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The following samples were submitted and identified on behalf of the client as:
Equipment Under Test GPS Navigation System
Brand Name TomTom
Model No. 4BA63
Company Name TomTom International B.V.
Company Address De Ruijterkade 154, 1011 AC Amsterdam, 1011 AC, The
Netherlands
Standards IEEE/ANSI C95.1-1992, IEEE 1528-2013,

KDB248227D01v02r02,KDB865664D01v01r04,
KDB865664D02v01r02,KDB447498D01v06,

KDB941225D07v01r02,
FCCID S4L4BA63
Date of Receipt Jan. 15,2018
Date of Test(s) Jan. 26, 2018
Date of Issue Feb. 13,2018
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
Clerk / Ruby Ou Engineer / Jimmy Chang | Asst. Manager / John Yeh
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Date: Feb. 13, 2018

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 Fﬁﬁ,ﬁ%‘l['E'%‘Tiliﬂiti/fifﬁpﬁ“@ ’ [ﬁJEﬁl%iﬁ#@W?@O‘« ° ¢ﬂ§ﬁ7{~%’:§ £ pl?{yﬂ?ﬁ‘ > T\P‘ﬁﬂi}} 7
This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at 000 @MOIOMO0 ODM 00000O00COMDOOMO and, for electronic format

documents, subject to Terms and Conditions for Electronic Documents at 000 @O0MO0 OO0 0000000 D000 O Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined
therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and within the limits of Client’s instructions, if any. The
Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot

be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be
prosecuted to the fullest extent of the law.

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/37# # 7 % % 37+ A £ Fl % 7 1 §& 134 5%
s BRBRPERGF P | 1(886R2) 2299 B279 f (886 2) 2298 0488 www.tw.sgs.com
Member of SGS Group



SGES

Report No. : E5/2018/10031
Issue Date : Feb. 08, 2018

Page :

Revision History

2 of 54

Report Number

Revision

Description

Issue Date

E5/2018/10031

Rev.00

Initial creation of document

Feb. 13, 2018

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.

PIERSE T

documents, subject to Terms and Conditions for Electronic Documents at 000 @O0MO0 OO0 0000000 D000 O Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined
therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and within the limits of Client’s instructions, if any. The
Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot
be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be

prosecuted to the fullest extent of the law.

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/37# # 7 % % 37+ A £ Fl % 7 1 §& 134 5%

i IERIERY Bl FI 7 - IR B RFIO0 « 4 HF 435 4 2 I P+ T G et -
This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at 000 @MOIOMO0 ODM 00000O00COMDOOMO and, for electronic format

SHMSRARELGF LR P | 1(886R) 2299 B279

f (886 @) 2298 D488 www.tw.sgs.com
Member of SGS Group




Report No. : E5/2018/10031
Issue Date : Feb. 08, 2018
— S e P Page: 3 of 54

Contents

1. General Information........ccceiirccccci e S
1.1 TeStiNG LaDOratOrY ... .. ..o e e 4
1.2 Details Of APPLICANT. ..o e e e e e e e saneee s 4
1.3 DeSCription Of EUT ..ot e s re e s 5

LI L= A = YT o 1= o | PP 8
1.5 Operation DESCHIPLION ...t et e e e s 8
1.6 The SAR Measurement SYSEM ... ..o 11
1.7 SYStemM COMPONENTS ....ceiiiiiiiie et e e e e e e e e e 13
1.8 SAR System VerifiCation .........ooo e 15
1.9 Tissue Simulant Fluid for the Frequency Band ... 16
1.10 Evaluation ProCEAUIES ........cooiiiiiii it 17
1.11 Probe Calibration ProCeAUIES ........cooiiiiiiiiiiie e 18

1.12 Test StaNdardS and LimitS ....o.. oo e e e e e e e enaeees 21
2. Summary of RESUIS ....cccciieie e 2O

3. INSTrUMENtS LiSt ...cceeeeiciiiiieeciss s s e s e nmm e 24
T (LT LU= 4= g ..
5. SAR System Performance Verification ... 28

