6. Characteristic impedance and normalized guide wavelength
of microstrip line as a functlon of frequency.
(rvoe- uniform, - - - - nonuniform, — N=25 pulses).
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Characteristic Impedance (ohms)
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\ ——————— Reference 3
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Figure 7. Characteristic 1Impedance of covered microstrip line.
(d = 0.64 cm, 2'=0.16 cm, €= 2.53, f = 3 GHz).
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Characteristic Impedance (ohms)
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Figure 8. Characteristic Impedance of microstrip line.
(z’=d = 0.16 cnm, €= 2.53, f = 3 GHz).
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Wavelength / Gulde wavelength
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Figure 9. Characteristic lmpedance and normalized guide wavelength

of microstrip line as a functlon of frequency.
(cr- 9.6, W=2', z'= d= 0.6 cm)

(evoree uniform, = - - - nonuniform, ——— N=25 pulses).
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Figure 10. Characteristic impedance and normalized guide wavelength
of microstrip line as a function of strip width.
(er- 10, z'=d = 0.05 )
(CRERRE uniform, - - -‘- nonuniform, —— N=25 pulses).
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Figure 11a. Normalized guide wavelength of microstrip line as a

functlon of frequency versus strip-width/strip-height.
(crt 9.6, z/=d = 0.06 cm).
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Characteristic Impedance (ohms)
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Figure 11b. Characteristic impedance of microstrip line as a

function of frequency versus strip-width/strip-height.
(cr= 9.6, z'=d = 0.06 cm).
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Wavelength / Guide wavelength
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Figure 12a.
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Frequency (GHz)

Normalized gulde wavelength of microstrip line as a
function of frequency versus strip-width/strip-height.
(e = 12.8, z'=d = 0.06 cm).
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Characteristic Impedance (ohms)
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Figure 12b. Characteristic impedance of microstrip line as a
function of frequency versus strip-width/strip-helght.

(crt 12.8, z’'=d = 0.06 cm).

35



Appendix
Instruction for usling computer code

The maln program MSTRIP.FOR calculates the characterlstlc

impedance, 20. and the dominant mode propagation constant, K, of
e

a microstrip line embedded in a grounded dielectric slab.

The main program must be linked to the following subroutines:

-
ZTEMP. FOR
SRMN. FOR
MATINV.FOR
MATROW. FOR
RSTRIP1.FOR
RSTRIP. FOR
MZO. FOR -
DFKX. FOR

INPUT DATA :

NU =

ED -
EZP

E =
E1l =
WSTRIP =
WMAX =

Integer selecting the type of current distributlion.

1 for pulse distribution.
2 for uniform distribution.
3 for nonuniform distribution.

Number of pulses assumed in the pulse distribution.
(maximum number = 242).

- Dlelectric slab thickness in free space wavelengths.

Helght of strip above ground plane in {ree space
wavelengths.

Dielectric constant of slab.
Loss tangent of dielectric slab material.
Minimum microstrip width in free space wavelengths.

Maximum microstrip width in free space wavelengths.

QUTPUT DATA :
For pulse distribution, the transverse current distributlon is
output to file FORO10. DAT.

The characterlstic impedance and dominant mode propagation

constant as
FORO13. DAT.

a function of microstrip width are cutput to file
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BRIEF QUTLINE OF METHOD :

The current distribution is assumed in the form;

J (x,y) = f(y) exp(-JK x)

Jy(x.y) 0.
For the above current distribution, the program calculates the

dominant mode propagation constanﬁ*bnd the characterlistic

impedance for one of three cases:

fly) = I W (uniform)
210
f(y) = - (nonuniform)
™/ (2y/W)?
f(y) = InP“(y) n=1,2,+-+,MM {(pulses).

For the distributions, the program calculates the Ke first by
calling subroutine RSTRIP1. The subroutine RSTRIP1 solves
equation 27 for Ke. RSTRIP1 uses standard technique to find zeros

of a polynomlal.

For the pulse distributlon, the main program solves the matrix
equation given in equation 36. This is done by computing mutual
impedances by calling subroutine SRMN. The mutual impedance
matrix 1s inverted using MATINV. I“ are found using MATROW.
Equation 28 is then solved for Ke by uslng subroutine RSTRIPI.

The characteristic Impedance for elther distribution is computed

by calllng subroutine MZ0.
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Cce*
Ctl
Cii
Ctl
Cﬁi
cee
Cil
Cil
Che
C*i
Cll
CHs
C.l
C.’

PROGRAM MSTRIP

Citi*ﬂiﬂit‘l.t!...ﬁﬁ.lt*‘l'.*!ﬂ*liiIt!.*lli!*lii*‘!ii!*&#l*..i!*i!i.!

This program calculates characteristic lmpedance of a
microstrlp line embedded in a dlelectric slab. :

This program gives characteristic impedance of a mlcro-

strip line for three types of transverse current distri-

butions. (1) Uniform, (2).Nonuniform with singularitles
at the strip edges, (3) General distribution with pulse
approximations.

This program gives characteristic impedance of a micro-
strip line as a function of strip width. It also glves
the transverse current distribution.

LE R
L 2.2 ]
(2 2 ]
L2 2
LE X ]
¥
LR 2]
X 2

L 2 3 ]

L2 2]
"R
kN
L L2 ]
_hn

Ci‘lﬁ'i**’l.!‘i!‘i*liﬁ!#.li!iilil.l!.l‘.!!!'i!.l!llttil!*!ﬁ!i.l.ll!ll

DIMENSION BTM(10),CZPAT(242),C2MN(242,242),CI(242)
1,CZT1(242, 242),C2T2(242,242),CZT3(242,242),CVT(242)
2,CVT1(242),C11(242),C12(242)

COMPLEX CJ,CJE1, CZPAT, CZMN, ZPATR, CF1, C2T1, CZT2,CZT3, CVT, CVT1
COMMON CJ, CJE1, PI, TWOPI, P102, DELZ, DELD, DELDZ, DELW, XX, B, E, E1

