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Propagation Parameters of Coupled
Microstrip-Like Transmission

Lines for Millimeter-Wave
Applications

SHIBAN K. KOUL AND BHARATHI BHAT

Abstract —A variational expression is derived for the propagation

parameters of coupled microstrip-like transmission lines for millimeter-wave

applications using the “transverse transmission line” method. Numerical

results are presented for the coupled inverted microstrip lines, and for the

coupled suspended microstrip lines. The effects of the top and sidewalls

and also of the finite thickness of strip conductors on the even- and

odd-mode impedances are studied. The use of a dielectric overlay in

equalizing the even- and odd-mode phase velocities is investigated.

L lNTRODUCTION

M

lCROSTRIP-LIKE transmission lines, which incor-

porate an air gap between the dielectric substrate and

the ground plane, such as the inverted microstrip and the

suspended microstrip, are known to offer less circuit losses

and less stringent dimensional tolerances compared with

the conventional rnicrostrip lines [ 1]–[3]. The same ad-

vantages accrue in the case of coupled rnicrostrip-like

transmission lines shown in Fig. 1 and its two special cases,

namely; the coupled inverted rnicrostrip lines and coupled
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Fig. 1 Coupled sandwiched microstnp structure.

suspended microstrip lines which result when h ~ = O and

h ~ = O, respectively, These structures, therefore, find appli-

cations in the design of filters and couplers at rnillimeter-

wave frequencies. Smith [4] has analyzed the even- and

odd-mode capacitances of the coupled lines on a sus-

pended substrate based upon conformal transformation.

Mirshekar-Syahkal and Davies [5] have analyzed shielded

multilayer dielectrics with arbitrary coplanar conductors

using spectral-domain approach.
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The purpose of this paper is to present a comprehensive

analysis of coupled microstrip-like transmission lines hav-

ing multilayer dielectrics. The analysis uses variational

technique combined with “transverse transmission line”

method. This is an extremely simple technique compared

with other methods reported in the literature [4]–[6]. Varia-

tional expressions for the even- and odd-mode capaci-

tances for the general shielded sandwiched structure (Fig.

1) are derived. The even- and odd-mode impedances (-ZO,

and ZOO) and phase velocities ( oP~, and vp~O) of the cou-

pled inverted microstrip lines, and coupled suspended mi-

crostrip lines are analyzed in detail. The effects of the top

and sidewalls and also of the finite thickness of strip

conductors on the impedance characteristics are reported.

The use of a dielectric overlay in equalizing oP~. and oPb~ is

investigated.

II. FORMULATION OF GREEN’S FUNCTION USING

TRANSVERSE TRANSMISSION LINE METHOD

Using the symmetry with respect to x = c/2, the coupled

sandwiched structure shown in Fig. 1 can be analyzed

using the even- and odd-mode method. It suffices to con-

sider only half the structure and the problem reduces to

that of finding the capacitance of strip conductor S’l with

respect to ground with appropriate boundary conditions

applied at the walls x = O and c/2 for the even- and

odd-mode excitations.

The Green’s function G(x, y/xO, yo) due to a unit charge

located at (xO, yo) satisfies the Poisson’s differential equa-

tion

V2G(X, y/Xo,Yo)=–+~(x –xo)~(Y– Yo) (1)

where 8(x — X. ) and 8(Y — y. ) are Dirac’s delta functions.

In this problem, the Green’s function can be expressed as

G(x, Y/x(I, ji))= ~ %(x) G(.Y). (2)
n

In order to satisfy the boundary conditions, namely G = O

at x = O and aG\ ax = O at x = c/2 for the even-mode

excitation and G = O at x = O and c/2 for the odd-mode

excitation, G.(x) takes the form

G.(.x)=sin (B.x)

where

[

(2n+l)m
9 for even mode

‘i” = (2n;)
for odd mode.

c’

(3)

(4)

Using (2) and (3) in (l), we obtain

In order to solve for G.(y), we use the “transverse

transmission line” method outlined by Crampagne et al.

