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sonver  Blological Models & EM

human body shape
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The interaction of biological models and electromagnetic
fields is of great importance for medical safety, diagnostic,
therapeutic, and instrumentation. Safety concerns about
high power RF sources have existed from at least the
development of radar transmitters. MRI techniques are
widely used for imaging internal features but these do
involve exposure to RF fields. The fields are of concern
both as to their distribution over the target regions
(measurement accuracy) and for safety. Tools have been
developed for local heating by microwaves to destroy
tissue. There has been concern for some time on RF
exposure from cell phones and other portable wireless
devices. Implanted medical devices which communicate
through wireless means back to monitoring stations are
under development.

For all of these applications it is important to be able to
simulate the effects of fields on biological models and of
course vice versa.
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Lossy Liquid Models

Electric Dispersion: 2nd Order Model (Fit)
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and an internal lossy material simil
water. This may give good results
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To simulate the affect of human bodies on the

field patterns, radiation, from cell phones

rather simple homogeneous models are often
used. These usual have

ar to salt
for

radiation patterns away from the body but
may not accurately describe internal loss.
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Tissue Types

Material  SkeletonHuscle
Type - Normal
Epsilon  54.4176

Mue Aot

El. cond. 1.88281 [S/n]

Rho 1848 [kg/n"3]
Therm.cond. 8.46 [W/K/m]

Heat cap. ’356:[kaka91 L

Bloodflow 2788 [W/K/m"3]
Metab. rate 488 [W/m"3]
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More complex biological models exist as
Voxel data sets. These data sets define
the body as a collection of small bricks
each of which can be a different

material. To the left we show the

mat er i al ASkel et on Ml
HUGO model of the adult human male

with a Imm resolution.

The HUGO data set has 32 tissue types,
each with different material properties.
In addition to the electromagnetic
properties such as g, u, and c there are
thermal properties for the materials so
that local heating may be modeled if
desired. We will not do that in this report
but such as study could be conducted
using Microwave Studio and the
additional Thermal Solver in CST Studio
Suites.
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SoNmeT NWirelesso Pac

e=35 metal box for This report will involve an implanted
gg'sct'iid e'ewo& medical package which must communicate
coating with an external monitoring or control
] device. We will study the effects of the
Cu patch body on the radiation from the device and

antenna [N\ the absorption of radiation in the body.

First we designed a prototype implantable
package. This has a metal enclosure for
electronics and batteries. On top of this we
placed a 2mm thick substrate and a
17.4mm sq. patch radiator. There is a 50Q2
port between the patch and the metal box.

e =10 x The bodies were covered by a 3mm thick
substrate \/ molded plastic shell.

This does not represent in detail any
known medical device but is to serve as a
generic prototype.

5 Sonnet Software, Inc.  (315)453-3096

ELECTROMAGNETICS
mwssupport@sonnetsoftware.com



Return for Package
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The patch size and feed point location were optimized to give low
return at 2.4GHz; a somewhat arbitrary operating frequency.
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GoNneT Package Far Field

dBi
4.83
3.9%
3.87
2.19
1.32
8.439
-3.2
-9.59
-16
-22.4
-28.8
-35.2

Hd

Type Farfield
Approximation enabled (kKR >> 1)
Monitoyr farfield (f=2.4) [1]
Component Abs

Output Directivity
Frequency 2.4

Rad. effic. -8.7385 dB

Tot. effic. -8.7488 dB

Dir . 4_826 dBi

The package, before implantation, has a standard patch radiation pattern.
Commercial, lossy materials were used but the radiation efficiency was still
high, -0.74dB or 84%.
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GonmeT Package Placement

implanted
) packages

S

§ 1 in chest caV|ty “ outside chest cavity
[ ;: medlal stinal WS iR below collar bone
b ETE T bttt

Slmulatlons were done with the package at two locations: behind the breast
bone in the chest cavity (medial stinal location) and outside the chest cavity
below the collar bone and behind the muscle layer. For both locations the

package was rotated to closely match the neighboring bone structure.
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