C‘.*il.ll.l‘.ﬁ.‘i‘iﬁ‘..‘*ﬂ*‘t.‘.!ﬂDt..‘*iﬁ.ilt*.il.il!‘i#ﬁiii!i.i!iﬁl

Cll
Ct-
C‘l
Cﬂl
Cil
CI'
CQ!
C"
Cli
Cl.
C'i
C!l
Cit
C.'
C.l
C!l
Cti
Cll
C&t
Ciﬁ
C!i
Cll
C!l
Cl!
C‘l
C“
Cii
Ct'
CH»

22
LYY I AN INPUT DATA  #**Saasstesessnsssasssussssuninsn
“ew

NU = INTEGER AND SELECTS TYPE OF CURRENT DISTRIBUTION IN ***
TRANSVERSE DIRECTION. el

e

NU = 1 FOR PULSE DISTRIBUTION e
21

= 2 FOR UNIFROM DISTRIBUTION ew

LE 2

= 3 FOR NON-UNIFORM DISTRIBUTION ae

L2 2]

> or = 4 EXIT e

L2 2]

MM = NUMBER OF PULSES FOR NU = 1 b
= ANY NUMBER WHEN NU IS NOT EQUAL TO ONE. ae
MAXIMUM VALUE OF MM MUST BE LESS THAN 242. b

LR L]

ED = DIELECTRIC SLAB THICKNESS IN WAVELENGTH bl
wan

EZP = HIGHT OF MICROSTRIP FROM GROUND IN WAVELENGTH e
(EZP MUST BE LESS THAN ED) ee

wne

E = DIELECTRIC CONSTANT OF SLAB. e
171

WSTRIP = WIDTH OF MICROSTRIP IN WAVELENGTH bl
12

WMAX = MAXIMUM WIDTH OF STRIP IN WAVELENGTH el
ane

ct!.l.i.ll‘l!i.iﬁﬂiﬁiiﬁﬁiﬂﬁ.ﬂ.!‘!iﬁ‘iﬁﬁl.iﬂtﬂ!li.i.tllltilll‘.*i.iil!
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WRITE(5,*) 'GIVE THE VALUE OF NU’

WRITE(S, *)’FOR PULSE DISTRIBUTION NU=1, FOR UNIFORM DISTRIBUTION
1NU=2, FOR NONUNIFORM DISTRIBUTION NU=3, NU GREATER THAN 3 EXIT.’
READ(S, *)NU

WRITE(S, *)’'GIVE THE VALUE OF MM’

WRITE(5,*)'MM = 1 TO 242’

READ(S, *)MM

WRITE(S,*)'GIVE THE VALUE OF DILECTRIC SLAB THICKNESS
1 IN WAVELENGTH’ %

READ(S, *)ED

WRITE(S, *)'GIVE THE POSTION OF STRIP FROM GROUND IN

1 WAVELENGTH’

READ(S, *)EZP

WRITE(S5,*)'GIVE DIELECTRIC CONSTANT AND LOSS TANGENT
1 OF SLAB MATERIAL’

READ(S, *)E,E1

WRITE(S, *)’GIVE STRIP WIDTH, MAXIMUM STRIP WIDTH IN

1 WAVELENGTH’

READ(S, * JWSTRIP, WMAX

IF(NU.GT.3)GO TO 105

DELTX=0. 001

CJ=(0.,1.)

PI=2. *ASIN(1.0)

PI02=PI*0.5

TWOPI=2. *PI

CJE1=CJ* (E-CJ*E*E1-1.)

SQRE=SQRT(E)

WRITE(13, *)’ CHARACTERISTIC IMPEDANCE, PROPAGATION CONSTANT’
WRITE(13,*)’ OF MICROSTRIP LINE '
WRITE(13,*)’'SLAB THICKNESS ED = ’,ED

WRITE(13, *)’POSITION OF STRIP EZP =’ ,EZ

IF(NU.EQ. 1)WRITE(13, *)’' DISTRIBUTION PULSE WITH MM =", MM
IF(NU,EQ. 2)WRITE(13, *)'UNIFORM DISTRIBUTION’
IF(NU.EQ.3)WRITE(13, *)' NONUNIFORM DISTRIBUTION’
WRITE(13,*)’ **STRIPWIDTH**', ' **PROPAGATION CONST.**’, ’**IMP.**’

103 DELD=TWOPI®ED

DELZ=TWOP1*EZP

DELW=TWOPI*WSTRIP

DELDZ=DELD-DELZ

DELWY=DELW/MM

B=0

Ci*i*‘i*l“!!....‘l‘.ﬂ*!.***.!!lil!l*.l‘l.ﬁ*!ﬂi.ﬂl!*'*ﬂ#!""l'

CQ. L XX X ]
Cc*» If dielectric constant of the slab =1 bl
C** then avold surface wave calculation. R
Ct! LE 2R

C.!*!Q-**#lﬁﬂl!‘."i*ﬂlﬂ.lﬁ.i.itit*ll!*!"."ﬁ‘!tl.!*ﬁ***iﬂ!l.!

IF(E.EQ.1.)GO TO 501

NE=1

NNMAX=1

CALL ZTEMP(BTM, NE, NNMAX, E, DELD)
B=BTM(1)
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Ct'!!t.ii‘ﬁi-i.Ilt#*ﬁl"ﬂ*ﬂ.**.‘-*iiil*tﬁlltl‘i!‘.‘i*l*ii!ﬂiﬂil
LR L]

Ci'

c** If NU = 1 calculate mutual impedance matrix using ***
CH» subroutine SRMN. When NU not equal to 1 mutual bl
C** matrix is not required. b
C‘. "Ew

C*.lﬂ.*’.*l“ii.iiilll‘lQQlﬁlﬂ.‘il‘.tﬁﬂﬂb!l.tiitll‘*t*ti..'.ﬁ!l

IF(NU.NE. 1)GO TO 502

501 CALL SRMN(MM, CZPAT) o
DO 10 I=1,MM .
DO 10 J=1,MM
IF(J.LT.1)GO TO 10
CZMN(I, J)=CZPAT(J-1+1)

10 CONTINUE
DO 20 I=1,MM
DO 20 J=1,MM
IF(J.LE. I1)GO TO 20
CZMN(J, 1)=CZMN(I1, J)

20 CONTINUE
DO 30 I=1,MM
DO 30 J=1,MM
CZT1(1, J)=C2MN(1I, J)

30 CONTINUE
EDK=SQRE*DELZ
DKK=SQRE*DELD
CF1=2. *CJ*SIN(EDK)*CEXP(CJ*DELZ)/ (SQRE*COS (DKK)+CJ*SIN(DKK) )
DO 50 I=1,MM
CVT(I)=-CF1