[7]. For a transmission line with a current source of inten-

sitv 1. located at v = V.. the voltage V along the line

1365

satisfies the following differential equation:

d2V

()
—–yzv=– + l.b(y–yo)
dy2

(6)
c

where y is the propagation constant and YCis the character-

istic admittance of the line, Setting YC= c, and comparing

(5) and (6), we get the following analogous relations:

V- G~(y) y=pn flc P. 0.l,z&u x (7)
n

Since the voltage on the transmission line at y = y. is given

by V= I~/Y, we get

%(Y)= ~;y— sin /3~xo (8)

where Y is the admittance at the charge plane y = yo.

Using (3), (4), and (8) in (2), the Green’s function at y = y.

can be expressed as

Gn(x, yo/Xo, Yo)(::)= ~ ~

()~ odd
even

where the subscripts, Oe and

odd-mode, respectively.

n 77x0 n rx
. sin — sin —

c c

Oo, refer to the even-

(9)

and

111. VARIATIONAL EXPRESSIONS FOR EVEN- AND

ODD-MODE CAPACITANCES

The variational expression for the capacitance of TEM-

mode transmission line is given in [8]. The even- and

odd-mode capacitances for the coupled rnicrostrip-lilce

transmission lines can be expressed as

’00/j G(x,Yo/xoYo)(::)f(x)(::)f(xo)(::)dxdxo
$, s,

(lo)

where ~(x).. and ~(x )00 are the even- and odd-mode
charge distributions on the strip conductor. They are as-

sumed to be

I+[l+%:)’+C-;-W)”],
$(X)(:?)= &-w)< X<(y)(

Lo, otherwise,
(11)

Ao, and AOOare the constants for the even- and odd-mode

excitations, respectively. Substituting (9) and (11) in (10),

and simplifying, we obtain

c($)=
[l+(q::)y4]2

(12)

2 t%(~n +A(;:)J%)2

“(%)
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where

‘~”(a3’’”(H%wl

(13a)

4

()

2C 2
g.’— —nnY n~w

(13C)

‘(%)
The constants AO, and AOOare obtained by maximizing CO.

and COO,respectively.

Combining (12) with standard formulas [8], the even-

and odd-mode characteristic impedances and phase veloci-

ties can be computed. Expressions (12)–(14) are general

and can be applied to parallel-coupled microstrip-like

transmission lines with multilayered dielectrics in a shielded

configuration. It is only necessary to substitute the ap-

propriate expression for Y at the charge plane depending

on the geometry of the structure.

Referring to Fig. 1, the admittance Y at the charge plane

is given by

Y= Y,+Y2 (15)

where Y1 and Y2 are the admittances at the planey = h ~+ h z

looking in the positive and negative y directions, respec-

tively. Using the transmission line formula to obtain Y,

and Y2, we get

[1
nvh~ n~h3

coth — coth — + 6,1

Yly=k, +h,
c c

= 60 Cr,
nrh3 n~h~

c,, coth ~ + coth ~
1

[

n~hl nnh2
coth — coth — + C,2

+ C,2
c c

11

. (16)
nvh2 nvhl

C,2coth ~ +coth ~

IV. NUMERICAL RESULTS AND DISCUSSION

The effects of the shielding sidewalls and of the top wall

on the even- and odd-mode impedances of the coupled

sandwiched microstrip line are depicted in Fig. 2. The

variations in the optimum values of AO. and AOO are also

shown in the same figure. For typical representative

parameters chosen (6,1 = Cr2 = 3.78, w/h, = 1.0, s/hi =0.2,
and h z/h, = h3 /h 1=0.508), it is seen that for fixed v~ue

h,

k-
110} / ;70

I
02 L

110
681 O121L 1618

*

Fig, 2 Effect of sidewalls and top wafl on the even- and odd-mode

impedances and optimum A O= and A ~0 of the coupled sandwiched

microstrip, w/hi = 1, s/hi =0.2, h2/hl = h3/hl =0.508, t/b =0, Crl =

C,z =3.78.
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Fig. 3 Calculated even- and odd-mode impedances of coupled micro-
stnp and comparison with Bryant and Weiss [6], s/b= 0.2, t/b= O, c,
= 10.

of h ~/( h, + h*)= 10, the effect of sidewalls becomes

negligible when c/(2w +s ) >10. For a fixed value of

c/(2w +s ) = 15, the effect of the top wall becomes negligi-

ble when h4/( h ~+ h2)> 10. In all the succeeding computa-

tions, the parameters, c/(2w +s) and h~ /(h, + h z) are

fixed at 15 and 10, respectively, so that the sidewalls and

top wall have negligible effect on the field configuration.

