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CHRONOLOGY of Events (Updated Every Quarter)

e April 1996 Proposal Submission
o July 1996 Answers to Proposal Questions
e August 1996 Began Contract Negotiations
e 20 Sept. 1996 Kickoff meeting at Ann Arbor (attended by Sanders, UM and
UH)
e QOctober 1996 Contract Signed between U-M and Sanders in Mid October
e October 1996 Subcontract to the Univ of Houston
(formalized in early November)
e 15 Nov. 1996 SERAT Review meeting (at Nashua)
e 9 January 1997 Submitted First Quarterly Report

Report Described Code Plan and Progress on the Moment
Method FSS Code. Specifically, a new scheme was
developed to accelerate the convergence of the periodic
Green’s function

e 28 February 1997 Prepared viewgraphs on the project’s progress review.
Showed first validation results for the moment method FSS
code with the new accelerated Green’s function; showed
results for a new algorithm to accelerate the boundary
integral truncation of the planar and curved FSS hybrid
FEM code using the Adaptive Integral Method(AIM) and
CVSS, the new LU solver specialized to sparse matrices

o 5 April 1997 Submission of Second Quarterly Report.
Report included the first validation results for the stand
alone small array FEM code (with dipole FSS elements and
dipole antenna elements). A similar validation was done
for the moment method FSS developed at Houston. The
fast AIM algorithm was described for boundary truncation
and the TRIANGLE surface mesher was introduced to
generate the aperture mesh, subsequently grown down to
the FSS.

e 30 May 1997 Semi-annual review at the Univ. of Michigan

(attended by all parties)
Review covered progress up-to-date. At this meeting,
emphasis was on the validation of the three codes which
took 'shape and form' between March-May 1997 in
accordance with the proposed schedule. Theory, validations
and comparisons among the codes were presented.



e 25 June 1997 SERAT review Meeting (Nashua)

e 5 July 1997 Submission of Third Quarterly Report
The major component of this report was the description and
validation of the periodic hybrid FEM code, FSS-PRISM.
Comparisons among the FSS-EIGER, FSS-BRICK and
FSS-PRISM were given for the first time. Also, the
geometry drivers for the FSS-BRICK and FSS-EIGER
were given.

MEETINGS

Two meetings were held this period
See the Chronology list above



SUMMARY OF 3RD QUARTER PROGRESS

1. Previous Quarter Progress Summary
During the previous quarter we reported on

¢ Small array code (FSS-BRICK) along with validation data for dipoles on multilayered
FSS. It was primarily noted that this code was fast because it employed mesh
compression algorithms for the boundary integral truncation. However, its
geometrical generality was limited due to the brick elements used for mesh modeling.

¢ Simple moment method code FSS-EIGER for simulation of antenna elements on
commensurate FSS structures. Some preliminary validations were given.

e Method for extracting reflection and transmission coefficient parameters in
connection with the FSS-BRICK

¢ Performance of a matrix compression scheme based on the Adaptive Integral (AIM)
method. A ten-fold decrease in the CPU and memory requirements of this fast integral
method was shown. Therefore, AIM is particularly attractive for simulating the
doubly curved FSS structure where it would be necessary to treat the entire array
surface without making of the periodic Green's function.

2. Summary of 3" Quarter's Progress.

This quarter has been extremely productive and pushed us ahead of schedule with the
successful completion of the hybrid FEM code FSS-PRISM. The latter was developed by
Dr. T. Eibert, a new addition to the SERAT code development team. Dr. Eibert will be
responsible for the doubly curved array simulation during the second year. More details
on FSS-PRISM are given in the appropriate section of this report.

Below we summarize this quarter's activity. However, the reader is also referred to
Appendix 2 which contains the entire slide presentation given at the June 25, 1997 review
of the project. These viewgraphs give a concise overview of the code development and
validation status. Also, Appendices 3-5 include more detailed viewgraphs of the
presentation given on May 30, 1997 during the review held in Ann Arbor. Appendices 3-
5 cover the capabilities of the codes FSS-EIGER, FSS-PRISM and FSS-BRICK in this
respective order.

