NOKIA MOBILE PHONES

Appendix 1
pages1-9

AUTOMATED E-FIELD SCANNING SYSTEM FOR
DOSIMETRIC ASSESSMENTS

10



Automated E-Field Scanning System for Dosimetric

Assessments
Thomas Schmid, Oliver Egger and Niels Kuster

Swiss Federal Institute of Technology
Zurich, Switzerland

Abstraci— The interest in accurate dosimetric measure-
ments inside phantoms that simulate biological bodies has
burgeoned since several regulatory commissions began call-
ing for or recommending the testing for compliance with
safety standards of low power devices . This paper presents
a newly developed, robot-based system that allows auto-
mated E-field scanning in tissue simulating solutions. The
distinguishing characteristics of the system are its high sen-
sitivity and its broad dynamic range (1 uW/g to 100 mW/g)
over the entire frequency range {10 MHz to over 3 GHz)
used for mobile communications. The reproducibility of the
dosimetric evaluations has been shown to be considerably
better than + 5%. This has been accomplished by the use of
an improved isotropic E-field probe connected to amplifiers
with extremely low noise and drift characteristics in con-
junction with digital processing of the data. Special empha-
sis has been placed on system reliability, user-friendliness
and graphic visualization of data.

Keywords—

I. INTRODUCTION

The question of whether low power transceivers comply
with current safety limits was first raised by Cleveland et
al. [1]. Two years later the study of the absorption mech-
anism in the near field of sources revealed a direct contra-
diction of the exclusion clause for low power devices with
basic safety restrictions [2]. Additional findings of the lat-
ter study relevant for this paper were:

o In the close near field, induced currents are mainly
caused by the inductive coupling of the high frequency
(HF) current distribution on the radiating structure
with the biological body.

o+ The induced specific absorption rate (SAR) depends
more on the actual design and the position of the ra-
diating structure with respect to the body than on the
inhomogeneity of the tissue.

s+ Devices with an input power of considerably less than
1 W might violate the basic safety limits for partial
body exposure which are: 1.6 mW /g averaged over
1 g (ANSI/IEEE [3]), 2.0 mW/g averaged over 10 g
tissue (CENELEC [4]) respectively.

These findings have been confirmed in the following
by studies with partially homogeneous bodies exposed to
dipole and helix antennas [5], [6] and by a study with
largely inhomogeneous head phantoms [7].

Several recently published dosimetric studies on current
mobile phones found spatial peak SAR values in the range
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of the safety limits for uncontrolled environments (8], {9],
(10], [11], [12], [13]. Under certain conditions, these limits
were exceeded [8], [11], {10], [13]. This caused some concern
in the industry as the current trend towards miniaturiza-
tion with shorter antennas is bound to lead to higher ab-
sorption if these issues are not carefully considered during
the design process.

Taking various concerns and factors into consideration,
individual type approval using dosimetric tests is the most
sound approach for both the public as well as industry. As
far back as 1992, the German Agency for Radiation Pro-
tection {14] recommended type approval for mobile com-
munication devices. The FCC [15] has now taken a similar
stance and is calling for the demonstration that the maxi-
mum SAR for PCS devices with output power of more than
100 mW complies with the ANSI/IEEE guidelines for SAR
values.

Needless to say, such test procedures will lead to deci-
sions with far-reaching economic consequences. It is there-
fore essential that the testing procedure meets the highest
possible standards of accuracy, reproducibility, standard-
ization and availability during the design procedure of new
devices. A critical issue is the operating position of the
device being tested. In case compliance must be demon-
strated for the use of the device under all operational cond:-
tions [14], it is not sufficient to test the device by measure-
ment or computation in one particular predefined position
(e.g., normal position). Instead, the “worst case” exposure
situation among all operational conditions must be tested.
This “worst case” exposure situation can only be deter-
mined by varying the most relevant parameters such as the
position of the device, the operational condition of the de-
vice (e.g., extended or retracted antenna}, use by left or
right handers, variations of head shape and the position of
the hand holding the device.

As no system is yet available that satisfies all these re-
quirements, several groups are currently engaged in devel-
oping numerical simulation tools or measurement systems
for safety assessments of handheld transceivers.

