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Abstract--EMAP5 is a numerical software package designed to model electromagnetic problems. It employs the finite 
element method (FEM) to analyze a volume, and employs the method of moments (MoM) to analyze the current 
distribution on the surface of the volume. The two met.'1ods are coupled through the electric fields on the dielectric surface. 

The filed behavior at dielectric/metal junctions is modeled by three-way basis fonction.s. EMAP5 can model three kinds of 

source: incident plane wave, voltage sources on metal patches and impressed current sources in the finite element region. 

Three numerical examples are provided to demonstrate !he validity of tl!e code. 

l. FOR,.\1ULA TION 

Although details of EMAP5 formulation are provided in [1][2J, a brief summary is provided 
below. The general structure of interest is shown in 1. A dielectric volume V2 has electrical 
properties (£2, It is enclosed by a surface S2. A conductive volume V3 is enclosed a conductive 
surface Sc. The fields within V 3 vanish. V 1 denotes the volume outside of V 2 arid V 3, and has electrical 
properties (£i. V1 is assumed to be free space. (Eh H 1) and (E2, H2) denote the electric and 
magnetic fields in V 1 and V2, respectively. The unit normal vectors for S2 and Sc are defined pointing 
outward toward V1. The structure is excited by an incident wave (Ei, H') or impressed sources (J'"', 
M""). The scattered electric and magnetic fields are (E', The objective is to solve for the scattered 
fields (E', or the surface electric current density on Sc. 

wrinen: 

(1) 

After multiplying (1) a weighting function w(r) and integrating over the finite element 
domain V 2, one obtains the FEM weak form as follows: 
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Tetra_hedral elements are used to discretize the volume V 2. Basis and weighting functions proposed 
by M. L. Barton_ and Z. J. Cendes [3] are chosen here. Each basis function is defined within a 
tetrahedron and is associated with one of the six edges. The electric field E within volume V2 can be 
""'"<tllUC·U as: 
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and {En} is a set of unknown complex scalar 

The surface integral term in (2) can be evaluated by using a surface basis function f(r), which 
are discussed later. a Galerkin's approach, a discrete form ofEq. (2) is obtained: 

(3) 

where [Ja] is a set of illlknown complex scalar coefficients for the surface electric current densities on 
Sa. Sd is defined as S2 if the conductive body is not adjacent to the dielectric body; Otherwise, Sct= S2 -

(Sz I\ Sc). The unknown coefficients [E} are according to edge type. The two categories are 
interior edges, which are denoted by a subscript i in Eq. (3), and dielectric boundary edges, wkich are 
denoted by a subscript d in (3). is the forcing term. Details of how to evaluate the elements of 
[AJ, (BJ and [gi"1] are provided in [1][2J. 

2. Discretization of MoM The MoM surface integral equation is [4): 

l 
=-E(r) 

2 
M(r')x\7' Gc(r,r') + fknTJ 0 J(r')G0(r,r') 

- j Tl 0 V'" J(:r') V Go (r,r') }dS' 
kc 

(4) 

where r E S, S=ScuS2. TJo and ko are the intrinsic impedance and wavenumber m free space, 
respectively, and 

-jk-Olr-r"f 

Go(r, r') = _,e"--­
- 4nl r - r'I 

is the Green's function in free space. The surface equivalent electric and magnetic cun-ents are defined 
as: 
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J(r') =fix r'onS; =E(r')xn r'onSd 

M(r') vanishes on Sc. J(r') and M(r') can be approximated by using the triangular basis function f 0 (r) 
S. M. Rao et al. [5J. 

On surface Sd, the MoM basis function fn(r) and the FEM basis function wn(r) are related by: 

Wn(r) = fi fn(r) l."E Sct 

J(r'), can be expanded as: 
Ns 

J(r') =iixH(r') = 2,Jnfn(r') M(r') = E(r')xn = 

where Ns is the total number of edges on the surface S, and Nd is the total number of edges on the 
surface Sd. {Jn) and are unknown complex scalar coefficients. 