2.1 Geometry Driver for FSS-BRICK

A geometry Driver was developed for FSS-BRICK. As noted above and in the previous
report, FSS-BRICK is our small array code and its function is to provide a fast finite
array analysis tool. As note in the attached short description of the FSS-BRICK, the
geometry Driver developed this quarter uses antenna and FSS element primitives to
simplify its utility and a need to interface with external meshing packages. The meshing
is done automatically and is based on the primitive element choices, FSS layers and their



composition. Because the code uses bricks as the basic element for volume and element
modeling, it may be necessary to make approximation for modeling the entire SERAT
panel. Here is a list of its present capabilities:

o Uses slots, dipoles, crossed-slots and crossed-dipoles for primitives (see Figure 1)
o Can accommodate resistive cards of rectangular shape, placed at any layer interface

o Feeds are horizontal (x or y directed) current probes placed at any location on the
uniform grid. Vertical probes are also available but not through the present Driver.

o Lumped loads can be placed at any node location between two horizontal or two
vertical nodes.

¢ Conducting posts can be placed at any node location in much the same way done for
the lumped loads. These posts can be concatenated to form long feeds and wires
running from the base of the FSS panel to the surface.

FSS-BRICK has been validated for slots and gives the same results as the FSS-EIGER
and the FSS-PRISM. Figure 2 shows such as a comparison of all the codes under
development. Comparisons among dipole arrays is still in progress. We are improving the
reflection/transmission coefficient extraction process for finite array apertures. So far,
good agreement is obtained for near resonance computations and this is to be expected
because of the finite aperture.

In the next three months , we will

1. Complete testing of the FSS-BRICK and its geometry Driver for dipole array
simulations (input impedance vs. scan angle, FSS reflection/transmission coeff., etc.),
resistive cards and lumped loads

2. Package the code with a short manual and plotting using XMGR

The graduate student Y. Erdemli will then continue to implement a similar geometry
Driver for FSS-PRISM. Depending on the success of FSS-PRISM and FSS-EIGER for
modeling non-commensurate FSS, we may also decide to extend the application of FSS-
BRICK to non-commensurate FSS and periodic array structures by adding phase
boundary conditions and mesh truncation using periodic Green's function. Coupled with
the FFT for performing the matrix-vector products in the solver, FSS-BRICK may
become our fastest code.
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Figure 1. [llustration of the primitive elements used in FSS-BRICK. Note that the
element must fit within the uniform grid.
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Figure 2. Comparison of reflection coefficient for a slot FSS as computed by the finite
array code FSS-BRICK and the infinite array code FSS-EIGER.

2.2 Geometry Driver and Progress in the development of FSS-EIGER

As noted in earlier reports, FSS-EIGER is a generalization of the general purpose
moment method code EIGER developed by the Univ. of Houston and Lawrence
Livermore Labs. under Navy sponsorship. During the first quarter of this contract, a fast



periodic Green's function was developed which delivered two orders of magnitude in
improved speed. This Green's function was generalized to multilayered structures during
the second quarter of the contract and was ported into the original EIGER code to create
FSS-EIGER. The remaining effort during the second quarter was devoted to testing and
code validation and this continued into the third quarter. In our second quarter report we
showed some validations for stand-alone multilayered dipole FSS (see Appendices 2 and
3). During this quarter

e we continued the validation of FSS-EIGER for slot arrays and for dipole antennas on
multilayered FSS. Some results are shown in Figures 3 and 4. The results in Figure 4
refer to a dipole array on a dual layer dipole FSS and will be validated soon using
FSS-BRICK and FSS-PRISM. It should be noted that these results refer to
configurations that have not been considered in the literature due to their generality in
terms of geometry and layered structure. Also note that the slot element in Figure 3 is
identical to that used in Figure 2 for validating FSS-BRICK. The same slot element
will be used later for validating FSS-PRISM.

o Developed a geometry Driver for the FSS-EIGER using dipoles, slots, crossed slots
and crossed-dipoles as primitives. The description of this Driver will be given as an
independent report from the Univ. of Houston.

o FSS-EIGER can model resistive cards and horizontal resistive loads which were
already present in EIGER. However, testing of these capabilities has not yet been
completed.

