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SAR TEST REPORT 2 @

Sy T
The following samples were submitted and identified on behalf of the client as:
Equipment Under Test GPS Navigation System
Brand Name TomTom
Model No. 4PN50
Company Name TomTom International B.V.
Company Address De Ruijterkade 154, 1011 AC Amsterdam, The
Netherlands
Standards IEEE/ANSI C95.1-1992, IEEE 1528-2013,

KDB248227D01v02r02,KDB865664D01v01r04,
KDB865664D02v01r02,KDB447498D01v06,

KDB941225D07v01r02,
FCCID S4L4PN50
Date of Receipt Aug. 01, 2016
Date of Test(s) Sep. 01, 2016
Date of Issue Sep. 23, 2016
In the configuration tested, the EUT complied with the standards specified above.

Remarks:

This report details the results of the testing carried out on one sample, the results contained in this test
report do not relate to other samples of the same product. The manufacturer should ensure that all products in
series production are in conformity with the product sample detailed in this report.

This report may only be reproduced and distributed in full. If the product in this report is used in any
configuration other than that detailed in the report, the manufacturer must ensure the new system complies
with all relevant standards. Any mention of SGS Taiwan Electronic & Communication Laboratory or testing
done by SGS Taiwan Electronic & Communication Laboratory in connection with distribution or use of the
product described in this report must be approved by SGS Taiwan Electronic & Communication Laboratory in

writing.
Signed on behalf of SGS
Engineer Supervisor
g | ”J, s -'fﬁi‘kfh{:]l." j);'z‘\m %7;—:: !'\
Jimmy Chang John Yeh
Date: Sep. 23, 2016 Date: Sep. 23, 2016
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FR2ER1E R l*ﬁ#ﬁﬁ%‘i['E%Tiﬁﬂ?:ti/*ifﬁpﬁﬁ% ’ [ﬁJEﬁl*’Fifﬁ#@W?’f%‘« ° ¢ﬂ~’;ﬁ7{~%’:’£ £ ﬂl?[yi'ln‘jﬁ‘ > T\P‘ﬁﬂiﬁ 7
This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at



Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016

Page: 2 of 55

Revision History
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1. General Information

1.1 Testing Laboratory

SGS Taiwan Ltd. Electronics & Communication Laboratory

No.134, Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei
City, Taiwan

Tel +886-2-2299-3279

Fax +886-2-2298-0488

Internet http://www.tw.sgs.com/

1.2 Details of Applicant

Company Name TomTom International B.V.

Company Address  De Ruijterkade 154, 1011 AC Amsterdam, The Netherlands
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1.3 Description of EUT

Equipment Under Test (GPS Navigation System
Brand Name TomTom
Model No. 4PN50
FCCID S4L4PN50
f&;i?;igeégﬂft"’” 2.45GHz: 0.85 (dBi)
Mode of Operation %gbﬁ;‘g&z'ﬁ b/g/n(20M)
WLANS802.11 b/g/n(20M) 1
Duty Cycle
Bluetooth 1
TX Frequency Range |WLANB802.11 b/g/n(20M) 2412 — 2462
(MHz) Bluetooth 2402 — 2480
Channel Number WLANB802.11 b/g/n(20M) 1 = 11
(ARFCN) Bluetooth o — 78
Max. SAR (1 g) (Unit: W/KQ)
Band Measured | Reported | Channel Position
WLAN802.11b 0.117 0.165 11 Back side_Curve
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Average conducted output

802.11 b Max. Rated Avg. power (dBm)
Power + Max. Data Rate (Mbps
cH | Frequency | riiorance (dBm) (fbpS)
(MHz) 1
1 2412 14 12.09
6 2437 14 12.26
11 2462 14 12.51
Average conducted output
sailile Max. Rated Avg. power (dBm)
Power + Max. Data Rate (Mbps
cH | Frequency | roiorance (dBm) (bpS)
(MHz) 6
1 2412 10.5 8.83
6 2437 10.5 8.79
11 2462 105 9.17

802.11 n(20M)

Average conducted output

Max. Rated Avg. power (dBm)

on | Fraquancy | (Foter b oo s (s
(MHz) 6.5
1 2412 9 7.35
6 2437 7.26
11 2462 7.45
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Bluetooth conducted power table:

Frequency | Data Avg.
(MHz) Rate Max. power(dBm) B —
2402 1 0 -0.69 0.853
2441 1 0 -0.78 0.836
2480 1 0 -0.92 0.809
2402 2 -1 -2.22 0.600
2441 2 -1 -2.27 0.593
2480 2 -1 -2.53 0.558
2402 3 -1 -2.18 0.605
2441 3 -1 -2.33 0.585
2480 3 -1 -2.43 0.571
Avg.
Frequency (MHz)| Max. power(dBm) BT4.0
dBm mW
2402 -1.5 -1.58 0.695
2442 -1.5 -1.59 0.693
2480 -1.5 -1.75 0.668
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1.4 Test Environment

Ambient Temperature: 22+2° C
Tissue Simulating Liquid: 22+2° C

1.5 Operation Description

Use chipset specific software to control the EUT, and makes it transmit in maximum
power. Measurements are performed respectively on the lowest, middle and
highest channels of the operating band(s). The EUT is set to maximum power level
during all tests, and at the beginning of each test the battery is fully charged.

EUT was tested based on KDB inquiry.
WLAN: front/back/top/right/backside_curve with test distance 5mm

Front view

Unit : mm

Antenna location (Front view)
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Cross section view

Note:
802.11b DSSS SAR Test Requirements:

1. SARis measured for 2.4 GHz 802.11b DSSS mode using the highest measured
maximum output power channel, when the reported SAR of the highest
measured maximum output power channel for the exposure configuration is <
0.8 W/kg, no further SAR testing is required for 802.11b DSSS in that exposure
configuration.

2. When the reported SAR is > 0.8 W/kg, SAR is required for that exposure
configuration using the next highest measured output power channel. When any
reported SAR is > 1.2 W/kg, SAR is required for the third channel; i.e., all
channels require testing.

802.11g/n OFDM SAR Test Exclusion Requirements:

3. SAR s not required for 802.11g/n since the highest reported SAR for DSSS is
adjusted by the ratio of OFDM to DSSS specified maximum output power and
the adjusted SAR is < 1.2 W/kg.

Initial Test Configuration:

4. An initial test configuration is determined for OFDM transmission modes
according to the channel bandwidth, modulation and data rate combination(s)
with the highest maximum output power specified for production units in each
standalone and aggregated frequency band.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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5. SAR is measured using the highest measured maximum output power channel.
When the reported SAR of the initial test configuration is > 0.8 W/kg, SAR
measurement is required for the subsequent next highest measured output
power channel(s) in the initial test configuration until the reported SAR is < 1.2
W/kg or all required channels are tested.

6. BT and WLAN use the same antenna path and Bluetooth can’t transmit
simultaneously with WLAN.

7. Since the dimension size and features are belong to KDB941225D07 (overall
diagonal dimension=20cm), the device was tested for 1-g SAR on all surfaces

and side edges with a transmitting antenna located at < 25 mm from that surface
or edge, at 5 mm separation from a flat phantom to determine SAR compliance.

8. Based on KDB447498D01,

(1) SAR test exclusion thresholds for 100 MHz to 6 GHz at test separation
distances< 50 mm are determined by:

Mact. tune up powsr(myy) r—
Min. test separation distance(mm) x JH(GHz} = 3

When the minimum test separation distance is < 5mm, 5mm is applied to
determine SAR test exclusion.

(2) For test separation distances > 50 mm, and the frequency at 100 MHz to
1500MHz, the SAR test exclusion threshold is determined according to the
following, and as illustrated in Appendix B of KDB447498 DO1.

[(Threshold at 50mm in step1) + (test separation

distance-50mm)x(Z2E2h | (mW),

1ED

(3) For test separation distances > 50 mm, and the frequency at >1500MHz to
6GHz, the SAR test exclusion threshold is determined according to the
following, and as illustrated in Appendix B of KDB447498 DO1.

[(Threshold at 50mm in step1) + (test separation distance-50mm)x10](mW),
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Top/ right/ back/ front/
backside curve
Mode Maximum Maximum Test Require
power(dBm) power(mW) separation| Exclusion SqAR
distance | threshold )
testing?
(mm)
BT 0 1 5 0.315 No
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9. According to KDB447498 D01, testing of other required channels is not required
when the reported 1-g SAR for the highest output channel is < 0.8 W/kg, when
the transmission band is < 100 MHz.

