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1.INTRODUCTION
Because mobile phone terminals operae in

proximity to the human body, biologica effects by
electromagnetic exposure have been investigated in
severd dudies[1] —[3]. Inthe radio frequency (RF)
range, the primary dosmetric parameter for the
evauation of the exposure is the specific absorption
rate (SAR) [2]. The locd SAR can be determined
experimentally by measuring induced E fidd vaues
caused in the tissue by absorption;

SAR = JPEZ [Wikg] @

where E is dectricd fidd grength (RMS vadue)
[V/m], gisthe conductivity[S'm] and pis the mass
density [kg/m?] of the lossy dielectric tissue. Since
the compliance of the SAR limits is defined by the
maximum SAR vdue a a spedific place, it is
important to expect SAR didribution exactly in the
lossy medium.

In the vicinity of dipole-like sources, it has
been reported by Kuder tha there is a smple
relation between the square of the incident H field
strengths and the SAR digtribution, SAR 0 H?[1].
But we usudly estimate the SAR vaue by use of the
internd E field data, like eq. (1), hence the
relationship between fidds indde and outsde a
medium with different propertiesis not well known.
For example, the E field deata of a hdf wavdength
dipole antenna exig around the tip of the eement,

whereasthe main SAR digtribution exists around the
feed point on the surface of the lossy medium, when
antenna placed pardld to the antenna. Thus the
behaviors of E field inner the boundary plane differ
greatly from those of the outer sde. The severd
papers have tregted the behavior of the incident
plane wave near the boundary plane of the lossy
medium [4]. However, little has been investigated
on the mechanism of that the incident E fidld is not
related to the SAR digtribution.

In this paper, the effect of the permittivity and
the conductivity for the E fidld digribution insde
and outsde a medium has been investigated. To
eucidate a generd mechanism of SAR digtribution,
E fidd of a hdf wavelength dipole antenna close to
the COST 244 phantom[5] a 2GHz has been
anadyzed using the FDTD method.

2.BOUNDARY OF THE LOSSY MEDIUM
AND INCIDENT EFIELD

When plane waves propagate to y direction into a
lossy medium, dectromegnetic wave has been
written in the followings,

E(y,t) = 2,+/2ae™® cos(at - By + @) @
H(y,t) = %,/2ax,e™ cos(at — By + ¢~ 6) (3)
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where 8= arg(yo)[] Sis the phase condant, a isthe
atenuation congant[4], w = 2if and f is the
frequency, o is the conductivity, u is the
permesbility and £ isthered part of the permittivity
of the medium.

By eg. (2—(4), Ez and Hx components lose
amplitude with increasing y according to the factor
e?”. When o/ wé << 1, atenudion constant a
decreases when o is lage and & is smdl. The
meaning of this term will be demongrated that loss
tangent (tand = o /| wé) decides the ratio of
attenuation in the medium.

On the other hand, near E fied didribution
may change a lot a the boundary when a lossy
medium is located close to the RF source. The
reason will be explained thet the near field datahave
any Ey component, in addition to the Ez component.
Let us congder the interface between the free space
and didectric region 1. On the boundary of each
region, eectric fidd E: and dectric flux density
D: intheregion 1 are continuous againgt the Eo,
Do in free space, inthefollowings,

ﬁX(Eo—El) =0 (5)

A (D1 _50)=ﬁ|151E1 —é‘OEo):,Os (6)
where A is a unit of normd vector from the free
ace to the region 1, & and & are the complex
permittivity in free space and the region 1,
respectivey. And o is the surface charge densty,
which may be assumed to be zero on the interface.

Eqg. (5) and (6) show, the tangential component
of E and the norma component of D againg the
boundary are continuous from the free space to the
region 1. Now, we define the transmisson
coefficient 7 from eg. (6) as the ratio of the norma
component of theinfiltration Eq to incident E,, inthe

followings,
E |£ | £
P ) 0 (7
Evo &l le2e2+o10?)
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Eq. (7) shows that, the incident normd
component of E decreases in proportion to the
difference in absolute vaues of the complex
permittivity on the surface of the lossy medium.
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3. CALCULATION MODEL

Figure 1 shows the andyticd modd of a haf
wavdength dipole antenna close to the COST244
phantom [5]. The phantom consgs of a rectangular
didectric with the dimenson of 200 mm x 200 mm
X 200 mm. The didectric properties are st to be
homogeneousas &, =421, 0 =155m, p=1030
kg/m® [6]. The hadf wavelength dipole antenna
(0.49)) & 2 GHz is placed both a adigance 10 mm
from the phantom and with an orientation pardld to
the body axis (z axis). The origin of coordinates is
placed at the center of the phantom surface under
the feed point of the antenna The FDTD method
has been employed to caculae the near fidd
digribution. Thesze of thecdlsisAx=Ay=Az=2
mm. The absorbing boundary condition is assumed
ontheLiao, and thetime step is 3.85psto stisfy the
Courant gtability condition.

