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APPENDIX G

Explanation of SGHz assessment and description of test methodology



Rainier simultaneous transmission

The highest SAR test configuration found was cheek position on the left side of the
phantom for the stubby antenna. The two modes evaluated, and their 1-gram average
SAR values (including drift) are:

e GSM 900 MHz, voice mode (1:8 duty cycle), SAR1g=1.49 W/kg

e WLAN 5200 MHz, voice mode (1:7 duty cycle) = SARI1g=0.08 W/kg

These two modes are capable of simultaneous transmission. Using the most recent IEC
62209 proposal for simultaneous transmission (enclosed), the 1-gram average SAR was
determined. Steps 6.4.1.1 to 6.4.1.5 of that document are described and followed as
shown below.

6.4.1.1 Measure area and zoom scans at each frequency

Figure 1 shows the SAR distribution from the area scan for the GSM 900 mode. The
solid and dashed blue boxes represent the location of the peak 1-gram average SAR and
the location of the zoom scan, respectively.
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Figure 2 shows the SAR distribution from the area scan for the WLAN 5200 mode. The
solid and dashed black boxes represent the location of the peak 1-gram average SAR and
the location of the zoom scan, respectively.
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6.4.1.2. Add the peak spatial-average SAR values together
Adding these values (including drift) gives a conservative SAR value of 1.57 W/kg.

6.4.1.3. Determine whether it is possible to spatially add the zoom scans together
Figure 3 shows the combined area scan from the GSM and WLAN modes, taken by
summing the individual GSM and WLAN distributions together. As expected, the
combined area scan resembles that of the GSM mode. The blue and black lines represent
the zoom scan distributions as in Figs. 1 and 2. It can be seen that the two zoom scans do
not overlap enough to be able to spatially add the zoom scan distributions.

). Figure Mo. 3 =]

File Edit WYew Insert Tools ‘Window Help
DEeEdae xA A/ ®eo

Combined area scan distribution, GSh + WLAN modes

720 .

700

o0

(]

=
T

B40

B20

00

160 180 200 220 2400 260 230 300 320
¥ (mrm)

6.4.1.4. Spatially add the zoom scans if possible
This is not possible (see 6.4.1.3).

6.4.1.5.a) Create virtual SAR data from the area scans.
An estimate of the 1-gram average SAR was determined from the area scans. The
location of this 1-gram volume is shown by the solid green lines in Fig. 3.



The 1-gram average SAR from this algorithm is 1.51 W/kg. As expected, this value is
slightly higher than the 1-gram average SAR for the GSM mode alone, and less than the
sum of the 1-gram average SAR values for the GSM and WLAN modes.



6.4.1 Multi-frequency simultaneous transmission

Wireless devices exist that can transmit at multiple frequencies at the same time. An example of this is a
cellular telephone that can simultaneously transmit a cellular telephone signal (e.g., at 900 MHz) and a
wireless LAN signal (e.g., at 2450 MHz). It is possible that such a device may be compliant with the
regulatory SAR limit at each frequency while the composite SAR from simultaneous transmission is above
the limit. Therefore, the accurate determination of the SAR in this situation is important. Given that the
tissue simulating liquid and the probe calibration are frequency dependent, it is recommended that separate
SAR measurements (area and zoom scans) are performed at each frequency as per IEC 62209 part 1 [1],
then the SAR distributions are added. This will give the most accurate estimate of the SAR. However, in
some circumstances a conservative estimate of the SAR can be determined by performing a single
measurement in one tissue equivalent liquid with all transmitters turned on simultaneously. The following
procedure is designed to estimate the SAR from simultaneous transmitters while saving measurement time
(see also the flow chart of Fig. 6.4.2).

6.4.1.1. Measure the area and zoom scans at each frequency, as per IEC 62209 part 1 [1].

6.4.1.2. Add the peak spatial-average SAR values together. This will give a conservative value for the
SAR of simultaneous transmission. If desired, record this value and stop. Otherwise, continue to
step 6.4.1.3.

6.4.1.3. Determine whether it is possible to spatially add the zoom scan distributions together. This is true
if:

a) The zoom scans overlap enough to contain the averaging volume (1g or 10g) plus additional
volume to ensure that the peak spatial-average SAR is not adjacent to a boundary of the
combined zoom scan (see Fig. 6.4.1), and

b) The combined zoom scan is located over the estimate of the peak location. The estimate the
peak location of the summed SAR distributions is determined by adding the area scans
together spatially. If the area scans are not aligned in x and/or y, interpolation is necessary. If
the area scans were not measured in the same z plane, they must be first aligned before adding
the distributions. While aligning the distributions, scaling must be done to account for the
decay of the field in the z direction.