10.According to KDB865664 D01, SAR measurement variability must be assessed
for each frequency band. When the original highest measured SAR is = 0.8 W/kg,
repeated that measurement once. Perform a second repeated measurement
only if the ratio of largest to smallest SAR for the original and first repeated

measurements is > 1.20 or when the original or repeated measurement is =2 1.45
W/kg (~10% from the 1-g SAR limit).
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1.6 The SAR Measurement System

A block diagram of the SAR measurement System is given in Fig. a. This SAR
Measurement System uses a Computer-controlled 3-D stepper motor system
(SPEAG DASY 5 professional system). The model EX3DV4 field probe is used to
determine the internal electric fields. The SAR can be obtained from the equation
SAR= o (|Ei|?)/ p where o and p are the conductivity and mass density of the
tissue-simulant.

The DASY 5 system for performing compliance tests consists of the following
items:

1. A standard high precision 6-axis robot (Staubli RX family) with controller, teach
pendant and software. An arm extension is for accommodating the data
acquisition electronics (DAE).

2. A dosimetric probe, i.e., an isotropic E-field probe optimized and calibrated for
usage intissue simulating liquid. The probe is equipped with an optical surface
detector system.

3. A data acquisition electronics (DAE) which performs the signal amplification,
signal multiplexing, AD-conversion, offset measurements, mechanical surface
detection, collision detection, etc. The unit is battery powered with standard or
rechargeable batteries. The signal is optically transmitted to the EOC.

e e

Ligrs s
1 B - -

Mo uramen Sanves DASYS

C 20 e S e S i [ s b

.....

PC

Fig. a The block diagram of SAR system
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The Electro-optical converter (EOC) performs the conversion between optical
and electrical of the signals for the digital communication to the DAE and for the
analog signal from the optical surface detection. The EOC is connected to the
measurement server.
The function of the measurement server is to perform the time critical tasks such
as signal filtering, control of the robot operation and fast movement interrupts.
A probe alignment unit which improves the (absolute) accuracy of the probe
positioning.
A computer operating Windows 7.
DASY 5 software.
Remote control with teach pendant and additional circuitry for robot safety such
as warning lamps, etc.

The SAM twin phantom enabling testing left-hand and right-hand usage.

The device holder for handheld mobile phones.

Tissue simulating liquid mixed according to the given recipes.

Validation dipole kits allowing to validate the proper functioning of the system.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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1.7 System Components

EX3DV4 E-Field Probe

Construction |Symmetrical design with triangular core
Built-in shielding against static charges
PEEK enclosure material (resistant to
organic solvents, e.g., DGBE)

Calibration  |Basic Broad Band Calibration in air
Conversion Factors (CF) for HSL

2450 MHz Additional CF for other liquids
and frequencies upon request

Frequency |10 MHz to > 6 GHz

Directivity + 0.3 dB in HSL (rotation around probe axis)
+ 0.5 dB in tissue material (rotation normal to probe axis)

Dynamic 10 uW/g to > 100 mW/g
Range Linearity: £ 0.2 dB (noise: typically < 1 pW/g)

Dimensions |[Tip diameter: 2.5 mm

Application  |High precision dosimetric measurements in any exposure scenario
(e.g., very strong gradient fields). Only probe which enables
compliance testing for frequencies up to 6 GHz with precision of
better 30%.
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SAM PHANTOM V4.0C

Construction [The shell corresponds to the specifications of the Specific
Anthropomorphic Mannequin (SAM) phantom defined in IEEE
1528 and IEC 62209.

It enables the dosimetric evaluation of left and right hand phone
usage as well as body mounted usage at the flat phantom region. A
cover prevents evaporation of the liquid. Reference markings on
the phantom allow the complete setup of all predefined phantom
positions and measurement grids by manually teaching three
points with the robot.

Shell 2+0.2mm
Thickness
Filling Volume|Approx. 25 liters
Dimensions |Height: 850 mm;
Length: 1000 mm;
Width: 500 mm

DEVICE HOLDER

Construction (The device holder (Supporter)
for Notebook is made by POM
(polyoxymethylene resin ) ,
which is non-metal and
non-conductive. The height can
be adjusted to fit varies kind of
notebooks.

Device Holder

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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1.8 SAR System Verification

The microwave circuit arrangement for system verification is sketched in Fig. b. The
daily system accuracy verification occurs within the flat section of the SAM
phantom. A SAR measurement was performed to see if the measured SAR was
within +/- 10% from the target SAR values. These tests were done at 2450 MHz.
The tests were conducted on the same days as the measurement of the DUT. The
obtained results from the system accuracy verification are displayed in the table 1
(SAR values are normalized to 1W forward power delivered to the dipole). During
the tests, the ambient temperature of the laboratory was 21.7°C, the relative
humidity was 62% and the liquid depth above the ear reference points was = 15 cm
+ 5 mm (frequency < 3 GHz) or 2 10 cm £ 5 mm (frequency > 3 G Hz) in all the
cases. It is seen that the system is operating within its specification, as the results
are within acceptable tolerance of the reference values.

i ¥
Spacer X

Flat phantom

||| oipoie
Signal ‘ -
generatcrr‘=]= : K“ICI-‘
A1

-

-
&,

Fig. b The block diagram of system verification
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Measured
Validation Frequency i Tl esties SAR-1g | Deviation | Measured
. S/N SAR-1g | SAR-1g :
Kit (MHz) W/ W/ normalized to| (%) Date
(mWig) | (mWi/g) 1W (mW/g)
D2450V2 | 727 | 2450 |Body 49.6 12.7 50.8 2.42% | Sep. 01,2016

Table 1. Results of system validation

1.9 Tissue Simulant Fluid for the Frequency Band

The dielectric properties for this body-simulant fluid were measured by using the
Agilent Model 85070E Dielectric Probe (rates frequency band 200 MHz to 20 GHz)
in conjunction with Network Analyzer (30 KHz-6000 MHz).
All dielectric parameters of tissue simulates were measured within 24 hours of SAR
measurements. The depth of the tissue simulant in the flat section of the phantom
was = 15 cm £ 5 mm (Frequency <3G) or = 10 cm £ 5 mm (Frequency >3G) during

all tests. (Fig. 2)

Measured| Target Target |Measured| Measured Measuremen
Tissue| Frequenc | Dielectric | Conductivity | Dielectric | Conductivity
% dev er| % dev o t
Type y Constant, , Constant, , Date
(MHz) Er o (S/m) Er o (S/m)
Body 2450 52.700 1.950 52.184 1.930 0.98% | 1.05% Sep. 1, 2016
2462 | 52.685 1.967 52.147 1.948 1.02% | 0.99%
Table 2. Dielectric Parameters of Tissue Simulant Fluid
The composition of the tissue simulating liquid:
Ingredient
Frequency Total
Mode Preventol
(MHz) DGMBE | Water |Salt D7 Cellulose |Sugar| amount
2450M Body | 301.7ml |698.3ml| — — — — |1.0L(Kqg)

Table 3. Recipes for Tissue Simulating Liquid
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1.10 Evaluation Procedures

The entire evaluation of the spatial peak values is performed within the
Post-processing engine (SEMCAD). The system always gives the maximum
values for the 1 g and 10 g cubes. The algorithm to find the cube with highest
averaged SAR is divided into the following stages:
1. The extraction of the measured data (grid and values) from the Zoom Scan.
2. The calculation of the SAR value at every measurement point based on all
stored data (A/D values and measurement parameters)
3. The generation of a high-resolution mesh within the measured volume
4. The interpolation of all measured values from the measurement grid to the
high-resolution grid
5. The extrapolation of the entire 3-D field distribution to the phantom surface
over the distance from sensor to surface
6. The calculation of the averaged SAR within masses of 1g and 10g.
The probe is calibrated at the center of the dipole sensors that is located 1 to
2.7mm away from the probe tip. During measurements, the probe stops shortly
above the phantom surface, depending on the probe and the surface detecting
system. Both distances are included as parameters in the probe configuration file.
The software always knows exactly how far away the measured point is from the
surface. As the probe cannot directly measure at the surface, the values between
the deepest measured point and the surface must be extrapolated. The angle
between the probe axis and the surface normal line is less than 30 degree.
In the Area Scan, the gradient of the interpolation function is evaluated to find all
the extreme of the SAR distribution. The uncertainty on the locations of the
extreme is less than 1/20 of the grid size. Only local maximum within —2 dB of the
global maximum are searched and passed for the Cube Scan measurement. In
the Cube Scan, the interpolation function is used to extrapolate the Peak SAR
from the lowest measurement points to the inner phantom surface (the
extrapolation distance). The uncertainty increases with the extrapolation distance.
To keep the uncertainty within 1% for the 1 g and 10 g cubes, the extrapolation
distance should not be larger than 5mm.
The maximum search is automatically performed after each area scan
measurement. It is based on splines in two or three dimensions. The procedure
can find the maximum for most SAR distributions even with relatively large grid
spacing. After the area scanning measurement, the probe is automatically moved
to a position at the interpolated maximum. The following scan can directly use this
position for reference, e.g., for a finer resolution grid or the cube evaluations. The
1g and 10g peak evaluations are only available for the predefined cube 7x7x7
scans. The routines are verified and optimized for the grid dimensions used in
these cube measurements.
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The measured volume of 30x30x30mm contains about 309 of tissue.

