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1. Introduction

Wireless communications has become an indispemsadit in people’s everyday life
during the past decades. Examples of the most yislelead wireless applications are mobile
phones, wireless internet access, and differenetBaih devices. As a consequence, the hugely
increased amount of electromagnetic radiation evieeye in the environment has increased the
concern with possible health risks of wireless desi In particular, the potential health hazards of
mobile phones on human brain have been widely etu@ince a mobile phone is always in a close
proximity of the user in a normal talk position,ripaf the energy radiated by its antenna is
unavoidably absorbed by the user. It would be Jmgeficial if the amount the energy that is
absorbed by the user could be reduced, since thaldwot only reduce any potential health risks
but also enhance the total efficiency of the deyjidhis would improve network coverage and
extend battery lifetime.

In this paper, we investigate the possibility eflucing the specific absorption rate (SAR)
values of a mobile phone antenna by manipulatiegdimensions of the display of the phone. The
display is modeled by a conducting plate attacleethé back side of a coupling element based
antenna structure [1]. In addition to the SAR valuihe effects of the display on the radiation
efficiency and bandwidth potential of the antenreasiudied. The results of this paper show that by
optimizing the display dimensions the near fielfithe antenna can be manipulated, and as a result,
the SAR value of the used antenna structure inutfee’s head is reduced by up to 46 % at the
GSM900 band. At the same time, a 16 %-unit incr@asadiation efficiency is obtained.

2. Simulation Models

The used antenna model is a basic coupling elebss®d antenna [1]. The dimensions of
the ground plane, or the chassis, of the anterm@@mm x 100 mm; the coupling element is 11
mm long and located 6.6 mm above the chassis, gpgeFl(a). The display is modelled as a
parasitic radiator attached to the chassis fromuper corners, as shown in Figure 1(b). A similar
method was used in [2]. The user is first modeligdh simple rectangular block model having the
dimensions of 200 mm x 320 mm x 360 mm; see Fidcg The block is filled with material
having the electrical parameters, i.e. the complEmnittivity &, = & —j(aeff/wso), equivalent to
those of the brain tissue; at 900 MHz, the parametiies are; = 45.8 andrsr = 0.77 S/m [3].
The user was modelled by as simple model as pestbtase the understanding on the physical
phenomena. However, finally, the simulations areedalso with an analytical head model. In all
cases, the maximum cell size inside the simulatiodels was 1 mm. In addition, the SAR values
are averaged over 10 g maximum with a normalizedrara input power of 1 W. One should note
that in GSM900 and GSM1800 systems the maximum povege 0.25 W and 0.125 W,
respectively. All simulations were carried by coarnial SEMCAD X simulation software.
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Figure 1: Simulation models. (a) The used antenodeiis a simple coupling element based antenpa.iée
display of the antenna is modelled by a parasdtitator attached to the chassis of the antennatiranupper
corners. (¢) The user is modelled by a rectandutask model filled with material having the sameldctric
properties than brain tissue.

3. Simulationswith a block model

3.1SAR

The simulations were done by placing the antennéwat different distances from the
dielectric block, i.ed = 3 mm andd = 7 mm. One should note here, that the respedistances
between the parasitic plate and the dielectrickble 1 mm and 5 mm, since the distance between
the chassis and the plate is 2 mm. Figure 2(a) shioe&/SAR value of the antenna as the function of
the length of the display. Witth = 7 mm, SARdecreases from about 5.9 W/kg to about 3.4 W/kg
when the length of display changes from 0 mm ton&®. The reduction in SAR is thus
approximately 42 % compared to the reference dasedO(mm, i.e. antenna without the display).
With display lengths larger than 50 mm, SAR incesaspidly, being even higher than the original
one already with a 60 mm display. Widh= 3 mm, the behaviour in SAR is quite differentenh
compared to the case wheémr 7 mm. First of all, with display lengths 0...20n, SAR is somewhat
lower withd = 3 mm; in addition, SAR reaches maximum approxetyawith the same display
length where SAR had a minimum widh= 7 mm.

3.2 Radiation efficiency

By comparing Figures 2(a) and (b), it can be dben radiation efficiency and SAR are
closely related: whenever SAR decreases, the @fiigi increases and vice versa. For instance, with
d = 7 mm, the radiation efficiency increases from%@ao 27 %when the display is lengthened
from 0 mm to 50 mm. As somewhat interesting regutbin also be seen that in many cases the
efficiency is actually higher witd = 3 mm than witld = 7 mm.

