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Abstract

Wave Iterative Method (WIM) is a numerical modeling for electromagnetic field analysis of mi-
crowave circuits. Theories of transmission line, four terminal network and boundary condition
are applied to developing WIM simulation that the physical electromagnetic wave is described to a
mathematical model using GUI function of MATLAB. In applying, the microstrip patch antenna was
analyzed and implemented. The research result shows that the WIM simulation can be used cor-
rectly to analyze the electric field, magnetic field theory and return lose of sample patch antenna.
The comparison of the WIM calculation agrees well with the measurement and the classical simu-
lation.

Keywords

Wave Iterative Method, Electromagnetic Field Analysis, Patch Antenna

1. Introduction

Presently, numerical methods are important for scientists, engineers and researchers. The development and re-
search are necessary for technical problem solving [1]-[4]. The basic Wave Iterative Method (WIM) is a full
wave analysis that has been developed since 2001, and is suitable for microwave circuit analysis [5]-[9]. Evolu-
tion of the WIM was developed to support microwave circuits such as waveguides [10] [11], filter circuits [7]
and applied in telecommunication engineering education [8] [12]. The advantages of WIM algorithm are the in-
tegration of theories of transmission line, two ports network and boundary conditions and iterative method that
are weak definition to study.

2. Wave Iterative Method

The WIM concept based on iterative method is to calculate amplitude and direction of incident wave, reflected
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wave and transmitted wave in the multi-layers planar structure. The electric field, magnetic field and network
parameters of equivalent circuit are results that we want to solve and display.

2.1. Wave Equations

Transmission line is represented by equivalent circuit, as shown in Figure 1, where V;, and I, are the voltage
and current variables at the input ports, V.' and I are incident voltage and current wave, V. and I, are
reflected voltage and current wave, respectively. The relationship between incident wave and reflected wave is
defined as [13]

Vio =Vip +Vi, 1)

in?

Lo=1 =1, )

in

Considering the input port, as shown in Figure 1, normalized waves in Equations (1) and (2) are divided by
\/Z , thus we have

Vio _ Vo + Vi 3)
JZol =Zo 10 —Z, 1, - 4)

The relation equation base on the incident wave (A) and reflected wave (B) is presented by

Vo _aiB, ©)

N

and

VZol,, =A-B (6)
where A_——V‘; =,Z,1; and B= Vi =471, .
(_ZO 0 %in [_ZO 0 %in

Then, the input voltage and current equation can be written as

V,, =/Z, (A+B), O
I, == (A-B). ®)

in \/Z

Rewrite the equations in the form of an electric field and current density that are as

E=.Z, (A+B), ©)

1=—1 (a-B). (10)

7z
Equation (9) and (10) are the electric field and current density (or magnetic field) in following the wave equa-
tion. The variable A (incident wave) and B (reflected wave) are the key parameters used in the WIM algorithm.

I+

. |
Z;: . Vf—»= U
VQT VinI V- ) Z,

.
I

Figure 1. Transmission line circuit.
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Considering, the scattering parameter (S) of a two ports network as shown in Figure 2, is defined in terms of
wave variables as [14]

B, =S, A +S,A, (11)
B, =SuA +S,A,. (12)
The S parameters defined by the incident and reflected wave are expressed as

S, =2 when A, =0, S, =2t when A =0
A A,

B B ()

SZl:XZ when A, =0, SZZ:EZ when A =0,

where A,, B, are the wave variables and A =0 that implies a perfect impedance match at port n. The wave

EZ E21 E22 %

The parameters variable S; is called the reflection coefficients at port i=1,2, whereas S is the transmission
coefficients of two ports network, where i= j and j=1,2.

2.2. Wave Iterative Method (WIM)

Wave propagation described by incident, reflected and transmitted waves is represented in the planar structure.
We see that the waves will be reflected continuously, as shown in Figure 3.

In iterative procedure, the excited wave (B Xy in the real domain (Pixel) of planar source is converted to
the wave Bim,n in the spectrum domain ( oc(iess by using the Fast Fourier Transform (FFT). Considering the
upper and bottom side of metallic box, we obtain the wave A . form reflection of the wave B = by the
reflection coefficient (T;). Thewave A . in the spectrum domain will be transformed to the wave A y N

X

the real domain by using the Invert Fast Fourier Transform (IFFT). At the planar structure situated between

A—> | | A
Vi nT
B«— —> B,

Figure 2. Two ports network.

