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Abstract: This study analyses and simulates basic bend discontimuties like right angled bends, chamfered
bends etc. However, special emphasis has been laid on the analysis of the Annular bend discontinuity and a
new novel discontinuity known as C-bend discontinuity. The simulation was carried out using TE3D Method
of Moments based electro-magnetic simulation tool. The amular bend discontimuty was simulated on a
coplanar waveguide with substrate. Thickness = 7 mm and relative permittivity = 1.5. The dimensions are = 1.125
mm and w = 1.125 mm. The inner radius of the annular bend is 0.3 mm and the outer radius is 0.4 mm. The novel
C-bend discontinuity is designed on a coplanar waveguide of substrate thickness = 7 mm and relative
permeability of £ = 1.5 and inner and outer radius of C bend are 3 and 4 mm, respectively. Here also the results

obtained are similar to annular bend and device can be operated at ultra wideband frequency.
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INTRODUCTION

A conventional CPW on a dielectric substrate
consists of a center strip conductor with semi-infinite
ground planes on either side (Fig. 1). This structure
supports a quasi-TEM mode of propagation (Wen, 1969).
The CPW offers several advantages over conventional
microstrip line: 1st, it simplifies fabrication; 2nd, it
facilitates easy shunt as well as series surface mounting
of active and passive devices (Simmons, 2001). Third, it
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Fig. 1: Schematic of a Coplanar Waveguide (CPW) on a
dielectric substrate of finite thickness
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Fig. 2: Types of discontinuities
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higher losses. As a result, CPW circuits can be made
denser than conventional microstrip circuits. So, CPW
15 1deally suited for MIC as well as MMIC applications.
It 15 an abrupt change of geometrical parameters or
the material parameters in a homogeneous CPW that
results in realization of circuit elements via discontinuities
(Fig. 2). At low frequencies these discontinuities behave
as 1deal comections between the different CPW’s.
However, at higher frequencies their properties vary.

MATERIALS AND METHODS

Bend discontinuities: This study involves the analysis
and modeling of right angled, chamfered, annular and C
bend discontinuity (Fig. 3). All these are simulated using
IE3D and mathematically modeled using Method of
Moments (MoM) technique. Bend discontinuity cannot
be simulated on ANSOFT due to size constraint. These
are generally formed as a result of alteration of the
geometry of CPW discontinuity.

Air bridge: Air bridges are used in CPW based circuits to
suppress the parasitic capacitances and to provide DC
bias to active devices (Omar and Chou, 1992). There are 2
types of air bridges. This study analyses, the
characteristics of type-A air bridge with open and short
end discontinuities (Fig. 4 and 5).

The excess capacitance m Type-A air bridge 1s due to
the parasitic parallel plate capacitance formed by the air
bridge and the center strip conductor (Wu et al, 1995).
The air bridge height 1s the dommating factor affecting the
bend. Increasing it reduces |S11| and increases |S21| until
almost perfect transmission is achieved for H =8 pm.

Method of Moments (MoM): Both IE3D and ANSOFT
(HFSS) are based on MoM’s Boundary Element Method
(BEM) (Harrington, 1993). Boundary element method
mvolves the creation of mntegral equations whose solution
1s the answer. BEM creates a mesh like structure over the
modeled surface (Lebanon, 2006). These meshes are
further modeled as matrices, which are solved numerically.
This 1s done using Green’s Functions (Dib and Kateh,
1992). Green’s Functions consist of source and field
patches, which form the matrix. Green’s Functions are
integrated over wither or both source and field patch
if the model 15 uniform throughout. This 1s called
Galertkin’s Method. For simple geometries analytical
integration is used. For complex geometries they are
broken down into simpler geometries and are separately
mtegrated over.

IE3D breaks down the structure to be modeled mto
numerous meshes whose co-ordinates are modeled as a
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Right angled bend

Chamfered bend
Fig. 3: Bend discontinuities

matrix. It calculates the analytical ntegral over all these
meshes by filling the matrix elements for every single
frequency. This sometimes is a time consuming process,
hence sometimes BEM is less efficient than other volume-
discretisation methods like FEM of FDM, ete. (Newman,
1988).

Technically, a Green's function, G (x, 8), of a linear
operator L acting on distributions over a manifold M, at a
point s, 18 any solution of

LGx, s)=08(x-5) (1
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Fig 4: &dr tridge (type -2

Fig 5: Open and short end with air bridge

whetre, Oisthe dirac delta function. This techrigue can
be used to solwe differertial Eq 2 of the form:

Lu(x)=f(x) (2)
Suppoge the function + () 18 known over the dotain

of t, specific wvalues of x may be derived from a
representative expressions, such asEo. 2.

x= Tv(tj dt (3

For example, if v (1= k x = ktl . A special case arises
when the function v (1) i3 wknown and vaues of x are
krowrn at ondy discrete values of t This type of groblem
iz generally referred to as anintegral equation problem
where the task is to determine the function. The
fundamertal  concept  behind  the Dol employs
otthogonal expansions ated linesr algebra to reduce the
integral equations problems to a system of simultaneous
littear eguatiots.

