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Quasi-Static Analysis of Shielded Microstrip
Transmission Lines with Thick Electrodes

N. H. Zhu, W. Qiu, E. Y. B. Pun, and P. S. Chung

Abstract— An extended point-matching method for analyzing the
shielded microstrip transmission lines with thick electrodes has been
developed based on [1]. This method provides a simple and fast
approach to the quasi-static analysis of the structures. The calculated
fields are used to estimate the characteristic impedance and effective
dielectric constant of the structures. The results agree well with available
theoretical results obtained using other methods, such as the finite
element method and the boundary element method. This method can
be further applied to other microstrip lines widely used in monolithic
microwave integrated circuits (MMIC’s) applications.

Index Terms—Point-matching method, shielded microstrip lines.

I. INTRODUCTION

With the growing interest in microstrip transmission lines for
monolithic microwave integrated circuits (MMIC’s) applications, the
need for an accurate and fast modeling of the structures has increased.
It has been shown that the metallization thickness plays a very
important role in the propagation characteristics and the electric
field distributions in the structures. Quasi-static solutions to the
structures with finitely thick electrodes have been obtained using
various methods, such as a mixed spectral-space domain method
[2], the analysis based on the mode-matching method [3], [4], the
conformal mapping techniques [5], the finite difference method [6],
the finite element method [7]–[9], the boundary element method [10],
[11], the step current density approximation [12], and the method of
lines [13].

The point-matching method has been used to calculate the electrical
potential and the fields generated by a set of electrodes placed on top
of a layered dielectric medium [1]. However, the analysis is carried
out under the assumption of infinitely thin electrodes. The point-
matching method has been used to analyze the shielded microstrip
lines with finite-strip metallization thickness [14]. The disadvantage
of this method is that there is a strong correlation between the number
of boundary points considered and the rank of the system matrix. This
method can lead to acceptable results only when the strip-width-
to-thickness ratioW/T is larger than 100 [14]. In this paper, the
point-matching method [1] is extended to analyze shielded microstrip
transmission lines with thick electrodes. Typically, the value of
the electrode-width-to-thickness ratio is below ten. Comparison is
made between our calculated results and available theoretical results
obtained using other methods.

II. FORMULATION

The single and coupled shielded microstrip lines fabricated on
a two-layered dielectric substrate, considered in [2], are shown in
Fig. 1. In the analysis, the structures are divided into five regions, with
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Fig. 1. (a) Single and (b) coupled shielded microstrip lines with finitely thick
electrodes on a two-layered dielectric substrate.

both the shielding box and strips assumed to be perfectly conducting.
For the structure shown in Fig. 1(a), the potential functions in terms
of the Fourier-sine series satisfying the Laplace equation and part of
boundary conditions can be expressed as

�1 =

N

i=1

ai sinh
i�(y �D1)

L
sin

i�x

L
(1a)

�2 =
�0x

a
+

N

j=1

bj exp �

j�y

a

+ cj exp
j�y

a
sin

j�x

a
(1b)

�3 =
�0(L� x)

L� b
+

N

k=1

dk exp �

k�y

L� b

+ ek exp
k�y

L� b
sin

k�(x� b)

L� b
(1c)

�4 =

N�1

i=1

fi exp �

i�y

L
+ gi exp

i�y

L
sin

i�x

L
(1d)

�5 =

N

i=1

hi sinh
i�(y +D3)

L
sin

i�

L
x (1e)

where�0 is the potential applied to the strip,ai, bj , cj , dk, ek, fi,
gi, andhi are coefficients to be determined. The series are truncated
with different numbersN1, N2, andN3. The matching points do not
include the pointsx = 0 andx = L, i.e., xi = i�x = iL=N; i =

1; 2; � � � ; N � 1. N1, N2, andN3 are set to beN � 1, (a=L)N , and
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(L� b)N=L, respectively. By employing the boundary conditions in
the planey = �D2; fi andgi depend unambiguously onhi [1]. ai,
bj , cj , dk, ek, andhi are assumed to be independent variables, and
the exact relations among them are not required since the derivations
of these relations are very complicated [4]. In the planesy = 0 and
y = t, the continuities of bothEx and"yEy are satisfied, while on the
strip the potential functions are required to be equal to the applied V.
This leads toM = 2N�2+2aN=L+2(L�b)N=L equations which
can be converted into a matrix equation. The unknown coefficients
can be easily determined by solving this matrix equation. There
is no need for evaluating integrals and iterations. The effective
dielectric constant and characteristic impedance of the structure can
be determined by calculating the electric charges in the strip [15].