If it is possible to spatially add the zoom scans together, go to step 6.4.1.4, otherwise go to step

6.4.1.5.

6.4.1.4. Add the zoom scan distributions together spatially. If the measurement grids are not aligned,
interpolation is necessary. Calculate the peak mass-averaged SAR from the combined zoom scan
of step 6.4.1.3 as per IEC 62209 part 1 [1]. Record this value and stop.

6.4.1.5 At each frequency, generate volumetric SAR data in one of the following ways:

a) Create virtual zoom scan data from each area scan using the decay data in the corresponding
zoom scan (e.g., as described in [2]). The same decay is applied across the area scan to create
a volume of SAR data covering the entire area scan as if a large zoom scan was measured
there. This method takes less time than the method in step 6.2. The uncertainty of this
method is described in [2]. Add the virtual zoom scans spatially, using interpolation if
necessary, and find the peak mass-averaged SAR as per IEC 62209 part 1 [1]. If the
estimated SAR from this method is greater than the applicable SAR limit minus the
uncertainty of the method (k = 2), go to step 6.4.1.5 b), otherwise, record this value and stop.

b) Re-measure the zoom scans at each frequency centered at the peak location determined in step
6.4.1.3. This method has a lower measurement uncertainty than the method of step 6.4.1.5 a),
but it takes at least twice as long. Larger zoom scan volumes may be necessary to ensure that
the combined peak mass-averaged SAR is captured. Note that the longer the measurement
time, the larger the potential power drift of the DUT, due to the finite battery capacity. Also,
some devices may not be able to maintain transmission at the peak power level for a long
time. Add the zoom scans of step 6 spatially, using interpolation if necessary, and find the
peak mass-averaged SAR as per [EC 62209 part 1 [1].

¢) Measure one zoom scan with all transmitters transmitting simultaneously. For this method,
the following conditions must be met:

e The calibration coefficient of the electric field probe is chosen to be the one associated
with the lowest transmit frequency (and the corresponding tissue equivalent liquid)



e  The tissue equivalent liquid must have a conductivity that is not less than the target
conductivity range at each frequency transmitted.

e  When calculating the SAR from the measured electric field, the value of conductivity
used must be at least the highest target value for the frequencies transmitted.

e The device under test must be capable of transmitting simultaneously at the maximum
power setting at each frequency (with a total drift within

The advantage of this method over the method of 6.4.1.5 b) is that it consumes less

measurement time. However, this is an uncalibrated measurement in which the measurement

uncertainty is unknown (the uncertainty depends on the relative SAR values at each

frequency, which varies from point to point). Nevertheless, this method will produce a

conservative estimate of SAR that outweighs the uncertainty issue.

Fig. 6.4.1: Two examples showing the zoom scans of a handset at two different frequencies, where the
zoom scans overlap completely (left) or overlap slightly (right, overlap area shown in green) but not
enough to contain the entire averaging volume (shown in blue).
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Procedure for Assessing 1-gram Average SAR at 5 GHz
Mark Douglas

Introduction

This report gives procedures to be used when performing peak 1-gram averaged SAR
measurements on the DASY3 system at frequencies in the range 5 — 6 GHz. These
internally-developed procedures follow the latest guidance available from IEC 62209 Part
2 [1].

Background

Although standardized methods of measuring SAR exist for frequencies in the range 300
— 3000 MHz, standard methods have not yet been defined for the 3 — 6 GHz range.
Recommendations are currently being accepted for IEC 62209 part 2 [1] on protocols for
SAR measurements at these frequencies. Some proposals have been made (e.g., [2]), but
this is still a work in progress.

As explained in [3], changes to the zoom scan volume and post-processing are needed at
this frequency range. Reference [3] draws the following conclusions:

e A 7x7x7point volume for the zoom scan has been defined that gives accurate
results within a reasonable measurement time. It is also necessary to account for
weak, noisy data during post-processing.

e The recommended resolution of this zoom scan volume is Ax < 3.5 mm, Ay < 3.5
mm and Az <2 mm.

e Due to the steep gradients at this frequency, the extrapolation was performed
using a polynomial fit to the logarithm of the SAR data. This has been found to
give much more accurate results than using a 4™-order polynomial fit to the raw
SAR data (error of 0.8% vs 14%, see [3]).

e The post-processing uncertainty using the zoom scan volume and extrapolation
method described above has been determined to be 2.1%.

e The zoom scan volume is not large enough to cover a 10-gram averaging volume.
A method of estimating the SAR in the region surrounding the zoom scan volume
has been proposed.

