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reflection coefficient can then be calculated using the results of these
expressions. These results can be extended to broadband microwave
amplifier design by finding the optimum source reflection coefficient
over a range of frequencies. The inclusion of these expressions in the
advanced computer aided design tools that are now available would
significantly simplify the low noise microwave amplifier design
process.
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Simple and Explicit Formulas for the Design and
Analysis of Asymmetrical V-Shaped Microshield Line

Kwok-Keung M. Cheng and Ian D. Robertson

Abstract— This paper presents some simple, explicit and practical
formulas for the evaluation of the quasi-TEM characteristic parameters
of asymmetrical V-shaped micreshield line, based on a conformal map-
ping procedure. These formulas give very accurate results in terms of
elementary functions rather than the exact solution in terms of difficult
functions. Two sets of expressions are described using first and second
order approximations. These equations are easy to implement, thus
making it an excellent choice for use in computer aided design, analysis
and optimization of V-shaped microshield structures.

1. INTRODUCTION

Recently, the microshield line, a new type of transmission line
[1]-{4], has been the subject of growing interest as it has presented
a solution to technical and technological problems encountered in
the design of microstrip and coplanar lines. The microshield line,
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when compared with the conventional ones, has the ability to operate
without the need for via-holes or the use of air-bridges for ground
equalization. There are further advantages like reduced radiation
loss, reduced electromagnetic coupling between adjacent lines, and
the availability of a wide range of impedances. Various types of
microshield structures have been reported [1], [2], and [4] including
the rectangular, V, elliptic, and circular-shaped transmission lines.
The quasi-TEM study of V-shaped microshield line (VSML) has
been performed both by a method of moments [3] and a conformal
mapping technique [4]. These methods give highly accurate results
but are computationally intensive.

In this paper, a set of CAD-orientated closed form expressions
that can be readily evaluated is derived for the characterisation of
asymmetrical VSML. Both a first and a second order model for the
approximation of the exact solution are presented. The analyses are
based on the conformal mapping method and the assumptions of pure-
TEM propagation and no dispersion effect. The characterization of the
asymmetrical version of the VSML is extremely important because it
could offer additional flexibility in the design of integrated circuits.
Futhermore, it also allows one to evaluate the actual characteristics
of a VSML normally designed to be symmetrical, but the fabrication
of which is imperfect.

II. ANALYSIS OF ASYMMETRICAL VSML

This section gives a brief derivation of the characteristic parameters
of an asymmetrical V-shaped microshield line. Similar mapping
procedure has been described in [4] for a symmetrical line structure.
The asymmetrical VSML configuration to be analyzed is shown
in Fig. 1(a), where the ground plane is bent within the dielectric
in a V-shape to form the equal sides of an isosceles triangle. All
metallic conductors are assumed to be infinitely thin and perfectly
conducting, and the ground planes to be sufficiently wide as to be
considered infinite in the model. It is assumed that the air-dielectric
boundary between the center conductor and the upper ground plane
behaves like a perfect magnetic wall. This ensures that no electric
field lines emanating into the air from the center conductor cross the
air-dielectric boundary. Although this assumption is hardly verified
for large slots, it has proven to yield excellent results for practical
line dimensions. The center conductor, of width b, is placed between
the two ground planes, which are located on a substrate of relative
permittivity .. The overall capacitance per unit length of the line
can therefore be considered as the sum of the capacitance of the
upper region (air) and the lower region (dielectric). The capacitance
of the lower region can be evaluated through a suitable sequence
of conformal mappings. First, the interior of the V-shaped region
is mapped onto the ¢ domain (Fig. 1) by the Schwartz-Christoffel
transformation

1
/ (12 = 1)/ gy )
1]

and then back onto the w domain using a second mapping function

/‘ dt

u =
o V({t+te)t—te)(t—tc)(t—tp)

where 2/ is the flare angle (in radian) of the V-shaped wall. The
intermediate parameters tc, t p and ¢, are evaluated by the following
implicit expressions, as a function of 3 and the geometrical ratios,
di/b,ds/b and b/W . of the structure
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If the capacitances of the upper and lower regions are referred to as
i and C%, respectively, then the overall capacitance per unit length
of the line is given as [6]