6. DAE & Probe Calibration Certificate ........cccccoiiiniiicismmnnnsseeenneeeeeeenn 29
7. Uncertainty BUudget........o e 45
8. Phantom DeScCriptioN.........ccuuiiiiimmmmmmnriinnnsssssssssss s ssssssssssssssssssssssssssssssssssssssessssssssssss 40
9. System Validation from Original Equipment Supplier........ccccccorvmmrriiniiniissnmnnnnnnns 47

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 Uiﬂéﬁﬁ%’ [EEapiEing ﬁ;ﬁ’;’y Fif [ﬁJEﬁl’*‘fifﬁ#@ W?@O‘« . ¢ﬁ;ﬁ7ﬁ Faw N FJ?[FI?’P‘ s 7\@’\*5[('}; Wizl -
This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at 000 @MOIOMO0 ODM 00000O00COMDOOMO and, for electronic format

documents, subject to Terms and Conditions for Electronic Documents at 000 @O0MO0 OO0 0000000 D000 O Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined
therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and within the limits of Client’s instructions, if any. The
Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot
be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be
prosecuted to the fullest extent of the law.

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/37# # 7 % % 37+ A £ Fl % 7 1 §& 134 5%
s BRBRPERGF P | 1(886R2) 2299 B279 f (886 2) 2298 0488 www.tw.sgs.com
Member of SGS Group



Report No. : E5/2018/10031
Issue Date : Feb. 08, 2018
e LI Page: 4 of 54

1. General Information

1.1 Testing Laboratory

SGS Taiwan Ltd. Electronics & Communication Laboratory

No. 2, Keji 1st Rd., Guishan Township, Taoyuan County, 33383, 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.

De Ruijterkade 154, 1011 AC Amsterdam, 1011 AC, The
Company Address

Netherlands
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1.3 Description of EUT

Equipment Under Test (GPS Navigation System

Brand Name TomTom
Model No. ABA53

FCCID S4L4BA63

Antenna Designation
(Maximum Gain)

2.45GHz: 0.85 (dBi)

DJIWLANS02.11 b/g/n(20M)
XBluetooth

WLANS02.11 b/g/n(20M) 1

Mode of Operation

Duty Cycle
Bluetooth 1

TX Frequency Range |WLANB802.11 b/g/n(20M) 2412 — 2462
(MH2) Bluetooth 2402 — 2480

Channel Number WLAN802.11 b/g/n(20M) 1 = 11
(ARFCN) Bluetooth o — 78

Max. SAR (1 g) (Unit: W/Kg)
Band Measured | Reported | Channel Position
WLANS802.11b 0.18 0.21 6 Curve side
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Average conducted output
szl s Max. Rated Avg. power (dBm)
Power + Max. Data Rate (Mbps
cH | Frequency | 4o ance (dBm) el
(MHz) 1
1 2412 14 12.81
6 2437 14 13.35
11 2462 14 13.28
Average conducted output
802.11g Max. Rated Avg. power (dBm)
Power + Max. Data Rate (Mbps
cH | Frequency | roiorance (dBm) (e
(MHz) 6
1 2412 11 9.90
6 2437 11 10.23
11 2462 11 10.21
Average conducted output
802.11 n(20M) Max. Rated Avg. power (dBm)
Power + Max. Data Rate (Mbps
cH | Freauency | roorance (dBm) (HoPpe)
(MHz) 6.5
1 2412 9.50 8.30
6 2437 9.50 8.70
11 2462 9.50 8.92
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Bluetooth conducted power table:

Max. Rated Avg.
Frequency | Data Power + Max. Avg.

{ulnz) A Tolerance (dBm) dBm mW

2402 1 0.5 -0.37 0.918
2441 1 0.5 -0.35 0.923
2480 1 0.5 -0.45 0.902
2402 2 0.5 -1.85 0.653
2441 2 0.5 -1.82 0.658
2480 2 0.5 -1.91 0.644
2402 3 0.5 -1.82 0.658
2441 3 0.5 -1.80 0.661
2480 3 0.5 -1.94 0.640

Max. Rated Avg. Avg.

Frequency (MHz) Power + Max. BT4.0
Tolerance (dBm) 4Bm W

2402 -1.5 0.48 1.117
2442 -1.5 0.39 1.094
2480 -1.5 0.19 1.045
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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.
Front/back/curve/left sides_5mm
Back/curve sides_0mm

Note:
802.11b DSSS SAR Test Requirements:

1. SAR is 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(===2))(mW),

(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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all surfaces
Mode Maximum power | Maximum power Test. . Require
(dBm) (mW) separation| Exclusion
) SAR
distance | threshold .
testing?
(mm)
BT 0.5 0.122 5 0.353 No

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 =2 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).