The first procedure is an extrapolation (incl. Boundary correction) to get the points
between the lowest measured plane and the surface. The next step uses 3D
interpolation to get all points within the measured volume. In the last step, a 1g
cube is placed numerically into the volume and its averaged SAR is calculated.
This cube is the moved around until the highest averaged SAR is found. If the
highest SAR is found at the edge of the measured volume, the system will issue a
warning: higher SAR values might be found outside of the measured volume. In
that case the cube measurement can be repeated, using the new interpolated
maximum as the center.

1.11 Probe Calibration Procedures

For the calibration of E-field probes in lossy liquids, an electric field with an
accurately known field strength must be produced within the measured liquid. For
standardization purposes it would be desirable if all measurements which are
necessary to assess the correct field strength would be traceable to standardized
measurement procedures. In the following two different calibration techniques are
summarized:

1.11.1 Transfer Calibration with Temperature Probes

In lossy liquids the specific absorption rate (SAR) is related both to the
electric field ( £) and the temperature gradient (67 /6t ) in the liquid.

sAR= 2 |Ef L
o, ot
whereby o is the conductivity, p the density and c the heat capacity of the

liquid.

Hence, the electric field in lossy liquid can be measured indirectly by
measuring the temperature gradient in the liquid. Non-disturbing
temperature probes (optical probes or thermistor probes with resistive lines)
with high spatial resolution (<1-2 mm) and fast reaction time (<1 s) are
available and can be easily calibrated with high precision [1]. The setup
and the exciting source have no influence on the calibration; only the
relative positioning uncertainties of the standard temperature probe and the
E-field probe to be calibrated must be considered. However, several
problems limit the available accuracy of probe calibrations with
temperature probes:
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® The temperature gradient is not directly measurable but must be
evaluated from temperature measurements at different time steps.
Special precaution is necessary to avoid measurement errors caused by
temperature gradients due to energy equalizing effects or convection
currents in the liquid. Such effects cannot be completely avoided, as the
measured field itself destroys the thermal equilibrium in the liquid. With a
careful setup these errors can be kept small.

® The measured volume around the temperature probe is not well defined.
It is difficult to calculate the energy transfer from a surrounding gradient
temperature field into the probe. These effects must be considered,
since temperature probes are calibrated in liquid with homogeneous
temperatures. There is no traceable standard for temperature rise
measurements.

® The calibration depends on the assessment of the specific density, the
heat capacity and the conductivity of the medium. While the specific
density and heat capacity can be measured accurately with
standardized procedures (~ 2% for ¢; much better for p) , there is no
standard for the measurement of the conductivity. Depending on the
method and liquid, the error can well exceed £5%.

® Temperature rise measurements are not very sensitive and therefore are
often performed at a higher power level than the E-field measurements.
The nonlinearities in the system (e.g., power measurements, different
components, etc.) must be considered.

Considering these problems, the possible accuracy of the calibration of

E-field probes with temperature gradient measurements in a carefully

designed setup is about £10% (RSS) [2]. Recently, a setup which is a

combination of the waveguide techniques and the thermal measurements

was presented in [3]. The estimated uncertainty of the setup is £5% (RSS)

when the same liquid is used for the -calibration and for actual

measurements and +7-9% (RSS) when not, which is in good agreement

with the estimates given in [2].

1.11.2 Calibration with Analytical Fields

In this method a technical setup is used in which the field can be calculated
analytically from measurements of other physical magnitudes (e.g., input
power). This corresponds to the standard field method for probe calibration
in air; however, there is no standard defined for fields in lossy liquids.
When using calculated fields in lossy liquids for probe calibration, several
points must be considered in the assessment of the uncertainty:

® The setup must enable accurate determination of the incident power.

® The accuracy of the calculated field strength will depend on the
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assessment of the dielectric parameters of the liquid.

® Due to the small wavelength in liquids with high permittivity, even small
setups might be above the resonant cutoff frequencies. The field
distribution in the setup must be carefully checked for conformity with the
theoretical field distribution.
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1.12 Test Standards and Limits

According to FCC 47CFR §2.1093(d) The limits to be used for evaluation are

based generally on criteria published by the American National Standards

Institute (ANSI) for localized specific absorption rate (“SAR”) in Section 4.2 of

“IEEE Standard for Safety Levels with Respect to Human Exposure to Radio

Frequency Electromagnetic Fields, 3 kHz to 300 GHz,” ANSI/IEEE C95.1, By the

Institute of Electrical and Electronics Engineers, Inc., New York, New York 10017.

These criteria for SAR evaluation are similar to those recommended by the

National Council on Radiation Protection and Measurements (NCRP) in

“Biological Effects and Exposure Criteria for Radio frequency Electromagnetic

Fields,” NCRP Report No. 86, Section 17.4.5. Copyright NCRP, 1986, Bethesda,

Maryland 20814. SAR is a measure of the rate of energy absorption due to

exposure to an RF transmitting source. SAR values have been related to

threshold levels for potential biological hazards. The criteria to be used are
specified in paragraphs (d)(1) and (d)(2) of this section and shall apply for
portable devices transmitting in the frequency range from 100 kHz to 6 GHz.

Portable devices that transmit at frequencies above 6 GHz are to be evaluated in

terms of the MPE limits specified in § 1.1310 of this chapter. Measurements and

calculations to demonstrate compliance with MPE field strength or power density
limits for devices operating above 6 GHz should be made at a minimum distance
of 5 cm from the radiating source.

(1) Limits for Occupational/Controlled exposure: 0.4 W/kg as averaged over the
whole-body and spatial peak SAR not exceeding 8 W/kg as averaged over
any 1 gram of tissue (defined as a tissue volume in the shape of a cube).
Exceptions are the hands, wrists, feet and ankles where the spatial peak
SAR shall not exceed 20 W/kg, as averaged over an 10 grams of tissue
(defined as a tissue volume in the shape of a cube).

(2) Occupational/Controlled limits apply when persons are exposed as a
consequence of their employment provided these persons are fully aware of
and exercise control over their exposure. Awareness of exposure can be
accomplished by use of warning labels or by specific training or education
through appropriate means, such as an RF safety program in a work
environment.

(3) Limits for General Population/Uncontrolled exposure: 0.08 W/kg as
averaged over the whole-body and spatial peak SAR not exceeding 1.6
W/kg as averaged over any 1 gram of tissue (defined as a tissue volume in
the shape of a cube). Exceptions are the hands, wrists, feet and ankles
where the spatial peak SAR shall not exceed 4 W/kg, as averaged over any
10 grams of tissue (defined as a tissue volume in the shape of a cube).
General Population/Uncontrolled limits apply when the general public may
be exposed, or when persons that are exposed as a consequence of their
employment may not be fully aware of the potential for exposure or do not
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exercise control over their exposure. Warning labels placed on consumer
devices such as cellular telephones will not be sufficient reason to allow
these devices to be evaluated subject to limits for occupational/controlled
exposure in paragraph (d)(1) of this section. (Table 4.)

e Enironment | Conolled Envionmen
General Population
Spa“?:;;ﬁ;‘ SAR 1,60 Wikg 8.00 Wikg
Spa(t{/e\illhAo\l/eegggy)SAR 0.08 Wikg 0.40 W/kg
(Haig;tllzae:ei/iankkifvsrist) 4.00 Wikg 20.00 Wkg

Table 4. RF exposure limits

Notes:
1. Uncontrolled environments are defined as locations where there is potential exposure of

individuals who have no knowledge or control of their potential exposure.