Numerical results of coupled microstrip line (Fig. 3)

computed bysettinghl =h3=0, h2=b, hd=h, andc~z =c,

are found to be in good agreement with the results of

Bryant and Weiss [6]. Superimposed on the graph are the

results computed with much simpler assumed charge distri-

butions. It can be seen that Z ~, and ZOO obtained by

setting AO= = AOO= 1 are in good agreement with the values

obtained by using the optimum values of AO= and AOO. On

the other hand, with AO, = AOO= O, values of ZOe are
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Fig. 4 Calculated even- and odd-mode impedances of coupled micro-

strip with overlay and comparison with Paolino [9], w/b =0.4, d/b=
1.0, h/b=m, t/b=O, crl=lO.l, tr2=10.1.
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Fig. 5 Even- and odd-mode impedances of coupled inverted microstrip,

a/b= O.508, t/b =0, cr=3.78.

within 2 percent, while ZOOdiffers by 3– 11 percent, from

the results obtained with optimum xlo, and AOO. Numerical

results reported in all the subsequent figures use optimum

values of AOe and AOO given by (14). Computed results of

ZOe and ZOO for the coupled microstrip with overlay ob-

tained by setting h,= O (Fig. 4) agree well with those of

Paolino [9].

Computations of propagation parameters for the cou-

pled inverted microstrip are carried out by setting h ~= b,
h2 =0, h3= a, h4 = hl, and ~rl = c,, and for the coupled
suspended microstnp by setting h, = b, h~= a, h3= O, h~
= h, and E,2 = t,. For the coupled inverted microstrip, the

variations of ZOe and ZOOas a function of w/b are plotted

in Fig. 5 for a/b= 0.508 and c.= 3.78 and in Fig. 6 for

a/b =0.64 and c,= 9.6. The corresponding variations for
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Fig. 7 Even- and odd-mode impedances of coupled suspended micro-

strip, a/b =0.508, t/b =0, c, =3.78.

the coupled suspended microstrip are plotted in Fig. 7 for

a/b =0.508 and c,= 3.78, and in Fig. 8 for a\b = 0.64 and

c,= 9.6. It is found that for a given set of values (s/b, Zoe
and ZOO), the strip conductor, in both the configurations, is
nearly 2 to 3 times wider than that of coupled microstrip.
These structures, therefore, have useful applications at

millimeter-wave frequencies.

Fig. 9 shows the variation of the ratio vp~, /oP~O as a

function of w\b with C, as the parameter for the coupled

inverted rnicrostrip lines, and coupled suspended micro-

strip lines. For both these configurations, this ratio is
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Fig. 8 Even- and odd-mode impedances of coupled suspended micro-

strlp, a/b =0.64, t/b =0, c, =9.6.
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Fig. 9 Ratio of even- and odd-mode phase velocities versus w/b for

coupled inverted microstrip lines, and coupled suspended microstrip
lines, a/b =0.5, s/b =0.2, t/b =0.

found to be greater than that for coupled microstrip. For

example, in a coupled inverted microstrip having a/b= 0.5,

s/b =0.2, and w/b =1, the :P~,/vP~O ratio is equal to 1.48

for E,= 9.6. For coupler apphcations, such large differences

in oP~, and oP~O lead to poor directivit y. Since this is

essentially due to odd-mode loading, equalization of the

phase velocities can be achieved by perturbing only the

even-mode fields. This can be implemented by introducing

a dielectric overlay on the bottom ground plane. However,

this will increase the conductor loss, slightly, due to the
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Fig. 10 Effect of dielectric overlay on impedance characteristics of

coupled inverted microstrip, a/b =0.508, s/b =0.2, r/b = O, 6,1 =
3.78, <,2 = 9.6.
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ground plane. Figs. 10 and 11 show the effect of this
overlay on 20, and ZOOof the coupled inverted microstrip

lines, and coupled suspended microstrip lines, respectively.