For the coupled shielded microstrip line shown in Fig. 1(b), both
c- and �-modes can be resolved into even and odd modes [15].
Therefore, only the even and odd modes are discussed. For the odd
mode, the planex = 0 is an electric wall, and the solutions have been
given by (1). For the even mode, the planex = 0 is a magnetic wall
and the matching points atx = 0 are included. Thus the potential
functions can be written as
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For microstrip lines on a multilayered (more than two) substrate,
the relations among the coefficients in the expansion series for
the potentials in the substrate can be obtained by applying the
boundary conditions. All these coefficients unambiguously depend
on the coefficients of the potential expansion series in the bottom
substrate layer and the order of the matrix equation will not increase.
The representations of the potential functions for different structures
have been discussed in detail in [1]. This extended point-matching
method can also be applied to other coplanar lines on the multilayered
substrate (i.e., coplanar waveguides, asymmetric coplanar lines, and
structures without shielding planes), but different functional forms of
the series expansions should be used.

III. RESULTS AND DISCUSSIONS

We first calculate the effective dielectric constant and the char-
acteristic impedance of a shielded microstrip line, with dimensions
a = 1 mm, b = 2 mm, L = 5 mm, D1 = 2 mm, D2 = 1
mm, D3 = 2 mm, "1 = "3 = "0, and "2 = 4"0. The calculated
results as a function of different truncation numberN are shown

(a)

(b)

Fig. 2. Dependence of (a) the characteristic impedance and (b) the effective
dielectric constant of the shielded microstrip line on the truncation number
N . The parameter used is the electrode thicknesst.

TABLE I
CALCULATED CHARACTERISTIC IMPEDANCES FOR THE

SYMMETRIC SINGLE PLANAR LINE CONSIDERED IN [11]

in Fig. 2, where the parameter is the electrode thickness. It can
be seen that the convergence is reasonably good even for a very
thick electrode strip, thus confirming the practicality of our method.
Our results are compared with those of the step-current density
approximation [12], the boundary-element method [11], the finite-
element method [8], and the technique proposed by [2]. Table I lists
the calculated characteristic impedances of the shielded microstrip
line with different combinations of thickness and width. Table II gives
the calculated elements of the capacitance matrix for the coupled
shielded coplanar strips considered in [2]. Close agreement with the
published results has been obtained.

For the shielded microstrip line with dimensions:L = 10 mm,
a = (L�W )=2, b = a +W , D1 = 2 mm, D2 = 1 mm, D3 = 2
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TABLE II
CALCULATED ELEMENTS OF CAPACITANCE MATRIX

FOR THE STRUCTURE CONSIDERED IN [8]

(a)

(b)

Fig. 3. (a) Characteristic impedance and (b) effective dielectric constant of
the shielded microstrip line as a function of electrode thickness.

mm, "1 = "3 = "0, and "2 = 4"0, the characteristic impedance
and effective dielectric constant are shown in Fig. 3 as a function of
the electrode thickness, where the parameter is the electrode width
W = b � a. The matching point are equidistantly spaced with a
step of�x = L=N = 0:2 mm. For the coupled shielded strips
with dimensions:W = b � a = 1 mm, L = 5 mm, D1 = 2

mm, D2 = 1 mm, D3 = 2 mm, "1 = "3 = "0, and "2 = 4"0,
the characteristic impedance and effective dielectric constant of the
even and odd modes are shown in Fig. 4 as a function of electrode
thickness, where the parameter isS = 2a. The results given in [2,
Fig. (6)] are also included in the figure. An excellent agreement
between our results and the published data is obtained. It can be
seen from Figs. 2–4 that our method can be used for the analysis of
the microstrip transmission lines with thick electrodes.