The weighting functions chosen are fn(r), n=l, ... Ns. After fn(r) are multiplied to Eq. (4), 
can be discretized into Eq. (5}, which is a matrix equation. on Sa and Sc are grouped 
respectively. 

fCld Cic1·irJ0Jl =[Dod 01l[Eu]_r1 Fdj 
L Ced Cod J, Dcd o_ 0 LF;J 

(5) 

[F] is the forcing term due to the incident waveo A of how to evaluate the elements of [CJ, 
[DJ and are is provided in [1l[2]o Pel ,[J0J, [E;], [Ed} can be solved from (3) and (5). 

Il. COMPONENTS OF THE EMAP5 SOFfW ARE PACKAGE 

The EMAP5 software includes three major components: SIFTS, EMAP5 and FAR. 

1. SIFTS: The Input File Translator Standard Input File Translator Version5 (SIFT5) is 
designed to generate input files for the field soiver EMAP50 SIFT5 reads a text file in the SIFT format 
[5]. Users can describe the structure of interest by using eleven keywords shown in Table I. The 
physical geometry, source, and the output requirements must be sp<;ci:tiei1. 

The input file for SIFT5 should have a .sif suffix. The output file of SIFTS has a .in suffixo For 
example, if a user has composed an input file El.hbs, the foliowing command will generate a.11 
file ELin for EMAP5. 

% sift5 

L EMAP5 is the hybrid FEM/11ifoM field solver. It 
reads a file generated by SIFT5o The input file should have a jn suffix'. A file with a .log suffix is 
generated to iog running status and error messages. EMAP5 will print fields within areas specified by 
the keyword "output", to one or more output files. All equivalent surface currents J and M will be 
printed out by using the keyword "default_ out"" An example of how to run El\1AP5 follows: 

% emap5 El.in 
EMAP5 will read the mesh file ELin as its input. In addition, El.log will be generated immediately as 
the Iog file. 

3. FAR is a program used to calculate the far field radiation 
pattern. The far fields are calculated from the equivalent surface currents J and M. FAR needs two 
input files. One is the file by SIFTS, and the other is the default output file generated by 
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Table l Syntax of keywords for S.IFT5. 

keyword position cell j sub attributes I coordinates dimensions 

# 

~ unit number in m, cm or mm 

boundary xl yl zl 

I x2 y2 z2 

cell dim pl, p2 Ap axis (x, y or z) 

dielectric xl yl zl €' €" (The real and imaginary part of 
x2 y2z2 the complex permittivity) -

! 
conductor xl yl zl Ax Liy /Jz 

x2 y2 z2 

eplane frequency,01, qJl, 62, !p2, magnitude, ! ---
vsource frequency, polarization (x, y, z), l 

x2 y2 z2 magnitude, 

isource xl yl zl 
0 

nA" . y, 
I 1-- ·J' r 

l 1 x2 y2 z2 magnitude, 

output xl yl zl axis(x, y, z) filename 

x2 y2 z2 

default_ out j f;J,,.n~--

EMAP5. Assuming the default output file of EMAP5 is El.out, and the input file is El .in, the 
following command will run the far field calculator. 

%far El.in El.out far.out 
where far.out is the file to which the far field will be printed when the program terminates. The far.our 
file will contain an array of (0, 'jl, Es, E'!') data. Eo and whose units are volts/meter, are the E fields 
at point (R, e, <p) in coordinates. 

Ill. NUMERICALRESULTS 

The first configuration is a flat dipole antenna in free space. Although EMAP5 is a FEM/MoM 
code, it can model configurations that require only one method to analyze. In this case, only the MoM 
portion of the code is employed. As shown in Figure 2, a center-fed flat dipole has a width of one 
millimeter and a length of 44 centimeters. It is fed by a 300-MHz voltage source with a magnitude of 
one volt. The input file for SIFTS is as follows: 

#example l: a flat dipole antenna driven a voltage source in the middle 
unit 0.5mm 
conductor a 0 2 880 2 2 10 1 1 
vsource 440 0 2 440 2 2 300 x 1.0 
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output 0 0 2 840 2 2 y examplel.out 
The structure is divided into 268 triangles. The total number of unknown edges is 438. The output of 
EMAP5 is the surface electric cur.rent J along the flat dipole. The current at the source is given 

I== lt * w 
where Jf is a complex number denoting the surface current across the source edge, and w is the width 
of the edge. In this example, two edges are used to model !he source. Thus, the total current is the sum 
of currents across the two edges. The input impedance of the dipole is given by: 

z _ l.Ov 
n- -I-

3 shows the input resistance, input reactance and obtained by EMAP5 as the 
iength is adjusted from 38-53 cm, with a comparison of analytical results by treating the flat 

dipole as a cylindrical dipole with an equivalent radius(6]. Good agreement between EMAP5 and 
theoretical results is achieved. 