Figure 3. Wave propagation in planar circuit.
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dielectric region (i) 1 and 2, the wave A' = will reflect to the wave B/ .. by the scattering parameter (S) of
. . : . (WL .
two ports equivalent network. Finally, the process of wave propagation will be repeated until the convergence of
waves is solved.
The WIM procedure, as shown in Figure 4, is summarized by the following steps:

1) Define the excited wave B(ny) of planar source.
2) Convert the waves in the real domain to the spectrum domain by the FFT: B(‘m,n) = [FFT](B(‘”)) :

3) Apply the reflection coefficient (I, ) for reflected waves to obtain incident waves: ﬁ(:n)vn) =[I; ](B((;)Yn)) :

4) Transform the waves in the spectrum domain to the real domain by the IFFT: A7) = [FFT*](A{” ) .

m,n)

5) Calculate the reflected waves using the scattering parameters of planar circuit: B((i?y) [S](A((;)y)) .

6) Repeat step 2 to step 5 until the convergence of the network parameters are obtained.
After testing the convergence at the k iterations, the tangential electric field and current density in the discon-

tinuity using Equations (9) and (10), can be written as
Ek

by = Zor (A +BY), (15)
Iy = (A +BN)/Zy (16)

Thus, the admittance parameter of two ports network are obtained as

Y= Z[ Jon | (17)

By

also, the impedance parameter can be written as
E
Z = z[_“y) . (18)
X,y J(x,y)
Finally, the scattering parameter of planar circuit is given by

S=[z,-2][z,+2]". (19)

The detail of mathematical operator in the WIM procedure, as shown in Figure 4 is represented as following.

2.2.1. Source Excitation Definition
The excited wave (B ) in the real domain of planar source can be written as

(x.y)
1 W (20)
l+n+n, |1z, |

By Ay

Real domain (Pixel)

Xy

Spectrum domain (Modes)
A

e, —(CELP— "

Figure 4. Iterative procedure.
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where n=—, n,=—, Z, = ol that is the characteristic impedance of dielectric layer i =1, 2.

01 Zy, Eoii

2.2.2. The Modal FFT and Modal IFFT Transform

For simplify the calculation of the generalized TE, ,, TMy,, mode wave description, the Modal FFT pair permits
movement the transverse filed components from the real domain to the spectrum domain, the modal wave equa-
tion in x direction can be defined as

M mmX.
Briom = 2. 2B, ;,)c08 i sin[Mj, (21)
j=Lk=1 a b

And also, the equation in y direction is defined as

N
BTE/TM ZZ By sm (MJ cosS (Mj . (22)
1k=1 a b
Thus, the modal transform matrix using WIM algorithm can be represented as
BE _
(m.n) n/b  -m/a
= FFT 23
{B{nﬁfn)] On {m/a n/b B (23)

Similar, the Modal IFFT pair permits movement the modal filed components from the spectrum domain
comeback to the real domain, the spatial wave equation in x direction can be defined as

A = ZZATYE/TM cos[mnxjsm(nnyj, (24)
m=1n=1 N
And also, the wave equation in y direction is defined as
ATEMgjn [ T XJcos(nny]. 25
A= mzl = ( M N 9)

Thus, the spatial wave matrix using WIM algorithm can be represented as
-1 TE
{A‘} FFT‘l{ {n/ ° _mﬂ [A\TTA’"’]}, (26)
A Q.. lma nb | |AM

ab 1 2, if mn=z0; )
where Q= - =, ©,,= _ M, N refer the pixel or modes number, a, b
2(Dm,n \/(m/a) +(n/b) 1, if mn=0.

refer the metallic box dimension.

2.2.3. Reflection Coefficient (I';) in the Spectrum Domain
The expression of reflection coefficient at the upper and bottom side of box in the spectrum domain is given by

[TE™ _1 Z(JuYnIE]/TM 7)
' 1+ZyY 5™
where the TE,,, TMy,, mode admittances in the metallic box are YnIEn =— 4 , Y™ - J0%% respectively,
' Ja)ﬂoﬂr Y }/

7= \/ mr/a)’ +(nm/b)’ —kZe, ,and k, = o\fus, -

2.2.4. Scattering Parameter (S) in the Real Domain
At the printed surface of the discontinuity, the boundary conditions of fields, as shown in Figure 5, are ex-
pressed in terms of waves that consist of 3 conditions as
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l— E=E —l, L> E=

Ez ’Izll‘ E1:E2 ’Iz

1 | E e

d=0
(@
Figure 5. Equivalent circuit of

J +
(
discontinuity. (a) Metal region;

Z
« e ele o2k
J,=0 d=0
b) (©)

(b) Dielectric region; (c) Source region.

