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Introduction: Modeling Challenges in "'®
Current Technologies
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Research Motivation

- Ubiquity of complex multi-scale problems in numerical
electromagnetics

Conformal
printed
antennas and
circuits

______

High-speed

interconnects

Body area J
networks

Nano- MRI scanning using rapid 7T coil
antennas

Integrated circuits
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Research Motivation

- Simulation of structures with multi-scale features is highly
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Common CEM technigques

FDTD

- Solves for a wide frequency range

- Computationally expensive when handling fine structures, resonant structures, and
dispersive media

- MoM
- Solves at a single frequency
- Singularity extraction requires special treatment

- Handles dispersive media well, but computationally expensive when handling fine
structures

FEM

- Solves at a single frequency
- Computationally expensive for fine and resonant structures

- FIT
- Solves for a wide frequency range

- Computationally expensive when handling fine structures, resonant
structures, and dispersive media
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Problem definition: g

Example of a multi-scale problem in
numerical electromagnetics

Incident modulated
gaussian pulse

. ™ OR . N
electrically large <« § electrically Iarge_) <« g <
pec reflector o pec reflector o
(many wavelengths N (many wavelengths N
long) arbitrary shaped wire-like long) arbitrary shaped wire-like
antenna with fine features antenna with fine features
(fraction of wavelength) (fraction of wavelength)
Transmit case Receive case

(wire-like antenna is the source) (external plane wave is the source)
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Proposed hybrid technique v

[Fine features are handled by]

object inside FDTD

Electrically small
domain tly

arbitrary shaped wire like
shject with finc features [ Time domain scattered fields are ]

MOM code
FDTD domain i/ Planar interface - . NZ -
Mesh size: 120 : Special basis functions are used to
A @ highest frequency of interest : g MOM domain represent current on ere'“ke
: geometries with fine features
Electrically large / ' -
|
|
|

The novel hybrid FDTD sampled at a planar interface

technigue combines the MoM LL
and FDTD techniques directly in
the time domain

Sampled time domain scattered fields
are then combined with the
conventional FDTD update equations
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Problem Definition — validation of @
MoM code

A @ highest frequency of interest: 4 GHz A

| > [/
Straight wire antenna of length 0.75 cm with
a delta gap voltage source

Observation Line , _
Wire antenna radius = 0.005*length

A straight wire is directed along x.
Length of the straight wire is 0.75 cm



10th Annual Symposium on Signal Integrity

PENNSTATE

MoM code vs FEKO results ¥
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Transmit Case:; Example 1 v

FDTD domain mesh size: 2/20
) @ highest frequency of interest: 8 GHz

A 3.75 cm A, @ center frequency of interest: 4 GHz

Ao 7.5¢cm X
20  0.1875cm A

Planar Interface
(26.25 cm x 26.25 cm)

FDTD domain

MoM domain

Observation Line

— Z

Straight wire antenna of length 0.1875 cm
" with a delta gap voltage source
Wire antenna radius = 0.005*length

7.5¢cm

pec plate

(26.25 cm x 26.25 cm) 0.1875 cm

MoM domain solution is obtained in the
time-domain
A straight wire antenna is directed along x at a distance of 7.5 cm
from a pec plate
Length of the straight wire antenna is 0.1875 cm from the wire antenna
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E, amplitude comparison at 4 GHz

Amplitude of E_

05 L 3 T
== MOM code
04r |- Hybrid FDTD iy
§ 03 Results are in close
s agreement when
E " the wire antenna
§ ' length is 0.1875 cm
0
-2 -1.5 -1 -0.5 0
Distance Along Z in A
X
FDTD domain Interface
(26.25cm x 26.25 cm)
MoM domain
Observation Line —__|
> e > 7/
7.5 cm Straight wire antenna of length 0.1875 em

with a delta gap voltage source
Wire antenna radius = 0.005%length

pec plate

(26.25 cm x 26.25 cm) 0.1875 cm

MoM domain solution is obtained in the
time-domain
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E, phase comparison at 4 GHz