2. Controlled environments are defined as locations where there is potential exposure of
individuals who have knowledge of their potential exposure and can exercise control
over their exposure.
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2. Summary of Results

WLAN
- Distance Freq. Max. Rated Avg. | Measured . Averaged SAR over 1g Plot
Mode Position (mm) CH (MH2) Power + Max. | Avg. Power | Scaling (W/kg) SR
Tolerance (dBm) [  (dBm) Measured | Reported
Front side 5 11 2462 14 12.51 40.93% 0.097 0.137
Back side 5 11 2462 14 12.51 40.93% 0.045 0.063
WLANB802.11b | Back side_Curve 5 11 2462 14 12.51 40.93% 0.117 0.165 26
Top side 5 11 2462 14 12.51 40.93% 0.017 0.024 -
Right side 5 11 2462 14 12.51 40.93% 0.07 0.099
Note:
Scaling = reported BAR _ Fi(miW) 1661?"}{&1&

measwred SAR B mW)

Reported SAR = measured SAR * (scaling)
Where P2 is maximum specified power, P1 is measured conducted power
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3. Instruments List
Manufacturer Device Tvbo Serial Date of last |Date of next
yp number calibration | calibration
, Dosimetric
Schmid & Partner| "¢ moly | ExaDv4 | 3938 |Oct.01,2015(Sep.30,2016
Engineering AG P
robe
. System
Schmid & Partner| . iiation | D2asove | 727 |Apr.19,2016|Apr.18,2017
Engineering AG Di
ipole
Schmid & Partner Data acquisition  p g, 1260  [Sep.24,2015Sep.23,2016
Engineering AG | Electronics
Schmid & Partner DASY 52 Calibration | Calibration
Engineering AG Software V52.8.8 N/A not required|not required
Schmid & Partner Calibration | Calibration
Engineering AG Phantom SAM N/A not required|not required
. Network
Agilent Analyzer E5071C |MY46107530(Jan.07,2016|Jan.06,2017
, Dielectric Calibration | Calibration
Agilent Probe Kit 85070E |MY44300677 not required|not required
Adilent Dual-directionall 772D |MY46151242|Jul.11,2016|Jul.10,2017
ilen
g coupler 778D |MY48220468 |Jul.06,2016 | Jul.05,2017
: RF Signal
Agilent Generator N5181A [MY50141235|Dec.24,2013|Dec.23,2016
Agilent Power Meter | E4417A |MY51410006(Jan.07,2016|Jan.06,2017
MY51470001(Jan.07,2016|Jan.06,2017
Agilent Power Sensor | E9301H
MY51470002(Jan.07,2016|Jan.06,2017
Digital
TECPEL thermometer DTM-303A| TP130073 |Feb.26,2016|Feb.25,2017
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4. Measurements

Date: 2016/9/1
WLAN 802.11b_Body Back side_Curve_CH 11_5mm
Communication System: WLAN(2.45G); Frequency: 2462 MHz
Medium parameters used: f = 2462 MHz; 0 = 1.948 S/m; €, = 52.147; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:
o Probe: EX3DV4 - SN3938; ConvF(7.17,7.17, 7.17); Calibrated: 2015/10/1;
« Sensor-Surface: 2mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn1260; Calibrated: 2015/9/24
« Phantom: Body
« DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)
Configuration/Body/Area Scan (71x131x1): Interpolated grid: dx=12 mm, dy=12
mm
Maximum value of SAR (interpolated) = 0.171 W/kg

Configuration/Body/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm
Reference Value = 4.593 V/m; Power Drift = 0.12 dB
Peak SAR (extrapolated) = 0.258 W/kg
SAR(1 g) =0.117 W/kg; SAR(10 g) = 0.053 W/kg
Maximum value of SAR (measured) = 0.179 W/kg
dB

-4.27
-8.55
-12.82
-17.10
-21.37

0 dB = 0.179 W/kg = -7.46 dBW/kg

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
FR2ER1E R l'ﬁﬁ#f}ﬁ%‘i [E SRR *ifﬁ[,’x Fif [ﬁJEﬁl’*’Fifﬁ#xiEJ w’ﬁ'?’@o‘« ° ¢ﬁ§f’,%%’:§ £ ﬂl?iyi'ln;"’ﬁ' » T ﬁfl'ﬁ FEIE -
This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at



Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016
Page: 28 of 55

5. SAR System Performance Verification

Date: 2016/9/1
Dipole 2450 MHz_SN:727
Communication System: CW; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; 0 = 1.93 S/m; €, = 52.184; p = 1000 kg/m®
Phantom section: Flat Section

DASY5 Configuration:
o Probe: EX3DV4 - SN3938; ConvF(7.17,7.17, 7.17); Calibrated: 2015/10/1;
« Sensor-Surface: 2mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1260; Calibrated: 2015/9/24
Phantom: Body
DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)
Configuration/Pin=250mW/Area Scan (61x91x1): Interpolated grid: dx=12 mm,
dy=12 mm
Maximum value of SAR (interpolated) = 19.9 W/kg

Configuration/Pin=250mW/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm
Reference Value = 96.39 V/m; Power Drift = -0.04 dB
Peak SAR (extrapolated) = 25.8 W/kg
SAR(1 g) =12.7 W/kg; SAR(10 g) = 5.87 W/kg
Maximum value of SAR (measured) = 19.3 W/kg
dB

-4.41
-8.82
-13.22
-17.63
-22.04

0dB = 19.3 W/kg = 12.85 dBW/kg

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
FR2ER1E R l'ﬁﬁ#f}ﬁ%‘i [E SRR *ifﬁ[,’x Fif [ﬁJEﬁl’*’Fifﬁ#xiEJ w’ﬁ'?’@o‘« ° ¢ﬁ§f’,%%’:§ £ ﬂl?iyi'ln;"’ﬁ' » T ﬁfl'ﬁ FEIE -
This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at



Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016
Page: 29 of 55

6. DAE & Probe Calibration Certificate
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Engineering AG
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DC Voltage Measurement
MDD = Converter Resolution nominal

High Hanga: 5B = v, full ranga = -100..+300 mY
Lows Fengea: 1L5B= EinV, full range = 1.3V
DASY messunsment parameters: Aute Zore Tirme: 3 s, Measusing fima: 3 ses
Calibration Fagtors | X ¥ z
High Range 406 043 2 0,02% (k=2) | 05010+ 0.00% (k=2) | 405,577 £ 0.05% (k=2)
Low Range 3,95700 & 1500 (k=2) | £.001558 + 1.50% (k=2) [ 400483 & 1.500% (k=2
Connector Angle
| conneetar Angle o b used in DASY eystom B4E=417
Cerilicals Ho: DAE-1380_Sepi1h Page 2ol &
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity
High Range Reading (uV) Déflerance (V) Error (%)
Channel X = Inpul 1886361 0.7 -0.00
Chanmnal X + Inpait 2000343 1.897 001
Chanmel X = Input IGEET 29 A6G4 =002
Chanmal ¥ = gt 152%37.03 .74 <000
Chanmel ¥ + Input 2000218 075 00D
Chanmel ¥ - It -20000.65 -0.03 000
Channel 2 + Input 1598585 02 -2.52 -0.00
Channel £ + Imput 2000079 -0.E3 -0.00
Channel Z = Input 20001 87 =1.0r3 [l
Low Range Feading (V) Difference (uv) Error (%)
Channel X + Input 20013 2 000
Channel X + Input 20174 nosS o0a
Channel X = Input 147,714 .49 -0.25
Channel ¥ + Input 200747 o [=RE}}
Chananel ¥ + Input 2057 -0.08 -0.04
Channel ¥ = Input -184.18 oo =0un
Channel Z + Input A0 08 .18 =0un
Charninel Z + Inpud 200,35 -i-16 -0L58
Chanmel Z - Ingeul 190,72 -147 .74
2. Common mode sensitivily
DASY measuamand parameters: Aute aro Timee 3 sea; Measusing fime: 3 sec
Common mode High Rangs Low Range
Irijeiit Voltage (my) Average Reading (V) Avarags Raading (UV)
Channel X 200 1.97 0.0
- 200 0.85 -1.30
Channel ¥ 200 1329 13.11
- 20 -13.68 -13.98
Channe| £ 200 -0.d@ =025
=200 =106 =1.67
3. Channel separation
DASY maasurement paramatars: Auto Tem Time: 3 sec; Massuring tima: 3 sec
Inpuwt Voltmgs (mV) | Channed X @V} | Channel ¥ (gV] | Channgl Z V)
Channel X 200 - 5,08 235
Chanmel ¥ 00 w1z - 5.99
Channel £ 0 45 T .
Camfcae Mo DAE41280_Sep15s Page 4 of 5
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4. AD-Converter Values with inputs shorted

DHAEY measurement paramatars: Auto Zero Time: 3 sec; Maasuring time: 3 sec

High Range (LSE) Low Range (LSE)
Channel X 15811 14818
Channal ¥ 15818 =R
Channal Z 164 1EAE4

