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ABSTRACT

The effects of the mitre.s and air-bridge dimensions and

locations on coplanar waveguide (CPW) 90° bends are

investigated using the moment method. An experiment is
conducted to verify the accuracy of our calculations. These show
that the CPW bends are mainly affected by the air-bridge height
and location not the mitering.

I. INTRODUCTION

An important obstacle facing coplanar waveguide
(CPW) is the lack of theoretical investigation of many important
CPW discontinuities like bends and T-junctions. Such
discontinuitiea are the building blocks of larger CPW circuits.

So far, there is no detailed investigation of the CPW 90° bend.

Some results on this bend were provided by Jansen [1], in the
description of his sim ulator for CPW circuits, using a quasi static
model for the air-bridges. This model, however, is potentially
inaccurate at high frequencies.

In this paper, we investigate the effects of mitering and
air-bridge dimensions and locations, on the S-parameters and on
the power loss due to radiation and surface waves in the CPW

90° mitered and non-mitered bends shown in Fig.la,b.

Air-bridges placed near CPW discontinuities can reduce the
parasitic slot-line mode which tends to radiate. The method used
in this paper was developed in [2], and is based on the mixed
potential integral equation technique with the moment method
and the computationally efficient full wave compk image
Green ‘sjimctions [3], An experiment was conducted to verify
the accuracy of our results on the mitered bend,

Section (II) briefly explains the theoretical formulation
for solving the CPWbend with air-bridges. Section (III) provides
a comparison between our theoretical and experimental results
on the mitered bend. Section (IV) discusses the effects of
mitering and air-bridges on the CPW bends.

II. THEORY

As in [2], the duality principle is used to convert the
CPW problem with an air-bridge, shown in Fig.2a. into two
parallel (dual) electric strip subproblems as shown in Fig.2b,c,
with the air-bridge existing only in the upper subproblem. This
subproblem is equivalent to parallel strips embedded in free space
with a magnetic air-bridge loop, as shown in Fig.2b. The lower
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subproblem of Fig.2c is equivalent to the dual strips embedded

inside a magnetic slab characterized by E., pop,, with ~ =s, of

the original problem of Fig.2a.
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Fig.1: Top views of the CPW 90° bends.
a) Mitered CPW bend. b) Non-mitered CPW bend.
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Fig.2: Splitting the CPW problem with air-bridge into
two parallel strip subproblems through duality:
a) The original CPW problem with air-bridge.
b) The upper subproblem. c) The lower

subproblem with p, = E,.

Applying the boundary conditions on the strips and
(dual) air-bridges whose 3-D view is shown in Fig.3, leads to a
pair of coupledmixedpotentiali ntegral equations which is solved
using the Galerkin moment method [2]. This yields:

v

[1[ 1[ 1
1 [Z(’)+.Z(’)] [p’] ~—

v“ ‘~ [Zme] [Zm] ~—

(1)

where the factor half in (1) is due to each subproblem in Fig.2

representing a half space. ~, ~ are column matrices for the

electric currents and voltage excitations on the strips. ~“, ~ are
the corresponding magnetic currents and voltage excitations on

the (dual) air-bridges with V’” = Q since there is no magnetic
voltage (electric current) ex—titation on the (dual) air-bridges.

[Z(’)], [Z(2)] represent the coupling between the electric current

segments of the strips of the upper and lower subproblems,

respectively. [Z”] represents the coupling between the magnetic

currents of the (dual) air-bridge and is the dual of [2(1)].

[2Vm], [Zm”] represent the coupling between the magnetic and

electric currents and are related by [2]:

[Z””] = -[pf
(2).,

where superscript T denotes transpose of a matrix.

Finally, Eq. (1) is solved for the electric current on the strips (~)

from which the S-parameters are calculated using transmission
line theory.

air-bridge

III. EXPERIMENTAL VERIFICATION

Toexperimentally verify theaccuracyof our methodand
computer code, measurements were performed on the mitered
CPW bend circuit of Fig.4. Very good agreement was obtained
between the theoretical and experimental results (obtained from
our laboratory), as shown in Fig.5a,b.

IV. NUMERICAL RESULTS AND CONCLUSIONS

With the theoretical method and computer code
validated, various parameters of the CPW 90° bend are adjusted

to investigate their effects which are briefly summarized below.

A. The mitering slightly reduces I S,l I and slightly increases

I S,l I up to 40GHz, as shown in Fig.6. Even if the frequency is

increased to 100GHz, a very recent numerical test shows that the
mitering effect is still minimal.

B. The air-bridge height (ha) is the dominant factor affecting the

bend. Fig.7shows that inereasingha causes asubstantialdecrease

in I S1] I and an increase in I S21Iuntil almost perfect transmission

is achieved for h. > 8pm. This is due to the decrease in the

air-bridge capacitance as ha is inaeased.

C. Increasing the air-bridge width (WJ causes an increase in

I SII I and a decrease in I S,, /, as shown in Fig.8 for the mitered

bend. This is due to the increase in the air-bridge capacitance as

W. is increased.

D. The length of the air-bridge (La) was found to have almost

no effect on the performance of the CPW bends.

E. The air-bridges should be placed as close as possible to the
center of the bend for maximum elimination of the slot-line mode
and hence minimum radiation loss due to this mode. This can
be inferred from Fig.9, which shows the power loss from
radiation and surface waves (in the non-mitered bend) versus

air-bridge location d. at a high frequency of lCK)GHZ. At a more

normal 40GHz this loss was found not to exceed lYo, which is
within the range of numerical error of our method.

From the above, we conclude that the air-bridges
dimensions and locations should be properly chosen to minimize
the reflection and maximize the transmission of the CPW bends,
and that mitering a CPW bend is not important.

Fig.3: A 3-D view of the CPW with air-bridge.
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Fig.4: The top view of the measured CPW mitered
bend with air-bridges and probing pads.

(h =90pm, E,= 12.9, he=2~, W. =25pm,

La= 87pJn). Figure not to scale, and dimensions

in pm.
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Fig.5: Comparison between the experimental and the
theoretical results for the S-parametem of the

CPW mitered bend circuit of Fig.4: a) I S,l 1. b)

IS,l 1. (h =90pm, E,= 12.9, h= =211m,

W’. =2Spm, L. =87pm)
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Fig.6: Comparison between the S-parameters of the
mitered and non-mitered bends of Fig.la,b,

respectively. (W= 39pm, .S = 24pm, h = 90pm,

E, = 12.9, da = 37.5pm, W= = 50pm, h. = 2w,

La= 87pJn)
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Fig.7: The S-parameters for the CPW mitered bend of

Fig.la versus air-bridge heigh[ (ha).

~=40GHz, W =39pnz, S =24pm, h =90w,

z,= 12.9, da = 37.5w, W. = 25v, L= = 87pm)
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Fig.8: The S-parameters for the CPW mitered bend of
Fig.la versus air-bridge width (Wa).

(f=&Hz, W=39pm, S=24pnz, h =90P,

e, = 12.9, d. = 37.5pm, ho = 2pm, La = 87pm)
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Fig.9: The percentage power loss versus the air-bridge

location (d=) for the non-mitered CPW bend of

Fig.lb. ~= 100GHz, W = 39p.rn, S = 24pm,

h =90pnz, E,= 12.9, L= =87~, W. =25pm,

ha= 2pm)
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