50 CONTINUE
CALL MATINV(CZT1,MM, CZT2)
CALL MATROW(CZT2,MM,CVT,CVT1)
S1=0.
DO 301 I=1,MM
FACT=CABS(CVT1(1))
S1=S1+FACT

301 CONTINUE
DO 302 I=1,MM
CVT1(I)=CVT1(I)/S1

302 CONTINUE
DO 303 I=1,MM
CI(I)=CABS(CVT1(I))

303 CONTINUE
CROReNNR RO IR RN R AN A AR N AN RA RN RAR RN AR RO TR AR R RN AR R buns

Cii t X 2]
c** CI(I) is the current distribution in the transverse direction***
C" : B : L 2 2 3
C.!iiﬁ*i*l*..“’.ﬂﬂ.*‘*.*.Q‘.‘.‘*.’ﬁ*iﬂlii.l“'Il‘.l'*ll"“.*i*ﬁi.l-i

WRITE(10,*) ' TRANSVERSE CURRENT DISTRIBUTION’

wRITE(lo.’) SHREREARE Y/w ...Q.."’*.“.iiCURRENT AMP".li'

DO 304 I=1,MM

DWY=(2*1-1)

DWY=DWY"DELWY*0. 5/DELW

WRITE(10, *)DWY,CI(I)

304 CONTINUE
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C‘*i‘..ll*ll!l!i’.!'!.ﬂ!'i*!“.!.thl!i*I..*l.ﬁ‘.ﬂﬂl!!"‘ll*l.."."

C.i L2 R J
C**  The transverse current distribution calculation for NU =1 e
C** is completed here. The CI(I) as a function of DWY is b

C** outputted at FOR010.DAT file. The CI(I) is not computed  ***

C** when NU 1s not equal to one. “ae
Cl! LE X

C'iﬁl"l‘!ﬂ*.l‘!.i*..l.i'l.‘li!tt‘II'l!ﬁllﬁﬂ‘.l!**'!*ﬁ!.lii.‘ﬁ.ﬁ".ﬁ

502 NNMAX=1 .

Cl‘.'iﬁ*‘.!"ll'ﬁl‘.lﬂl'll"ﬂ..#ii;‘l.!*li!.*il...*..i*t‘i**..*!*'!l
C'* LER 3]

C**  For the current distribution CI(I) the SUBROUTINE RSTRIP1 *ne
C* calculates dominant mode propagation constant for the micro- .

C** strip line, bl
C** RSTRIP1 solves equation (17) for Ke. b
C** RSTRIP1 must be linked to RTSRIP SUBROUTINUE badalal
C'* "R

Ci!‘i‘l.*ll'.l‘l!ﬂ*!‘#!i.ﬁllﬁ'!ﬁ'l.-****&*l'..&l!*!l*.*#***.l"‘!l!l

CALL RSTRIP1(NU, NNMAX, MM, DELWY, DELD, DEL.DZ, DELZ, DELW,
1E,E1, BTM, CI)
XX=BTM(1)
CALL MZO(NU, DELTX, ZPATR, CI,MM)
WRITE(13, * )JWSTRIP, XX, ZPATR
WSTRIP=WSTRIP+0. 005
IF (WSTRIP. GT. WMAX)GO TO 104
GO TO 103
105 WRITE(5,*) 'CURRENT DISTRIBUTION NOT SELECTED PROPERLY’
104 STOP )
END
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10

12

13
14

15

16
17

SUBROUTINE ZTEMP (BTM, NE, MAX, E, DK)
DIMENSION BTM(1)

'SQRE=SQRT(E)

DELTA=0. 1

B1=1.0

‘B2=1. 0+DELTA

T TIF(B2.GT. SQRE)B2=SQRE

BT=B2

N=0 .
D1=SQRT(E-B1*B1) '
DK1=DK*D1

S1=SIN(DK1)

C1=C0OS(DK1)
F1=E*SQRT(B1*B1-1.0)*C1-D1*S1
D2=SQRT (ABS (E-B2*B2))
DK2=DK*D2

S2=SIN(DK2)

C2=COS(DK2)
F2=E*SQRT(B2*B2-1.0)*C2-D2*S2
FT=F2
IF(F1.LT.0.0.AND.F2.LT.0.0)
IF(F1.GT.0.0.AND.F2.GT.0.0)
AF1=ABS(F1)

AF2=ABS(F2)
BP=B1+(B2-B1)*AF1/(AF1+AF2)
IF(ABS(B2-B1).LE.1.E-04) GO TO 14
DP=SQRT (E-BP*BP)

DKP=DK*DP

SP=SIN(DKP)

CP=COS(DKP)
FP=E*SQRT(BP*BP-1.0)*CP-DP*SP
IF(ABS(FP).LE.1.E-04) GO TO 14
IF(F1.LT.0.0.AND.FP.LT.0.0) GO TO 13
IF(F1.GT.0.0.AND.FP.GT.0.0) GO TO 13
B2=BP

F2=FP

GO TO 12

B1=BP

F1=FP

GO TO 12

N=N+1

IF(N.GT.MAX) GO TO 17

BTM(N)=BP

B1=BT

IF(ABS(B1-SQRE).LE. 1.E-05) GO TO 16
B2=B1+DELTA

IF(B2.GT. SQRE)B2=SQRE

BT=B2

GO TO 10

NE=N

RETURN

END

GO TO 15
GO TO 15

42



201

100

10

21

12

SUBROUTINE SRMN (MM, ZPATR)

DIMENSION U1(3),U2(10),R1(3),R2(10),U(13),R(13)

DIMENSION BTM(1),SUMRR(242),2ZPATR(242)