Procedure

A peak 1-gram averaged SAR measurement at 5 - 6 GHz should be performed according

to the following steps:

1. The phantom shall be filled with a tissue simulating liquid having dielectric
properties within 10% of the values specified below (from [2]). If the proprietary
liquid from SPEAG is used, SPEAG recommends that the liquid is stirred before
every measurement.

Frequency Relative Conductivity ( )
(MHz) Permittivity ( &) (S/m)
5000 36.2 4.4
5200 36.0 4.7
5400 35.8 4.9
5800 35.3 5.3




A 3-D dosimetric E-field should be used having a probe tip diameter no greater than
4 mm (e.g., ES3DVx and EX3DVx probes from SPEAG can be used, but not
ET3DVx probes; x is the version number of the probe: 1, 2, 3, etc.).

The minimum distance between the probe tip and the phantom inner surface shall be
set to 1.3 mm for ES3DVx probes. Consult the manufacturer for other probe types.
During measurements, Reference, Drift and Surface Check jobs should be performed
as per standard procedures at lower frequencies.

The Coarse scan shall have measurement resolution no greater than 9 mm in the x
and y directions.

The zoom scan shall have a measurement resolution no greater than 3.5 mm in the x
and y directions, and no greater than 2 mm in the z direction. The minimum size of
the zoom scan shall be 7 x 7 x 7 points. For the DASY3 system, it is not possible to
modify the Cube scan resolution. Therefore, a multi-layered Coarse scan should be

performed. Modify the standard Coarse scan job to measure a zoom scan using the
parameters described above.

Export the multi-layered Coarse scan from DASY3 to a text file. The header
information and coordinates must be included in the exported file. Use at least 4
significant digits. The units must be displayed in mW/g.

. Calculate the peak 1-gram averaged SAR from the exported text file, using the

algorithm described in [3].
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Recommendations for SAR Zoom Scan Measurement Grid at 5 - 6 GHz

Mark Douglas
October &, 2003

Introduction

The purpose of this report is to define a fixed-resolution zoom scan measurement grid for
SAR measurements at 5 - 6 GHz, as input to IEC 62209 part 2 [1]. It will be shown that
a7 x 7 x 7 point zoom scan volume with a resolution of 2 mm in the z direction and 3.5
mm in the x and y directions gives good results. Modifications to the extrapolation
routine were needed in order to accurately extrapolate the high field gradients. The post-
processing uncertainty using this algorithm is 2.1%.

Due to the higher field gradients at these frequencies, it is necessary to reduce the
distance between measured points if one is to maintain the same measurement uncertainty
for the peak spatial-average SAR. In a recent proposal [2], it was recommended that for
zoom scan measurements a resolution of 2 mm in all directions should be used. No new
recommendations were made in [2] for the size of the zoom scan volume, implying that
the same 30 x 30 x 30 mm volume required in [3] applies. If a fixed 2 mm resolution is
used throughout the zoom scan volume, a total of 16 points in each direction are needed.
The measurement time required to scan a 16 x 16 x 16 point zoom scan volume is over 2
hours using a commercial SAR measurement system. This represents a large test time
burden. It is also a problem in that many commercial products will not be able to
maintain transmission at full power for that long. In our experience, zoom scan
measurement times significantly greater than 30 minutes will not be practical.

It is actually recommended in [2] that the zoom scan uses a graded resolution rather than
a fixed resolution. This would save considerable time. However, graded resolutions are
not currently implemented in many commercially-available SAR measurement systems.

With 5 GHz products currently being launched in the market, a fixed-resolution option is
also needed.

Method

Using a DASY 3 system from SPEAG, SAR measurements were made of a 5.2 GHz
dipole antenna placed under a flat phantom. The liquid dielectric parameters were within
10% of the values given in [2]. Two three-dimensional grids were used: a 16 x 16 x 16
point grid (2 mm resolution in x, y and z) and a 11 x 11 x 11 point grid (3 mm
resolution). The probe tip diameter was 3.9 mm and the closest spacing of the probe tip
to phantom inner surface was 1.3 mm (sensor to phantom surface distance was 4 mm).
During post-processing, data was interpolated onto a grid with a 1 mm resolution in each
direction.