The emphasis over the next quarter will be devoted to the non-commensurate arrays and
FSS.

FSS SLOT ARRAY
T INCIDENCE: 8 = 15 9= 0°

Power Reflection Coefficient

FREQUENCY (GHz)

Figure 3. Validation of the FSS-EIGER for slot arrays.
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Figure 4. Broadside E-plane active reflection coefficient for a dipole array on a dual
dipole FSS.
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2.3 Development and Validation of FSS-PRISM

FSS-PRISM refers to the hybrid FEM code. This code is the centerpiece of the proposed
development and will combine the geometrical adaptability and generality of the FEM for
modeling materials and inhomogeneities with the rigor of the moment method for mesh
truncation. This code will therefore be the most general and capable among the all codes
developed under this project. The code employs distorted prisms and will evolve to the
doubly curved array code during the second year of this development.

FSS-PRISM took shape and form during this quarter and was developed by Dr. Eibert
who joined the project team in March and will be the responsible for the development of
the doubly curved array code during the second year.

The development of FSS-PRISM began with the existing code FEMA-PRISM which was
a single element code for the analysis of conformal antennas on doubly curved surfaces.
FEMA-PRISM was supported by Air Force contracts (Rome and Wright Laboratories)
and was mentioned in the delivered proposal.

During the quarter the Dr. Eibert modified FEMA-PRISM as follows (see also attached
report in section 3 and the viewgraphs in the Appendices):
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e Incorporated periodic boundary conditions into the FEM domain to simulate the
periodic nature of the FSS.

o Replaced the free space Green's function in FEMA-PRISM with the faster Ewald
Periodic green's function developed by the Univ. of Houston.

e Validated the code for several trivial geometry for robustness

e Validated the code for slot and dipole arrays on commensurate FSS.

Figure 5 shows a validation of FSS-PRISM for a slot FSS. This figure displays results
from all codes and it is pleasing to see that all codes are in excellent agreement. In our
subsequent report we will demonstrate applications for dipoles and more complex
configurations.

FSS Slot Array Power Reflection Coefficient
Unit Cell : 1

09

< lcm R

08
07
086

ire
05

cm

0.4

Lufini .
FSS-Prism
- EIGER

03

0.2

Finite Array: |
-~ FSS-Brick (2x2) |]

. I " L
8 10 12 14 16 18 20

Frequency, GHz

Figure 5. Comparison of FSS-PRISM, FSS-EIGER and FSS-BRICK for computing the
reflection coefficient of a slot FSS on a dielectric layer.

In the following months, our goal will be

o generalize the current version of FSS-PRISM to non-commensurate arrays

e develop a geometry driver similar to that in FSS-BRICK

e compare FSS-PRISM and FSS-EIGER in terms of CPU and memory requirements
for modeling multilayered FSS.
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3.1 Theory and Description of FSS-PRISM for Commensurate
FSS: Upgrading FEMA-PRISM to Deal with Infinite Periodic
Planar Structures

1 Introduction

FEMA-PRISM-BI is a finite element (FE)/boundary element (BE)-hybrid code
that works with prismatic elements in the volumetric FE-part and triangular el-
ements in the BE-part. The prismatic elements can be right angled as well as
distorted. So, the code vertically surface meshes at each layer with all geometrical
adaptability whereas the volumetric FE-mesh can be easily generated by growing
the mesh along the normals to the adjacent layer.

The original version of FEMA-PRISM was implemented as a pure FE-code with
artifical absorbers used to terminate the interface to free space. Because of this, no
Green’s function was needed to truncate the mesh, and as a result doubly curved
finite surfaces could be modeled.