5. Input Offset Measurement
DAEY maasurement paramatars: Ausa Zaro Time: 3 sec; Massuring time: 3 sec

Input 10MEG
Average (uV) | min. Oset (uV) | meax. OMfset (uv) | % m"’“‘
Channel X 0.6 1.6 080 .44
Channel ¥ -0.E8 -3.1a 027 0.80
Channel -1.05 187 026 0,48
6. Input Offset Current
Mamingl Input clreultry afiset curent o all channals: <2504
7. Input Resistance (Typical values for infarmaticn)
Zeroing (kDhm) Maasuring [MOhm)
Channel X 200 200
Chanpel ¥ T 00
Chanpel T = 200
8. Low Battery Alarm Voltage [Typical vales for information)
Typical values Alarm Leval (VDE)
Supply (+ Veo) +7.8
Supply (- Vee) 76
9. Power Consumption (Tysical values for informatien)
Typleal valuse Bwitched off (mA) | Stand by (mA) | Transmitting {mA)
Supply [+ Ves) .01 i +14
Supply [~ Vo) .01 & 4

Cerlilicale Mo DAES-1260_Sapn18 Pags 50f 5

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
2 Ve R lF*ﬁéfﬂﬁ%J @%‘Zﬁﬂ?ﬁiﬁﬁh Fif TﬁJEﬁL’*ﬁfﬁh@ W?ﬁ’%‘« ° ¢ﬁ§fﬁfﬁ¢ 2 }WJEF‘;F'I?:"FI‘ > F‘ﬁﬂl’ﬁ’fﬁ@i °

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at



Calibration Laboratory of
Schimid & Pariner
Engineering AG

Eraghninsbrapin 45 408a Tunpn Sweitserisid

Asd i fry BiR Swink Aertaiianon Sanaon (5A5)

Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016
Page: 34 of 55

gy, & sl it
A e =3
i c Hphvich g UEEonsg
= -3 Buivighs svlzasm di lamiurs
P ]
e Bz Calitmation Serys

Apergsisiion Mo SCS 0708

Tivs Swiss Accrediimion Servicos i one of o signaliies & 0a EA

it calibiraib

| far'the >

Clies  SGESTW [Asiden)

carEaty

Cariilicais W= EX3-3938_ Dct1s

[CALIBRATION GERTIFICATE

|--‘nin-= EXA0vd - B398

| (&1

Calibiwirn jsoes s

QA CALD1vE, Qb CAL-T4 v, DA CAL-Z5.v, DA CAL-Z5 V6
Callbratien proiue o desimetic E-fsld probes

Doyober 1. 2015

| Thve esifrapien cenilzme dooumesm e mamenliy o rwbon s e, which raloe T phyeisr isis @ seamueaments (5

| T ma anti the iy ccaihal i B e ghien on e iy e &d eve pan ol P o i

Al i trmd s Wi DB concuciod i1 T cannd | sbasstniny fasllly @ivron men eporstes GO e 3700 el Aumisey < T

Cmbinimerry Frnseresnl Uaed [METE onlicsl for G brstion |

Prmery Simiats -I_I:L_ Cw Dllu;!mllu:_uﬁ_L | 5 L =
P mater 32150 (D8 FOEAT Of=Age=T4 Mo, 3102125 I ¥l

P sErsor B 128 Ny 51 SOECHT DFAp=15 [Ho 317021281 R W 10

Ralereock 3 0 Mo | GN-BR06A (36 D18 31 9T Mar-

Sualienca 1l o &pematio SN S8 T i | D10 fn, TR T Mar 16

Maperence 30 0B Afsnoaioe | BN SN2 CHE) | ort-hg-1 (M, B PR W16

e g e | SHEITE | Dt (o, ES2-3013 Decid) Owz- 15
| Dt _| Bhi 560 1 a5 Mo DAE4GEC st dpn-i

Sevnmcany io_ Crmgh Crm [ Inidi) | Schwmten € e

qrmwnr'wm‘; ug_mm.!::ﬂ'pu a-huge |n trapin sk h:l-‘l'.l_l_ b i chek Agr-16 |

M Anmvmer HIIPAE LSETAEAS SB[ s clei foe 4] | by s sheh: S 12 |
T Mamn Funzoe P———

Cakirwe] by e Elegan I sty Tkl ." t "{:A;?
fre—r Sl Pkt |ty Warisg m ;

=
¢
et (Haien 2 SIS |

LT 7 L el - L L raprodooed sl llhk:_!_ﬂlui-d.n o | L Fedalons - |

Sl Moy EXOE00 Oof)3

Unless otherwise stated the results shown in this test report refer only to the sample:
[Py R lF%f A SRS B IR R, E 00 iﬁ'éf 1

P 100 14

tested and such sample(s) are retained for 90 days only.
i 'Frl?‘iF‘l?‘Fl' ’ Tﬁ'ﬁﬂi}ﬁiﬁﬂ °

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at



Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016
Page: 35 of 55

Calibration Laboratory of
Eonmid & p‘ﬂ-'l'U'IEl'l'

g S o auises Fhiismmays
Englinesmn
g %u #0842l Sdltzstinnd 5

Acripiieg by Be Desey Arrre] tnine S - GAS) hoovestation e, ST D106
The Fwiwy Bcerditation Sereic iy o ne s e eonsicree fo i E4
Muiissral Aackainenil jar e joognes of gEbrsnn ne|hromss

Glossary:

TaL 1E50E Simus| g balk

H iR 2 serisiiivity in fres spice

CuimF mrwllivily im TEL [ NORMLy 2

ncR Modda comgiassian goint

e aruet [l | 1iuly_sypile) of Mig AF slgoes

A BCD medidation gepanden] earomtion paramelens

Prisgigaliai 4 i mialion ampund Erbe s

Poariraton & o ek e el axis B e e e plangwovmal o preoe s |l measuramenl came);
L i = Qe noieeal o peobe 2xs

Canrariar dngle informosian uaetd @ DASY myst=n o aligr piobe smsem 340 8 PR Qo0 Pamiamm Speesmm

Calibration is Performed According to the Follewing Standarda:

a3l IEEE S0 1658-901 3, IEEE Racommanded Braclice for Determinsg the Peak Spatisk-Aseraged Speciliz
hbaanan Fabe (SAR} & Ui Humsn Head e Wirkless Sommunimstians Bovicas; Measumment
Tachmioues', June 2013

L [EC GZ2068-7 . TPricanurs o massire tha Spectio Ahsemition Feats (SAR) for hand-neld dessoms ised | gl
aroaimily fo e mar (regusrcy mpge of 300 MHzo 3 GHe)". Ferary 20{5

BB 2=y "Procedure e Ssiemins e Speciic Absamplion Mals (SAR) R ligles Commopealien deyiies
e 1 Citss prenmity 30 tha hurmen Body (requenoy range of 30 MMz o 8 Gre), Maeh 2070

) KDE BRSGE, “SAR Messuraimonl Reguiaimis e 180 MHzip § GHz

Hulhnd: Applied and Interpretation of Parameters:
WOEMe v Assessad (o E-lisln polavzation W =40 104 300 ez m TEM-cel [ = 30D WHe FI2 wavegie]
MORMEy.2 &8 Bl indarmediate yeles. | &, e wncemantlae of WORMx vz doas not atfent the B -Salkt
unie=taimy Irsice TEL [s=e below GonvF)

- HGHM{I.H_ ¥ = NORKY 2 ° frequapsyresaonee [aee Frequancy Reopenise Chan) The insanasstion &
implemaning in ISV safware wirsions ier than 4.2 The uncerisniy of e Fequsney resoonses = ke
1N 1 akalad incertanty o Gonns

& DOPY g DOP E numencal inesnzalon paremalens assassed hasen on (he dma of power sween with SW
sigrisl dmo unsefiality reguied) OGP doss nod depand on sguency oor mada

w DA PAR ke tha Paek W Aversge Ratio thet & ral calinretad bl detemined orsad an e signal
ormrucierislics

o AKGLE ER g Ol D VREE A, B, O D aro mimann dnastaalion parsmaters Sseesad tased o
Wi data of pawer syeep for specfic modulahon sgeal, The pacamstars do pol dspand on leguency
meetia, VH = ibe maxemem czibmlion range expressed in BAMS voliape acrees (e dinos