Case 1, on the metal regions (M), we have the conditi
and 2 can be represented as
MR

Case 2, on the dielectric regions (D), we have
can be represented as

-1
0

B,
BZ

1-n®
|:Bl:| I nf+1
B,|, | 2n
n? +1

Case 3, on the planar source regions (P), we have the
tion can be represented as

on; E, =E, =0, thus the wave relation in the region 1

Il

0

A

28
A (28)

the conditions; E =E, and J,+J, =0, the wave relation

2n

n+1 A

n’ -1 {AZL @
n%+1

condition; E, =E, =E;-Z,(J,+J,), the wave rela-

-1+n, —n, 2n,
{Bl} | L+n+n,  14n+n, {Al} (30)
B, |, 2n, —1-n+n, [[A ]
1+n+n, 1+n+n,
Zo

where Eq refers the excited electric field and the Z,

n=20 n=2%and n %
1 =5 0 =5 12 T T 5o
Loy 02 VZulo

refers the source internal impedance, and n=

02

Finally, at the planar circuit in the real domain, the scattering parameters of wave equation are summarized on
each printed surface region using Equations (23)-(25). The wave relation equation can be expressed as

Bl
BZ

T

)

|

T=-M+

|

where

U
W

A

31
A (31)

I}

(1—n2)D+(—1+nl—n2)P

1+n?

(2n
U=V=M+

1+n +n,

)D_(2n,)P

1+

W

-M +

2 1
n° 1l+n +n,

(nz—l)D+(—1—nl+n2)P |

1+n?

1+n +n,

When considering the condition of each region, on the dielectric region: D =1, metal region. M =1 and
source region: P=1,and D=M =P =0 when elsewhere.

408
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3. WIM Simulation Design

Computer aided design based on a graphical user interface (GUI) function of MATLAB® is developed using the
Wave Iterative Method (WIM) algorithm. The WIM scheme consists of four parts as 1) setup the initial values,
2) design the patch antenna structures, 3) calculate the waves propagated in the spectrum (Modes) and real do-
main (Pixel) using WIM algorithm, and 4) analysis the network parameters and electromagnetic distributions.
The WIM simulation process can be presented in Figure 6.

The WIM simulation applied to simple patch antenna works in the following steps.

1) Start the WIM simulation program base on GUI function of the MATLAB, as shown in Figure 7.

2) Setup the usable values of calculation by using the “Setup” menu such as; operating frequency, desired
printed circuit, dielectric constant value, characteristic impedance, etc.

3) Select the “Analysis” menu to design the microstrip patch antenna parameters using conventional antenna

theories approach [14] [15].

Setup the Initial values

v

Antenna Design

Calculate the reflected _ Convert the Real
wave (Real) "| to Spectrum domain (FFT)
Transform Spectrum to Calculate the incident wave
Real domain (IFFT) (Spectrum)
No
Convergence
(Result [E[.|H|.S.Y.Z >
Stop
Figure 6. Flowchart of the WIM simulation.
n main l = X |
WIM2013 for Microstrip Patch Ant
or Microsirip Fatci nienna e o - E
, N |wa 50.40/mm.
) A Ly 4218 mm
-~
e, | [Wh| 49.80|mm.
T W 18oHz. | 1, 2p.53/mm
p £
— { - w295 ™"
mes e A h 1.6 mm.
KMUTHE B TTT—r 70 500 0 LT 22.41|mm
‘ fatrat 4 GHz. step 0.01 GHz. fstop 3/GHZ.  Pixel Mo 59 ?Anaryzef clear |
’Impeﬂance] [Anmmance] ISCarterlng] [ E field ] [ H field ] [ Help ] ’ Exit ]

Figure 7. WIM simulation program.
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4) Select the “Scattering” or “Impedance” or “Admittance” menu to calculate the scattering parameters of two
ports network using the WIM algorithm for designed antenna analysis, an example is shown in Figure 8(a).

5) Select the “E- Field” menu to represent the electric field distributions using the WIM algorithm on the
printed interface of planar circuit, as shown in Figure 8(b).

6) Select the “H- Field” menu to represent the magnetic field or current density distributions using the WIM
algorithm on the printed interface of planar circuit, as illustrated in Figure 8(c).

7) Select the “Exit” menu to quit form the program.

4. Simulated and Experimented Results

An example of simple microstrip patch antenna is presented using the electromagnetic simulation base on the
proposed Wave lterative Method (WIM) algorithm. In this topic, we will introduce an antenna design tool, an
efficiently WIM simulated results to compare to the IE3D software and measurement.

