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Abstract

The main advantage of the TLM analysis method is the ease with which even the most complicated transmission line

structures. In this paper, using symmetrical condensed node(SCN), the TLM numerical technique has been successfully
applied to microstrip meander line. A detailed technique of the symmetrical condensed node(SCN) may be used to model

planar microstrip transmission line is presented. Also, the S-parameters S7; and S5; of two types of microstrip meander

line have been computed. From obtained results, TLM analysis is shown to be an efficient method for modeling
complicated structure of planar microstrip transmission line. The TLM results presented here are useful in the design of

microwave integrated circuits at higher frequencies region.

Keywords :

I. Introduction

Analysis, modeling, and design of transmission
lines are important for any component and subsystem

development.

And then numerical analysis for

microwave transmission line structures under study
1S needed for computer simulation of circuits in
communication systems. All field solution techniques,
whether analytical, graphical, or numerical, serve the
same purpose, namely to find solutions of Maxwell’s
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TLM, symmetrical condensed node(SCN), microstrip meander line, planar

equations that satisfy the boundary conditions.
Various analytical and numerical methods such as
Fourier Integral methodm mode matching method?™ 3]
spectral domain method[4], the boundary element
method® and the finite element method® have been
used to obtain characteristics data. But these
analytical and numerical methods cannot be easily
applied to uregularifies transmission hne in the
structures and discontinuities of arbitrary cross
section. The TLM method 1s one of the most
powerful solvers of electromagnetic problems.
Because TIM  method the  analytical
pre-processing in almost negligible, and the basic
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algorithms are easily modified to solve any kind of
electromagnetic problem, either irregular structure or
discontinuities of arbitrary cross section. Unlike other

numerical methods which are based on the
discretization of Maxwell’s equations, the TLM
method” ¥ embodies Huygens’s principle in

discretized form. Also, attached to the nodes are a
number of stubs whose electrical properties are used
to represent the electrical characteristics of the
propagation space. The numerical process then entails
determining the impulse response of this equivalent
network and taking the Fourier transform of the
output response function to obtain the spectral
domain solution.

In this paper, the frequency dependent scattering
parameters have been investigated for two types of
microstrip meander line using TLM method. and then
frequency domain response for microstrip meander
line are obtained. From obtained results, TLM
analysis is shown to be an efficient tool for modeling
structure  of
transmission line.

complicated planar  microwave

II. Scattering process in TLM method

The symmetrical condensed node(SCN) has been
well established for the solution of electromagnetic
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field problems in three dimensions. The SCN node is
shown in fig. 1. This is a unit cell of the generalized
3-D TLM network and the SCN node has been
developed by P. B. ] ohns.? The SCN node consists
of twelve ports and is augmented by three capacitive
and three inductive stubs to model inhomogeneous
materials. It is based on enforcing continuity of the
electric and magnetic fields and conservation of
charge and magnetic flux. |

In fig. 1, the first subscript indicates the direction
of propagation(x, v, z). The second subscript is either
n or p to indicate a line segment along negative or
positive axis. The third subscript is indicates the
direction of polarization of the voltage pulse. As
shown in fig.1, by equalizing the sum of charges and
flux on each lines to that in the center of the node

and solving for V,, I, it follows that

Y . Vi Y., V.

vV — zny ¥ TNy Tpy ~ Tpy (1)
y Yoyt Yipy
7 = Za:py‘[xpy + any]scny (2)
Zmy + pry

Expressing the total voltage in terms of the
incident and reflected voltages and using the equality

Y, Zy

Y.+ Y, Z+ 2 3)

Equation (1) and (2) can be rewritten as

Zmﬂ y
V,=— +"Z (Vi + Vi) +
zny T “zpy (4)
Zoy (ve + Vi ) |
1 |
I,= (Vapy = Vapy) —
Z:cny1+ Zypy o 5)
any + pry (V:Bn’y_ V:En’y)
Multiplying equation (5) by Z,,, adding it to

equation (4), and solving for V., and then the
reflected voltage pulse on the other side of the node
center V&

TPy

6) by Z,,,. After solving for

can be derived by multiplying equation
V: —and V.
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Scattering equation (6) and (7) can be written as

Ving = Vy+LZ,.— V., +hy, (8)
Vepy = V,— LZ,,, — V;ny + h,, 9)
where h,, 1s defined as
Z B pry ) (

Finally, y directed equivalent total voltage V, and

equivalent total current 7, solely in terms of incident

voltages as follows."”

Vv, =
Y, Vi +Y V. +Y, V

2 xny ' rny xpy " TPy zny zny+Y w
Yot Yopy T Yo, Y, T Y, +G

ny 2ny oy

+ Y,V

oYy oy

(11)
Vioy ™ Vanyg + Vins — Vi,

'[r?;
rp I ni T

¢ Lyt Zopyt Zype v L + Z,. + R,

TPy ynw ypxr

(12)

Subsequently, voltage pulse reflected to th link
~ lines and stubs can be computed by making use of
scattering equations (8) and (9). Using similar
procedure, the scattering equation in SCN node is
applied to all the lines in incident voltage pulses.
Also, in the TLM numerical analysis, the scattering
of the voltage pulses at the center of the SCN node
1s represented by the scattering matrix. A simple
scattering process can be used to determine the
scattering matrix. The scattering expression of entire
domain under the studying objects is as follows.” "

Vi= 8§ VvV (13)

=Xl N 45 #H IE H

(79)

A2z 15

where V" is reflected voltage and V* is incident
voltage. The ordering of voltage pulses within the
scattering matrix S is carried out with respect to
the original SCN notation. Because there are no
incident voltages from lossy stubs, the scattering
matrix S 1s composed of 24 x 18 or a full 24 x 24

square matrix with zero columns.

