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Electric Current and Voltage Behaviour for a
Perturbed Capacitor Lattice with Planar
Triangular Design

Noemen Ammar

Abstract- The wave concept iterative process (WCIP) method
is intfroduced in the goal to study the electric voltage and
current distribution for a planar capacitor circuit with equilateral
triangular architecture, excited by a vertical lumped source.
The grid is governed by three planar directional vectors phase
shifted the one to the other to 60 degree. The formulation
employ the definition of the auxiliary sources for modelling the
electrical components of the circuit (resistor and capacitor).
Simulation results consider the current distribution on an RC
circuit network with equilateral triangular lattice for both regular
and perturbed design.

Keywords : capacitor circuit, equilateral triangular lattice,
wcip method, current and voltage distribution.

. [NTRODUCTION

ecently, interconnect circuit attract increasing
qattracting in a wide area of scientist researchers

such as  circuit theory design, microwave
application, integrated circuit and physical model. The
circuit networks analysis and design have been
addressed by many research’s regarding several
architectures with finite or infinite size [1-4]. Many
competitive methods have been developed to improving
the design and modelling of the several lattice. Among
themm we cited, the Green function lattice [5], the
Laplacian matrix [6] and the Recursion Transform
method [7].

However, despite the accuracy and efficiency of
these methods, there are limited to the analysis of the
equivalent resistance or impedance for homogenous
circuits excited an exterior source.

Latterly, a new approach of the Wave Concept
lterative Process method (WCIP) [8] is for computing the
effective impedance and the current distribution of an
RLC electrical circuit with triangular or hexagonal lattice.

The WCIP method is successfully used, near
two decades, in the analysis of planar micro strip
microwave circuits [9], [10] and it is demonstrating its
power for solving the radiation and scattering
electromagnetic problems [11-13]. The method is also
reformulated to analyze quasi-periodic lumped circuits
with rectangular grid [14].These periodic lumped circuits
can be considered as good equivalent representations to
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accurately model continuous mediums if the cell’'s
length is much smaller than the lattice.

The main keys of the proposed method was
summarised as follows: (1) the incoming and outgoing
wave’s concept definition from the electrical entities
(voltage and current).

(2) The introduction of the auxiliary sources
techniques instead of the circuit components. (3) the
use of the Fourier transforms appropriate to hexagonal
and triangular lattice named HFFT (hexagonal fast
Fourier Transform) and the resolution of the alternative
(spectral-spatial) equations by an iterative process.

Therefore, the mathematical formulation is
developed into two definition domains; a spectral-
domain in which periodicity and coupling between
components of the circuit was defined and a spatial one
describing the topology and values of network elements,
and imposing the continuities conditions (Kirchhoff's
laws). The above relations represent a recursive system,
which is resolved by an iterative process; the transition
between one domain to another is guaranteed by the
HFFT and its inverse.

In the first part of this paper, we develop the
mathematical formalism describing the new WCIP
method approach. In the second part, we show the
design of the proposed circuit results, such as the
spatial variation of the electric field inside the resonator
and the frequency response of the transmission
coefficient.

[I. THEORETICAL FORMULATION

a) Waves definition

The WCIP principle is described in many
papers; it is founded on the introduction of the incident
(A) and reflected (B) waves tangential to each edge of
the network. These waves are defined from the voltage
and the current by the following equation:

1
Az\/Z_O(V+ZOI)
B-_1 V-2z1) (1)

1z

Where, Z,is an arbitrary chosen impedance.
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The electric current (I) and the voltage (V) can
be calculated as follows (6):

V =.,/Z,(A+B)

=1 (A-B)

Iz

b) Spectral-domain analysis

This domain characterizes the physical relations
(periodicity and Kirchhoff laws) established between the
electrical components and written in waves term.

Fig.1 shows an electrical circuit network, the
electrical schema considers a capacitor connected to a
resistor and distributed according to an equilateral
triangular grid. The circuit is excited by a lumped source
located in the center (n=0, m=0) at a vertical edge.

Fig. 1: A capacitor triangular circuit lattice

The potential difference across each lumped
components of the circuits (capacitor, open circuit,
shorted circuit and, source) is represented by an
auxiliary sources.

The wunit cell of the studied network is
represented by the Fig.2; it considers three horizontal
branches connected to a vertical one at the nodes. The
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shift phased the one to the other to 60 degrees. The
electrical lattice is generated from the translation of the
unit cell according to two of the three directional vectors

(€,,€;and€,) collinear to the horizontal branches.

We denote by (E, E, E, and E,)the

auxiliary sources representing the potential difference
across the electrical components.

For ensuring the unit cells periodicity, periodic
walls are placed perpendicular to the three directional
vectors.