EQUIVALENCE (U1(1),U(1)), (U2(1),uU(4)), (R1(1),R(1)), (R2(1),R(4))
COMMON CJ, CJE1,PI, TWOPI, PI02, DELZ, DELD, DELDZ, DELW, XX, B, E, E1l
COMPLEX CJ, CJE1, CF1, SUMRR, ZPATR, CCFA

DATA U1/0.11270166537925, .5, 0.88729833462074/,U2/.01304673574141
A, .06746831665550, . 16029521585048, . 28330230293537, . 42556283050918
B, .57443716949081, . 71669769706462, . 83970478414951, . 93253168334449
C, . 98695326425858/,R1/.2777777T777777, . 44444444444444, . 2777777777
D7777/,R2/.03333567215434, . 07472567457529, . 10954318125799, . 134633
E35965499, . 14776211235737, . 14776211235737, . 13463335965499, . 109543
F18125799, . 07472567457529, . 03333567215434/

DELWY=DELW/MM

SQRE=SQRT(E)

DWKO2=0. 5*DELWY

CONST=377. 7*DELZ*DELWY/PI

DO 201 I=1,MM

SUMRR(1)=(0.,0.)

ZPATR(I)=(0.,0.)

CONTINUE

NF=1

NQ=5

XX1=0. 0001

XX2=1.-0.0001

DELT=(XX2-XX1)/FLOAT(NQ)

DO 80 K=1,NQ

XI=K-1

FF=XX1+XI*DELT

DO 80 JL=4,13

UU=U(JL)*DELT+FF

BSQ=UU*UU

BET=UU

BETA=UU

DWKB2=BETA*DWKO2

AKX1=BSQ

IF(E.EQ. 1.)GO TO 501

IF(AKX1-1.)10,10,12

B1=SQRT(1. -AKX1)

BE=SQRT (E-AKX1)

AZ=BE*DELZ

AD=DELD*BE

ADZ=DELDZ*BE

SINZ=SIN(AZ)

COSD=COS (AD)

SIND=SIN(AD)

COSDZ=COS (ADZ)

SINDZ=SIN(ADZ)

SINZ1=1.0

IF(ABS(AZ).LT.1.E-05)GO TO 21

SINZ1=SINZ/AZ
CF1=SINZ1*(BE*COSDZ+CJ*B1*SINDZ)/(BE*COSD+CJ*B1*SIND)

GO TO 20

IF(AKX1-E)14,14,15
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14

22

15

23

24

25

501
502

- 504

503

505
20

301

B1=SQRT(AKX1-1.)

BE=SQRT (E-AKX1)

AZ=BE"DELZ

AD=BE*DELD

ADZ=BE*DELDZ

SINZ=SIN(AZ)

COSD=COS (AD)

SIND=SIN(AD)

COSDZ=COS (ADZ) .
SINDZ=SIN(ADZ) :
SINZ1=1. :
IF(ABS(AZ).LT.1.E-05)GO TO 22
SINZ1=SINZ/AZ

CF1=SINZ1* (BE*COSDZ+B1*SINDZ)/(BE*COSD+B1*SIND)
GO TO 20

B1=SQRT(AKX1-1.)

BE=SQRT (AKX1-E)

AZ=DELZ*BE

AD=DELD*BE

ADZ=DELDZ*BE

EP1=0.0

1F(ABS(AZ).GT. 20.)GO TO 23
EP1=EXP(-2. *AZ)

EPD=0.

IF(ABS(AD).GT. 20.)GO TO 24
EPD=EXP(-2. *AD)

EPDZ=0.

IF(ABS(ADZ).GT. 20. )GO TO 25
EPDZ=EXP(-2. *ADZ)
CF1=(1.-EP1)*(BE*(1.+EPDZ)+B1*(1.-EPDZ))
CF1=CF1/(BE*(1.+EPD)+B1*(1. -EPD})
CF1=CF1/(2. *A2)

GO TO 20
IF(AKX1-1. )502, 502, 503
BE=SQRT(1. -AKX1)

AZ=BE*DELZ

SINZ=SIN(AZ)
IF(ABS(AZ).LT.1.E-05)GO TO 504

- SINZ21=SINZ/AZ

CF1=SINZ1* (COS(AZ)-CJ*SINZ)
BE=SQRT (AKX1-1.)

AZ=BE*DELZ

EZ=0.

IF (ABS(AZ).GT. 20.)GO TO 505
EZ=EXP (-2. *AZ)
CF1=(1.-EZ)/ (2. *A2)

DWKA2=DWKB2

F1=1.0

IF (ABS(DWKA2).LT. 1. E-05)GO TO 301
F1=SIN(DWKA2) /DWKA2
CCFA=-CJ*CONST*CF1
CCFA=CCFA*F1*F1

DO 202 I=1,MM
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SUMRR (1)=SUMRR (1)+CCFA*R(JL)*COS(2. *DWKA2* (1-1))
202 CONTINUE
80  CONTINUE
DO 203 I=1,MM
SUMRR (I)=SUMRR(1)*DELT
203 CONTINUE
DO 204 I=1,MM
ZPATR(1)=ZPATR(1)+SUMRR(I)
204 CONTINUE .
DO 205 I=1,MM :
SUMRR(1)=(0.,0.)
205 CONTINUE
CPOLE=0. 0001
NF=NF+1
IF (NF. EQ. 2)XX1=1. +CPOLE
IF (NF. EQ. 2) XX2=SQRE-CPOLE
IF(NF.EQ. 2)GO TO 100
IF (NF. EQ. 3)XX1=SQRE+CPOLE
IF (NF. EQ. 3)XX2=XX1+1.
IF (NF.EQ.3)GO TO 100
IF (XX2.LT.S.0. AND. XX2. GT. 0. )DINC=1.0
IF(XX2.LT. 25.0. AND. XX2.GT. 5. 0)DINC=5.
IF (XX2.LT. 100, 0. AND. XX2. GT. 25. 0)DINC=25.0
IF (XX2.GT. 100. 0)DINC=100. 0
XX1=XX2
XX2=XX1+DINC
IF (XX2.LT.2000.0)GO TO 100
RETURN
END
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45
35