During the first quarter of this project FEMA-PRISM was upgraded to a FE/BE-
hybrid code with the BE-part implemented for planar surfaces based on the free
space Green’s function. In this stage FEMA-PRISM with BI can deal with planar
cavity backed antenna configurations as illustrated in Fig. 1.

During the third quarter of this project FEMA-PRISM-BI was upgraded to a pe-
riodic FE/BE-hybrid code (PPRISM), capable of dealing with infinite periodic

|
|

Figure 1: Cavity backed planar antenna configuration
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Figure 2: Metal backed periodic configuration
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Figure 3: Open periodic configuration

planar antenna configurations as well as frequency selective surface (FSS) config-
urations with an arbitrary number of FSS layers (metallic patches or slots) and
combinations of both. The code has the option to deal with metal backed con-
figurations as illustrated in Fig. 2 and with configurations that are open at the
top as well as the bottom surface of the FE-mesh (see Fig. 3). In this case the
BE-method (or Bl-method (boundary integral)) is used to terminate the top sur-
face and the bottom surface. Due to the application of the BE-method on both
surfaces the computational effort is larger and most often doubled.

In the following, it is shown how the periodicity condition for the fields in the
infinite periodic array can be used to model the infinite array problem using only
with one cell of the array. This means that within the FE-model of this unit cell,
the periodic boundary condtion (PBC) has to be enforced on the vertical walls of
the mesh and on the boundary edges of the BE surface. Also in the BE surface the
appropriate periodic Green’s function (PGF) must be used. For this application,
the PGF developed by Prof. D. Wilton and Prof. D. Jackson will be used.

After a brief presentation of the formulation, numerical results are given to validate

13



the code.

2 Formulation of the Infinite Periodic Problem

The infinite periodic problem is illustrated in Fig. 4. For the electromagnetic

DYP cot Y

DXP
Figure 4: Infinite periodic configuration

analysis of this configuration, it is sufficient to consider one single cell (unit cell)
of the infinite periodic array because the fields in the array fulfill a periodicity
condition given by

E(x + mDXP +nDYP cot(y),y+nDYP) =
E(z, y) e~#=(m DXP+nDYP cot(x)) g=if,n DYP (1)

H(z + mDXP +nDYP cot(y),y+nDYP) =
H(ZL‘, y) e-‘jﬁz(m DX P+n DY P cot(v)) e—j,@yn DYP ) (2)

DXP and DY P are the distances between adjacent cells in the array in z— and
y—directions, respectively. Also, v is the skewness angle of the lattice measured
from the z-axis as illustrated in Fig. 4; 8, and B, are given by

Bz = kosinbycos gy (3)
By = kosinbpsin ¢y, (4)

in which 6y and ¢g are the angles describing the propagation direction of an inci-
dent plane wave or the scan direction of the array for antenna radiation, and kg is

14
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Figure 5: FE-mesh of unit cell

the free space wave number.

The periodicity condition (1) has to be enforced on the vertical walls of the FE-
mesh and on the boundary edges of the surface meshes for the BE-method. Addi-
tionally, in the BE mesh the appropriate Green’s function for the infinite periodic
case must be employed. For the implementation of the periodic boundary con-
dition into the FE volume let us consider the FE-mesh of a unit cell in Fig. 5.
First, the FE-matrix is generated without considering the boundary condition at
all, including all edges of the unit cell. Afterwards the right side wall is wrapped
onto the left side wall and the upper side wall is wrapped onto the lower side wall
via a matrix transformation. In this matrix transformation, all matrix entries in-
volving unknowns associated with edges on the right and the upper vertical walls
are eliminated and are replaced by new matrix entries involving the unknowns for
the edges on the left and lower vertical walls. Consider for example edge #13 on
the right boundary of the unit cell in Fig. 5. It can be seen that the corresponding
periodic edge on the left boundary is edge #1. Therefore in all matrix entries the
unknowns for edge #13 are replaced by