1. Absorbing boundary condition

For waveguiding structures with inhomogeneous

cross section, the absorbing boundary conditions used

in this section are very effective™ 2,

EY(m,j,k)

= (o, + o) E" Hm,j,k) —
0,0, " (i, i) + (B, + By) B™(m k) +
(')’1+')’2"a1ﬁ2"ﬁ1a2)En_1(m"1aj:k)_
((1172+’7’1‘12)Enh2(m“1aj=k)“

- BB E" (m — 2,]',16) — (ﬂﬂ’z +’)’1»82)
E"Hm—2,5,k) = 1%E" (m—2,j5,k)

(14)

where «,, (3, and +, are interpolation coefficients.

a—g;(1—5) a—1+gb
Q; = ’ RBz: y
t a—1—g,(1—b) a—1—g,(1—5)
_ —a— by,
and a=b=0.5; g, =24/€,y; ;1=1,2,

The voltage impulses incident on the absorbing
boundary planes are functions of both tangential
electric and magnetic fields. Hence the absorbing
boundary equation (14) can be applied to the TLM

impulses.

IV. Extraction of S—parameters in
analysis objects

In analysis model, the S-parameters extraction
by the
application absorbing boundary conditions. Extraction

process has been made more simple

of the reflection coefficient demands separation of the
reflected field from the total field and the transmitted
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field at the output port. The incident field, V.

me

obtained from analysis of a small section of the
microstrip substrate terminated at both ends with
simulated wideband matched terminations. The total
field, V,, are obtamned from analysis of the circuit

1S

with discontinuity present. From the incident and
reflected fields 1t 1s straightforward to compute the

S-parameters. The expression of S-parameter is as
[13]

follows
S . Vtot - Vrz'nc
1= % (15)
VT(ITLS
Syy ;/ (16)

In this case the input and the output port are
assumed to have the same impedance so that the
information on the field alone sufficed to compute the
S-parameters.
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V. Numerical results

In order to compute the S-parameters of a
microstrip meander line, the information of the
incident and reflected fields at the input port and the
transmitted field at the output port i1s needed. The
geometry of the two types of microstrip meander line
is shown in fig. 2. The microstrip thickness 1i1s
assumed to be zero and the relative dielectric
constant of the substrate is 9.2 The number of
iterations was 4200. To model a microstrip meander
line properly, a finer mesh should be mmplemented at
the area which surrounds the edge.

The SCN cubic cell results have been obtained
with the discretization Azx= Ay= Az = 0.025mm.
The incident voltage, 1V peak value generated by the
electric source. When impulses are excited mto the
analysis objects, they are scattered at nodes and
boundaries of entire domain and arrive after some

time at the mput and output reference planes.

(b) BH
(b) Type B

olo|22AER meander 2t2l (h=0.6mm, w= 1.5mm, a= 6.0mm, s =4.0mm)
Schematic of microstrip meander line.(h = 0.6mm, w= 1.5mm, a= 6.0mm, s = 4.0mm)
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The absorbing boundary condition are applied at
the two ends of the microstrip meander lines. This

very
frequency band. The

absorbing boundary condition has low
reflections over a wide
computed S—parameters for a microstrip meander line
about type of A are plotted in fig. 3. and fig. 4. Also,
the S—parameters for a microstrip meander hne about
type of B are plotted in fig. 5. and fig. 6. The
computed results a well expressed for a
characteristics of microstrip meander line. But the
cubic TLM node 1s coarser than the other TLM
node. It is well known that the electric field varies
fast at edges of a microstrip meander line structure.
The fine discretization for the smaller coarseness is

needed to well represent the field in those areas.

SciLt OO|AZAEE MEM R8N

However, the errors associated with the TLM

analysis, such as coarseness error, velocity error are

negligible for this cell size.

VI. Conclusion
The main advantage of the TLM numerical
analysis 1s the ease with which even the most
complicated structures. The great flexibility and
versatility of the numerical method reside in the fact
that the TLM network incorporates the properties of
electromagnetic fields and their interaction with the
boundaries and matenals. In this paper, the TLM
numerical technique has been successfully applied in
microstrip meander hne. Using absorbing boundary
condition, the S-—parameters S5;; and §,; of two
types line have been
computed, and no ripple 1s detected
magnitude or phase response. Also, a interpolation
technique based on the domunant field has been
proposed for efficient S—parameters extraction. The

of microstrip meander

In either

TLM results presented here are useful in the design
of microwave integrated circuits. In addition, the
TLM modelling becomes a useful tool for the
improvement of existing analytical CAD models at
higher frequencies. In the future, in order to increase
the numerical efficiency and reduce the various
errors associated with the TLM modelling, more

(82)
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programming effort and the new SCN node must be
investigated. |
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