26

55
50

SUBROUTINE MATINV(SUM1, N, SUM2)
DIMENSION IST(242),JST(242)
COMPLEX SUM1 (242, 242),SUM2(242, 242)
Do 1 I=1,N

IST(I)=0

JST(1)=0

DO 30 IND=1,N

H=0.0

Do 10 I=1,N o r
DO 3 KCH=1,N ~
IF(IST(KCH).EQ.1)GO TO 10
CONTINUE

Do 9 J=1,N

DO 4 KCH=1,N

IF(JST(KCH).EQ.J) GO TO 9
CONTINUE

IF(H.GE. CABS(SUM1(1,J))) GO TO 9
H=CABS(SUM1 (1, J))

IM=I

IM=J

CONTINUE

CONTINUE

IST(IND)=IM

JST(IND)=JM

DO 20 I=1,N

DO 20 J=1,N

IF(I-IM)5,6,5

SUM2 (1, J)=-SUM1 (I, J)/SUML (IM, JM)
GO TO 20

IF(J-IM)7,8,7
SUM2(1,J)=SUM1(1, J)/SUM1(IM, JM)
GO TO 20

SUM2 (1, J)=SUM1(I,J)-SUMI1 (1, JM)*SUMI1(IM, J)}/SUML(IM, JM)
CONTINUE

SUM2 (IM, JM)=1. /SUM1 (IM, JM)

po 25 I=1,N

po 25 J=1,N

SUM1 (I, J)=SUM2(1,J)

CONTINUE

po 35 I=1,N
IF(IST(1).EQ.JST(1))GO TO 35
po 45 J=1,N

SUM2 (JST(1), J)=SUM1(IST(1),J)
CONTINUE

DO 26 I=1,N

po 26 J=1,N

SUM1 (1, J)=SUM2(1, J)

DO 50 I=1,N
IF(IST(1).EQ.JST(1))GO TO 50
DO 55 J=1,N

SUM2(J, IST(1))=SUM1(J, JST(1))
CONTINUE

RETURN

END
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110

120

SUBROUTINE MATROW(SUM2, N, SUM, SUMS)
COMPLEX SUM2(242,242),SUM(242), SUM5(242)
DO 110 I=1,N

SUMS(1)=(0.,0.)

CONTINUE

DO 120 I=1,N

DO 120 J=1,N

SUMS (1)=SUM2 (I, J)*SUM(J)+SUM5(1)
CONTINUE ;5
RETURN :

END
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10

12

13

14

19

15

16
17

SUBROUTINE RSTRIP1(NU, NNMAX, MM, DELWY, DK, DZP, ZPK, DWSTRIP,
iE,E1,BTM, CI)

DIMENSION BTM(1),CI(242)

COMPLEX ZPATRR

SQRE=SQRT (E)

N=0

DELTA=0.1

B1=SQRE

B2=B1-DELTA

CALL RSTRIP(NU, MM, DELWY, DK, DZP ZPK, DWSTRIP,E,E1, B1, ZPATRR, CI)

F1=REAL (ZPATRR)

CALL RSTRIP(NU, MM, DELWY, DK, DZP, ZPK, DWSTRIP, E, E1, B2, ZPATRR, CI)

F2=REAL (ZPATRR)

FT=F2

IF(F1.LT.0.0.AND.F2.LT.0.0) GO TO 15

IF(F1.GT.0.0.AND.F2.GT.0.0) GO TO 15

AF1=ABS(F1)

AF2=ABS(F2)

BP=B1-(B1-B2)}*AF1/(AF1+AF2)

IF(ABS(B2-B1).LE. 1.E-04) GO TO 14

CALL RSTRIP(NU, MM, DELWY, DK, DZP, ZPK, DWSTRIP, E, E1, BP, ZPATRR, C1)

FP=REAL (ZPATRR)

IF(ABS(FP).LE. 1.E-04) GO TO 14

IF(F1.LT.0.0.AND.FP.LT.0.0) GO TO 13

IF(F1.GT.0.0.AND.FP.GT.0.0) GO TO 13

B2=BP

F2=FP

GO TO 12

B1=BP

F1=FP

GO TO 12

IF(ABS(FP).LT.1.E-04)GO TO 19

GO TO 15

N=N+1

BTM(N)=BP

IF(N.GE.1)GO TO 17

B1=B2

B2=B1-DELTA

GO TO 10

NE=N

RETURN

END

48



100

10

21

SUBROUTINE RSTRIP(NU, MM, DELWY, DK, DZP, ZPK, DWSTRIP, E, E1,

1 XX, ZPATR, CI)

DIMENSION U1(3),U2(10),R1(3),R2(10),U(13),R(13),BTM(1),CI(242)
EQUIVALENCE (U1(1),U(1)), (U2(1),U(4)), (R1(1),R(1)), (R2(1),R(4))
COMPLEX CJ,CJE1,CF1, CF2, SUMRR, ZPATR, CCFA

DATA U1/0.11270166537925, .5, 0. 88729833462074/,U2/.01304673574141
A, .06746831665550, . 16029521585048, . 28330230293537, . 42556283050918
B, .57443716949081, . 71669769706462, . 83970478414951, . 93253168334449
C, .98695326425858/,R1/.2777777777TT777, . 44444444444444, . 2777777777
D7777/,R2/.03333567215434, .07472567457529, . 10954318125799, . 134633
E35965499, . 14776211235737, . 14776211235737, . 13463335965499, . 109543
F18125799, . 07472567457529, . 03333567215434/

cJ=(0.,1.)

PI=2."ASIN(1.0)

TWOPI=2. *PI

PI102=PI1/2.

SQRE=SQRT (E)

DWKO2=0. S*DWSTRIP

DWKY2=0. 5*DELWY

CJE1=CJ*(E-CJ*E1*E-1.)

SUMRR=(0.,0.)

ZPATR=(0.,0.)