Although anatomical details can now be represented
with considerable detail, the numerical approach is fraught
with serious difficulties: (1) As today’s transceivers have
been optimized with regard to size, weight and appear-
ance, simple modelling of the transmitter as a metal box
with antenna may not suffice, even if the geometry has
been correctly discretized. The reason is that consider-
able HF currents may flow on internal substructures of the




Fig. 1. Laboratory set up including robot, probe, data acquisition
electronics, phantom and PC.

transceivers which, in turn, can induce high SAR values.
The HF coupling mechanisms of these internal structures
are often not obvious and it can therefore be difficult to
arrive at the appropriate numerical modelling. In addi-
tion, these effects can undergo considerable changes in the
vicinity of the scatterer. (2) If compliance under all op-
erational conditions is required, a number of simulations
must be performed, which necessitate techniques that are
efficient, largely independent of the grid orientations and
which possess self-validating capabilities. (3) It may also
be necessary to show that compliance is achieved despite
manufacturing variations. :

In contrast, an accurate and highly sensitive measure-
ment set up would allow tests of randomly selected samples
of a product whereas no modelling or alteration of the prod-
uct being investigated would be necessary. The position of
the device would be easily modified when seeking the worst
case conditions. An important difference to numerical sim-
ulations is that only the system (including phantom) and
not each measurement must be validated. As the location
of the strongly local maximum is not known a priori, the
SAR distribution in a larger volume of the exposed tissue
must be scanned, requiring a large degree of mobility of the
probe within the tissue. This in turn, restricts the possible
complexity of the phantom.

This paper presents a system that enables the automated
measurement of the absorption distribution as well as the
assessment of the spatial peak SAR values inside any tissue
simulating solution.

[I. LaporaTory SET Up

The SAR can be determined by measuring either the
electric field (E) or the temperature rise (97/8t) inside
the exposed tissue.

o 9T
SAR=_E = (1)

where ¢ is the conductivity, p the density and ¢ the specific
thermal constant of the tissue at the site of measurement.

Fig. 2. Tips of the “triangular’ (left) and the “rectangular” tright)
probes. The tip shell has been removed.

In the set up shown in Figure 1, the SAR distribution
is determined by measuring the electric fleld with minia-
turized E-Field probes. Measuring the temperature rise in
the simulated tissue does not provide sufficient sensitivity
for compliance testing of consumer products [11]. However,
this technique is used for the validation of the system as
well as for the calibration of the probes (see section VIII}.

Measurements are done in shell phantoms filled with tis-
sue simulating solution. In the laboratory three types of
shell phantoms are used:

+ geometrically simple phantoms for calibration and nu-

merical validation of the system

o simplified body and head phantoms to simulate worst-

case conditions of exposure with real devices

o very detailed phantoms to investigate the effects of

different tissue layers (skin, living bone, air cavities,
etc.), different exposure conditions (device positions,
hand effect, spectacle frames, etc.) and to validate the
simplified phantoms.

The E-field probes are positioned by a 6-axis precision
robot (Staubli RX90) inside shell phantoms with a working
range greater than 0.9 m and with a position repeatability
that is better than £0.02 mm (at constant temperature).
Each probe incorporates an optical surface-detecting sys-
tem, which permits the accurate positioning of the probe
with respect to the phantom’s surface. Basically the SAR
distribution in any volume can be measured. The cur-
rently implemented compliance test involves firstly measur-
ing the SAR on a coarse 3D-grid in a preselected volume.
Afterwards a fine 3D-grid around the previously detected
maximum is measured. The 1g or 10g-average SAR-values
are interpolated from the fine-grid results. The procedure
is completely automated and takes less then 15 minutes,
which is well within the battery lifetime of standard com-
munication devices,

[1I. IsoTroPICc E-FIELD PROBES

The most crucial components of the whole system are
the E-field probes. The main requirements are:
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Fig. 3. Equivalent circuit representation of the probe.

« high sensitivity and linear response over a broad fre-

quency range

« high spatial resolution

« isotropy in differing media

» low interaction with the measured field

« small in size

For optimal performance under different measuring con-
ditions, two types of E-Field probes have been developed.
The design with the triangular core (Figure 2) was selected
for dosimetric measurements in liquids with high permit-
tivity because of the smaller outline and the possibility
of placing the surface detector in the center of the probe.
The “rectangular” design (Figure 2) with one dipole par-
allel to the probe axis enables the separation of the field
vector components corresponding to the coordinates of the
probes, i.e., parallel and normal to the probe axis. This
results in better omnidirectivity, especially in low-epsilon
media {16]. However, the probe has an asymmetric core
and a slightly bigger profile.