= CameE gnd Hourdory EffaG Farmmedaras Assessed m el phamiom using E-lield jor Tempeslune Transher
Stendard for ¥ = 8O0 Mkz) and msde saveguide wsing analyics fielo distd eilions Sesed on gise
masirmmants for 1 = B0 Mz Tha same #amps are usad for ossessman of the peramoesars aaplied far
e ery compensean (alphe tapi) of whash fypicel unoertsnly valieas ag givien Thess yimeiars e
el in DASYE sofwee 10 improve probe accirany closs i the Bowndary, The aensflivily in TSL conespornds
o MO = ot whareby the unoertainty cormsgonas o thot groan for Canvi. & fretuancy dapardesnt
Caee® & pmad in OASY version 4 4 and ighes which alless sstanding (b ealinily fimm 80 Mdz i 106
L' TS

= Spheqcal issopy (30 deymsbon fom moimsyd inoa feld of oy grandenis pem b g = Nal oo
aypiseEd by & patcn amenms

&  Gamyor Ofsst The sensor cffmal cormeapands b e oo ol il measureman ceter from e b b
lon probe aain), No Dkermncs reguined,

*  Lannmecior Apgiv- The angla s asserssed e the infomaiom pimod by deisfmining the NOEWY {riv
ursdditainty faoulad;

Cartifioatn bz EXY- S50 G0 Eaon il V-

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
[Py R IF%“,{HU SRR B IR, E 90 ‘¢§9fﬁ‘m B'FIJ?'iF'I?‘FI’ ’ TF'ﬁﬂl’ﬁ’Fiﬁﬂl °

This document is |ssued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at




Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016
Page: 36 of 55

EXI0N4 — Shdass Celober 1, 2005

Probe EX3DV4

SN:3938

Manufactured: May 2, 2013
Calibrated: October 1, 2015

Calibrated for DASY/EASY Syslems

(Mote: ron-com palible with DASYZ sysiemd)
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Ex30Va- Sh-FI30 Dchabar 1, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3938

Basic Calibration Parameters

Sensor X Senzory Sangor T Une (k=2)
Merrin IE'*";TM"T" 0.52 057 0,34 + 101 %
DCF (m) 1004 537 104.1
Hud.llmn Calibration Parameters
on System a B [ o VR Une™
4B | dBy a8 m =2
[ o S 0.0 0.4 1.4 .00 1413 | =27T%
] v | oo 00 10 Ta1.2
z 0.0 [T 1.0 1781

Tha mmbocl uncerainty of measurement is stated as the standard uncertainty of measuremant
rrvultl by the coverage factor k=2, which for a normal distribution cormesponds 1o a coverage
probabllity of approximately 85%.

"Th||u'luﬂllmudmm?zmmmh:E?ﬂddmmmmTSLtumhmsﬂﬂH

‘umnﬂq,hmnmﬂﬂuhm mmmmmmrdMuMnMMhhmﬁh
Tkl v,
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EX30va- BR300 Dictaber 1. 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3938

Calibration Parameter Detarmined in Head Tissue Simulating Media

|_f [MHz}* rm' mmuc:iriy Can X | ConvEY | ComvFZ | Alpha® _I_Lm:'.; ) {E'ﬂ;'_
TEO 418 _0.ag 2.69 860 | B89 0,19 16T =120 %
435 a5 p.a0 0.85 B35 936 | 026 | 123 | +120% |

| amo 415 0.97 915 | 815 | w18 [ o018 | 188 | si20% |
1450 40.5 1.20 7.8 L] 788 0.13 263 + 120 %
1750 A1 1.7 817 BAT BA7 | 036 | nso | +120%
1900 400 1.40 7.69 7.89 vea | ozz | oeo | swom
2000 400 1,40 7.8 7.5 veg | 038 | 075 | sd20w
2300 i 1.67 TAE FAG T 46 034 088 | =12.0%
2450 0 1,80 141 .11 vA1 | o3z | ome | si20%m
2600 300 1,96 678 8,78 678 | 024 | 123 | +120%
B2E0 158 a7 480 4.90 430 | oan | 1me | zwawm
500 158 476 441 281 481 | a0 | 1me | z1aam
5600 355 507 428 4328 428 | 080 | 180 | £131%
5750 5.4 5.22 4.1 441 441 | 050 | 480 | +131%

‘muqmmmmdnmmmmuuh&hujmm Page 21 ubﬂhuml-wldhfﬂlthThi
il ity & Ui RED ol 8a CoireF il aanid this rtainty for the: indioaled frequenoy band. Fraguescy walidhy
Doabow 300 M is 2 16, 28, 40, 50 snd 70 MHz for GonvF aseossments o 30, 64, 131, 1sdwmu+hm Asown 5 GHz feguency
rﬂrﬁhhidmhtﬂﬂm

A Mrageancios bebow 5 CHe, (ha vabity of o panesalom f&snd o) can Ba selased 80+ 10% H Gguid compensaion fomusa is appied 1o
e SAR valoas. Al leeguen e aboes 3 G, ihe validiy of lsaue saramalens je and o) 3 redicioed o 2 5% The uncoralnty ks Sha R5E of
N';:ITI'F uriatam by lor ingiestid Lrgal Yasra ootk

w arg detarmingd durisg coltrabon. EPEAS woroals that ik remaining dewalon due do the boundany ofect ofor compornelion =
i ks s 2 1% o equescii ek T BHz snd Balew = I o frageancas betwean 3-8 GHr 31 ety distancs |wge: than hall ine probe o
damaier from the boundany.
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BRI SNFEE Db 1, I015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3938

Calibration Parameter Determined In Body Tissue Simulating Media

f {MiHg) © Hmf _ME’W ConvF ¥ | ComvF Y | ConvF & ﬂm_"ﬂ‘ {tr:-n;}
750 S5.5 .96 850 9.50 9.50 .31 113 | #12.0%
835 552 o497 &30 2.30 2.30 0.38 126 | *+12.0%
200 550 1.05 832 9.2z 8.2z 0.34 108 | +920%
1460 540 130 | 788 706 796 0,18 206 | £130%
1750 534 1.40 773 L] T 042 0.80 +12.0%
1600 53.3 1.52 a1 741 a1 0.52 040 +120% |
20400 53.3 1.52 7.88 768 7.56 0.26 | 105 | +120% |
2300 52.9 1.0 7.27 727 7.27 036 | 084 | £120%
2480 BT 1.65 717 717 7.7 037 | 0BS5S | £120%

|_2600 52.5 214 §.90 .50 6,50 .33 080 £120%
5350 489 5,5 2.1% 4,19 418 450 180 | £151%
5300 489 5.42 408 4.09 408 050 | 180 | £134%m
B 485 577 366 | 366 366 055 | 180 | =434%
5750 463 5.94 a7 3.87 .87 055 1.80 131 %

Fratusnzy walt mmumar:mmm,mummtmlmrﬂgmmpmnmtumm = 50 MHz. The
Mhlhﬁmhwmwulwmfmwlh i B, Fiing oy el il
[ bze 300 Mz & £ 10, 35, 40, 50 and 7D MHz far CowF csascments ot 30, 64, 128, ‘IE:‘WEBHW mummmw
mmummdb-uam

" it froquencies bl 3 Gz, o walidny of s parmmetens {s and o can be el b0 VGG F bl compametion Sema b e e

o wed SAR volu s, A frequenciss above 3 G, fhe waliding of fesee p (i darf ) e A o & 5%, The usceainty @ the RES of
i CariiF uncanginty S Idinal 10rgal 55t OTmErs.
wﬁ_, | dusing SPEAG bl e iraig i i iy i iy 6T @ficr oom e nankion &
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EX30W 4= SN:3538 Gclobar 1, 2015

Frequency Response of E-Field
(TEM-Ceil:ifi110 EXX, Wavegulde: R22)
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Gomiflcatr Moo EX3-0938_0otis Fage 7 of 11

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
2 Ve R lF*ﬁéfﬂﬁ%J i@%‘?ﬁﬂ%‘?;’/ﬁﬁh Fif TﬁJEﬁL’*ﬁfﬁh@ fwﬁl?{%”« ° 7#%@;“,%7@7# 2 }WFF‘IF'I?:"FI' > ﬁ'ﬁﬂl’ﬁ’fﬁ@i °

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at



Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016
Page: 41 of 55

£V G EAE Cicder 1. B115

Receiving Pattern (¢), 3 = 0°

=600 MHz. TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX2O/A- 5K-3938 Db 1, 2115

Dynamic Range f(SARpead)

{TEM cell , f,..= 1900 MHz)

Uneertainty of Linearity Assessment: £ 0.8% (k=2)
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EXMIM— G HEH Ciemangr 12015
Conversion Factor Assessment
= E3B Mz WELS RE (h_tonF) = 1600 MHz Wi3LS R2Z (H_consFl
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EX I SHERIEE Cutober 1, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3938