CONTINUE

NF=1

NQ=5

XX1=0. 0001

XX2=1.-0.0001

DELT=(XX2-XX1)/FLOAT(NQ)

DO 80 K=1,NQ

XI=K-1

FF=XX1+XI"*DELT

DO 80 JL=4,13

UU=U(JL)*DELT+FF

BSQ=UuU*UU

BET=UU

BETA=UU

DWKB2=BETA*DWKO2

DYKB2=BETA*DWKY2

AKX1=XX*XX+BSQ

IF(AKX1-1.)10, 10,12

B1=SQRT(1. -AKX1)

BE=SQRT (E-AKX1)

AZ=BE*ZPK

AD=DK"BE

ADZ=DZP*BE

SINZ=SIN(AZ)

COSD=COS (AD)

SIND=SIN(AD)

COSDZ=COS (ADZ)

SINDZ=SIN(ADZ)

SINZ1=1.0

IF(ABS(AZ).LT.1.E-05)GO TO 21

SINZ1=SINZ/AZ

CF1=SINZ1* (BE*COSDZ+CJ*B1*SINDZ)/ (BE*COSD+CJ*B1*SIND)
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12
14

22

15

23

24

25

20

301

302
501

CF2=SINZ1*SINZ*BE*BE/ (BE*COSD+CJ*B1*SIND)
CF2=CF2/(E*B1*COSD+CJ*BE*SIND)

GO TO 20

IF(AKX1-E)14, 14, 15
B1=SQRT(AKX1-1.)

BE=SQRT (E-AKX1)

AZ=BE*ZPK

AD=BE*DK

ADZ=BE*DZP .,
SINZ=SIN(AZ) o
COSD=COS (AD) B
SIND=SIN(AD)

COSDZ=COS(ADZ)

SINDZ=SIN(ADZ)

SINZ1=1.

IF(ABS(AZ).LT.1.E-05)GO TO 22
SINZ1=SINZ/AZ
CF1=SINZ1*(BE*COSDZ+B1*SINDZ)/ (BE*COSD+B1*SIND)
CF2=SINZ1*SINZ*BE*BE/(BE*COSD+B1*C0OSD)
CF2=CJ*CF2/(B1*E*COSD-BE*SIND)

GO TO 20

B1=SQRT(AKX1-1.)

BE=SQRT (AKX1-E)

AZ=ZPK*BE

AD=DK*BE

ADZ=DZP*BE

EP1=0.0

IF(ABS(AZ).GT.20.)GO TO 23
EP1=EXP(-2. *AZ)

EPD=0.

IF(ABS({AD).GT. 20.)GO TO 24
EPD=EXP(-2. *AD)

EPDZ=0.

IF (ABS(ADZ).GT. 20. )GO TO 25
EPDZ=EXP(-2. *ADZ)
CF1=(1.-EP1)*(BE* (1. +EPDZ)+B1* (1. -EPDZ))
CF1=CF1/(BE* (1. +EPD)+B1* (1. -EPD))
CF1=CF1/(2. *AZ)
CF2=-CJ*BE*BE*(1.-EP1)*(1. -EP1)*EPDZ/AZ
CF2=CF2/(BE*{1. +EPD)+B1*(1. -EPD) )
CF2=CF2/(E*B1*(1. +EPD)+BE* (1. -EPD))
DWKA2=DWKB2

IF(NU.NE. 1)GO TO 501

F11=SIN(DYKB2)

Fi=1.

IF (ABS(DWKA2).LT. 1.E-05)GO TO 301
F1=SIN(DWKA2)./DWKA2

F2=1.

IF(ABS(DYKB2).LT.1.E-05)GO TO 302
F2=F11/DYKB2

GO TO 508

F3=0.5*DWKA2
IF(ABS(F3).LT.1.E-05)GO TO 506
F3=SIN(F3)/F3
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506 F4=1.
IF (ABS(DWKA2).LT. 1.E-05)GO TO 507
F4=SIN(DWKA2)/DWKA2
507 F1=1.
F2=1.
IF(ABS(DWKA2).LT. 1.E-05)GO TO 503
IF(NU.EQ. 2)F2=F4
IF (NU. EQ. 3)CALL BJOR(DWKAZ2,F2, IERR)
IF(NU.EQ. 4)F2=2. *FA-F3*F3 ..
503 F2=F2*F2
508 CCFA=((E~-XX*XX)*CF1-CJE1*XX*XX*CF2)
CCFA=CCFA*F1*F2
IF(NU.NE. 1)GO TO 504
S1=0.
DO 303 I=1,MM
XARG=MM/2
XARG1=1
XARG2=0.5
XARG=XARG- (XARG1-XARG2)
FACT=CI (I)*C0OS(2. *DYKB2*XARG)
S1=S1+FACT
303 CONTINUE
GO TO 505
504 Si1=1.
505 SUMRR=SUMRR+CCFA*R(JL)*S1
80 CONTINUE
SUMRR=SUMRR*DELT
ZPATR=ZPATR+SUMRR
SUMRR=(0.,0.)
CPOLE=0. 0001
NF=NF+1
IF(NF.EQ. 2)XX1=1. +CPOLE
IF (NF. EQ. 2)XX2=SQRE-CPOLE
1F(NF.EQ.2)GO TO 100
IF (NF.EQ. 3)XX1=SQRE+CPOLE
IF(NF.EQ. 3)XX2=XX1+1.
IF(NF.EQ.3)GO TO 100
IF(XX2.LT.5.0. AND. XX2.GT. 0. )DINC=1.0
IF(XX2.LT.25.0. AND. XX2.GT. 5. 0)DINC=S.
IF(XX2.LT. 100. 0. AND. XX2. GT. 25. 0)DINC=25.0
IF(XX2.GT. 100.0)DINC=100.0
XX1=XX2
XX2=XX1+DINC
IF(XX2.LT.1000.0)GO TO 100
RETURN
END
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SUBROUTINE MZO(NU, DELTX, ZPATR, CI, MM)

Ci*.‘Q.Q.“Q.!Q#Q‘l!.‘***'.!!‘.ll*i.**.‘l‘i.ﬁ.ﬂl##.tﬂ‘ll‘l*#..lﬁi..ll
c** Thls program computes the characteristic impedance of micro- **
c** line. This program calls subroutine DFKX to calculate