Fig. 2: Triangular unit cell

From Fig. 2, the periodicity laws permit to write

E,=V, e =V,e’ =V e”
1) (e 0 0}l
I, =l 0 e’ 0|l

|- 0O 0 e7]lI

/4 /4

a

=

B

Establishing the Kirchhoff's laws to the unit cell,
in considering relations given by Eq. 3, we obtain a
spectral equation relating the electric current to the
voltage

I En, m; jE:a En, m;
I;(n,m)| 5 | Ezlnm
ij(n,m) oo Ef(n,m) “
.(nm) E,(n,m)



1 0 0 a,
~ 110 1 0 b
nm= 5 " 5)
RIO 0 1 cypy
a, by Com dum

Wherea, = (1+ el ) b, :(1+ e’jﬁn) , Com = (1+ eijn,m),

G = [0[? +[bn] + [0 and

2/m
N
27zm
ﬂmzv (6)
Ynm=Bm—ay

The subscript (*) denote the conjugate of a complex
number.

Substituting Eqg. (2) in Eqg. (3), a spectral
equation relating the incident to the reflected wave is

o] - | Ao
Bsinm)| = | Ag(n,m
é’(n'm) =Tom /}f(n,m) )
B, (n.m) A;(n.m)

With T = (11 = ZoYo ) (1 + ZoYom)

c) Spatial domain analysis

In the spatial domain, every auxiliary source
replace by its corresponding impedance (capacitor,
inductor or resistor), then the spatial reflexion operator is
given by

S=(Z-Zo)(Z+Zp)™ (8)

For the open and shorted circuit, the spatial
reflexion operator is given by

—1 For the short circuit
_ { )

1 For the open circuit

In  considering the excitation source, the
reflected waves are related to the incidents ones by the
following relationship

A=SB+ A
With A represents the feeding source in wave term.

(10)

d) lterative process

Collecting (7) and (10), the iterative process is
governed by a set of two equations describing, the
boundaries condition (Kirchhoff's laws) in the spatial-
domain and the periodicity laws in the spectral-domain.
The Hexagonal Fast Fourier Transform (HFFT) and its
inverse (HFFT)™, ensure the transition between the two
domains (Fig.3)[8]. Electrical quantities: current and

voltage are determined from the incident and reflected
waves at each iteration. The iterative process is halted
when the voltage (or current) converges.

." = I'I,!I'Hl + ."“

FFHT! FFHT

B=T4

Fig. 3: Principle of the iterative scheme
I1I.  NUMERICAL REsuLTS

The above formulation is employed for
calculated the electrical current components on the
horizontal edges of the lattice and the potential
difference between the nodes and ground in a first step,
then the method is also used to investigating the so-
called perturbed lattice.

In the numerical example, the total cells number
are fixed to N= 100 and M=116, and we take C=2.3pF
and R=0.4 Q. The circuit is excited by a voltage source
E,= 1V, the source is located at the middle of the circuit
in (N =0, M =0).

Fig.4 shows the electrical current propagation
for the three horizontal components |, Ig and |I,. It is
observed that the distributions of each current
component is oriented according its principal axis.
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Fig. 4: Electric currents components distribution

We can also see that the components present a
rotational symmetry of angle of 60 degrees. The currents
figures display that the intensities are maximum at the
lattice center and show a central and axial symmetry.

Fig. 5 shows the vertical voltage propagation;
we note that the dispersion is considerable in the
proximity of the feeding source.
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Fig. 5: Vertical voltage repartition

In the next, we analysis the so called perturbed
lattice. A perturbed lattice is defined, in many types of
research that interested in computing the equivalent
resistance or impedance between two arbitrary nodes,
by the network wherein we remove one or two bonds
from the regular circuit. Herein, we extend this
description and we define a perturbed architecture by
the lattice that we remove one or many arbitrary part.

Fig. 6: Example of perturbed circuit with triangular lattice



The figures (7) and (8) display the current and
vertical voltage distributions for a removed band located
for (1=n<10) and ( 1=m=10). With n and m represent

the cell numbers according€&, and €, directions,
respectively.
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Fig. 7: Electric currents components distribution for a
perturbed triangular lattice: one band removed
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Fig. 8: Vertical electric voltage distribution for a
perturbed triangular lattice

We clearly observe the perturbation effecton the
graph, infact, the currents and voltage are null in the
removed bands and in the irproximities.