Cr(e) = Ci+Cy
K (k1)

=g +erco

TR (k)

K (k2)
E'(ks)
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where

b(b+ di + do)

=
! (b+di)(b+da)

fo = 2te(tp — to)
TN e +tn)(te —te)

I (k) is the complete elliptic integral of the first kind. Hence, the
effective permittivity and the characteristic impedance of the line are
[6]. respectively

Cf(fr)

=1+q(er—1) &)

where the filling factor, ¢, is expressed as

_ K (k) /I (k)
T= K )JE (k) + K (ko) J I (Fa)

and

1207 1
T Ve K (k) /Ry ) + K (ko) /K (ko)

The line parameters can therefore be calculated from (5) and (6)
using the simple formulas of Hilberg [5] for the ratio K'(k)/ L' (k).
The main drawback of the present solution is that no simple and
explicit expressions is available for the parameters tc¢,tp, and ¢ in
terms of 3 and the geometrical ratios. Iterative numerical methods
[7] are therefore required to obtain the solution which leads to long
computation time. In the following sections. a set of simple and
explicit analytical solutions will be described.

Zy (6)

HI. FIrRST-ORDER MODEL

In order to develop a simple expression for the integral in (3d), the
range of integration is first split into two segments with the dividing
point at ¢ = § — 1, as in Fig. 2. The original integrand is then
approximated by simple functions in which closed-form expressions
are readily available. Mathematically, the two functions can be chosen

as
1 28/ .1
cos ¢ -

1 28/= 1 28/w . .
- o — for L —1<¢< =
(coscﬁ) <7r/2—¢) o =933

(7b)

forogasgg—1 (72)

and
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Fig. 1. Conformal mapping of asymmetrical VSML.

Using these approximating functions, the area under the new curve
can therefore be expressed as

(p)=0 for0<e< o -1 (8a)
: —23/x
(5-0) " ™ ™
= —_— — — < —
(o) =0 =23/ for2 1§¢_2 (8b)
where
T 1
a——i—l—f-m/—ﬂ_— (SC)

Substituting (8) into (3), and after some manipulations, the following
formulas are then obtained

z 2 -
¢ = sin (a—) for0< 2 < ™/271 (9a)
B B o
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™ B
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B

IV. SECOND-ORDER MODEL

This model (Fig. 3) is very similar to the previous one, except that
the central region of the curve is approximated by a third function

1 23/m \/§ 28/m
(COS¢) z(1—(25—1—#/4)

T 1

T T 22
for 14+ ——vV2<d< 24 22
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Fig. 2. first order model.

Hence, the new expressions for the area under this curve is given by

(p)=¢ for0<o<1+7-V2 (112)
o =145 - VEe
.
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for T+ 31 <o<E (o)
where
v = -V2+ ‘é;/
e e

Combining (3) and (11), the new set of design formulas is therefore
given by
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Fig. 3. second order model.
TABLE 1
CALCULATED CHARACTERISTIC IMPEDANCE (IN OHM) OF
VSML Wit B = 30°,d; = do, W = b+ 2ds
b/(b+d; +d3) Numerical method 1st order model 2nd order model
0.1 144.0 144.4 144.1
0.2 , 112.1 112.3 112.0
0.3 93.1 92.8 92.9
0.4 79.2 78.8 79.1
0.5 68.0 67.6 68.0
0.6 58.4 58.0 58.3
0.7 49.7 49.4 45.6
0.8 41.2 40.9 41.1
0.9 32.0 31.8 319

l-195

Characteristic impedance
br]
1
Effective permittivity

b/(b+dy+d;)

Fig. 4. Variation of Zpand =.¢ as a function of shape ratio taking d /da
as a parameter for VSML, W = b+ d; +d2, 3 = 30°.

It can be seen from expressions (10) and (12) that the value of ¢ is
now given explicitly in terms of elementary functions of geometrical

parameters § and = 5

V. DISCUSSIONS

We have described three methods, the numerical solution and
two sets of formulas, for obtaining the characteristic impedances
of VSML. In order to validate the accuracy of these expressions,
results obtained by the three approaches are tabulated in Table 1
for comparison. Note that by just using the first order model, the
set of formulas derived is sufficiently accurate for many practical
applications. The second order model gives impedance calculations
of better than 0.2% inaccuracy.