As expected, increasing overlay thickness d decreases ZOO

rather slowly, while 2., decreases rapidly. The dotted lines
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Fig. 12 Effect of finite thickness of strip conductor on the even- and
odd-mode impedances for coupled inverted microstrip lines and cou-
pled suspended rnicrostrip lines, a/b =0.508, a/b =0.2, C,= 3.78.

in both of the figures indicate the contours along which

Ophe = ‘pho.

The effect of finite thickness t of the strip conductors

can be taken into account by considering two layers of

charge, one at the charge plane y = y. and the other at

y = yO~ t,where the positive sign is for the coupled sus-

pended microstrip lines and the negative sign is for the

coupled inverted microstrip lines. The Green’s function in

the expression for capacitance is replaced by the average

value of the Green’s functions at these two planes. With

this, g. in (12) and (14) is replaced by g. tnwhere

‘n=++si::r]’17)
L J

p = b for coupled inverted microstrip, and p = h for cou-

pled suspended microstrip.

Fig. 12 shows the percentage change in the values of 2.,

and ZOO of the coupled inverted microstrip lines, and
coupled suspended microstrip lines as a function of t/b
with w/b as the parameter. The wider the strip conductor,

the smaller the change in 2., and ZOOwith an increase in

t/b.The change in ZOO is much greater than the change

observed in Zoe’. This effect is similar to that observed in

coupled microstrip. However, for the representative param-

eters chosen, it is seen that for t/b up to 0.015, the

percentage decrease in 2., and ZOOis within 2 percent for

both configurations.

V. CONCLUSIONS

The even- and odd-mode impedance and phase velocity

characteristics of the coupled inverted microstrip lines and

coupled suspended microstrip lines are analyzed using the

simple “transverse transmission line” method combined

with the variational technique. For standard dielectric sub-

strates (~, =3.78, 9.6) and for a given set of values of s/b,
~e, and ZOO, values of w/b in the case of the coupledz

inverted microstrip lines, and coupled suspended micro-

strip lines are nearly 2 to 3 times larger than those of

coupled rnicrostrip lines; thus permitting their use at milli-

meter-wave frequencies. The difference between the even-

and odd-mode phase velocities in both these configurations

is found to be greater than that in a coupled microstrip line

having comparable impedance levels. Equalization of phase

velocities can be achieved by using a dielectric overlay on

the bottom ground plane which pert~bs essentially the

even-mode fields.

Expressions for CO. and COOderived in this paper are

general and can be applied to a class of symmetrically

coupled microstrip-like transmission lines with multi-

layered dielectrics in shielded configuration, so long as

appropriate expressions for the admittance Y at the charge

plane are substituted.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

R13FEWNCES

M. V. Schneider, “Microstrip lines for microwave integrated circuits;’
Bell Syst. Tech. J., vol. 48, pp. 1421-1444, May-June 1969.
B. E. Spielman, “Dissipation loss effects in isolated and coupled

transmission lines,” IEEE Trans. Microwave Theory Tech., vol.
MTT-25, pp. 648-656, Aug. 1977.

S. K. Koul and B. Bhat, “Characteristic impedance of microstnp-fike
trsmsmission lines for millimeter wave applications,” Arch. Elek.
Ubertragang, vol. 35, pp. 253-258, June 1981.
J. I. Smith, “The even- and odd-mode capacitance parameters for

coupled lines on suspended substrate,” IEEE Trans. Microwaue
Theory Tech., vol. MTT- 19, pp. 424–431, May 1971.

D. Mirshekar-Syahkal and J. B. Davies, “Accurate solution of micro-

strip and coplanar structures for dispersion and for dielectric and
conductor losses,” IEEE Trans. Microwave Theory Tech., vol. M’IT-
27, pp. 694-699, July 1979.
T, G. Bryant and J. A. Weiss, “Parameters of rnicrostrip transmission
lines and of coupled pairs of rnicrostrip lines,” IEEE Trans. Micro-
waoe Theory Tech., vol. MTT- 16, pp. 1021 – 1027, Dec. 1968.
R. Crampagne, M. Abmadprmah, and J. L. Guiraud, “A simple

method for determining the Green’s function for a large class of MIC
lines having multilayered dielectric structuresfl IEEE Trans. Micro-
watx Theory Tech., vol. MTT-26, pp. 82–87, Feb. 1978.

