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Open and Short Circuits in Coplanar MMIC’s
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Abstract— Coplanar MMIC stub configurations are investi-
gated by means of the finite-difference method in the frequency
domain. The open end, the short end, and a capacitively loaded
short end (MIM-short) are analyzed. Their parasitic effects are
described in terms of the effective length extension [..;,. The
influence of the different line parameters is discussed and simple
design rules are given.

I. INTRODUCTION

ODAY, monolithic microwave integrated circuits (MM
TIC’S) rely more and more on coplanar waveguides
(CPW’s) as the basic transmission line [1]. In contrast to the
microstrip case, however, few modeling tools are available
so far for simulating CPW structures. This applies also to
open and short circuits which are of particular importance
regarding phase-sensitive resonator structures and network-
analyzer calibration sets. Hence, a reliable description is
required that enables one to include their characteristics in the
design process. Several papers have treated open and short
circuits for CPW’s [2]-[6]. Most of them, however, deal
with geometries different from the typical MMIC case and,
therefore, their results do not apply to the structures consid-
ered here.

The open circuit in coplanar MMIC’s is commonly realized
as shown in Fig. 1(a). With regard to the short end, two
different types have to be considered: either a simple contact
between center and ground conductor as illustrated in Fig. 1(b)
or, if dc isolation of the center electrode is required, the
so-called MIM short according to Fig. 1(c).

For the analysis, we employ a finite-difference method in
the frequency domain [8]. It is a three-dimensional full-wave
approach, which allows one to obtain directly the scattering
matrix for nearly arbitrarily shaped waveguide discontinuities.
In the following treatment, no losses are taken into account.

The information on the stub parasitics is associated with
the phase of the reflection coefficient. Instead of referring to
capacitances and inductances caused by the fringing fields at
the discontinuity, the parasitic effects are described here in
terms of an equivalent length increase of the homogeneous
coplanar waveguide, the so-called effective length exten-
sion ..

Two general comments regarding the modeling of discon-
tinuities for coplanar MMIC’s seem to be in order. First, the
stubs introduce only relatively small parasitics, i.e., the lo.¢
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Fig. 1. The different structures considered: (a) open circuit, (b) short circuit,
and (c) MIM-short circuit. (Unless otherwise specified the line parameters are
chosen as follows: d = w + 2s = 50 um, ¢t = 3 um, & = 12.9, substrate
thickness hs = 200 um, w = 10,20, and 40 gm for about 65,50, and 30-Q
impedance, respectively.)

values range far below the wavelength. That means one does
not need an accuracy better than 10—20% since their influence
on circuit design is one order of magnitude less than that of the
homogeneous line parameters (3, o, and Z.. Second, it is very
difficult to derive simplified descriptions by physically based
considerations. Due to the full three-dimensional nature of the
field at CPW discontinuities, models based on empirical values
are mostly the only way to provide an efficient approximation
for the electrical behavior of such structures.

II. THE OPEN

The MMIC open-circuit is presented in Fig. 1(a). Under the
assumption that the length extension remains small compared
to the wavelength on the CPW, [.,; can be described by
the ratio between the end capacitance Cy due to the fringing
electric fields and the capacitance per unit length C’ of the

0018-9480/93$03.00 © 1993 IEEE



BEILENHOFF et al.: OPEN AND SHORT CIRCUITS IN COPLANAR MMIC’S

} Lext/pm

%1+ W=20pm

i /w=mpm
)

25 50 75 100

LYY
T¢

f/GHz

Fig. 2. Effective length extension [, of the open circuit (Fig. 1(a)) against
frequency for g =: 15 pm.
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Fig. 3. Effective length extension [, of the open circuit against gap width

g for a frequency of f = 10 GHz. (Dottecl curve denotes value obtained by
the design rule in (2).)

homogeneous waveguide:
feoe = 2. ®

Fig. 2 shows the frequency dependence of [, for three dif-
ferent line geometries. Because the dimensions of the structure
are small compared to the wavelength, dispersion is negligible.
Also the metallization thickness ¢ exerts only a small influence
on [, as pointed out in [9]. Varving ¢ from 0 to 5 pm, for
example, leads to about 1% deviation only.

In Fig. 3 the influence of the spacing g is studied. The
behavior can be explained by subdividing the end capacitance
C)y into two parts [3]. The capacitance due to the fringing field
across the gap decreases with growing g while the capacitance
due to the fringing field across the slot s is nearly independent
from g. As can be seen from Fig. 3, the curves saturate for g
values larger than d. Hence, it is sufficient to choose g = d in
order to minimize the parasitic length extension.

Summarizing the results for the open circuit, one can state
that the l.,; values are in the 10-ym range. Metallization
thickness ¢ and gap width g (for ¢ > d) do not influence
lez+ significantly. Also, the dependence on frequency and on
w/d is relatively weak. Roughly speaking, therefore, one has
a length extension that only scales with d. This result is very
interesting, because it enables one to provide a simple design
rule, namely
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Fig. 4. Effective length extension I+ of the short circuit (Fig. 1(b)) against
frequency. (Dotted curve refers to the design rule in (4).)

As can be seen from the dotted curve in Fig. 3, (2) involves
less than 1% error for a 50-2 line considering a gap of g > d.
For other line geometries, a deviation up to 20% is observed.
Such an accuracy appears to be sufficient since the [, values
themselves are small and, consequently, they can be classified
as second-order parameters in circuit design.