IV. CONCLUSION

An extended point-matching method has been developed for the
analysis of shielded microstrip lines with a small value of electrode-
width-to-thickness ratio between one and ten. Compared to other

(a)

(b)

Fig. 4. (a) Characteristic impedance and (b) effective dielectric constant of
the coupled shielded microstrips as a function of electrode thickness. The data
given in [2, Fig. (6)] are also included.

methods [4], [2], and [16], the formulation of this method is very
simple and there is no need for evaluating integrals and iterations.
Our method is a faster, simpler, and more flexible technique, and
can be further applied to analyze other structures, such as symmetric
microstrip waveguides, asymmetric microstrip waveguide and strips,
electrode structure without shielding planes, and structures with
multilayered (more than two) dielectric substrate.
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Design of Lange-Couplers and Single-Sideband
Mixers Using Micromachining Techniques

Chen-Yu Chi and Gabriel M. Rebeiz

Abstract—This paper reports on the design and performance of mi-
cromachined Lange-couplers and single-sideband mixers (SSB) on thin
dielectric membranes at Ku-band. The micromachined Lange-coupler
results in a 3.6�0.8 dB coupling bandwidth from 6.5 to 20 GHz. The
Lange-coupler and an interdigital filter are used in a 17-GHz SSB. The
SSB mixer requires 1–2 mW of local oscillator (LO) power without dc
bias and achieves a 30 dB upper-sideband (USB) image rejection for an IF
frequency of 1 GHz and above. The micromachined membrane technology
can be easily scaled to millimeter-wave monolithic microwave integrated
circuits (MMIC’s) to meet the low-cost requirements in automotive or
portable communication systems.

Index Terms—Micromachining, single-sideband mixers.

I. INTRODUCTION

Silicon micromachined technology has been used to build low-
loss lumped elements, filters, and Wilkinson power dividers [1]–[3].
Recent research on micromachined stripline resonators and filters has
demonstrated a conductor-loss limited performance atK- andKa-band
[4]. The micromachined components, suspended on thin dielectric
membranes, do not suffer from dielectric loss and dispersion and can
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Fig. 1. Two different topologies in the design of SSB’s (image rejection
mixers).

be used in the design of high-quality low-loss circuits at millimeter-
wave frequencies. The purpose of this paper is to demonstrate the
capability of micromachining technology to the design of integrated
circuit modules. A single-sideband (SSB) mixer (also called an
image-rejection mixer) is built and tested atKu-band frequencies with
applications in satellite communication systems and future millimeter-
wave radiometers and automotive systems.

There are two different topologies in the design of single-sideband
mixers (Fig. 1). The first topology is to use hybrid circuits to provide
the required amplitude balance and phase shift to achieve the image
rejection mixing. The advantage of this method is that a good
isolation between the local ocsillator (LO), RF, and IF ports can
be achieved and a low IF (0.01–2 GHz) can be extracted. However,
the disadvantage of this design is that the performance of the SSB
mixer strongly depends on the amplitude and phase balance of
the hybrid circuits used and since this is difficult to achieve at
millimeter-wave frequencies, this method is therefore seldom used
in this frequency range. The second SSB mixer topology is to place
a filter in front of a balanced mixer. The filter is designed to pass the
RF frequency and reject the image frequency. This design employs
only one balanced mixer and does not use an RF hybrid, LO power
divider and IF-hybrid, resulting in a much smaller unit. A SSB mixer
employing micromachining technology based on the second topology
is presented here. The SSB mixer can be easily scaled toV-band (60
GHz) andW-band (77 GHz, 94 GHz) frequencies.

II. DESIGN OF THEMICROMACHINED LANGE-COUPLER

The analysis of a Lange-coupler is very similar to the analysis of
interdigital filters and starts from the even- and odd-mode analysis
of a pair of coupled-lines as described by [5]. In [5]’s analysis, the
mutual coupling from nonadjacent lines is assumed to be small and
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