4.1. Microstrip Antenna Design

The optimal parameters of the simple microstrip patch antenna are designed at 1.8 GHz operating frequency.
The FR4 printed board was implemented with the relative permittivity (Sr) equal to 4.6, and the thickness of

-} Figure 1 B‘E‘El

Fle Edt View Insert Tools Desktop Window Help

Jdds |k RRO9EL-2 08| O

Scattering

Magnitude(dB)

(@
— EE
File Edt View Insert Tools Desktop Window Help ~ File Edt View Insert Tools Desktop Window Help ~
DS KRN RLA-(S|0E ad DSEHS KAWL A-S|0E | nD
Electric Field o> Magnstic Field
5
B
10 x10
7 9
i 8.
7
A 3
5
4
i 3
2
L 1
0
60
1
0 -
B Pixel
() (d)

Figure 8. Display windows. (2) Scattering parameter (S11) window; (b) E-Field display; (c) H-Field display.
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dielectric layer is1.6 mm., The analyzed results using the WIM simulation program can be obtained correctly to
compare the conventional antenna theories approaches [14] [15]. The printed circuit dimension of designed an-
tenna is 49.8 x 38.58 mm?, as shown in Figure 9.

4.2. Electromagnetic Field Distributions

The simulation program has been developed using the WIM algorithm. Determination of the input E-filed of
source excitation on the planar circuit, the computing electromagnetic field distribution will be propagated
gradually on the planar structure. The evaluation of the electric and magnetic field distributions in term of itera-
tion number at 1, 5, 10 and 200 rounds is appeared on the antenna structure, as shown in Figure 10. It was found
that small iteration number, the electromagnetic field distributions on the planar structure are not completely and
exactly. After testing the convergence with reasonable number of iterations, on the printed circuit, the norma-
lized electric field peak is at the conductor edge, and minimum values are occurred in remote areas. On the other
hand, the current density distributions on 1/2 long of conductor of each calculation have spread from source
in to conductor area and will stabilize when the calculation is convergence (Approximately 200 rounds or more
that depends on the designed circuit resolutions).

4.3. Return Loss Analysis of Patch Antenna

In the order to confirm the efficiency of the WIM simulation to compare the IE3D software and measurement,
we will analyze and measure the return loss of the simple patch antenna using the N5230C network analyzer of

Design

ngm
Lgmm.
FR-4 w WD .,

fo 1.8/GHz. | o] 35 55 |mm
£
7| so@ | Ml22emm

Figure 9. Microstrip patch antenna structure, where Wp = 49.8 mm; Lp = 38.58
mm; Wg = 59.40 mm; Lg = 48.18 mm; Wf = 2.96mm; Lf = 22.41 mm.

Electric field
Norm (E) Norm (E) Norm (E)

Y axis

Y axis
Magnetic field
Norm (H) Norm (H) Norm (H) Norm (H)
I- I by
1- : )i d

.50 @ 0.5-

Y axis

X axis X axis

@ ©
Figure 10. Comparison of electromagnetic field in term of iteration number. (a) n = 1 round; (b) n = 5 rounds; (c) n = 10

rounds; (d) n =200 rounds.
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49.8mm

Magnitufe(dB)

Frequency(GHz)

Figure 12. Simulated and measured results of return loss.

Agilent Technologies, as shown in Figure 11.

The WIM simulated result of return loss of the designed patch antenna as shown in Figure 12, found that the
center frequency is obtained at 1.8 GHz, and the —3 dB bandwidth is 180 MHz. Compared to the WIM simula-
tion, thelE3D software and measurement of designed antenna are good agreement. Therefore, a little measure-
ment errors were occurred, it may be the limitation of the experiment set, the interface between coaxial probe
and conductor strip, and also the planar structure different in the implemented process.

5. Conclusions

We have demonstrated the full wave analysis based on the developed Wave Iterative Method (WIM) algorithm
to analyze the simple microstip patch antenna. The novel WIM algorithm can provide a reasonably good ap-
proximation to the correct values of circuit parameters, and its accuracy is dependent on usable pixel size and
mode number. Additionally, this algorithm has the advantage of representing the electromagnetic field on circuit
structure. Finally, the contribution in this paper indicates the development of the novel WIM algorithm based on
iterative method that can be used to analyze effectively in arbitrarily inhomogeneous region formations.

In the future, the proposed WIM algorithm will be also applied to MMICs, various planar circuit structures,
passive circuit in the waveguide, and the electromagnetic solving for EMI/EMC problems.
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