Each probe consists of three small dipoles (3mm) directly
loaded with a schottky diode and connected with resistive
lines to the data acquisition unit. The theory of this type of
probe has been discussed previously in various publications
(e.g., in [17}). While these papers describe the probe’s
characteristics by modelling the components (dipole-diode-
line), they do not discuss the influence of the dielectric
supporting materials of the probe, which can completely
distort the theoretical dipole-characteristics. To further
improve the directivity of the probes, special attention has
been paid to these constructional problems.

A. Problem 1: Secondary Modes of Reception

An important part of most antenna design is to sup-
press secondary reception modes produced by the connect-
ing lines, constructional asymmetries, etc. In the probes
described above there are several possible secondary re-
ception modes. One is produced by normal mode signals
coupled into the resistive lines and rectified in the diode.
These signals can be reduced by decreasing the spacing be-
tween the lines or by filtering techniques. Another mode is
produced by common mode signals coupled into the lines
and converted at the diode into normal mode signals by
asymmetrical loading of the dipole halves due to construc-
tional asymmetries (especially when measuring in the im-
mediate proximity of metallic structures). As the source
impedances of these modes have high resistive components,
they are negligible at higher frequencies where the (mainly
capacitive) impedances of the antenna and diode are much
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Fig. 4. Directivity diagram of the new probe in thick-film technique
with the E-field normal to the probe axis. Measured using the
TEM cell (ifi110) between 10 MHz and 900 MHz.

lower. At lower frequencies, however, these modes can be-
come dominant and distort the ideal antenna characteris-
tics (see Figure 5).

Other electromagnetic fields present in the laboratory
can also be the source of such secondary signals, especially
ELF fields produced by power lines or robot control sig-
nals. A carefully designed laboratory grounding system
has proven to be of great importance for high probe sensi-
tivity.

In order to suppress these modes and make the probe
useful for frequencies down to 10 MHz, a distributed filter
was introduced between the dipole and the resistive line
(see Figure 3).

The thick-film technique was employed for the construc-
tion of the dipole and lines instead of the normally used
thin-film technique. This permits the use of lines with
different sheet resistances on the same substrate, and the
production of much higher sheet resistances than manufac-
turable with the thin-film technique. Since the thick film
layers are printed using silk screening, the structures are
much coarser than those of thin-film probes.

In Figure 4 the directivity diagram normal to the probe
axis of the “triangular” probe is shown between 10 MHz
and 900 MHz. For comparison, Figure 5 shows the same
diagram of the well known E-Field probe in thin film tech-
nology (50 zm line spacing and width) described in [17].
Apparently, the performance degeneration caused by direct
coupling effects between dipole and line (TEM cell ifi110)
could be significantly reduced by this new approach.

The high resistive decoupling of the diode from the detec-
tor circuit has another desired effect. The diode impedance
has less influence on the timing characteristic of the detec-
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Fig. 5. Directivity diagram of the standard probe in thin-film tech-
nique with the E-field normal to the probe’s axis. Measured using
the TEM cell between 10 MHz and 900 MHz.
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Fig. 6. Deviation from isotropy of the probe with triangular design
in air, whereby the E-field was rotated in a plane normal to the
probe axis. Measured using the TEM cell (ifi110) between 10
MHz and 900 MHz and the waveguide R26 at 2500 MHz.

tor circuit. This prevents the usual “peak detector char-
acteristic” of diode detector probes for pulsed signals. In
Figure 13, the rms response of this approach is tested for
duty cyles of up to 100.

B. Problem 2: Influence of the Probe Materials on the
Field

Any dielectric material around electric dipoles will have
an effect on the local signal strength. It is obvious from
the construction of these probes that the influence on E-
field components normal to the probe axis will be different
to those on E-Field components parallel to the probe axis.
Furthermore, this difference in sensitivity depends on the
surrounding media. This results in poor isotropy in planes
that include the probe axis.

Figures 6 and 7 shows the deviation from isotropy of the
probe with triangular design in air and brain simulating
solution in a plane normal to the probe axis and in a plane
through the probe axis, respectively.
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Fig. 7. Deviation from isotropy of the probe with triangular de-
sign in air at 2500 MHz (above an open waveguide R26) and in
brain tissue equivalent solution (900MHz), whereas the E-field
was rotated in a plane through the probe axis.

It can be clearly seen that the component of the E-field
in the direction of the probe axis in air is much stronger
than the component normal to the probe axis, while in
solutions with high permittivity this effect is reversed, but
to a much lesser extent. While this probe works well in
solutions which simulate the electric properties of tissues
with high water content, it proves to be unusable in air
(unless the polarization of the E-Field is known in advance
and the probe placed accordingly, i.e., normal to the field).
This problem can be overcome in the following ways:

+ By selecting material for construction with the same
characteristics as the surrounding media. As such ma-
terial must be easily mechanically processible, no such
materials for air or for biological tissue are available.