Results: Extrapolation
Figure 1 shows the measured SAR distribution in the z direction at the (X, y) center of the
volume (the peak location in x and y). The measured points (blue crosses) are shown



together with two curve fits. The red line shows the result of 4™ order extrapolation to z
= 0 and spline interpolation. The green line shows an exponential fit.
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Fig. 1: SAR distribution in the z direction (16 points). Blue crosses represent
measured data. Red line represents data after 4™ order polynomial extrapolation

and spline interpolation. Green line represents exponential fit.
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From the data, the following can be observed:
e Forz <16 mm, the SAR decay has a distribution that is close to exponential, as
expected. The exponential fit of this data is very good.
e For z> 16 mm, the signal becomes very weak, with local SAR values on the
order of 10 or lower. These weak SAR values deviate from the exponential
curve due to noise.

Using a 4™ order extrapolation to all of the points results in an underestimation of the
SAR at z=0. This results in a 14% underestimation of the 1-gram average SAR (6.22
W/kg vs 7.20 W/kg using the exponential fit). Using other polynomial fits also results in
underestimation. This is due to two effects:
1. Fitting to all of the points, including the noisy SAR data, causes ripple in the 4
order fit. Polynomial fitting algorithms are somewhat sensitive to noise.
2. Even without the noisy data, polynomials are not well-suited to fitting such steep
exponential functions.

It is evident from Fig. 1 that there is more than a sufficient number of points to accurately
represent the decay SAR(z) for the purpose of extrapolation and accurate determination



of the mass-average SAR. Removing data points far from the phantom surface would
also remove noisy data and reduce measurement time. Based on these results, it was
decided to use 7 points rather than 16 points in the z direction. Further, SAR values of
107 or lower were removed from the data before extrapolation.

Removing noisy data is necessary but not sufficient to correct for the underestimation of
the extrapolation to z = 0. In Fig. 2, a pure (noiseless) exponential function 4*exp(-z/2a),
with a =5 mm (as recommended in [2]) is shown. The measured data, represented by
blue crosses, is extrapolated using a 4™ order polynomial. Some underestimation is still
evident. Since we know that this data has an exponential decay, an exponential fit would
be more appropriate (equivalent to a linear fit to the logarithm of the data). However, in
the general case the decay may not be purely exponential. Therefore, it was decided to
use a 3" order polynomial fit to the logarithm of the data. This result (shown in red) is
directly on top of the exponential curve (in black), indicating a very good fit.
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Fig. 2: Curve fitting of 4*exp(-z/2a) using two methods: 4™ order polynomial fit to
SAR and 3" order polynomial fit to log10(SAR).

The same algorithms were tested on function f; in [1] with the decay constant changed to
a =5 mm, as recommended in [2]. This function is steeper than exponential. Therefore,
it is particularly challenging and should result in a conservative estimate of the post-
processing uncertainty compared with most SAR distributions at this frequency. Note
that the dipole data of Fig. 1 is approximately equivalent to using f; with a = 6.5 mm.
Therefore, f; with a =5 mm is conservative for this case. It can be seen in Fig. 3 that the
3"_order logarithmic fit is better than the 4™-order fit. The underestimations of the peak
1-gram averaged SAR using both algorithms are 0.8% and 14%, respectively
(measurement resolutions are Ax = Ay = 3 mm and Az = 2 mm).
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Fig. 3: Curve fitting of f; using two methods: 4™ order polynomial fit to SAR and 3™
order polynomial fit to logl0(SAR).

Figure 4 shows the effect of using the 3"-order logarithmic fit on f;, f;> and f5 in [2].
These functions are meant to represent the wide range of SAR distributions that may be
observed for SAR compliance measurements. Black curves represent the pure functions,
and the red curves represent the effect of taking measurements as described above and
extrapolating using the 3" order logarithmic fit. For £, which has a decay of exp(-z/a),
the fit is near perfect, as expected. For fx», where the peak SAR is not at the surface, the
extrapolation results in a slight SAR overestimation.
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Fig. 4: Curve fitting of fi, fi2 and f; using a 3" order polynomial fit to log10(SAR).

Results: Zoom scan volume for 1-gram average SAR

The RMS uncertainty of post-processing using the 3"-order logarithmic extrapolation,
spline interpolation and trapezoidal integration was calculated according to the algorithm
in [4] for the three reference functions fi, fx» and f; in [2], using a measurement resolution
of Az=2 mm and a scan volume of 7 x 7 x 7 points. The resulting uncertainty values are
shown in Table 1 for the 1-gram average SAR.