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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1.6 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.
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Fig. a The block diagram of SAR system
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10.
11.
12.
13.

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.
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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 pyW/g to > 100 mW/g

Range Linearity: £ 0.2 dB (noise: typically < 1 uyW/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
Thickness

2+0.2mm

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.

Fd ¥
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A, S iy -’\\ 3D Probe positioner
|/ s 'lI \
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. Flat phantom

] S =
h S 4 S W
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Fig. b The block diagram of system verification
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Measured
Validation Frequency (0 LT3R | 1R SAR-1g Deviation Measured
. SIN SAR-1g SAR-1g .
Kit (MHz) Wi Wi normalized to (%) Date
(mWig) | (MWIB) | S\ (mwig)
D2450vV2 | 727 | 2450 | Body 50.6 12.9 51.6 1.98% | Jan. 26,2018

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)

Target Measured
. Measured | . . Target ) : Measured
Tissue | Measurement Dielectric o Dielectric e
Frequency Conductivity, Conductivity, | % dev er | % dev o
Type Date Constant, Constant,
(MHz) er o (S/m) er o (S/m)
2412 52.751 1.914 52.953 1.952 -0.38% | -2.00%
Body | Jan. 26, 2018 2437 52.717 1.938 52.842 1.983 -0.24% | -2.34%
2450 52.700 1.950 52.778 1.999 -0.15% | -2.51%
2462 52.685 1.967 52.732 2.019 -0.09% | -2.64%
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(Kg)

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.

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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The measured volume of 30x30x30mm contains about 30g 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.

sAar= 2 |E[ 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.
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® The accuracy of the calculated field strength will depend on the
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.
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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
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.)

Uncontrolled ,
Human Exposure Environment Controlled Environment
: Occupational
General Population
Spatl?:;:;ﬁ;( SAR 1.60 Wkg 8.00 Wikg
Spatial Average SAR
P (Whole Bgdy) 0.08 Wikg 0.40 W/kg
Spatial Peak SAR
(Hands/Feet/Ankle/Wrist) 4.00 Wikg 20.00 W/kg

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 Fre Max. Rated Avg. | Measured Averaged SAR over 19 Plot
Mode Position () CH (MHZ.) Power + Max. | Avg. Power | Scaling (W/kg) i
Tolerance (dBm) (dBm) Measured | Reported
Front side 5 6 2437 14 13.35 16.14% 0.006 0.007 -
Back side 0 6 2437 14 13.35 16.14% 0.052 0.060 25
Back side 5 6 2437 14 13.35 16.14% 0.019 0.022 -
WLAN802.11b
Curve side 0 6 2437 14 13.35 16.14% 0.180 0.209 26
Curve side 5 6 2437 14 13.35 16.14% 0.038 0.044 27
Left side 5 6 2437 14 13.35 16.14% 0.003 0.004 -
Note:
r a=Fut.
rcperted ZAR _ Piimi%) = :I.E[I? o ;I'.‘IJ!I:H;:'

Scaling = g TR ~ ]
Reported SAR = measured SAR * (scaling)
Where P2 is maximum specified power, P1 is measured conducted power
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Manufacturer Device Type |Serial number Datg of _Iast Dat_e of ’.‘e"‘
calibration | calibration
Slggp:rllir& Dosimetric
Engi : E-Field EX3DV4 7351 Dec.21,2017| Dec.20,2018
ngineering Probe
AG
Schmid & System
EP?””e.r Validation | D2450V2 727 Apr.21,2017| Apr.20,2018
ngineering Dipole
AG
Schmid & Data
Partner o
. . acquisition DAE4 547 Mar.22,2017| Mar.21,2018
Engineering Electronics
AG
Schmid &
Partner Software DASY 52 N/A Calibration |Calibration not
Engineering V52.8.8 not required | required
AG
Schmid &
Partner Phantom SAM N/A Calibration |Calibration not
Engineering not required | required
AG
Agilent '/;'ne;‘l’;cz’;kr E5071C | MY46315263 |Sep.08,2017| Sep.07,2018
Agilent Dlelectrlp 85070E | MY44300677 Callbrat_lon Callbrat_lon not
Probe Kit not required| required
Agilent Dual-directionall 772D [MY52180142 |Apr.13,2017| Apr.12,2018
coupler 778D |MY52180302|Apr.13,2017| Apr.12,2018
Agilent cF;ani?art];lr N5181A |MY50144143|Mar.01,2017| Feb.28,2018
Agilent Power Meter | E4417A |MY52240003 [Dec.21,2017| Dec.20,2018
MY52200003 |Dec.21,2017| Dec.20,2018
Agilent Power Sensor | E9301H
MY52200004 |Dec.21,2017| Dec.20,2018
Digital
TECPEL thermometer DTM-303A| TP130075 |Mar.09,2017| Mar.08,2018
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4. Measurements