Phase of E_
250 L U L i
200 4
() .
2 150 7 Results are in close
a agreement when
£ 100 . .
o the wire antenna
0 .
g 5 | length is 0.1875 cm
o
== MOM code
e Hybrid FDTD | .
_50 r r r
-2 -15 -1 -0.5 0
Distance Along Z in A
X
FDTD domain Interface
(26.25cm x 26.25 cm)
MoM domain
Observation Line
T = . > Z
7.5 cm Straight wire antenna of length 0.1875 em
pec plate with a delta gap voltage source
(26.25 cm x 26.25 cm) 0.1875 cm Vire antenna radius = 0.005*length

MoM domain solution is obtained in the
time-domain
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Transmit Case: Example 2 v

FDTD domain mesh size: A/20
) @ highest frequency of interest: 8 GHz
A 3.75cm A, @ center frequency of interest: 4 GHz

Ao 7.5cm N X
M20 0.1875 cm

Planar Interface
(26.25 cm x 26.25 cm)

FDTD domain

MoM domain
Observation Line

Z

Straight wire antenna of length 0.75 cm
with a delta gap voltage source

Wire antenna radius = 0.005*length

~

7.5¢cm

pec plate
(26.25 cm x 26.25 cm)

\

0.1875 cm

MoM domain solution is obtained in the
time-domain
A straight wire antenna is directed along x at a distance of 7.5 cm
from a pec plate
Length of the straight wire antenna is 0.75 cm from the wire antenna
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E, amplitude comparison at 4 GHz

Amplitude of E_

20 L 3 T
== MOM code
—————— Hybrid FDTD
15+ 4 _

£ Results are in close
>
< agreement when the
3 10 1 wire antenna length is
% increased to 0.75 cm
<

5- E

!
/I
0 -
-2 -15 -1 -05 0
Distance Along Z in A
X
FDTD domain Interface
(26.25¢cm x 26.25 cm)
MoM domain
Observation Line —_] — . & . 7
7.5 cm H Sf::igl;tv;ire antenl[tlaul'length 0.75 em
f‘zﬁ-zl; cm x 26.25 cm) 0.1875 cm ‘Wire antenna radius = 0.005*length

MoM d. in solution is obtained in the
time-domain
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E, phase comparison at 4 GHz

Phase in Degree

250

200

=
(&)
(@)

100

a1
o

Phase of EX

= MOM code

————— Hybrid FDTD | -
r r r
-1.5 -1 -0.5
Distance Along Z in A
X
FDTD domain Interface
(26.25¢cm x 26.25 cm)
MoM domain
Observation Line
— — R 7
o= -
7.5 H Straight wire antenna oflength 0.75 cm
pec plate o T with a delta gap voltage source
(26.25 cm x 26.25 cm) 0.1875 ‘Wire antenna radius = 0.005*length
. cm

MoM d. in solution is obtai

time-domain

din the

Results are in close
agreement when the
wire antenna length is
increased to 0.75 cm
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L @ highest frequency of interest: 8 GHz

PENNSTATE

Incident modulated
gaussian pulse

2\ 3.75 cm A, @ center frequency of interest: 4 GHz
A 7.5cm
0 X
M20 0.1875 cm A _
MoM domain
FDTD domain Planar Interface
«—1 (26.25 cm x 26.25 cm)
Observation Line
= —k &3
7.5cm ,V Straight wire antenna of length 0.1875 cm
pec plate

(26.25 cm x 26.25 cm)

0.1875cm Wire antenna radius = 0.005*length

MoM domain solution is obtained in the

time-domain

A straight wire antenna is directed along x at a distance of 7.5 cm from a pec plate