Equation (2) is limited to 0.2 < w/d < 0.8. It holds
also for semiconductor substrates other than GaAs because
the substrate permittivity affects the end capacitance Cy and
the line capacitance C’ in the same way.

III. THE SHORT

Fig. 1(b) illustrates the geometry of the short stub. Its length
extension is defined by the end inductance L related to the
distributed line inductance L' of the homogeneous CPW:

leat = % . (3)

Ly is caused by the current distribution in the discontinuity
region. In Fig. 4, the behavior of the length extension is plotted
against frequency. As observed already for the open circuit,
dispersion is negligible due to the miniaturized line geometries.
Quantitatively, the values for l.,; are about one half of those
obtained for the open circuit.

As demonstrated in [9], the short exhibits a significant
dependence on metallization thickness ¢. Increasing ¢ from
0 to 3 pm causes about 15% deviation for the line geometries
considered here. Due to the fact that the length extension again
is small compared to the wavelength, however, the influence of
t on [, can be neglected for a first-order modeling approach.

Hence, for typical MMIC dimensions a simple design rule
can be extracted from the results presented here and those of
[9]. It reads

1

leact ~ g -d. (4)

It is clear that this approximation (see also Fig. 4) only holds in
the frequency range where no dispersion is observed and if the
metallization thickness does not become too large (¢ < s/3).
The permittivity &, of the substrate does not need to be
included in this formula because under quasi-TEM conditions
the magnetic field that dominates at the short is not affected
by this parameter.
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IV. THE MIM-SHORT

In practical MMIC design, the simple short configuration of
Fig. 1(b) may cause problems since it does not allow for dif-
ferent bias potentials on center and ground metallization. This
restriction can be circumvented loading the short by a large
metal—insulator—metal (MIM) capacitance (see Fig. 1(c)) that
blocks dc and low-frequency signals and approximates an ideal
short circuit at microwave frequencies.

Commonly, the MIM capacitance consists of an approxi-
mately 0.2-pm-thick siliconnitride dielectric layer covered
with a metallization that is connected to the center strip by an
air-bridge technique. The lateral dimensions of the capacitance
depend on the frequency range of operation. In the following,
we assume a top metallization area of 100 um X 100 um,
which leads to a value of Cymy = 2.6 pF for a permittivity
of &, = 6. Originally, the structure considered was designed
for a frequency of f = 60 GHz.

The electrical behavior of the MIM short can be described
by an end inductance Lo connected with the MIM capacitance
Cwrv in series. Together with the line inductance L', the
corresponding effective length extension of the MIM short
reads

Lo 1
lezt o fl_ B sz/OMIM ) (5)

In contrast to the other two stubs discussed before, [.,: here
can also reach negative values due to the capacitive loading.
Hence, a zero length extension is possible when adjusting
Cnimv appropriately.

Fig. 5 presents the frequency dependence of I..; obtained
from the three-dimensional field calculations. At frequencies
lower than f < 40 GHz the assumption that the MIM capaci-
tance forms a very low impedance no longer holds. The
capacitance more and more dominates the behavior shift-
ing l..: to negative values. Increasing the frequency above
80 GHz, on the other hand, the length extension becomes
independent of the MIM capacitance. Evaluating the results of
Fig. 5, one finds an [, value similar to that of the simple short
stub described in Section III. Hence, in a first approximation
the term Lo/L’ in (5) can be substituted by the value given in
(4) (Lo/L' =~ d/8). The MIM capacitance can be calculated
with good accuracy by the common parallel-plate formula.
Thus, one has

d 1
Zewt % -~ T T a1~
8 szICMIM
with
ab
Cviv = €rMIM - o (6)
d

On the one hand, the value of Cypyv should be as small
as possible in order to keep the circuit size low. On the
other hand, Cyirv must be large enough because otherwise the
short-circuit characteristics deteriorate. More precisely, Cym
should fulfill the condition

1 < 1
wCmmv — 50

where Z. denotes the CPW characteristic line impedance.
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Fig. 5. Effective length extension lo;; of the MIM-short circuit (Fig. 1(c))
against frequency. (Dotted curve: design rule of (6).)

V. CONCLUSIONS

Typical MMIC stubs have been analyzed systematically
by means of a full-wave three-dimensional finite-difference
method in the frequency domain. The investigations point out
that the parasitics associated with these circuit elements can
be approximated by simple design rules. The main results can
be summarized as follows.

* Generally, all stubs show length extensions below 20 pym
which is small compared to the wavelength. Therefore, the
resulting influence on circuit performance is limited, roughly
speaking they contribute only second-order effects.

* Due to the miniaturized dimensions, dispersion effects
remain small as well. They cause deviations in the 15% range
up to 100 GHz.

» For the open circuit, one has a length extension of
approximately l..; = d/4 with d being the ground-to-ground
spacing of the line. All other geometrical parameters can be
neglected for a gap g larger than d.

* The short circuit seems to be the better choice because
it causes smaller I.;; values of about l.,; =~ d/8. Here, l..:
depends on metallization thickness ¢ to a larger extent than
in the open-circuit case. If bias isolation is required, the MIM
short is to be used. Designing the MIM capacitance propeily,
the resulting electrical behavior closely resembles that of the
simple short.
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