Date: 2018/1/26
WLAN802.11b_Body Back side_ CH 6_0mm
Communication System: WLAN(2.45QG); Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2437 MHz; o = 1.983 S/m; & = 52.842; p = 1000 kg/m?
Phantom section: Flat Section
Ambient temperature: 22.1°C; Liquid temperature: 21.8°C

DASY5 Configuration:
o Probe: EX3DV4 - SN7351; ConvF(7.82, 7.82, 7.82); Calibrated: 2017/12/21;
« Sensor-Surface: 2mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn547; Calibrated: 2017/3/22
« Phantom: Body
o DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)

Configuration/Body/Area Scan (121x171x1): Interpolated grid: dx=12 mm, dy=12
mm
Maximum value of SAR (interpolated) = 0.0755 W/kg

Configuration/Body/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm
Reference Value = 1.962 V/m; Power Drift = 0.16 dB
Peak SAR (extrapolated) = 0.0970 W/kg
SAR(1 g) = 0.052 W/kg; SAR(10 g) = 0.027 W/kg
Maximum value of SAR (measured) = 0.0735 W/kg
dB

-10.00
-20.00

-30.00

-40.00

-h0.00

0 dB = 0.0735 W/kg = -11.34 dBW/kg
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Date: 2018/1/26
WLAN802.11b_Body Curve side_ CH 6_0mm
Communication System: WLAN(2.45G); Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2437 MHz; o = 1.983 S/m; & = 52.842; p = 1000 kg/m?3
Phantom section: Flat Section

Ambient temperature: 22.1°C; Liquid temperature: 21.8°C

DASY5 Configuration:
o Probe: EX3DV4 - SN7351; ConvF(7.82, 7.82, 7.82); Calibrated: 2017/12/21;
« Sensor-Surface: 2mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn547; Calibrated: 2017/3/22
« Phantom: Body
o DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)
Configuration/Body/Area Scan (121x171x1): Interpolated grid: dx=12 mm, dy=12
mm
Maximum value of SAR (interpolated) = 0.336 W/kg

Configuration/Body/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,

dy=5mm, dz=5mm

Reference Value = 0.5360 V/m; Power Drift = 0.15 dB

Peak SAR (extrapolated) = 0.443 W/kg

SAR(1 g) = 0.180 W/kg; SAR(10 g) = 0.071 W/kg

Maximum value of SAR (measured) = 0.306 W/kg
dB

-10.00

-20.00

-30.00

-40.00

-h0.00

0 dB = 0.306 W/kg = -5.15 dBW/kg
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Date: 2018/1/26
WLAN 802.11b_Body_ Curve side_CH 6_5mm
Communication System: WLAN(2.45G); Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2437 MHz; o = 1.983 S/m; & = 52.842; p = 1000 kg/m?
Phantom section: Flat Section
Ambient temperature: 22.1°C; Liquid temperature: 21.8°C

DASY5 Configuration:
o Probe: EX3DV4 - SN7351; ConvF(7.82, 7.82, 7.82); Calibrated: 2017/12/21;
« Sensor-Surface: 2mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn547; Calibrated: 2017/3/22
« Phantom: Body
« DASY52 52.8.8(1258); SEMCAD X 14.6.10(7373)
Configuration/Body/Area Scan (111x161x1): Interpolated grid: dx=12 mm, dy=12
mm
Maximum value of SAR (interpolated) = 0.0564 W/kg