The second configuration, as shown in 4, is a flat dipole consisting of two quarter-
wavelength traces driven by a 533-MHz voltage source with a magnitude of one volt. In this case, the 
source is located within the FEM region. Since the width of the traces is very small compared will:l the 
width of the FEM region, a non-uniform mesh is used to discretize the structure. Near the junction and 
source areas, small cells are used. Initially, the relative permittivity of the dielectric slab is set to LO. 
Thus, the configuration is a half-wave dipole in free space. The source is modeled as a current filament 
that coincides with two tetrahedron edges. After the E fields along these two edges are obtained, the 
voltage drop along the current filament can be calculated. The file for SlFT5 is as follows, 

#example 2: a dipole driven a current source located within the FEM region 
unit0.25 mm 
boundary 0 0 0 164 82 2 
celldim 0 2 2 x 
eel/dim 2 162 16 x 

2. A flat dipole with a width 
width of l mm. 

0.40 0.45 
Uwaveiength 

Fig. 3. Input impedance of a flat dipole 
antenna wit.li L=38-53 cm, width= l rrun. 
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4. Geometry of a PCB antenna. 

celldim 162 164 2 x 
celldim 0 40 10 y 
celldim 40 42 l y 
celldim 42 82 JO y 
celldim 0 2 1 z 
dielectric 0 0 0 164 82 2 LO 0.0 
conductor -480 40 2 82 42 2 JO 1 1 
conductor 82 40 0 644 42 0 10 7 l 1 

isource 82 41 0 82 41 2 533 z I 
output -480 40 2 0 42 2 y example2.out 
output 164 40 0 644 42 0 y 

The FEM region is divided into 1200 tetrahedra. The boundary is divided into 2632 edges. The 
number of unknown edges for the final matrix equation is 1900. TI1e current distribution on the traces 
obtained using EMAP5 is plotted in Figure 5. For comparison, the results obtained using the 
Numerical Electromagnetics Code (NEC) and the IBM EM Simulator are also Figure 6 shows 
the results obtained by EMAPS and the IBM E.\1 Simulator when the dielectric constant is set to 10.0. 
fa both cases, the results obtained using the different met.liods are similar. 

The third configuration shown in 7 is a dielectric cube with 0.2A on a side, where A. is the 
wavelength in free space. It is illumiriated by an incident wave, which travels along the +z axis. The E 
field is polarized along the x axis with a magnitude of one volt/meter. Th.is has been 
previously analyzed by T. K. Sarkar et al.[7], B. J. Rubin and S. Dajiavad [8]. First, the dielectric 
constant of the cube is set to 1-j 1000. The input file for SIFTS is as follows, 

#example 3: a dielectric cube (Er ==1-jlOOO) illuminated by a plane wave 
unit 1 mm 
boundary -50 -50 -50 50 50 50 
celldim -50 50 25 x 
ceUdim -50 50 25 y 
celldim -50 50 25 z 
dielectric .. -50 -50 -·50 50 50 50 1.0 -1000,0 
eplane 600 90 0 0 0 1.0 

example3.out 
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The dielectric cube is divided into 64 bricks, then 320 tetrahedra. In Figure 8, the normalized far 
field obtained by EMAP5 is compared to those calculated in [7}[8). Second, the dielectric constant of 
the cube is set to 9.0. The "dielectric" line in the input file for SIFTS need to be as follows, 

dielectric -50 -50 -50 50 50 50 9.0 0.0 
In Figure 9, the normalized far field obtained EMAP5 is compared to those calculated in (7] [8]. In 
both cases, the results obtains by EMAP5 agrees with the references. 
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Fig. 8. Comparison of far :field 
Ee when Er= l·j 1000. 
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