Examples of design curves of asymmetrical VSML are given in
Figs. 4 and 5, for different values of 3. From these graphs, it can
be concluded that, for a given shape ratio b/(b + d1 + d2), the line
asymmetry leads to a decrease of its characteristic impedance and to
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Fig. 5. Variation of Zoand e.g as a function of shape ratio taking dy/dz
as a parameter for VSML, W = b+ d1 + d2, 8 = 60°.

an increase of its relative effective dielectric constant. However, these
variations are not significant for small asymmetry and large shape
ratio. For a given shape ratio and asymmetrical factor (d./dz), the
impedance is higher with lower value of 3. This is simply because
of the decreasing separation between the center conductor and the
ground plane. Note that due to the many available parameters in
design, a wide range of impedances may therefore be obtained.

V1. CONCLUSION

Two sets of simple, explicit formulas have been developed for
the evaluation of the quasi-TEM characteristic parameters of asym-
metrical V-shaped microshield line. The numerical accuracy of these
expressions is verified by comparing the results with the ones obtained
by a standard numerical technique. It has been observed that the
accuracy of the new set of formulas are good enough in many
practical situations. Higher accuracy may further be achieved, in
a step by step manner, by increasing the order of the model in
representating the original integral. The numerical results show that
the characteristic impedance and relative effective permittivity of
VSML vary slowly with the onset of asymmetry.
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Nonlinear Yield Analysis and Optimization of
Monolithic Microwave Integrated Circuits

Stefano D’Agostino and Claudio Paoloni

Abstract—In this paper, a discussion about nonlinear yield evaluation
and nonlinear yield optimization of MMIC circuits using a physics-based
nonlinear lumped-element MESFET model is presented. The lumped ele-
ments of the MESFET model are directly calculated by closed expressions
related to process parameters. One of the main features of the model is
the easy and effective implementation in commercial CAD tools. It allows
the use of nonlinear yield algorithms assuming, as statistical variables,
the parameters of the technological process, such as: doping density,
gate channel length, etc., maintaining at the same time, the advantages
of lumped-element MESFET model, in particular fast computation and
reduction of convergence problems in harmonic balance for complex
circuit topologies.

]. INTRODUCTION

MMIC technology, due to the extremely limited postprocessing
tuning facility, requires an accurate prediction of the manufacturing
yield of circuit and an effective procedure to improve the yield if not
adequate. Many contributions regard yield analysis as well as yield
optimization were presented in literature [1]-[6].

Typically a MMIC circuit is composed by active and passive
components on the same substrate. Both components contribute to
circuit yield. Passive elements are mainly sensible to geometrical
variations and to the substrate parameters as effective dielectric
constant €, and height %, while the active elements are also sensible
to process variations.

To effectively evaluate the yield of the circuit, and eventually
improve it, the use of models of circuit elements accurately related
to the MMIC process parameters, to account for variations of the
electrical behavior caused by the variations in the process parameters
is mandatory. Especially if technological process is well established
and allows high performance circuits, an accurate yield evaluation
and yield optimization bring forth relevant advantages by finely
controlling the process parameters around their nominal values.

Two approaches for yield analysis, from the circuit point of
view, can be distinguished. The first one is based on the use
of lumped-element model of active devices for both small signal
and large signal cases. The yield analysis is performed varying
statistically the values of the linear and nonlinear lumped elements
composing the model such as capacitors, inductors, resistors, and
nonlinear components. The advantage of this approach consists in the
immediate implementation of the active device model in commercial
CAD tools that usually contain Monte Carlo analysis algorithms.
The computational time to obtain the final result is very short.
The drawback of the approach consists in the lack of any direct
relationship with process parameters and even if the result of yield
analysis can be indicative, a following yield optimization is bardly
applicable to the technological process.

The second approach is based on circuit models of active devices
related to process parameters. The yield analysis performed by this
approach is very accurate and is directly linked to the parameters of
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