It can be seen in Table 1 that using Ax = Ay = 2 mm rather than 3 mm does not have a
significant effect on the post-processing uncertainty. This is true for both 4™-order and
3 order logarithmic extrapolation algorithms. Even with Ax = Ay = 3.5 mm the post-
processing uncertainty is relatively low when the 3™-order logarithmic fit is used. The
use of a larger resolution is preferred, as it covers more area (21 x 21 mm for a 3.5 mm
resolution, as compared to 12 x 12 mm for a 2 mm resolution) and significantly reduces
the risk that the peak SAR will not be captured. Note that the slight non-monotonic
behavior of the data is due to round off errors and the finite resolution of the
displacement d of the peak from [4].

Extrapolation | Ax, Ay (mm) Uncertainty
fi fr S
4™ order 2 0.2% | 0.6% | 14%
“ 3 0.2% | 0.8% | 14%
3 order log 2 0.1% | 1.5% | 0.2%
“ 3 0.1% | 1.6% | 0.8%
“ 3.5 0.2% | 1.5% | 2.1%
“ 4 0.1% | 1.9% | 4.1%




Table 1: Effect of measurement resolution in x and y on the post-processing
uncertainty using the three reference functions (1-gram averaged SAR).

Table 2 shows the effect of increasing the number of points in x and y on the post-
processing uncertainty (using 3"-order logarithmic fit and Ax = Ay = 3.5 mm). The
effect is very small. Therefore, using a 7 x 7 x 7 point grid is reasonable.

Cube size Uncertainty
N Jx 5
Tx7x7 02% | 1.5% | 2.1%
8x8x7 02% | 1.5% | 2.0%
10x10x7 | 02% | 1.6% | 1.8%
Table 2: Effect of the number of measurement points in x and y on the post-
processing uncertainty for the three reference functions.

It is not recommended to increase Az from 2 mm. Using Az =3 mm with Ax = Ay = 3.5
mm, the post-processing uncertainty of f3 increases to 9.1%.

Results: Zoom scan volume for 10-gram average SAR

Note that the 7 x 7 x 7 point zoom scan with Ax = Ay = 3.5 mm and Az =2 mm covers a
volume of 21 x 21 x 16 mm after extrapolation. This volume is sufficient for computing
the 1-gram average SAR, but not for the 10-gram average SAR. For the 10-gram average
SAR, more points in X, y and z are needed. The most accurate way to acquire the missing
data in the z direction is to extrapolate the existing data. This is more accurate than
measuring these points, as the measured data is likely to be noisy. To acquire the missing
data in the x and y directions, there are three possibilities:

1. Measure a larger zoom scan volume. For example, use a 10 x 10 x 7 grid. This is
not preferred, as it significantly increases the measurement time.

2. Extrapolate the measured data in the x and y dimensions. This may not be a good
approach, especially if there are secondary peaks. In general, the SAR
distribution in the x and y directions is complex and does not follow a simple rule,
as it does in the z direction.

3. Use the SAR data from the area scan to determine the SAR distribution in x and y
directions for the area surrounding the cube. Since this data exists for one plane
only, no information about the decay in the z direction exists. However, it can be
assumed that the decay in the z direction for the area scan data has the same
characteristics as the decay for the zoom scan. A similar approach has been
investigated and found to be very accurate [5, 6].

The third option is the recommended approach. The uncertainty of applying this
approach must be documented and added to the uncertainty budget.

Conclusions:

For SAR measurements at 5 - 6 GHz, recommendations have been made for the
resolution and size of the zoom scan volume, and methods for accurately extrapolating
the measured data have been defined. The following conclusions have been drawn:



e A 7x7x7point volume for the zoom scan has been defined that gives accurate
results within a reasonable measurement time. It is also necessary to ignore weak,
noisy data during post-processing.

e The recommended resolution of this zoom scan volume is Ax = Ay = 3.5 mm and
Az =2 mm.

¢ Due to the steep gradients at this frequency, the extrapolation was performed
using a polynomial fit to the logarithm of the SAR data. This has been found to
give much more accurate results than using a 4™ order polynomial fit to the raw
SAR data (error of 0.8% vs 14%).

e The post-processing uncertainty using the zoom scan volume and extrapolation
method described above has been determined to be 2.1%.

e The zoom scan volume is not large enough to cover a 10-gram averaging volume.
A method of estimating the SAR in the region surrounding the zoom scan volume
has been proposed.
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