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Fig.4. Trial ring. type channel-dropping tilter.
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Fig. 5. Overall frequency response of the multiplexing networks where
fo =19.9 GHz. (a) Theoretical curves. (b) Experimental curves.

TABLE I

COMPONENTS OF MEASURED OVERALL LOSS

I MEASUREO VALUE alPREDICTED VALu E
I

dB dB

OvERALL L0s5 (d.s) 50 5.5

V-H

POLARIZING FILTER 0,16 X 2 0.20 x 2

TRANSMIT - RECIEVE

020x2 015x2
FILTER

IPRESSU= WINCOW I OIOX2 I 010X2
I

;&NU&L-DWPING

[FIVE CHANNELS IN 1.66 1,92

,CASCADE )
INTERCONNECTION

I

WAVEGUIDES

RECTANGULAR 0.40 0.60

FLEXIBLE 2.02 2.08

s When thecenter frequency is 19.9 GHz.

A large amount of flexibility y for adjusting antenna direction and

also for interconnecting to the repeater was included in the first time

test. Therefore, the total length of the flexible waveguide extends to

approximately O.5 m foreach transmit and receive side. In the future,
it is promising that the overall loss will be reduced to within4dB of

the first trial target because it will not be necessary for the flexible

waveguide to be so long.
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A Potential Theory Method for

Covered Microstrip

ANDREW FARRAR AND A. T. ADAMS

AfWract-Matrixme thods [l]areused toanalyze the properties

of covered microstrip. The Green’s function is calculated bya poten-

tial theory method assuming the TEM mode of propagation. Com-

puted impedance values of covered microstrip agree closely with
other experimental and theoretical data. The technique is a general
one and can be used to treat multiple-layer and covered microstrip.
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SHORT PAPERS

INTRODUCTION

The effect of acoverplate on the properties of microstrip trans-

mission lines is of increasing importance because of high-power

applications and emphasis on size reduction. The effect. of the cover
has beentreated by Krageand Haddad [2], [3], by Priebe and Kyle
[4]whouse themethod of Adams and Mautz [5], by Bryant and

Weiss [6], and by Yamashita [7]. This short paper outlines a new
method for treating microstrip, one that takes into account the
presence of a cover and that can readily be extended to treat multiple-

layered media.

Consider the covered microstrip transmission line shown in Fig. 1.
First the Green’s function, i.e., the potential function due to a line

charge k located at the interface parallel to the z axis Fig. 2, is ob-

tained. Then the matrix methods [5] areused tocompute the charge

density and capacitance of themicrostrip line of Fig. 1.
The potential Visgiven bythe solution of Laplace’s equation

w“ = o (1)

that has a solution of the form

V = (Asinkz +Bcoskx)(Csinhky+ Dcoshky). (2)

Specializing thesolution totheproblem in Fig. 2,0ne can write [8]

s

.

VI = A(h) coskx;:~dk (3)
—.

J

.
VII =

sinh k(B ~1 ~k
A(k) coskx~

-. smhk(B – H) (4)

wherek is the separation constant in Laplace’s equation (l). k has a

continuous range of allowed values since the geometry is unbounded

in x.
The charge density on the plane y=H (dielectric interface) is a

function of x and the boundary condition to be satisfied is

u, = ha(t) = Lk — h]g==~ (5)

where~, is charge per unit length for the subsection iaud DI and DII

arethe displacement vectors in regions I and II, respectively.
Substituting (3) and (4) into (5) gives the following expressions

for the potentials in regions I and II

VI = : j;”
.

sinhkysinhk(B – H)dk
. COS kt ————— ——–– (6)

k[q cosh kH sinh k(B – H) + C,sinh kH cosh k(ll – H) ]

.
VII = ~

J2T -.

sinh kH sinh k (B — g) dk
— . (7)

“C“s ‘x ~q cosh kH sinh k(B – H) + et sinh ky cosh k(B – H) ]

Bryant and Weiss [9] evaluate integrals (3) and (4) by a computer

algorithm. In this short paper an alternative method is used: the
integrals (6) and (7) are evaluated by residue theory. There are an

infinite number of poles, and an infinite series results. The locations

of the poles are obtained by an iterative computer technique. The
series is absolutely convergent. The potential thus evaluated repre-
sents the Green’s function for the problem of Fig. 2.

Once the Green’s function is evaluated, the potential problem of
Fig. 1 may be treated by matrix methods. The strip is divided into
N subsections and the following matrix equation is obtained

[V] = [D][a] (8)

where Dtj is the potential at subsection i due to unit charge density

on subsection j obtained by specializing (6) or (’7) to y =H. CTjis the

charge density of subsection j and V, is the potential at subsection L
For convenience, subsection widths are assumed to be unity. The

u’s are obtained by matrix inversion, the capacitance is obtained by

summation, and the impedance is calculated by the relationship

1
z,=--===- (9)

Vodcco

where rJOis the velocity of light in vacuum, COk the capacity per unit
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Fig. 1. Cross section of covered microstrip.
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Fig. 2. Green’s function geometry for covered microstrip.

length for G= c,, and C is the capacitance per unit length of the

geometry of Fig. 1.
The potential theory technique described here is a general one

and it can readily be extended to calculate the properties of multiple
microstrip lines with multiple layers of dielectric.

COMPUTATIONS

As an illustration of the present analysis, the characteristic

impedance of the covered microstrip (see Fig. 2) was calculated for

~rl=9.6 for different tf~/~ratios.
In this computation ratio, B/H=P+l was assumed to be an

integer. Substituting this into (6) and (7), the Green’s function for

the problem becomes

[
II%7TXi — Xj

exp ————— 1
D,j=~~—~——

2H

1
.—— —.

eo 6, + v .=, ?’sT

where v=3, 5, 7, , . . and 2; are the poles of the integrand in (6],

and x,, Xj are coordinates of the field and source points, respectively.