3.3 Bandwidth potential

Figure 2(c) shows the achievable bandwidth in [Btive to the 900 MHz center
frequency. The curves were obtained by first maighihe impedance of the antenna (critical
coupling) at a point frequency with two lumped edgns and then calculating the relative
bandwidth according to - 6 dB matching criteriohisTprocedure was repeated separately for each
display length. It should be noted that in this wes apply a single resonant matching and that
larger bandwidths could be easily obtained byaitif multiple resonances. However, this way we
can see the trends in the behavior of the achievahhdwidth in a simple manner. Figure 2(c)
shows that whenever the SAR decreases, and theeaffy increases, the bandwidth potential
decreases.
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Figure 2: (a) SAR, (b) radiation efficiency, and fandwidth potential of the antenna with differéangths
of the display.

3.4 Near field distributions

The results shown so far indicate that the SAR effidiency of a coupling element based
antenna can indeed be controlled by optimizing diveensions of the display. However, the
behaviour seems to be quite sensitive at leastaalistance between the antenna and the dielectric
material. In order to better understand what catiseglecrease in the SAR values, the electric field
is plotted in Figure 3 without the display and wah50 mm long display in the case where the
distance between the antenna and the dielectrakiM@s 7 mm. As shown above, the SAR value
decreased by approximately 42 % when the display attached to the antenna compared to the
antenna without the display. Looking at the eledirlds in Figures 3(a) and (b) it can be seeh tha
when the plate is added to the antenna (Figure,3t® electric field is much stronger than when
there is no display attached to the antenna (Fi@(a§). However, we know from Maxwell's
equation that at a dielectric boundary, the figdchponents normal to the surface can be written as

& E1 o = &E,,, and the components tangential to the surfad as- E, . Since the strong electric
field between the antenna with the 50 mm long digind the dielectric block comprises mainly
field components that are normal to the surfacthefdielectric material, the field cannot penetrate
to dielectric material; see Figure 3(b). In theecaghen there is no display added to the antenna,
field components parallel to the surface of thdedigic block exist around z = -20 mm, which
causes also the SAR values to be higher; see Fajaje
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Figure 3: The electric near field in the proximitiythe antenna. In this case, the distance bettfeenhassis
of the antenna and the dielectric block was 7 nahAphtenna without the display attached to the sisasnd
(b) antenna with a 50 mm display.



4. Simulations with an anatomical head model

In order to see how the introduced method worka more realistic situation, the method
was finally tested by replacing the block modelhwain anatomical head model. In the simulations
with the head model, the distance between the deddhe chassis of the antenna was fixetl4®3
mm. It should be noted that the distances that weeg in the previous section in the case of the
block model = 3 mm andd = 7 mm) are not straightforwardly comparable vtith distance that
is used with the head model. At first, the surfatéhe head is not completely flat, which means
that the distance between the head and the antdvamges slightly depending on the location. In
addition, in the block model the high-permittivibyain tissue starts immediately at the surface,
while in the head model the brain tissue starey afttew millimeter-thick low-permittivity shell.

Figure 4(a) shows the SAR values at differentldispengths simulated at both GSM900
and GSM1800 bands. The SAR curve at 900 MHz closedgmbles the behavior with the block
model withd = 7 mm. At this time, the minimum SAR was achievéth a 45 mm long display,
and the reduction was from about 6.5 W/kg to 3.kg\Vi.e. approximately 46 %. Simultaneously,
radiation efficiency increased from 23 % to appnexiely 39 %, i.e. 16 %-units. Figures 4(b) and
(c) show the SAR distribution on the surface of linain tissue without the display and with a 45
mm long display. The reduction in SAR values cawclbarly observed.
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Figure 4: SAR simulated in the head model withed#ht display lengths. (a) SAR values at 900 MHz an
1800 MHz. (b) SAR distribution without the displagd (c) with a 45 mm long display.

5. Conclusion

In this paper, we have studied the possibilityenfucing the SAR values of mobile terminal
antenna by optimizing the dimensions of the dispdythe phone. The results show that by
changing the length of the display, the near fadlthe antenna can be manipulated; as a result, the
SAR value of a coupling element based antenna edisced by 46 % at GSM900 band in the best
case. Simultaneously, the radiation efficiency imaseased by 16 %-units.
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