R. E. Collin, Field Theory of Guided Waves, New York: McGraw-

Hill, 1960.

D. D. Paolino, “MIC overlay coupler design using, spectraf domain

techniques,” IEEE Trans. Microwave Theoiy Tech., vol. M’I”T26, pp.

646-649, Sept. 1978.

*

Sbiban K. Koul received the B.E. degree in elec-

trical engineering from Regional Engineering
College, J & K, India, in 1977, and the M. Tech.
degree in radar and communication engineering
from the Indian Institute of Technology (1. I.T.),

Delhi, India, in 1979.

From. 1979 to 1980, he worked as a Senior
Research Assistant in the Centre for Applied

Research in Electronics (C.A.R.E.) at I. I. T., New
Delhi. Since 1980, he has been a Senior Scientific
officer and is workirrz. as a rmrt time student,

towards the Ph.D. degree. He is presently enga~ed in re;earch in the areas
of thin-film microwave integrated circuits and millimeter-wave transmiss-
ion lines.

Mr. Koul was awarded a gold medaf by the Institution of Engineers,

India, for securing first position among alf the disciplines of engineering
in the B.E. degree course.



1370 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. MTT-29, NO. 12, DECEMBER 1981

Bharathi Bhat received the B.E. degree in electri-

cal communication engineering and the M.E. de-

gree in electronics from the Indian Institute of

Science, Brmgalore, India, in 1963 and 1965, re-

spectively. She continued her graduate studies at
Harvard University, Cambridge, MA, and re-

ceived the M.S. and Ph.D. degrees in applied
physics in 1967 and 1971, respectively.

From 1971 to 1972, she worked as a Post-
doctoral Research Fellow in the Division of

Engineenng and Applied Physics, Harvard Uni-

versity. In 1973, she joined the Indian Institute of Technology (1. I.T.),

New Delhi, India, as Assistant Professor. Since 1977, she has been a
Professor and is currently the Head of the Centre for Applied Research in

Electronics (C.A.R.E.) at I. I.T.. She is the Leader of the Microwave
Group in C.A.R.E. andhasbeen engaged inresearch and developmental
projects in the areas of microwave- and millimeter-wave integrated cir-

cuits and antennas.
Dr. Bhat is a Fellow of the Institution of Electronics and Telecommmri-

cation Engineers (IETE), India. She is presently the Honorary Editor of
lETE Journal for the Electromagnetic Section.

Patent Abstracts

These Patent Abstracts of recently issued patents are intended to provide the minimum information necessary for

readers to determine if they are interested in examining the patent ~n more detail. Complete copies of patents are

available for a small fee by writing: U.S. Patent and Trademark Office, Box 9, Washington, DC, 20231.

4,271,504 Jun. 2, 1981

Frequency Modulators for Use in Microwave Links

Inventors: Pierre C. Brossard; Jeannine L. G. Henaff.
Filed: NOV. 17, 1978.

.4bstract —Frequency modulators for use in microwave link transmission

systems include acoustic surface wave (ASW) oscillators. Each frequency mod-

ulator comprises two voltage control quadripole ASW oscillators. Control
inputs of the two ASW oscillators receive modulation signal in opposite phase.
Outputs of ASW oscillators are mixed in a mixer for delivering an IF signal.
Thus frequency deviation is larger than in a conventiomd arrangement. More-
over, surface wave oscillators make it possible to directly insert a service
channel signal in a microwave link repeater, without demodulation and modu-
lation operations.

8 Ckdras, 5 Drawing Figures
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Microwave Receiver

Inventor: Akira Takayarna.
Assignee: Alps Electric Co., Ltd.
Filed: Sep. 17, 1979.

Abstract —A microwave receiver is constituted by an antenna having a

reflector and a primary radiator, and a converter having an unbalanced input

terminal. A core conductor projected from the unbalanced terminal of the

converter is extended inside the reflector through a bore formed therein so as

to function as the primary radiator of the antema. The converter is fixed

directly to the wall of the reflector.

4 Claims, 3 Drawing F@res
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