Cc** derivatives of the integrand appearing in equations (12),

LA
L

Cc** (13), and (14). - .
Cl! -
C!I L2
C** INPUT PARAMETERS: o b
C#G » ¥
Cc** NU = 1 FOR PULSE DISTRIBUTION '*‘
C** = 2 FOR UNIFORM DISTRIBUTION B
CH** = 3 FOR NONUNIFORM DISTRIBUTION fld
C** ¥
C** DELTX = A CONSTANT IN THE RANGE 0.01-0.001 bl
Cil LR ]
CH* C1 = CURRENT DISTRIBUTION AMP. ¥
CH» 1T IS ZERO IF NU=2 OR NU=3 *x
CH* e
c** MM = NUMBER OF PULES ke
Ctl * ¥
CH* OUTPUT PARAMETERS: e
C“ L X
c** ZPATR = CHARACTERISTIC IMPEDANCE OF MICROSTRIP LINE e
Ci* L2 ]

C‘i‘l!*#iii!‘ﬂi#l#.itl.i"i“!*!!**#l!ﬁ!l#!t'!i***l!!***.*‘!ii‘*‘iiil

DIMENSION U1(3),U2(10),R1(3),R2(10),U(13),R(13)

DIMENSION BTM(1),CI(242)

EQUIVALENCE (U1(1),U(1)), (U2(1),U(4)), (R1(1),R(1)), (R2(1),R(4))
COMMON CJ,CJE1,PI, TWOPI, P102, DELZ, DELD, DELDZ, DELW, XX, B, E, E1
COMPLEX CJ,CJE1,CF1, CF2, SUMRR, ZPATR, CCFA, DF

DATA U1/0.11270166537925, .5, 0.88729833462074/,U2/.01304673574141
A,.06746831665550,.16029521585048,.28330230293537,.42556283050918
B,.57443716949081,.71669769706462..83970478414951,.93253168334449
C..98695326425858/,R1/.27777777777777,.44444444444444,.2777777777
D7777/,R2/.03333567215434,.07472567457529,.10954318125799,.134633
E35965499,.14776211235737,.14776211235737..13463335965499,.109543
F18125799, . 07472567457529, . 03333567215434/

CPOLE=0. 0001

SQRE=SQRT(E)

DELWY=DELW/MM

DWK02=0. S*DELW

DYKO02=0. 5*DELWY

CONST=-377. 7*DELZ/ (P1*E)

SUMRR=(0.,0.)

ZPATR=(0.,0.)

NF=1

NQ=5

XX1=0. 0001

XX2=1.-0.0001

100 DELT=(XX2-XX1)/FLOAT(NQ)

DO 80 K=1,NQ

XI=K-1

FF=XX1+XI*DELT
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DO 80 JL=4,13
UU=U(JL)*DELT+FF
BSQ=UU*UU
BET=UU
BETA=UU
DWKB2=BETA"DWKO2
DYKB2=BETA*DYKO2
CALL DFKX(XX,DELTX,DELD,DELDZ,DELZ,E,CJ,CJEI,BETA,DF)
AKX1=XX*XX+BSQ r
IF(AKX1-1.)10,10,12
10 B1=SQRT(1.-AKX1)
BE=SQRT (E-AKX1)
AD=DELD*BE
AZ=DELZ*BE
ADZ=DEL.DZ*BE
SINZ=SIN(AZ)
SIND=SIN(AD)
COSD=COS (AD)
SINDZ=SIN(ADZ)
COSDZ=COS (ADZ)
SINZ1=1.
IF(ABS(AZ).LT.1.E-05)GO TO 201
SINZ1=SINZ/AZ
201 CF1=SINZ1*(BE*COSDZ+CJ*B1*SINDZ)
CF1=CF1/(BE*COSD+CJ*B1*SIND)
CF2=BE'BE'SIN21’SINZ/(BE'COSD+CJ'BI'SIND)
CF2=CF2/(E*B1*COSD+CJ*BE*SIND)
GO TO 20
12 IF(AKX1-E}14,14,18
14  B1=SQRT(AKX1-1.)
BE=SQRT(E -AKX1)
AD=DELD*BE
AZ=DELZ*BE
ADZ=DELDZ*BE
SINZ=SIN(AZ)
SIND=SIN(AD)
COSD=COS(AD)
SINDZ=SIN(ADZ)
COSDZ=COS(ADZ)
SINZ1=1.
IF(ABS(AZ).LT.1.E-05)GO TO 202
SINZ1=SINZ/AZ
202 CF1=SIN21‘(BE’COSDZ+BI‘SINDZ)/(BE'COSD+B1'SIND)
CF2=CJ*BE*BE*SINZ1*SINZ/ (BE*COSD+B1*SIND)
CF2=CF2/(E*B1*COSD-BE*SIND)
GO TO 20
18  B1=SQRT(AKX1-1.)
BE=SQRT (AKX1-E)
AD=DELD*BE
AZ=DELZ*BE
ADZ=DELDZ*BE
AZ2=2."AZ
AD2=2."AD
ADZ2=2. *ADZ
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EZ=0.
IF (ABS(AZ22).GT. 15.)GO TO 203
EZ=EXP(-AZ2)

203 EDD=0.

IF (ABS(AD2).GT. 15.)GO TO 204
EDD=EXP(-AD2)

204 EDZ=0.

IF(ABS(ADZ2).GT. 15. )GO TO 205
EDZ=EXP(-ADZ2)

205 CF1=(1.-EZ)*(BE*(1. +EDZ)+BI*(1 ~-EDZ))
CF1=CF1/(BE* (1. +EDD)+B1* (1. -EDD))
CF1=CF1/AZ2
CF2=BE*BE* (1. -EZ)*(1.-EZ)*EDZ/AZ
CF2=-CJ*CF2/(BE* (1. +EDD)+B1*(1. -EDD))
CF2=CF2/(E'81'(1.+EDD)+BE‘(1.—EDD))