+ By adjusting the angular orientation of the dipoles in
order to compensate for the different sensitivities along
and normal to the probe axis. It follows that such a
probe would only be usable in a single surrounding
media. :

s+ Another approach is to compensate for these effects by
numerically weighting the dipole-signal input accord-
ing to the fleld orientation with respect to the probe
extension. This is only possible if the component of
the E-field along the probe axis can be separated,
i.e., if one of the probe’s dipoles is aligned along the
probe axis. This has been successfully accomplished
in the “rectangular” design which is described in [16]
(see also Figure 2). By simply introducing 2 media-
dependent conversion factor for the signal of the com-
ponent along the probe axis, the isotropy in air is bet-
ter than £0.5 dB in all directions and for all polariza-
tions.

The probe with the triangular design was selected for dosi-
metric measurements for the following reasons:

o There was slightly better isotropy in planes normal to
the probe axis due to the high degree of constructional
symmetry in this plane.

+ The slightly weaker isotropy in the other planes in so-
lutions with high water content is not a significant
drawback. The reason being that the components of
the E-field along the probe axis, i.e., normal to the
phantom surface, have been shown to be significantly
smaller than components in other directions. This has




been predicted in [2] and is demonstrated in Figures 8
and 9. Hence, the maximum error introduced by this
lack of isotropy is much less than the deviation of £0.6
dB in Figure 7.

» The fact that the dipole orientation differs from the
probe orientation is not a disadvantage because only
the total field is of interest in dosimetric applications.

+ The high degree of constructional symmetry improves
the efficiency of the described filtering method for sec-
ondary reception modes. The frequency response at
frequencies below 100 MHz is better than in the probe
with the “rectangular” design.

¢ The triangular design is very compact and ensures
a high spatial resolution. The distance between the
dipole centers is less than 2 mm.

+ The surface detection system (see Section V) is posi-
tioned in the center of the probe. This ensures excel-
lent positioning accuracy even when the probe is not
normal to the phantom surface.

C. Problem 3: Influence of the Probe on Inhomogeneous
Fields

The disturbance caused by the probe on inhomogeneous
fields depends not only on the probe material and geom-
etry but also largely on the field itself. The influence of
these effects must be investigated in each case. Figure 14
shows the results of SAR measurements in brain simulating
solution near the shell of the phantom.

If the distance between the probe tip and surface of the
phantom is less than 1 mm, the field distribution inside the
probe tip differs due to short circuiting between the probe
and the outside media, i.e., the measured values become
too high. This error source is greater than the error caused
due to scattering effects by the probe at the interface [18].
The problem can be solved by measuring the SAR at differ-
ent distances from the surface and extrapolating the SAR
values to the surface. (This extrapolation procedure is also
necessary because of the separation of the dipole center
from the probe tip).

Another source of error in inhomogeneous fields arises
from the spacing between the dipole centers in the probe.
Because each field component is measured at a slightly dif-
ferent location, discrepancies are to be expected where fleld
magnitudes or directions change rapidly within the probe’s
dimensions. Because of the nature of the absorption mech-
anism {2], the field gradients induced by mobile phones op-
erating at frequencies below 3 GHz have larger dimensions
than the probe’s diameter.

1V. ProBE CONSTRUCTION

The probe consists of a two-shell construction. The core
which holds the ceramic substrate is made entirely of the
synthetic microwave material (STYCAST 0005) with a per-
mittivity of 2.54 and a loss tangent of 0.0005. The tip of
the outer shell is made of the same material and the main
outer shell is made of common PMMA tubing. The core is
centered at the tip and held in place with a spring at the
connector end. A slight deformation of the outer shell does

Fig. 8. Distribution of the SAR component normal to the probe axis
in the shell phantom measured with a commercial mobile phone.
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Fig. 9. Distribution of the SAR component in the shell phantom
parallel to the probe axis measured with a commercial mobile
phone.

not effect the fragile core. The probe can be dismantled for
repair. Between the core and the outer shell a sheet of very
high resistivity is introduced to neutralize static charges on
the exterior of the probe or in the measuring set up. The
distance between the probe tip and the dipole center is 2.7
mm.