The following procedure shows how to find ewrrent
expandon coeffleient vsing MoF adden (19297 We define
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the unknown cwrrent distribotion in the electromagnetic
fieldaslz (=7). The cwrert distribtion is expressed as:

i
3 C,0,(z) =E,(z) (4)
o=l
Where:
I ] —4a
G, (2= [E@ AR L
jdmeE 7, az R
i = Churrent’s expansion coefficient
F =" = Basiszfunction

After applying the boundary conditions, we get a set
of integrd equations defined by

[Za] 1]= [Va] (5)
where:
Ze = | Ho(20,(2ydz
I.=C,
v_ = TH,,(z)E, (z) &'

=l

Thisz circudt like set of simultaneous equations will
lead tothe walue of O

L] =[2a]" [Va]

RESULTS AND DISCU SSION

()

Al the Fig 6-21 represent the V3WE and loss
parameters of warious discortirmties obtained on
aimulati on vsing IESD. Simulation resdts are tabulated as
showtiin Takle 1.

&g shown in the Table 1, the nowvel C-Bend
discontinnity is found to have loss parameters varying
from -36 to -2 dB (for 0-12 GHz) and V3WE varang from
1-22 (for 0-12 GHz). This shows that the device having
this discontinnity can be stably used in Tltrawide Band
Frequencies (UWE). Similaly awndar bend on [E3D
gimulation leads to results which prove that it can act in
a UWE frequency range. Loss parameters vary from
-45to10 dB (for 0-15 GHz) and VEWER vary from 1-2
(for 0-16GHZ). Similady right angled bend on ANIOFT
simlation leads to results which pr ove that it can act in
a frequency range greater than TTWE (Omar of af, 19927
L ozz patatn etersvaryfrom - 24 to -14 dB (for 0-30 GHz) and
VEWR from 1.1-1.5 (for 0-30 Ghz),
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Howewer, chamfered bend on IE3D simulation shows (3-8 Ghz) Loss parameter waries from -24 to -10 dB
that it can research only in Wide Band frequency (WB) (for 0-6 GHz) and ¥V 3WE vanes from 1.1-2( for 0-6 Ghz). All
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the other discortimsties namely short open, T-junection
cross juncton ete are found ot tobe less efficient than
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bend discortinities in TWE and wide band frecquency
application (CPW reconfi murable and CPW discordimity
UWE antetiag).
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Fig. 20: S parameters for right angled

Note: Optimum value of VSWR and loss parameter for
device operation are 2 and -10 dB, respectively. Table 1
tabulates simulation results for a frequency sweep of
0-30 GHz only. Hence from the Table 1, we mfer that
devices having bend discontinuities can be operated in
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Fig. 22: S-parameter for right angled bend analysis from
paper no (Chae et al., 2001)

Table 1: Compilation of results

Type of Loss parameter VSWR Range
discontinuity (dB) (0-30 GHz) (0-30 GHz) of operation
C-bend -36t0-9 (12 GHz) 122(12GHz) UWB
Annular “45to0-10 (15 GHz) 12 (16 GHz) UWB
Right angled 24t0-14 1.1-1.5 >UWB
Chamfered -25to -2.5 1-7.5 WB

Open end -4 to -5 14-3.5 -—

Short end -14t0-0.8 13-24 -
T-junction -10to -2 2-7.6 -

Cross junction -6to-2 3-8.8 -

UWB and WB frequencies, which is not the case
with open, short, T-junction, cross junction etc.
Moreover, the S-parameters of rnght angled
discontinuity obtained from the simulation are found in
agreement with the general S-parameters of the right
angled discontinuity from the study (Chae et al., 2001)

(Fig. 22).
CONCLUSION

Hence, bend discontimuties (C Bend, Annular, Right
angled, chamfered) are more stable and best used in UWB
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and WB frequencies as compared to other discontinuities.
Hence, C bend and Amnular Bend have potential
widespread application in devices operating m UWDB
frequencies.

APPENDIX

Fabrication of annular bend discontinuity for
applications: The annular bend discontinuity is fabricated
on a RT-DUROID substrate of relative permittivity
(e = 1.5) and layer thickness = 5 mm. The annular bends
inner radius is 0.3 mm and the outer radius is 0.4 mm. This
design can be fabricated on a basic conductor backed
CPW substrate. The annular bend cen be obtained by
using METALLIZED VIA HOLES. Fabrication of
anmular bend discontinuities for antenna applications
(CPW reconfigurable and discontinuity antennas) as bend
discontinuities are stable over UWB and WB frequencies.
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