In this paper the eectric properties of the lossy
medium have been varied like & = 1-4250 0 =
0.1-1.5 9m to invedigate the ducidate a generd
mechanism of changing E field distribution.
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Fig. 1 FDTD calculation modd.
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4. RESULTS
Figure 2 showsthe E fidd distribution at the yz
plane (x = 0) when the antenna radiates 1W, and
100 % indicates E = 200 V/m. In Fig. 2, the main
digributions are around the tip of the antenna
eement in free space. But into the phantom, the

main E field distribution exists around the feed point.

Therefore the tendencies differ greetly inner the
boundary from the outer sde of the phantom. Since

the SAR vaue in the phantom will be estimated
from the square of E field by eg. (1), the main SAR
digtribution exigts around the feed point. Therefore,
this digtribution seems to have been caused by the
incident H field.

Figure 3 shows the detall of E component of
the Fig. 2 onthedirection of y axis, z=-1mmin (a)
andz=-37mmin(b). InFg. 3, theright Sdeof y =
0 shows the region in the phantom. Fg. 3
demondrates that each E component decreases
gradudly in theloss medium according to the eg. (2)
asgradient exp(-a). And theincident Ey component
dose not infiltrate into the phantom in comparison
with Ez component. Thus, it seems tha the
boundary plane is subgstantidly existent particular
for Ey component. In the case of Fig. 3(b), athough
Ey component is dominant outside the phantom, Ez
becomes dominant within the medium. In order to
cdaify thexe phenomenons a theoreticd
invedigation was made on a change of the
permittivity and conductivity using the attenuation
coefficent a in eq. (4 and the transmisson
coefficient rineqg. (7).

Figure 4 shows the attenuation coefficient a of
Ez component in the medium at z=-37 mm. In Fig.
4, three lines show a vaues estimated by the Ez
component of FDTD andysis, and marker o , [,
x , show theoretica vaues caculated by eq. (4).
From this, a becomes smdl when gissmdl and &
is large, that is easy to infiltrate. The edimated o
vaue by the FDTD model as Fig. 1 and theoreticd
a vaue by eqg. (4) agree wdl. The result clearly
shows that the attenuation ratio of E fied in the loss
medium is decided manly by the atenuation
coefficient a, i.e. losstangent (tand).

Figure 5 shows the tranamisson coefficient 7
of Ey component in the medium a z=-37 mm. In
Fig. 5, three lines show 7 vaues estimated by the
ratio of the Ey a boundary (y = 0) and incident Ey
in free gpace (y = =2 mm). And markers o , [,
x , show theoretica 7 vaues cdculated by eq. (7).



Fromthis, 7becomessmdl when oor & islage, i.e,
both the red and imaginary part of the complex
permittivity cause boundary loss. After dl, the Ey
component orthogond with aboundary plane hardly
infiltrate into the lossy medium. In Fig. 5, estimated
7 vdue by the FDTD modd agrees wdl with
theoretical 7vdue by eqg. (7). Thisindicates that the
infiltretion ratio of Ey fidd at the boundary of the
lossy medium is decided mainly by the transmission
coefficient 7. The above results have been
confirmed that itisthesamedsoa z=-1mmony
axis.
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Fig.5 Transmisson coefficient 7of Ey (z=-37).

InFig. 4and Fg. 5, thetheoreticd vauesat the
human parameter indicated by the notes “Human”
as&=421, 0=155m. Theresultswere a = 42.8
Np/m and 7= 0.02. So in the case of the antenna
close to the human body, incident Ez component
will not infiltrate into a deep region of the medium,

due to suddenly decreases about 43 times compared
with in free gpace. But this component becomes the
main factor of SAR digribution near the surface.
And incident norma component of E does not
infiltrate into the medium due to a decrease to 2/100
a the boundary plane. Therefore, it seems that
correlation between total incident E field and SAR
distribution is expected to be sufficiently low.

5.CONCLUSION

The E field didributions of a dipole antenna
close to a lossy medium, as a function of the &
and/or g, have been investigated. E fied digtribution
isformed by both the attenuation by loss tangent in
the medium and the difference in absolute vaue of
the complex permittivity, which cause a decrease in
the norma component of incident E fidd. In the
case of a haf waveength dipole antenna, tangentia
component of E againg the boundary mainly exists
near the feed point. It isfor this reason that the main
SAR digribution isformed around this area.
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