The probe is connected with a precision 7-terminal con-
nector to the acquisition unit. The counter part in the ac-
quisition unit is flexibly mounted. If excess force is applied
to the probe, the probe will give way and a touch detec-
tion logic in the acquisition unit will immediately stop the
robot. A dielectric tube over the probe connector holds the
prabe flexibly at a second point 8 cm from the connector.
This ensures very high accuracy in the positioning of the
probe tip at all probe angles.

V. SURFACE DETECTION

The surface detection system included in the probes con-
sists of an optical multifiber line. Half of the fibers are
pulsed by an infrared LED, the other half are connected
to a synchronized receiver. An object in the correlation
area of the two fiber ends causes a coupling between trans-
mitting and receiving fibers. When the probe is moved
towards the surface, the reflected signal increases until it
reaches a maximum approximately 1.2 mm from the sur-
face, from where it decreases until the probe touches the
surface. The location of the maximum is independent of
the surface reflectivity and largely independent of the an-
gle between the probe and the surface (see Figure 10). The
complete set up gives a positioning accuracy of the probe
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Fig. 11. Block diagram of the data acquisition hardware.

with respect to the surface of £0.2 mm.

VI. DATA ACQUISITION ELECTRONICS

The improved probe characteristics were obtained at the
cost of increased demands on the signal amplifier. The
probes have source impedances of 5 to 8 MQ due to the
high resistive lines and the decoupling filters. The recti-
fied signals range from 1V to 200 mV. High noise signals
(especially induced signals from power lines) are to be ex-
pected.

The first unit of the data acquisition system is housed
in a metal box of dimensions 68 x 57 x 46mm, is battery
powered and is connected with fiber-optic links to the main
data evaluation system. The system can therefore be used
in situations where telemetric measurements are necessary.

Figure 11 shows the block diagram of the data acquisi-
tion system.

a. Pulse relays with low thermal voltage (<0.5 pV) for

offset calibration.

b. Input filter to prevent HF-signals passing to the am-

plifier and being rectified in input nonlinearities.

¢. Electrometer grade differential input amplifier (<0.1

- pA bias current).

d. Second stage instrumentation amplifier with x1 /

x100 gain.

e. Multiplexer to switch between channels and gain.

f. Fast 16 bit sampling AD-converter with serial output.

g. Control logic for power down mode, calibration eycle,
channel selection, gain selection.

h. Touch logic with asynchronous transmission of touch
state signal to instantly stop the robot’s movement.

i, Optical up-link with 1 MHz clock, synchronization
and control signals.

j. Optical down-link with serial data and state signals
(low battery, touch, channel address,etc.).

k. Rechargable battery pack for 5 hours of operation.

I. Computer plug in card with main timing unit, data
conversion of the serial E-Field data and state signals,
data acquisition of the analog signal from the surface
detection amplifier and fast digital link to the robot.

m. Optical transmitter/receiver for the surface detection
system.

VII. SOFTWARE

For ease and speed of measurements, a program has been
written in C*+ under Windows, to perform all involved
tasks: Data acquisition, surface detection, robot control,
administration of all calibration parameters of the system,
evaluation and visualization of the measured data. Com-
plex measuring tasks are available at the push of a button.
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Fig. 10. Response of the surface detector as a function of the distance
(x) from the surface.

A. Robot Control

The robot is completely controlled by the PC and its
movements ¢an be monitored on the screen. Some program
modules are downloaded to the robot computer for faster
response times.

Several measuring options permit complete measure-
ments in user defined volumes, planes or along lines with
or without surface detection. The measuring process is dis-
played on the screen. The filtered raw data from the data
acquisition system is stored in data files together with all
the calibration parameters. If a measurement is made with
false parameters, it is possible to correct the parameters in
the file and reevaluate the data.

B. Data Processing

The data acquisition system samples 7800 data sets per
second, i.e., 2600 complete field measurements per second
for 3D probes. The program reads and filters the incom-
ing data during the measuring or surface detection cycles.
Depending on the received signal strength, the program
switches the gain of the amplifier unit and launches calibra-
tion cycles accordingly. The program calculates an accu-
racy estimate of the filtered signal and stops the measuring
cycle upon reaching the desired accuracy. The measuring
time per grid point (always a multiple of the power line
period) varies with the desired accuracy and the received
signal-to-noise ratio.

Figure 12 shows the deviation from linearity in function
of the signal strength in V/m and the equivalent SAR val-
ues for brain tissue. The line with the empty symbole show
the values before and those with the dark symbole those af-
ter numerical compensation of the diode compression. For
low signal strengths, the measuring time was 10 seconds,
for stronger signals 1 second.

