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Propagation Parameters of Coupled
Microstrip-Like Transmission
Lines for Millimeter-Wave
Applications

SHIBAN K. KOUL anp 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 impendances are studied. The use of a dielectric overlay in
equalizing the even- and odd-mode phase velocities is investigated.

I. INTRODUCTION

ICROSTRIP-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 microstrip lines [1]-[3]. The same ad-
vantages accrue in the case of coupled microstrip-like
transmission lines shown in Fig. 1 and its two special cases,
namely; the coupled inverted microstrip lines and coupled
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Fig. 1 Coupled sandwiched microstrip structure.
suspended microstrip lines which result when 4, =0 and
h, =0, respectively. These structures, therefore, find appli-
cations in the design of filters and couplers at millimeter-
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 (Z,,
and Z,,) and phase velocities (v, and u,,) 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 v,;, , and v, , is
investigated. :

II. FORMULATION OF GREEN’S FUNCTION USING
TRANSVERSE TRANSMISSION LINE METHOD

Using the symmetry with respect to x = ¢ /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, with
respect to ground with appropriate boundary conditions
applied at the walls x=0 and c¢/2 for the even- and
odd-mode excitations.

The Green’s function G(x, y/X,, J,) due to a unit charge
located at (x,, y,) satisfies the Poisson’s differential equa-
tion

V26(x. 5/ %0, 30)= = 8(x = x)(r= 1) (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/%9, o)= 2 G,(x)G,(). 2)

In order to satisfy the boundary conditions, namely G =0
at x=0 and 9G/dx=0 at x=c/2 for the even-mode
excitation and G =0 at x=0 and c¢/2 for the odd-mode
excitation, G,(x) takes the form

€)

G,(x)=sin (B,x)

where
@2n+1)=
— for even mode
B.= (2nw) (4)
— for odd mode.
Using (2) and (3) in (1), we obtain
L g2|6,(r)=~Lsin (Bx0)8(r =) (5)
dyz n n ce nvQ 0/

In order to solve for G,(y), we use the “transverse
transmission line” method outlined by Crampagne ef al.
[7]. For a transmission line with a current source of inten-
sity I, located at y=y,, the voltage V along the line
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satisfies the following differential equation:

CAW Y

where v is the propagation constant and Y, is the character-
istic admittance of the line. Setting ¥, =¢, and comparing
(5) and (6), we get the following analogous relations:

V=G,(»)

™

Since the voltage on the transmission line at y = y, is given
by V=1 /Y, we get

Y=8, s =

(3)

where Y is the admittance at the charge plane y = y,.
Using (3), (4), and (8) in (2), the Green’s function at y = y,
can be expressed as

4 .
G(y)= Fey i B.xo

4
Gn(x»J’o/xo,)’o)((?Z): 2 naY
(25)
. sin 270 in ﬁﬂ;.’ﬁ 9

where the subscripts, Oe and 0o, refer to the even- and
odd-mode, respectively.

III. 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 microstrip-like
transmission lines can be expressed as

Coe= [fslf(X)(g;)dx]

° fsfsG(x,yo/xo,yo)(gj)f(x)(gj)f(xO)(gj)dxde
(10)

where f(x),, and f(x),, are the even- and odd-mode
charge distributions on the strip conductor. They are as-
sumed to be

- =)
/ x)((’”)_ (c_s—w)<x<(c—s)

0, otherwise.

(11)

A4,, and 4, are the constants for the even- and odd-mode
excitations, respectively. Substituting (9) and (11) in (10),
and simplifying, we obtain

1+(4(02)/4) i
(%)= el Oe] ;
3 gL +4(o)M,)

nf odd 0o
cven

(12)
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B nmw(c—s naTw
Ln—sm{ P ( 1)}s1n( P ) (13b)
4 ( 2¢ \?
g"ﬂm(n'nw) (13c)
2 (4Mn - Ln)Ln gn
n(odd
A(0e)= — —— . 14
S ey T

n(2%)
The constants 4, and A, are obtained by maximizing C,,,
and C,,, 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,+7, (15)

where Y, and Y, are the admittances at the planey =4, + &,
looking in the positive and negative y directions, respec-
tively. Using the transmission line formula to obtain Y
and Y,, we get

nwh,

nwh
coth coth—=2 +¢,,
C

Y| = =€y €
|y—h,+h2 of *r1 n77'h4

nwh
¢, coth p 2 + coth

nwh, nmh,
coth ——2

oth

coth +e,,

+ 1
€r2 nwh, +coth nwh, (16)
co

4 C

€,,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 4,, and 4, are also
shown in the same figure. For typical representative
parameters chosen (¢,, =¢,, =3.78, w/h,=1.0, s /h,=0.2,
and h, /h, = h, /h,=0.508), it is seen that for fixed value
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Fig. 3 Calculated even- and odd-mode impedances of coupled micro-
strip and comparison with Bryant and Weiss [6], s/b=0.2,1/b=0,¢,
=10.