20 IF(NU.NE.1)GO TO 501
S1=0.
po 302 I=1,MM
DO 302 J=1,MM
XARG=(1-7J)

FACT=CI(1)*CI(J)*COS(2. *DYKB2*XARG)
S1=S1+FACT

302 CONTINUE
F2=1.

IF (ABS(DYKB2).LT. 1.E-05)GO TO 303
F2=SIN(DYKB2)/DYKB2

303 GO TO 502

501 Si1=1.

F3=0. 5*DWKB2
IF(ABS(F3).LT.1.E-05)G0O TO 507
F3=SIN(F3)/F3

507 F2=1.

IF(ABS(DWKB2).LT.1.E-05)GO TO 508
F2=SIN(DWKB2)/DWKB2

508 IF(NU.EQ.2)F2=F2
IF (NU. EQ. 3)CALL BJOR(DWKBZ2,F2, IERR)
1F(NU.EQ. 4)F2=2. *F2-F3*F3

502 CCFA=( (E-XX*XX)*CF1-CJE1*XX*XX*CF2-~ -XX*DF ) /XX
CCFA=CONST*DF*F2*F2*S1
SUMRR=SUMRR+CCFA*R (JL)

80  CONTINUE
SUMRR=SUMRR*DELT
ZPATR=ZPATR+SUMRR
SUMRR=(0.,0.)

NF=NF+1

1F(NF.EQ. 2)XX1=1. +CPOLE
IF (NF. EQ. 2)XX2=B-CPOLE
IF(NF.EQ.2)GO TO 100
IF(NF. EQ. 3)XX1=B+CPOLE
IF(NF. EQ. 3)XX2=SQRE-CPOLE
IF(NF.EQ.3)GO TO 100
IF(NF. EQ. 4)XX1=SQRE+CPOLE
IF(NF.EQ. 4)XX2=XX2+1.0
IF(NF.EQ.4)GO TO 100
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IF(XX2.LT.5.0. AND. XX2.GT. 0. )DINC=1.0
IF(XX2.LT.25.0. AND. XX2. GT. 5. 0)DINC=5.
IF(XXZ.LT.IO0.0.AND.XXZ.GT.25.0)DINC=25.0
IF(XX2.GT. 100. 0)DINC=100.0

XX1=XX2

XX2=XX1+DINC

IF(XX2.LT.3000.0)GO TO 100

ZPATR=ZPATR/4.

RETURN o

END :
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SUBROUTINE DFKX(XX, DELTX, DK, DZP, ZPK, E, CJ, CJE1, BETA, DF)

C‘liﬂ!il‘l‘liﬂ.l"i!’.ﬂ.ﬂ..*‘.!-.!‘i!‘.Qlﬁi..'l.*iﬂil‘l#i**tl‘ii.l!l
C‘! L2
C** This program calculates the derivative of integrand
C** appearing In equations (12), (13), and (14).
L2
gﬁl'.‘!ﬂ'l*."..itl‘.i*l'il#‘ﬂt.i‘..t*l.“i"iiili*‘.ﬁ’ﬁ'.‘i*‘*l!i
DIMENSION DF1(2)
COMPLEX DF,DF1
COMPLEX CJ,CJE1,CF1,CF2
AKX1=XX-DELTX
I=1
BSQ=BETA*BETA
100 AB1=BSQ+AKX1*AKX1
IF(AB1-1.)10,10,12
10 B1=SQRT(1.-AB1)
BE1=SQRT(E~AB1)
AD=BE1*DK
AZ=BE1*ZPK
ADZ=BE1*ADZ
SINZ=SIN(AZ)
SIND=SIN(AD)
COSD=COS (AD)
SINDZ=SIN(ADZ)
COSDZ=C0S{ADZ)
SINZ1=1.0
1F(ABS(AZ).LT.1.E-05)GO TO 21
SINZ1=SINZ/AZ
21 CF1=SIN21'(BEI‘COSDZ+CJ'BI'SINDZ)/(BEl‘COSD+CJ'Bl*SIND)
CF2=SINZ1*SINZ*BE1"BE1/(BE1*COSD+C.J*B1*SIND)
CF2=CF2/(E*B1*COSD+CJ*BE1*SIND)
GO TO 20
12 IF(AB1-E)14, 14,15
14 Bi=SQRT(AB1-1.)
BE1=SQRT(E-AB1)
AD=BE1*DK
AZ=BE1"ZPK
ADZ=BE1*DZP
SINZ=SIN(AZ)
SIND=SIN(AD)
COSD=COS(AD)
SINDZ=SIN(ADZ)
COSDZ=COS (ADZ)
SINZ1=1.
IF(ABS(AZ).LT.1.E-05)GO TO 22
SINZ1=SINZ/AZ
22 CF1=SINZ1* (BE1*COSDZ+B1*SINDZ)/ (BE1*COSD+B1*SIND)
CF2=SINZ1*SINZ*BE1*BE1/(BE1*C0OSD+B1*SIND)
CF2=CJ*CF2/(E*B1*COSD-BE1*SIND)
GO TO 20
15 B1=SQRT(AB1-1.)
BE1=SQRT(AB1-E)
AZ=BE1*ZPK
AD=BE1*DK

e
L2
LA
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23

24

25

20

ADZ=BE1*DZP

EP1=0.0

IF(ABS(AZ).GT. 20.)GO TO 23
EP1=EXP(-2. *AZ)

EPD=0.0

IF(ABS(AD).GT. 20.)GO TO 24
EPD=EXP(-2. *AD)

EPDZ=0.0

IF(ABS(ADZ).GT.20.)GO TO 25 -
EPDZ=EXP(-2. *ADZ) '
CF1=(1.-EP1)*(BE1* (1. +EPDZ)+B1*(1. -EFDZ))
CF1=CF1/(BE1* (1. +EPD)+B1* (1. -EPD))
CF1=CF1/(2.*AZ)
CF2=-CJ*BE1*BE1* (1. -EP1)* (1. -EP1)*EPDZ/AZ
CF2=CF2/(BE1*(1.+EPD)+B1* (1. -EPD))
CF2=CF2/(E*B1*(1.+EPD)+BE1*(1. -EPD))

DF1(I)=(E-AKX1*AKX1)*CF1-CJE1*AKX1*AKX1*CF2

AKX1=XX+DELTX

I=1+1

IF(1.LE.2)GO TO 100
DF=(DF1(2)-DF1(1))/DELTX
RETURN

END
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