Length of the straight wire antenna is 0.1875 cm

Planar Interface is at a distance 0.1875 cm from the wire antenna
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) Amplitude of E
x10™ P X

r T r

— MOM code
----- Hybrid FDTD

Results are in close
agreement when the
wire antenna length
IS 0.1875 cm

Amplitude in V/m
(I
1

0 g r T
-2 -1.5 -1 0
Distance Along Z in A
X
MoM domain
FDTD domain Interface
(26.25 cm x 26.25 cm)
Observation Line
™~ Incident modulated
[~ gaussian pulse
75 em (_) Straight wire antenna oflength 0.1875 cm
pec plate
(2625 cm x 2625 cm) D 1875 em Wire antenna radius = 0.005%length

MoM domain solution is obtained in the
time-domain
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E, phase comparison at 4 GHz v

Phase of EX
200 C C -

150

=
o
o

Results are in close
agreement when the
| wire antenna length

Phase in Degree
o1
o

Ori
H .
1
', — MOM code IS 0.1875 cm
- L . A
oy e Hybrid FDTD
I
_100 r r r
-2 -1.5 -1 -0.5 0
Distance Along Z in A
X
MoM domain
FDTD domain Interface
(26.25 cm x 26.25 cm)
Ob tion Li
servation Mme ~_ Incident modulated
[~ gaussian pulse
75 em (_) Straight wire antenna oflength 0.1875 cm
pec plate
(2625 cm x 2625 cm) D 1875 em Wire antenna radius = 0.005%length
MoM domain solution is obtained in the

time-domain
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L @ highest frequency of interest: 8 GHz

PENNSTATE

2\ 375 cm A, @ center frequency of interest: 4 GHz
Ao 7.5 cm X
A
A?20 0.1875 cm MoM domain
FDTD domain Planar Interface
«—1 (26.25 cm x 26.25 cm)
Observation Line :
Incident modulated
~N )‘.\ gaussian pulse
7.5¢cm €—> Straight wire antenna of length 0.75 cm
pec plate 0.1875 cm Wire antenna radius = 0.005*length

(26.25 cm x 26.25 cm)

MoM domain solution is obtained in the

time-domain

A straight wire antenna is directed along x at a distance of 7.5 cm from a pec plate

Length of the straight wire antenna is 0.75 cm

Planar Interface is at a distance of 0.1875 cm from the wire antenna
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E, amplitude comparison at 4 GHz v

Amplitude of E_

3
1
8 X O T T T
7l- | ——MOM code I
N Hybrid FDTD ]
£
> 5 4 .
= i Results are in close
T4 ! 1 agreement when the
'?;l 3 i | wire antenna length is
<l /| increasedto 0.75 cm
!
i = /'I A
-2 -1.5 -1 -0.5 0
Distance Along Z in A
X
MoM domain
FDTD domain Interface
(26.25 cm x 26.25 cm)
Observation Line \ ﬂ[\[‘ Incident modulated
[~ gaussian pulse
7.5 cm <—) Straight wire antenna oflength 0.75 cm
pec plate 01875cm ‘Wire antenna radius = 0.005*length
(26.25 cm x 26.25 cm)

MoM domain solution is obtained in the
time-domain
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E, phase comparison at 4 GHz v

Phase of EX
200 C - : -

150

=
o
o

Results are in close
1 agreement when the
wire antenna length is

Phase in Degree
o1
o

0r g :
! increased to 0.75 cm
i — MOM code
=0y e Hybrid FDTD |~
-100 f : :
-2 -1.5 -1 -0.5 0
Distance Along Z in A
X
MoM domain
FDTD domain Interface
(26.25 cm x 26.25 cm)
Observation Line \ Incident modulated
[~ gaussian pulse
7.5 cm <—) Straight wire antenna oflength 0.75 cm
Fz?_:zgl::x 26.25 cm) 0 1875 cm ‘Wire antenna radius = 0.005*length

MoM domain solution is obtained in the
time-domain
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Observations

- Amplitude and phase of the scattered field along the
observation line obtained using the proposed hybrid method
are in close agreement to that obtained using the method of
moments code

- Accurate results are obtained using the proposed novel hybrid
technique for the cases when the scatterer size is small as well
as large
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Applications
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