Since at y = H the potential for VI= VII, there is no need carrying out

the integration in (7). For v = 2, 4, 6, . . . , the Green’s function VI k
given by

{
exp [–Zml z, – Xjl]

D,, = ~ ~ ——————
HZn[(E, + v) – (1+ ,,,)cot ZmH cot VZJI] I

(11)
eo In=l

and for v = 1

[
J‘nrr / x“ — X,

exp ———

—2— 2
2H 1

D,, = —. (12)
CO(C,+ 1) n=l mr

A computer program was prepared in Fortran IVand the proper-

ties of the covered microstrip line for .,=9.6 were calculated using
(10). Fig. 3 shows the results. Notice that, as the ratio B/H increases,

the impedance of the transmission line grows larger. As the micro-
strip cover is moved closer to the transmission line, the impedance

decreases, as expected. The characteristic impedance of the un-
shielded microstrip (B/H= m), computed by matrix methods [11],
is also Dlotted for comparison. For e = m the data agree within + 1..... _ -
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Fig.3. Zo versus W/H forvarkmsva luesof B/H.

percent withthatof Cohn [10]. Fore. =9.6the results werecompared
with that reported by Yamashita [7] who has carried out his calcu-
lations for sapphire (6,=9.9) using variational methods. Yamashita’s

results were higher bya maximum of 3 percent due to higher dielec-

tric constant of sapphire. Using GE 635 computer, 3.6-s computation

time isrequired toobtain one of thecurves in Fig. 3.

Spectral-Domain Approach for Calculating the

Dispersion Characteristics of Microstrip Lines

TATSUO ITOH AND RAJ M ITTRA

Ab.sfract-The boundary value problem associated with the open
microstrip line structure is formulated in terms of a rigorous, hybird-

mode representation. The resulting equations are subsequently

transformed, via the application of Galerkin’s method in the spectral
domain, to yield a characteristic equation for the dispersion proper-
ties of the open microstrip lime.

Numericsf results are included for several d~erent structural

parameters. These are compared with other available data and with
some experimental measurements.

INTRODUCTION

Because microwave integrated circuits are being used at higher

frequencies, it is often necessary to predict the dispersion character-
istics of microstrip lines and similar configurations. However, only

very recently has the hybrid-mode analysis been applied for rigorous
formulation of the dispersion problem for both the shileded [1]- [3 ]
and open versions [4] of the microstrip lines.

The method followed by Denlinger [4] for analyzing the open

microstrip line is critically dependent on the forms of the distribution
one assumes, for the two current components on the center strip of
the line, in the process oi solving for the unknown amplitude of

Manuscript received November 29, 1972; revised January 25, 1973. This work
was supported in part by the United States Army Research Grant DA-ADO-D-
31-71 -G77 and in part by NSF Grants GK 33735 and GK 36854.

The authors are with the Department of Electrical Engineering, University of
Illinois, Urbana, 111.61801.

ACKNOWLEDGMENT

The authors wish to thank C. E. Nelson of General Electric Com-
pany for helpful discussions,

REFERENCES

R. F, Harrin@on, Field Com$utatiox by Momcat Methods. New York: Mac-
millan, 196S.
M. K. Krageand G. I. Haddad, “Characteristics of coupled microstrip trans-
mission lines—I: Coupled-mode formulation of inhomogeneous lines, ” IEEE
Tvans. Microwave Theovy Tech., vol. MTT-18, pp. 217-222, Apr, 1970.
——, “Characteristics of coupled microstrip transmission lines-II: Evalua-
tion of coupled-line parameters, n IEEE Tram. Microwave Theory Tech., vol.
MTT-15, pp. 222-228, Apr. 1970.
D. A. Priebeand R.H. Kyle, <’ATLAB_A computer program for the analysis

of transmission lines with arbitrary boundaries,. GETIS R70ELS6, Nov. 1970.
A. T. Adams and J. R. Mautz, ‘<Computer solution ofelectrostatic problems by
rn-atrix inversion,” in Pvoc. Nat. ELectvon$cs Coxj., vol. 25, Dec. 1969, pp. 198–

[1]

[2]

[3]

[4]

[5]

[6]

[7]

ml.
T. G. Bryant and J.A. Weiss, “MSTRIP (Parameters of microstrip), ”IEEE
T~ans. Micvowaw Theory Tech.. vol. MTT-19, pp.41S–419,, Apr, 1971.
E. Yamashita, “Variational method for the analysis of mmrostrip-like trans-
mission lines, ” IEEE Tvans. Micvowave Theory Tech., vol. MT T-16, pp.
529–53S, Aug. 196S.
W. K. H. PanofskY and M. Phillips, Classical Electricity and Magnetism.
Reading, Mass.: Adrlison-Wesley, 1962, PP. 53-60.
J. A. Weiss and T. G. Bryant. ‘Dielectric Green’s function for parameters of
microstrip, ”Electron. Lett., vol,6, P.462, JulY 23, 1970.
S, B. Cohn, “Characteristic impedance of theshielded.strip transmission line,.
IRE Tvans. Microwave Theory Tech., vd. MTT.2, PP. 52-57, Ju1Y 1954.
A. Farraranri A. T. Adams. “Characteristic impedance of microstrip by the
method of moments, ” IEEE Trans. Murowatre Theory Tech. (Comesp.),
vol. MTT-lS, pp.65–66, Jan. 1970.

[s]

[9]

[10]

[11]