of h,/(hy+h,)=10, the effect of sidewalls becomes
negligible when ¢/(2w-+5)>10. For a fixed value of
c/(2w + 5)=15, the effect of the top wall becomes negligi-
ble when #, /(h; + h,)>10. In all the succeeding computa-
tions, the parameters c¢/(2w+s) and h,/(h,+h,) 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 by settingh, =h,=0,h,=b,h,= h,and¢,, =¢,
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 Z;, obtained by
setting 4,, = Ay, =1 are in good agreement with the values
obtained by using the optimum values of 4,, and 4,,. On
the other hand, with A4, = A4,,=0, values of Z;, are
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Fig. 5 Even- and odd-mode impedances of coupled inverted microstrip,
a/b=0.508,1/b=0,¢,=3.78.

within 2 percent, while Z,, differs by 3-11 percent, from
the results obtained with optimum 4, and 4,,. Numerical
results reported in all the subsequent figures use optimum
values of 4,, and A4,, given by (14). Computed results of
Z,, and Z,, for the coupled microstrip with overlay ob-
tained by setting 2, =0 (Fig. 4) agree well with those of
Paolino [9].

Computations of propagation parameters for the cou-
pled inverted microstrip are carried out by setting 4, = b,
hy=0, hy=a, hy=h,, and €, =¢,, and for the coupled
suspended microstrip by setting #,=b, h, =a, h; =0, h,
= h, and €,, = ¢,. For the coupled inverted microstrip, the
variations of Z,, and Z;, as a function of w/b are plotted
in Fig. 5 for a /6=0.508 and ¢,=3.78 and in Fig. 6 for
a/b=0.64 and ¢, =9.6. The corresponding variations for
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Fig. 6 Even- and odd-mode impedances of coupled inverted microstrip,

a/b=0.64,1/b=0,¢,=9.6.
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Fig. 7 Even- and odd-mode impedances of coupled suspendéd micro-
strip, a /b =0.508, 1 /b =0, ¢, =3.78.

the coupled suspended microstrip are plotted in Fig. 7 for
a/b=0.508 and ¢, =3.78, and in Fig. 8 for a /b =0.64 and
€, =9.6. It is found that for a given set of values (s/b, Z,,
and Z,,), 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 vy, /vy, as a
function of w/b with ¢, as the parameter for the coupled
inverted microstrip lines, and coupled suspended micro-
strip lines. For both these configurations, this ratio is
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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
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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 v, /vy, ratio is equal to 1.48
for €, =9.6. For coupler applications, such large differences
in vy, and vy, lead to poor directivity. 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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ground plane. Figs. 10 and 11 show the effect of this
overlay on Z;, and Z,, of the coupled inverted microstrip
lines, and coupled suspended microstrip lines, respectively.
As expected, increasing overlay thickness d decreases Z,,
rather slowly, while Z;, 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 microstrip lines, a /b =0.508,a/b=02,¢,=3.78.

in both of the figures indicate the contours along which
vphe = Dpho'

The effect of finite thickness ¢ 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 =y, =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, ¢, where

—t
sinh ————nﬂ(P )

R (17)

1+
sinh 1 Zp

f =1
o2
p = b for coupled inverted microstrip, and p =& for cou-
pled suspended microstrip.

Fig. 12 shows the percentage change in the values of Z,,
and Z,, of the coupled inverted microstrip lines, and
coupled suspended microstrip lines as a function of /b
with w/b as the parameter. The wider the strip conductor,
the smaller the change in Z;, and Z;, with an increase in
t/b. The change in Z,, is much greater than the change
observed in Z,,. This effect is similar to that observed in
coupled microstrip. However, for the representative param-
eters chosen, it is seen that for ¢/b up to 0.015, the
percentage decrease in Z;, and Z,, is 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
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simple “transverse transmission line” method combined
with the variational technique. For standard dielectric sub-
strates (e, =3.78,9.6) and for a given set of values of s/,
Z,,, and Z,,, values of w/b in the case of the coupled
inverted microstrip lines, and coupled suspended micro-
strip lines are nearly 2 to 3 times larger than those of
coupled microstrip 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 perturbs essentially the
even-mode fields.

Expressions for C;, and C,, derived 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.
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Frequency Modulators for Use in Microwave Links

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

Abstract —Frequency modulators for use in microwave link transmission
systems include acoustic surface wave (ASW) oscillators. Each frequency mod-
vlator 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 conventional 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 Claims, 5 Drawing Figures
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Microwave Receiver

Inventor: Akira Takayama.
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 antenna. The converter is fixed
directly to the wall of the reflector.

4 Claims, 3 Drawing Figures