Si1z — Sia e iP=DXP
18 DXP
S13i — 51, e’? ) (5)

where 7 is an arbitrary edge number (the testing edge) that is also not on the right
or the upper boundary wall (periphery) of the cell. In the latter case, the matrix
entries have to be transformed with respect to both edge numbers. For instance
the self-term for edge #13 is replaced as

513,13 — 51,1 . (6)

Edges that are located on the top vertical periphery of the cell have to be wrapped
onto the corresponding edges on the lower periphery with the phase term (8, DY P cot(y)+

15
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Figure 6: Configuration for BE-calculations

By DY P) and edges that are located at corners of the periodic cell (for instance
edge #21) must be phase modified with respect to the z— and y-directions.

The strategy for the calculation of the BE-matrices is similar to that for the calcu-
lation of the FE-matrix. First the matrix is calculated for all edges of the unit cell
no matter whether they are located on the boundary of the unit cell or not. Then
the matrix entries for the edges on the right and upper periphery section of the
boundary are wrapped onto the associated matrix entries for the corresponding
edges on the left and lower portion of the periphery with the help of the appro-
priate phase terms (see Fig. 6). Additionally, for the calculation of the matrix
elements, the Green’s function for an infinite periodic array must be used. In the
given case, matrix elements of the form

Ton = —2K2 // //G(r, ') (W x 3)ds’ - (W, x 3)ds
T, T,

+2 // //G(r,r')V' (W, X 2)ds' V- (W, x 2) ds (7)

T; T;
must be evaluated. As usual, W are the edge element expansion functions, T; and
T; are the test and source triangles, respectively, and G is the periodic Green’s
function. In the original version of the PRISM-BI code, the free space Green’s

function is employed,
1 e=ikolr-r’|

- Lo ©)
i |r—1'|

where r is the observation point and r’ is the source point. In the general case these

Go

coupling integrals are evaluated with a numerical quadrature technique, but for

16



near—coupling and especially self-coupling terms, the integration of the singularity
of the Green’s functions must be carefully performed to obtain accurate results.
In the infinite periodic case, the proper Green’s function can be obtained as an
infinite sum over terms of the form Gy with the coordinates of the source points
of each term adjusted to the locations in the different cells in the lattice and
with considerations for the phase terms due to the scan direction of the array. For
practical implementations, this space domain summation is not applicable because
of its very slow convergence of the series.

For implementation into the FSS-PRISM code, the Green’s function supplied by
Prof. D. Wilton and Prof. D. Jackson, the University of Houston, was used. As
noted in earlier reports, the EWALD acceleration scheme for the evaluation of
doubly infinite series was employed. Using the EWALD summation scheme, one
part of the infinite series is evaluated in the space domain whereas the other part
is evaluated in the spectral domain. With a proper adjustment of the space and
spectral domain parts of the series, a very fast convergence can be obtained. At
the moment, the infinite array Green’s function is available only for a lattice skew
angle v = 90° (right-angled lattice).

If both the source and the test triangles are close to be boundaries of the unit
cell, it can be observed (see Fig. 6) that additional singular terms of the Green’s
function series can be situated close to the integration domain. These situations
have to be recognized for the evaluation of the integrals in eq. 7 and the additional
singularities have to be dealt with carefully.

17



3 Validation of the Code

3.1 Example 1 :

As a first validation example, the trivial configuration in Fig. 7 was considered.
The air layer was discretized with finite elements and a boundary integral with the
periodic Green'’s function was applied on the top and bottom layers. The structure
was excited by a plane wave propagating in the z—direction, and from Fig. 8 it is
seen that we recover the expected unity transmission coefficient.
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Figure 7: Infinite air layer
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Figure 8: Power transmission coefficient for configuration in Fig. 7
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3.2 Example 2:

In the second validation example illustrated in Fig. 9, the air layer was replaced
by a dielectric layer with a permittity of ¢, = 5. In this case, the reflection and
transmission coefficients for plane waves can be calculated analytically by recur-
sively applying the reflection and transmission coefficients at the layer interfaces.
A comparision between the analytical and FSS-PRISM values for the transmission
coeflicients of a normally incident plane wave is given in Fig. 10.
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Figure 9: Infinite dielectric layer
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Figure 10: Power Tansmission coefficient for configuration in Fig. 9
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3.3 Example 3:

The geometry of the third example is given in Fig. 11. A rectangular periodic slot
is backed by a dielectric layer with a permittivity of e, = 4. The configuration is
excited by a plane wave propagating along the z—direction with the electric field
vector oriented parallel to the long side of the slot. In Fig. 12 the numerical results
of FSS-PRISM are compared to those generated by FSS-EIGER, and the results
from the literature (Mittra et.al., Proc. IEEE, 1989).

1cm

1cm

e, =4 i 0.1 cm

Figure 11: Slot-FSS on dielectric layer
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APPENDICIES

APPENDIX 1: Project Goals

The goal of the SERAT project at the University of Michigan (with subcontract to Univ.
Of Houston) is to develop a suite of software for the analysis of strip and slot dipoles on
multilayered substrates backed by a frequency selective surface. The dipoles are equipped
with photonic switches permitting variable electrical dipole lengths for broadband
performance and the FSS is suitably designed to simulate a variable substrate thickness
for optimal operation. A general view of the geometry is given in Figure 1.

The UM/UH team proposed to construct a code which combines various computational

modules interfaced with appropriate pre-processors and post-processors. The

computational modules include:

o Stand-alone moment method simulation of the FSS with up to 10 layers with
commensurate and non-commensurate periodicities.

¢ Simple moment method simulation of the antenna elements on the FSS panels

o Hybrid FEM simulation modules for small arrays, planar periodic arrays and curved
arrays on FSS panels.

Various options for modeling the FSS and for mesh truncation were proposed to provide
a compromise between speed and accuracy. These are outlined in the proposal and
summarized in the attached milestone chart (repeated from the proposal).

As called in the milestone chart, we are proceeding in accordance with the schedule in
our proposal. Specifically:

1. The commensurate moment method FSS and moment method periodic array code
was completed and tested by Houston and delivered to UM. This code is referred to as
FSS-EIGER

2. A geometry driver is also being developed for FSS-EIGER to handle the dipole,
crossed-dipole, slot and crossed-slot elements.

3. UM completed ahead of schedule the small array FSS code and has tested it for slot
and dipole array.

4. An automatic geometry generation Driver was developed for FSS-BRICK applicable
to commensurate FSS panels

5. A first version of the centerpiece of this Code-Suite, the hybrid FEM code, is
completed for commensurate arrays and combines the powerful FEM for material
modeling with the robust boundary integral method. A Driver is now under
development.
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6. Several code validations have been given for slot/dipole periodic arrays on FSS
structures.
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Figure 1: General SERAT configuration.
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Milestone Chart for EM Model Development (Tasks 1 and 2)

Quarterly Progress

Task

Ist |2nd

Q.

Q.

FSS Green ’5 function and Code for
Commensurate FSS

(tH)
FSS Green’s function and Code for

Non-commensurate
(Uo Houston )

{ ~ Elements

Mesh Generator for Antenna. —l »

4th
Q.

Sth
Q.

6th
Q.

Tth

8th

Mesh generator for FSS elements

Single Element and Small Array

Planar and Curved-IBC

Planar-FEM/Moment Method

Curved-FEM for antenna and
FSS

Planar Periodic Array

F_I_EM with IBCs

Simple Moment Method code

FEM and Moment Method
| for FSS .

FEM for antenna A_ﬁd FSS

Curved Array

Cylindrical

Approximate Doubly Curved

Doubly Curved with fast
integral algorithms for mesh
truncations

44

Software Integration and 1/0
Displays

Validation

Software Support
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APPENDIX 2: Presentation Given on June
25, 1997 at Nashua, N.H.
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APPENDIX 3: Univ. of Houston (FSS-EIGER)
Presentation on the May 30, 1997 review held
in Ann Arbor.
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APPENDIX 4: FSS-PRISM presentation by T.
Eibert given on the May 30, 1997 review held
in Ann Arbor
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PRISM-Development

PRISM: Finite Element/Boundary Integral Code Based on Right-
Angled or Distorted Prismatic Finite Elements and
Triangular Boundary Elements

* Modeling Flexibility in FE-Part, (Arbitrary Materials,
Arbitrary Geometries, ...)