Because of the low cutoff frequency the system cannot
follow pulsed HF signals, but provides an average value
of the rectified signal. As long as the signal strength stays
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Fig. 12. Deviation from linearity. The line with the dark symbols

are the values after compensation of the diode compression. The
data was obtained from measurement at 800 MHz in the TEM
cell (ifi 110).
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Fig. 13. Measured error between CW and pulsed signals with pulse
frequencies between 10Hz and 1kHz and duty cycle between 1
and 100. Reference was a HP437B peak power meter.

within the square law range of the detector diode, the read-
ing is the average of the absorbed power. If the peak signal
strength is higher, the compression of the diode must be
compensated. This is done automatically by the evaluation
software depending on the duty cycle parameter. The sys-
tem then calculates the peak power, compensates for the
diode compression and gives the new average value.

Figure 13 shows the measured error between CW and
pulsed signals with pulse frequencies between 10Hz and
1kHz and duty cycle between 1 and 100.

C. Date Visualization

The program evaluates the raw data with the calibra-
tion parameters and can produce two-dimensional or three-
dimensional graphical output with interpolated isolines in
different units (uV of rectified signal, V/m, SAR, power
flow density, etc.). The total field strength of each of the
dipole components can be separately plotted. SAR. values
can be numerically integrated over 1 g or 10 g of simu-
lated tissue. Evaluated data can be exported to other file
formats. Figures 8 and 9 demonstrate one of the various
implemented graphical visualizations.

VIII. CALIBRATION AND VALIDATION OF THE SYSTEM

The system can be easily calibrated for air in known
fields (far field of antennas or in TEM cells and wave




TABLE L
SYSTEM SPECIFICATIONS WITH ISOTROPIC E-FIELD.

frequency range

dynamic range in tissue simulating solutions

linearity

10 MHz to > 3 GHz
1 uW/g to 100 mW/g
< +0.2 dB

deviation from isotropy in tissue(triangular probe)

- normal to probe axis

- in all planes, all polarizations
variation with frequency
spatial resolution of SAR measurements
reproducibility of probe positioning

4+ 0.2dB
+ 0.8 dB
<+ 02dB
< 0.125 cm?®
< %+ 0.2mm

probe.

Note: The rather large deviation from isotropy in all planes scarcely affects the accuracy of dosimetric
assessments if the probe is positioned predominantely normal to the phantom surface.

5 D
‘
Rl —
Soludion |
Wil R
1=100mA 3 Probe |
4 } : // |
x -
=z L 00 SAR=0R |
id
g L e m SAR=cAT), -
= % |
= 3 ¥ —— numetical simulation |
: 3
2
= \
£ b
% 2 X
2] -
7
1 Hd = 30mm]
T -
0 .
0 4 8 12 16 20 24 28 32 36 40 44 48
x[mm}]
Fig. 14. Comparison of SAR values obtained by numerical simu-

lation, measured temperature rise and E-field measurements for
the same set up (plane phantom exposed to a half wave 900 MHz
dipole parallel to the phantom's surface). The phantom was filled
with brain equivalent solution (er = 44, ¢ = 1.1 mho/m). All
values are normalized to an antenna feedpoint current of 100
mA.

guides). In solutions, however, a conversion factor must
be introduced to account for the different sensitivities of
the probes in the solution. This conversion factor was ob-
tained by comparing the measured values with those from
numerical simulations. The simple set up was already used
in [2] and consists of a standard half wave dipole below a
half plane phantom.

To validate the result, the same set up was used with

a 100 W amplifier and temperature measuring equipment.
The fiber optical temperature probes have a diameter of

less than 0.5 mm allowing true point measurements. How-
ever, high power is required because of the rather low sen-
sitivity (> 10 mW/g). Figure 14 shows the results of the
three evaluation methods at different distances from the
transmitting dipole and the probe from the bottom of the
phantom.

IX. CONCLUSION

The developed measurement system is a flexible, auto-
mated, time-efficient tool to assess SAR distributions in
tissue simulating solutions. It is especially suited for com-
pliance testing of handheld or body mounted devices with
specific safety standards. Tests have shown an excellent
reproducibility of the integrated peak SAR values of well
within £5% even when changing the starting measuring
grid. The specifications of the system can be summarized
as in Table 1.

Although the main emphasis is now on the open phantom
issue, several improvements are anticipated. For instance,
extension of the system for general near field measurements
used in antenna design, EMI, EMC.
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