In the next example, we remove two electrical
bands for a wide eliminated area. The suppressed
surfaces are situated on (1<n<20), (1=m=<20) and (-
20<n=-1),(-20=m=-1).
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Fig. 9: Electrical current components for two removed
bands
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Fig. 10: Perturbed vertical voltage for two removed
bands

The visualization of the electrical current and
voltage depicted by figures (9) and (10) demonstrates
that the propagation becomes more degenerate when
the surfaces and number of the removed bans
increases. It is worth noting that the problems of the
electrical perturbed circuits become more interesting for
several physical difficulties analysis, notably for in the
modelling of semiconductors with electrical default.

m

IV.  CONCLUSION

In this paper, a fulllwave concept was
formulated to investigate an RC circuit with triangular
lattice. The method is defined in two definition domains:
a spectral-domain describing the periodicity laws and a
spatial-domain in the design of the circuit is defined and
the Kirchhoff’'s laws are imposed. The auxiliary sources

© 2019 Global Journals

was introduced for characterizing
difference across each electrical element.

In numerical results, the electrical current and
vertical potential difference distribution are visualized for
a planar capacitor-resistor circuit with triangular
architecture. The perturbed RC circuit is also defined
and investigated, we observe a deformation of the
electrical current and voltage.

the potential

REFERENCES REFERENCES REFERENCIAS

1. C. Christophe, “Dual composite right/left-HANDED (D-
CRLH) transmission line metamaterial,” IEEE Microw
and Wirl. Comp. LETT, vol. 12, pp. 585-587, 2006

2. V. A Victor, Leonid IG, Liang J. Topological
properties of linear circuit lattices. Phys Rev Lett.
2015;114:173902.

3. P. Miettinen, M. Honkala, J. Roos and M. Valtonen.,
“Partitioning-based realizable model-order reduction
method for RLC circuits,”/EEE Trans Compt-Aid Des
of Integ C and Syst, vol 30, pp. 374-387, 2001.

4. Giulio, “On the resistance between two points on a
grid,”Am J Phys, vol. 62, pp. 1000-1004, 1994,

5. M. Owaidat, R S. Hijawi and J M., “ Khalifeh.
Interstitial single resistor in a network of resistors
application of the lattice Green's function.,”, Phy A-
Math Theor. vol. 37, 2010.

6. W J, Tzeng, Wu FY,*. Theory of impedance
networks: the two-point impedance and LC
resonances.,”, J Phys A: Math Gen. vol. 39, , pp.
8579-8591, 2006.

7. Tan ZZ. , “Recursion-transform method for
computing resistance of the complex resistor
network with three arbitrary boundaries,”.,Phys Rev
E. vol. 91, 2015.

8. N. Ammar, and H. Baudrand., “ The wave concept
iterative process (WCIP) method for electrical circuit
network with triangular and hexagonal topology,”,
Int J Circ Theor Appl., vol. 47, pp. 1340-1356, 2019.

9. R. S. N. Gongo and H., Baudrand. “Application of
wave concept iterative procedure in planar circuit”,
Recent Res. Devel. Microw. Theory Techn, vol. 1,
pp. 187-197, 1999

10. Wane, S., Bajon D., and Baudrand H., “A new full-
wave hybrid differential-integral approach for the
investigation of multilayer structures including non
uniformlydoped diffusions,”IEEE Tran on Micr Theo
and Tech., vol. 53, pp. 200 — 214, 2005

11. N. Ammar, T. Aguili, H. Baudrand, B. Sauviac and B.
Ouannas, “Wave Concept lterative Process method
for Electromagnetic or Photonic Jets: .and
Experimental Results,” IEEE Trans Ant. Propag., vol
63, pp. 4857-4867, 2015.

12. N. Ammar, and H. Baudrand., “ WCIP method for
multiple-loop antennas around a spherical media,”,
IET Microw., Ant. & Propa., vol. 13, pp. 666-674,
2019.



13.

14,

N. Ammar, T. Aguili, and H. Baudrand., “Analysis of
multilayered cylindrical structures using a full wave
method,”, Prog. Electromag. Res., vol. 58, pp. 425—
438,2008.

T. Elbellili, A. Karim, L. Latrach, T. Hichem and H.
Baudrand, “Characterization of the composite
right/left-handed transmission line metamaterial
circuits using iterative method WCIP,”Int. J. of Micr.
And Wirl. Tech., vol. 9, pp. 1645-1652

© 2019 Global Journals

(F) Volume XIX Issue V Version | E Year 2019

S

gineering

S

Global Journal of Researches in En



	Electric Current and Voltage Behaviour for a Perturbed Capacitor Lattice with Planar Triangular Design
	Author
	Keywords
	I. INTRODUCTION
	II.THEORETICAL FORMULATION
	a)Waves definition
	b)Spectral-domain analysis
	c)Spatial domain analysis
	d)Iterative process

	III.NUMERICAL RESULTS
	IV.CONCLUSION
	References Références Referencias