Other Probe Parameters

Sensor Arangemenl Tranguisr
Caonnesior Angle [7) =281
Machanical Surface Detection Mode enabiad
| Oplical Surface Deteckan Maode dizabled
Probe Cvarall Langtn 3T mir
Probe Body Diameler D 1mm
Tip Lengih B amm
Tip Ciamater 2.5 mm
Frobe Tip in Sensar X Calibration Paint Twm
Frobe Tip 0 Sansor ¥ Gallbraton Foing 1 mm
Frobe Tip 1o Sensar 2 Calbraton Port Trmm
Recommendad Measurement Distance rom Sufacs 1.4 mm
Cenlfcale Mo: EX3-3835_ Oc15 Page 11 afl 11
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7. Uncertainty Budget

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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Measurement Uncertainty evaluation template for DUT SAR test (0.3-3G)

A c D e f g h=c*f/e i=c*g/e k

Source of Uncertainty | 10lerance/ (Probabilitl - p Iy e [oi(1g)  |ci (1og)  |Standard - (Standard -y o
Uncertainty y uncertainty |uncertainty

Measurement system

Probe calibration 6.00% N 1 1 1 1 6.00% 6.00% oo

Isotropy , Axial 3.50% R V3 1.732 1 1 2.02% 2.02% e

Isotropy,

J 9.60% R 1.732 1 1 5.54% 5.54%
Hemispherical V3 -
Modulation Response 2.40% R /3 1.732 1 1 1.40% 1.40% o0
Boundary Effect 1.00% R V3 1.732 1 1 0.58% 0.58% o0
Linearity 4.70% R V3 1.732 1 1 2.71% 2.71% S
Detection Limits 1.00% R /3 1.732 1 1 0.58% 0.58% o
Readout Electronics 0.30% N 1 1 1 1 0.30% 0.30% o
Response time 0.80% R V3 1.732 1 1 0.46% 0.46% oo
Integration Time 2.60% R /3 1.732 1 1 1.50% 1.50% o
Measurement drift

1.75% R 1.732 1 1 1.01% 1.01%
(class A evaluation) /3 -
?;Saemb'em condition - 3.00%| R /3 1.732 1 1 1.73% 1.73%| oo
RF ambient conditions -| 5 g0, R /3 1.732 1 1 1.73% 1.73%| oo
reflections
Probe positioner o o o -
Mechanical restrictions 0.40% R V3 1.732 1 1 0.23% 0.23%
Probe Positioning with 2.90%| R /3 1.732 1 1 1.67% 1.67%| oo
|respect to phantom
Post-processing 1.00% R /3 1.732 1 1 0.58% 0.58% o
Max SAR Eval 1.00% R V3 1.732 1 1 0.58% 0.58% oo
Test Sample related
Test sample positioning 2.90% N 1 1 1 1 2.90% 2.90%| M-
Device Holder 3.60%| N 1 1 1 1 3.60% 3.60%| M-1
Uncertainty
Drift of output power 5.00% R V3 1.732 1 1 2.89% 2.89% o
Phantom and Setup
Phantom Uncertainty 4.00% R /3 1.732 1 1 2.31% 2.31% o
Liquid permittivity 1.02%| N 1 1 0.64 0.43 0.65% 0.44%| M
(mea.)
Liquid Conductivity 1.05%| N 1 1 0.6 0.49 0.63% 051%| M
(mea.)
Combined standard RSS 11.45% 11.43%
uncertainty
Expant uncertainty o o
(95% confidence 22.91% 22.86%
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8. Phantom Description

Ecbmin & Parrer Engnesring 403 ’ E E g n

Zeygtaunamasnn 4], BOGH Jorch, Swimtackani
Prioea 41 1 245 9700, Fax <41 1 245 3775
il ilagsasy coir, FIEFeriy SHOEG DO

Certificate of Conformity / First Article Inspection

" iEm LRM Twn PHapom va.0
Type Ma Q0 0Do Pag ¢
Serles Ma TP-110 and highar
Kanufaciuner EFEAG
Zoughaupsirassn &3
CiH-A0D4 Zimich
SklEEaimnd
Tests

The BEFlSs producion Procsss LaEd sioWs e Gmeation 1o el of Arsd ariceas.

Compiete lesls wers made on the pre-seqss Type Ho. G0 000 P40 AL, Berial Mo, TP-1007 and an e
saries fimd artols Typa Moo Q0 000 P40 BA, Serial Mo TP-1008. Cartain paramaters have been missied
wesing lurihar series Hems (zebod sdmplas) ar are tesied al sach em,

Tast Raguiroment Dotalis Unks msted
Diminnespans Campliaant with the gedmatsy T8 CAD Film (7] Firsl amticie,
16 thia CAD medsl E
Waterial thickness | Compliant with the requlrements 2mm +-0.2mm In fat irst anicle,
af ghell seearding 16 the stardards and specific saus of Gamples.
TP-1314 H.
heaténal thicknass | Compliznt with ihe requirements Bmm +- 0.2mim &t Flrst anizla,
atERP acsarding 1o ta standaids Al imms
Mool Dialecinp parametars for reguired 300 MHz - 8 GHz: Matmrial
pararmelars FraQuoncies Raelative parmitiivity < 3, | samples
Loas tangent = 0,05
WMateral resislivty | Tha matécial hos been =sied 1o ba DEGMBE based Pro-sariet,
compaibile wih the ligulds defned in | Slmubsling ligulds Flrat aiale,
I stendards (| handied srd clnansd Filmnal
scoording fo me namsclions. BEMpEs
Sbserve pAchinical Maks 1or matsrial
compati 3
Saggmg nmpiiant with (he requirements < 155 typical < 0.8% i Pra‘buli,m
mecarding io e slandards flied wim 15%mm of Sample
Sagping wf tha st segtion whep flled | HELBO0 and withaut mating
| wilh tissue simulatng Houkl DOUT bpdow

Standards
[1] CENELEC EN 50389
{2] [EEE S 1520-2003
{3 1ECE220p Pen
[ FCC OET Bulltin 65, Supplemsnl C, Ediion 01-81
(%) Tha ITIS CAD s 1§ dedvvad fram [J] and ts alsa willin 1ha Wolerances raguiiamants of 1Me ahapas of
the other documants

Conlormity
Baged on the sample tasts aboue, we cartify hat this flam s In compliEnce wiln the uncertaniy
requramanis of SAR magauramants spaciied in standards [1] 1o [4]

Datn o7 o7 2005
» ar Eingl L]
| 3, W
wraurs | 3o SRR
It f o, N
Qe e i < 001 000 P40 &= F agu T
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9. System Validation from Original Equipment Supplier

Calibration Laboratory of
Sghrmid & Pariner

Engineering AG
Zeughaussirasse 43, 5004 Zurlch, Swizerland

Sehweizerizcher Kalibrierdinns]
Service suisse d'étalonnages
Servizio svizzaro di tarstura
Swiss Calibration Service

wowm

% =

Accradited by the Swiss Accreditalion Servics (SAS)
The Swiss Accreditation Service is one of the signetories to the EA
Mulfilateral Agresment for the recognition of calibration cerificates

SGS-TW (Auden)

|CALIBRATION CERTIFICATE
|

ot

Accreditation No.: SCS 0108

Cliemt

Certificate Ho: D2450V2-727 Apri6

D2450V2 - SN:727

QA CAL-05.vE
Calibration procedure for dipole validation kits above 700 MHz

Calibretion procadura(s)

Calinration date: April 18, 2016

Thics calibalion geriicale documents the rreceability 1o natonal etandends, which realize the physical units of measuweaments (51
Tre messurements and tha uncertainlies wilth coidence probability e giveds o 1he 10llowing pages and ade part of ihe cetificals
All calsmtions lave beon condsctad in the doaed lebortory faclliby: enyironmant temparature {22 = 3)°C and fuomadity < 70,

Calibmtion Equiprmant used (MBTE cifics for calibrzlion)

Cafibiriod by

Approverd by:

Mames
Micheal Webar

Kitia Pookovic

Function
Labomtory Teahnican

Techncal Managsr

| Pritnary Standards D # Cal Date {Carfificata No.j Strfwrdied Calibralion
| Fower mater MAP Eh: 104778 05-Apr-16 (Mo, 217-I22BR02289) Apra7
Powar sengor NAP-Z51 SN 103244 O6-Apr-18 (Mo, 2717-02288) Apra7T
Power sensor NAP-Z91 BN: 109245 OB-Apr-16 (Mo, 217-012263) Apr-AT
Relarance 20 43 Atbenuatar SN BOGB [20k) 0o-Apr-16 (Mo, 217-02282) Apr-17
Typa-N mismatch combination Bh: G472 ( 06327 05-Apr-16 (Mo, 217-02285) Apr-17
Reterence Frobe EX30WA SN: 7348 H-Dipe-15 (Mo EX3-7348 Deois) [ec16
DAES BN BN A0-Dec-15 (Mo, DAE4-601_Decis) Dac-16
Secondary Standards o Oheck Date (in house) Gehodulod Cheex
Power malar EPM-44228 SN GEITIE0704 BT-D:I-.IE (Mo, 2 7-02203) i hesise chack: Oehiis
Prwi sensol HF BAE1A SM: USar2027e3 OF-Chet=15 (No. 217-02222) 11 hoase ehack: Oct-16
Power eansor HP B4814 SN, My41082317 OT-Oct-15 (Mo 217-02223) I howse chack: Oot-16
FIF genermator FES SMT-06 SN 100872 V& JUn-15 (0 house check Jin-15) Ir haEa check; Oot-16
Metwork Analyzar HP B753E SN, LIS37380585 V60801 (In howse check Oci-15) Ir house chack: De-16

Siynalue

Mliebes
A A~

Issued: Apal 20, 2016

This cafibralion coriicie shall fol be epoduced excapt o full wihout witten approval of e Rbomliey,

Carticata Ma. D2450W2-727_ApriG

Pagaiof B

k2 R EET T T -
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Calibration Laboratory of

] 5 Sehweizsriacher Kalinardienst
Schmid & Partner ¢ Servios suisse détaionnage
Engineering AG Seryizia sulzzero ot
Zoughaussimsse 43, BODY Zurich, Switzedand 5 Swiss Calibration Sarvics
Acsrediter oy the Swise Acciediation Ssrven (BAE) Ascreditation No.. SCS 0108

The Swiss Accreditalion Service is one ol he signalonies o lhe EA
Mulilaters Agreement lor the recognition of cellbration ceriflcalea

Glossary:

TSL tissue simulating liquid

CanvF sansitivity in TSL/ NORM =.y.z
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 5id 1528-2013, "IEEE Recommended Practice tor Determining the Peak Spatial-
Averaged Specific Absorption Ralte (SAR) in the Human Head fram Wireless
Communications Devices: Measurement Technigues", June 2043

b) IEC 62208-1, "Procadure lo measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity ta the ear (frequency range of 300 MHz to 3 GHz}",
February 2005

o) IEC 62208-2, "Progedure 1o determine the Specific Absorpiion Rate (SAR) for wireless
communication devices used n close proximity to the human body (frequeney range of 30
MHz to 6 GHz)". March 2010

d) KDE 865664, "SAR Measurement Requirements for 100 MHz lo & GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methads Applied and Interpretation of Parameters:

» Measurament Conditions: Further detfails are availabla from the Velidation Report at the end
al Ihe cenificale. All figures stated in the certiticate are valid at the frequency ndicated.

« Anterina Parameters with TSL: The dipole is mounted with the spacer to position its teed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis,

« Feed Poinl Impedance and Hetumn Loss: These parameters are measured with the dipole
positioned under the liquid fillad phantom, The impedance stated is transformed from the
measurement al lhe SMA connector to the feed point. The Retum Loss ensures low
reflected power. Mo uncertainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncerainty required.

+ SAR measured: SAR measured at the siated antenna input power,

+ SAA normalized: SAR as measurad, normalized to an input power of 1 W at the antenna
connector,

« SAR far nominal TSL parameters: The measured TSL parameters are used to caloulate the
nominal SAH result.

The reportad uncerlainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds fo a coverage
probability of approximately 85%.

Certificata No: D2460Y2-T27_ApriE Page 2af B
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DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 392 1 .80 mham
Measured Head TSL parameters {22.0£0.2) °C 40.0+6% 1.83 mho/m + 6 %
Head TSL temperature change during test < 0.5°C - -
SAR result with Head TSL
SAR averaged over 1 em? {1 g) of Head TSL Condition
SAR maasured 250 mW input power 12.8 Wikg
SAR for nominal Head TSL parameters normalized to 1W 51.0 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g} of Head TSL condition
SAR measured 250 mW input power 5.83 Wikg

SAR for norminal Head TSL paramaters

normalized to TW

23.7 Wikg = 16.5 % (k=2)

Body TSL parameters
The: follvwing parameters and calculations were applied.
Temperature Permittivity Conduectivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mha/m
Measured Body TSL parameters (22.0x0.2)°C 52T+ 6% 1.98 mho/m + 6 %
Body TSL temperature change during test <0.5°C anae =
SAR result with Body TSL
SAR averaged over 1 cm? (1 g} of Body TSL Candition
SAR measurad 250 mW input power 12.5 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

49,6 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g} of Body TSL condition
SAR measured 250 mW input power 5.86 Wikg
SAR for naminal Body TSL parameters nommalized to TW 23.3 Wikg = 16.5 % (k=2)

Cerificate Mo: D2450V2-T27_Apr16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impadance, transformed to feed point 5530 +20[0
Retumn Loss -25.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 21 0+4810
RAeturn Loss -25.9dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.148 n3

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid ceaxial cable, The center cenductor of the feeding line is directly connected to the
second arm of the dipole. The antanna s therefore short-circuited for DC-signals. On some of tha dipoles, small end caps
are added to the dipole amms in order to improwe matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. Tha SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

Mo excassive force must be applied to the dipole arms, because they might bend or the scldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 09, 2003
Cartificate No: D2450V2-T27_Apri6 Page d of 8
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DASY5 Validation Report for Head TSL

Dare: 19.04,201 6
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V 2: Serial: D2450V2 - SN: 727

Commumcation System; UID 0 - CW; Frequency: 2450 MHz

Medium parumelters used: = 2450 MHz; o= 1.83 S/m; &, = 40 p = 1000 kg/m®
Phantom section: Flat Section

Measurement Stundard: DASY S (IEEE/EC/ANSI C63.19-201 1)

DASYS52 Configuration:
= Probe; EX3DV4 - SNT349; ConvF(7.76, 7.76, 7.76): Calibrated: 31.12.2015-
«  Bensor-Surface: |.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 30.12.2015
«  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA, Serial: 1001
« DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan {7Tx7x7)/Cube 0):
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 1121 Vim; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 25.7 Wikg

SAR(] ) =12.8 Wikg; SAR(10 2) =593 W/ke

Maximum value of SAR (measured) = 20.8 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0 dB =20.8 W/kg = 13.18 dBW/kg

Certificate No: D2450Y2-727_ApriB Pane 5 of 8
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Impedance Measurement Plot for Head TSL
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STOF 2 656,588 8B6 MHz

Certificate No: D2450V2-T27_Apri6

Unless otherwise stated the results shown in this test report refer only to the sample
2 Ve R l*ﬁéf Erai i@%‘?ﬁﬂ?ﬁ;’/ﬁﬁh Fiffe [ﬁJEﬁL’*‘%ﬁ#I@ W?ﬁ'%‘« o iﬁéf T+

Page 6of 8

tested and such sample(s) are retained for 90 days only.
i ’ﬁl?iﬁ-l?ﬁ‘ > F‘ﬁﬂfﬁ’rﬁ@l °

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at



Report No. : E5/2016/80007
Issue Date : Sep. 23, 2016
Page: 54 of 55

DASYS Validation Report for Body TSL

Date: 19.04.2016
Test Luboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 2450 MHz: Type: D24350V2; Serial: D2450V2 - SN: 727

Communication System: UID 0 - CW, Frequency: 2430 MHz

Medium parameters used: f = 2450 MHz: o = .98 S/m; £ = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

Meusurement Standard: DASY S (IEEE/EC/ANSL C63.19-2011)

DASYS2 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79. 7.79); Calibrated: 31.12.2015:
= Sensor-Surface: L4mm (Mechamcal Surface Detection)
»  Electionics: DAE4 Sn601; Calibrated; 30.12.2015
«  Phantom: Flat Phantom 5.0 (back); Type: QDOUPS0AA; Senial: 1002
« DASYS252.8.8(1258): SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 1050 V/m; Power Drifi = 0,04 B

Peak SAR (extrapolated) = 24.9 Wikg

SAR(L g) = 12.5 Wikg; SAR(10 g) = 5.86 Wikg

Masimum value of SAR (measured) = 20.2 Wikg

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =202 Wkg = 13,05 dBW/kg

Certilicate No: 02450V2-727_ApriE Paga 7ol 8
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Impedance Measurement Plot for Body TSL
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- End of 1°! part of report -

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
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