¢ Geometrical Adaptability

¢ Ease of Meshing

Starting Point: PRISM-code for Cavity-Backed Planar Antennas

Metallic Boundaries

® Antenna Elements in Top Surface

® Probe Current Feeds

¢ Vertically Grown Volume Mesh
Starting from a Given Surface Mesh

® Boundary Integral Based on Free-
Space Green’s Function
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Periodic PRISM-Code

Periodic Boundary Condition (PBC) for FE-part

Periodic Green’s Function (PGF) for Bl-Part
(from Houston)

Metallic Patches in all Layers Possible
(Antennas, FSS, ...)

Probe Current Feeds and Plane Wave Excitation

Lumped Impedances / Resisitive Sheets
(to be done, already available in BRICK-Code)

Metallic Backing BI/PGF
(Antenna) /
._————I
—v :: : -
PBC - \ PBC
Metal

Bl on Top and Bottom Surface
(Transmission, FSS)

BI/PGF
[ | ] |
—v I S
pBc ! '  PBC
\

BI/PGF
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Infinite Periodic Array

DYP cot 7Y
Y *ﬂ ‘
I I '
- / * / - \ X
A o
DYP
I -i Bl
.

Periodicity Condition:
E (x + m DXP + n DYP cotY, y n DYP) =

- -7 n DYP
E (x v o 7B« (m DXP + n DYP Coty)e ]By

H (x + m DXP + n DYP cotY, y n DYP) =

_y -7B, n DYP
H (x, y) o Px (m DXP + n DYP coty/eJBy

Bx = k& sin ¥, cos ¢,
Bx =k, sin 9, sin 9,

¥y, 9o :Scan Angle
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Periodic Free-Space Green‘s Function (BI)
( from Houston )

Unit Cell with Image Sources:

® ® ®
8. 9 10
IR
2 7451277 14
* 5 16 \%3 )
1 4 17 18
3 19 20
° * ®

¢ Transformation of Matrix Elements analog to FE-Part

e Special Care for the Singular Image Sources

e Implementation of Plane-Wave Excitation

e Extraction of Transmission Coefficients and
Radiation Patterns
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Power Transmission Through
an Air Layer

(sanity check)
Ar I/PGF
PBC\*i Air , PBC
Ar
BI/PGF

Transmission coefficient has to be 1.0

Transmission Coefficient

1 -
06} - fffffff e
il
oal
ol

5 65 6 65 7 75 8 85 9 95 10

Frequency (GHz)
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Power Transmission Through
a Dielectric Layer

BI/PGF

I'»

|
|
|
|
|
|
|
|

,
o
o
@)

r----
o
—

S
)

L L RN

BI/PGF

wmm= Periodic PRISM

"""""""""""""""""""

‘ === Analytical

o
o)
o1

o
o))

o
4]
o

©
&)

Transmission Coefficient

o

45

5 55 6 65 7 75 8 85 9 95 10
Frequency (GHz)
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FSS Slot Array

1cm

-
| |

1 A S S N S A
_ T Periodic PRISM  [1™~™""7 """
C 0.8 [N -1 =-=-+ EIGER
G_) R R - ; '
19 | -..-I- I I
qﬂ: _______ : ______ W L o [ 4 [
o 0.6 '. l | | i I I
8 _____________ PR N S DU U

Y -6
C | | |
o o W
B 02 [t A
Q : | |
qq_) """" [ =TT . N
o 0

Frequency (GHz)



APPENDIX 5: FSS-BRICK Presentation Given
by Y. Erdemli on the May 30, 1997 review
held in Ann Arbor
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