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Abstract—Variations in 1-g and 10-g specific absorption rate
(SAR) values due to variation in tissue dielectric properties are
determined. To accomplish this goal, stochastic finite difference
time domain (S-FDTD) and Monte Carlo methods are compared.
A 3D head model with variable dielectric properties is exposed
to a half wave dipole antenna at 835 and 1900 MHz. The results
show that these variations can significantly affect the peak 1-g
and 10-g SAR values and should be considered in SAR guidelines
for cell phone assessment.

I. INTRODUCTION

Cell phone electromagnetic radiation assessment is one of
the most important steps of the design procedure in the cell
phone industry [1]–[4]. This non-ionizing radiation can be
evaluated using numerical methods to determine the specific
absorption rate (SAR) [5]–[7], which gives the power absorbed
in body tissues due to electromagnetic exposure. Cell phone
SAR guidelines such as ANSI/IEEE C95.1 [1] adopted by the
Federal Communications Commission (FCC) [2] and ICNIRP
[3] are based on peak SAR over a mass of 1-g or 10-g of
tissue, respectively.

Normal variation in tissue properties introduces uncertainty
in SAR evaluations [8]–[11]. The impact of this uncertainty
has not previously been fully addressed on 1-g and 10-g SAR.
In this study we evaluate 1-g and 10-g SAR variances due to
variance in the dielectric properties of tissues in a 3D MRI-
based human head model at 835 MHz and 1900 MHz GSM
frequencies to see how significant these variations are, and
if they would be important to consider in cell phone SAR
guidelines.

II. METHOD AND RESULTS

We use the 3D stochastic-FDTD (S-FDTD) [8] method for
a human head with dielectric properties that have random
Gaussian variations. This was used to find the mean and
variatiance in 1-g and 10-g SAR values. The head model is a
3D MRI-based head model [7] with the resolution of 2×2×3
mm. The tissue properties and their random variations at 835
MHz are adopted from [12] where the average tissue dielectric
properties at 1900 MHz are from [7] and the variances are
scaled from 835 MHz properties.

A simulation space with 133×144×115 voxels was used to
implement the scenario of a half wave 835 MHz dipole antenna
with the input power of 0.028 µW radiating on the right side
of the head. We specifically chose to use a dipole rather than

Fig. 1. S-FDTD results at 835 MHz, (a) mean SAR, (b) standard deviation
of SAR.

model a cell phone, because we did not want to represent any
particular commercial phone, but rather to raise the general
question of if variance due to tissue property variance should
be considered in SAR guidelines. The SAR in each voxel
is shown in Fig. 1. We can see that the standard deviation
is similar in magnitude to the mean SAR values, giving an
initial indication that the variation caused by variation in tissue
properties is significant enough that it should be considered in
SAR guidelines. The 1-g and 10-g SAR values (mean and
standard deviation) are shown in Table I. Since the guidelines
are based on these values (not the voxel values), these are the
parameter of greatest interest in our assessment. Here we can
see that the 1-g standard deviations are about 50% of the mean
SAR values, and the 10-g standard deviations are about 40%
of the mean SAR values indicating that it would be important
to consider this variation in SAR guidelines for 835 MHz.

To verify the validity of the S-FDTD method for calculation
of SAR, we compared it with Monte Carlo [13] simulations
executed with 1000 FDTD runs.The voxel SAR results are
presented in Fig. 2. These results are visually almost in-
distinguishable from the S-FDTD results. The 1-g and 10-g
averages for both models are shown in Table I. We can see that
although the S-FDTD approach does make some simplifying
assumptions, the 1-g SAR mean and standard deviation values
are within 4% of those computed with Monte Carlo, and the
10-g SAR is within 15%. This gives confidence in the S-FDTD
results, and assessment that the variation should be considered
in SAR guidelines. To evaluate the same scenario at 1900
MHz, the cell size in the head model is cut in half, giving
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Fig. 2. Monte Carlo results at 835 MHz, (a) mean SAR, (b) standard deviation
of SAR.

Fig. 3. S-FDTD results at 1900 MHz, (a) mean SAR, (b) standard deviation
of SAR.

a resultant simulation space which contains 266× 288× 230
voxels. The voxel SAR is shown in Fig. 3. The 1-g and 10-g
SAR mean and standard deviation are given in Table I. The
1-g standard deviation is within 45% of the mean, and the
10-g within 40% of the mean.

III. CONCLUSION

Variations in 1-g and 10-g SAR values caused by dielectric
properties variation of the tissues are calculated in this paper.
The results are obtained using S-FDTD and Monte Carlo
methods for a head model adjacent to a half wave dipole
antenna at 835 MHz and 1900 MHz frequencies. S-FDTD
results were sufficiently close to the Monte Carlo results at
835 MHz, that we conclude that the more efficient S-FDTD
approach can provide the assessment for this study.

TABLE I
MEAN AND STANDARD DEVIATION OF 1-GRAM AND 10-GRAM SAR

At both frequencies, the standard deviation of the peak 1-
g SAR is within 50% of the mean SAR, and the standard
deviation of the peak 10-g SAR is approximately 40% of the
mean. A typical interpretation of the standard deviation for a
normally distributed random variable, is that we can have a
95% confidence that the values will fall within two standard
deviations of the mean. The significance of these results is that
the effect of tissue property variation is too large to be ignored
in SAR guidelines. The normal, expected variance in SAR
should be considered in SAR guidelines. We recommend the
next step in this research is to model realistic cell phones, at
current (5G) frequencies, to determine the mean and standard
deviation of the 1-g and 10-g SAR levels. If these follow
the same trends we are seeing from a dipole antenna, it is
then imperative that the SAR guidelines be revisited, and that
an assessment of the effect of variation in tissue electrical
properties be included in them.
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