Configuration/Body/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,

dy=5mm, dz=5mm

Reference Value = 1.054 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 0.0720 W/kg

SAR(1 g) = 0.038 W/kg; SAR(10 g) = 0.020 W/kg

Maximum value of SAR (measured) = 0.0546 W/kg
dB

-4.5h2

-9.03

-13.55

-18.06

-22.5h8

0 dB = 0.0546 W/kg = -12.62 dBW/kg
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5. SAR System Performance Verification

Date: 2018/1/26
Dipole 2450 MHz_SN:727
Communication System: CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.999 S/m; & = 52.778; p = 1000 kg/m?3
Phantom section: Flat Section
Ambient temperature: 22.1°C; Liquid temperature: 21.8°C

DASY5 Configuration:

o Probe: EX3DV4 - SN7351; ConvF(7.82, 7.82, 7.82); Calibrated: 2017/12/21;

« Sensor-Surface: 2mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn547; Calibrated: 2017/3/22

« 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) = 20.6 W/kg

Configuration/Pin=250mW/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm
Reference Value = 101.0 V/m; Power Drift = -0.02 dB
Peak SAR (extrapolated) = 26.6 W/kg
SAR(1 g) =12.9 W/kg; SAR(10 g) = 5.93 W/kg
Maximum value of SAR (measured) = 19.6 W/kg
dB

-4.44
-8.68

-13.32

-17.76

-22.20

0dB =19.6 W/kg = 12.93 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.
2 Ve R lF%ﬁﬁ%‘J@%ﬂU%i/%ﬁp Fif [ﬁJEﬁLﬂiﬁ#w@ Hﬂ?ﬁ’%‘« ° iﬁ#f&%’@i? ﬁl?;ﬁ'l?ﬁ' > Fl'ﬁﬂiﬁ’ff?@ °

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at 000 @MOIOMO0 ODM 00000O00COMDOOMO and, for electronic format

documents, subject to Terms and Conditions for Electronic Documents at 000 @DO0MO0 ODM 00000000 O0ODM O Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined
therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and within the limits of Client’s instructions, if any. The
Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot
be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be
prosecuted to the fullest extent of the law.

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/#74* % 7 "% % #74* & £ Bl % 7 1 §& 134 55
s BRBRPERGF P | 1(886R2) 2299 B279 f (886 ) 2298 0488 www.tw.sgs.com
Member of SGS Group



Report No.
Issue Date
Page : 29

6. DAE & Probe Calibration Certificate
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CALIBRATION CERTIFICATE

Diaset DAE4 - 50000 D04 BM - 5M: 547
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MuMilnisral fig fiar fiie ruecgrition of caitratmon crrtificates
Glossary
DAE data acquisition electronics

Comnector angls  informeation used In DASY systam v align probe sensor X to the rebot
coordinate system

Mathods Applied and Interpretation of Parameters
o DT Voltage Measurement Cabbration Factor assessed lor Liss in JASY system by
comparizon wilh a calibrated instrument traceable o national standards. The figure given
corrasponds to the il scale range of the volimater in the respective rangs,

» Connactor angie! The angle of the connector is assessed measunng the andle
mechanizally by & lool inserted Uncertainty is nof required

»  The lollowing parametars as dacumented n the Appendix contain technical informalion as &
regult fram the performance test and require no uncanainty.

v DC Vaoltage Measuramant Linsarity! Vernfication of the Linearity at +10% and -10% of
tha nomingl calizration yoltage, Influsnce of oftset voltags is included in this
maasurement.

= Comman mods sensitivity: Influence of a positive or negative common mode voliage on
the difterertial messuramant.

o Channe! separation: Influence of a voltage on the neighber channels not subjest © an
nput voltage

= AD Cevwerter Vajues with inputs shortad! Values on fhe intemal AD converier
correspandimg to zero inpul voltege

» lnpul Ofiser Measuiement: Cutput voltage and stabistical results over & large number of
zarm voltage measurements,

s Input Ofset Currart, Typecal value fod infomnation, Maximum channegl inpul offset
cument, not considenng e inpu resisiance.

s [nput resistance; Typical valuz for inlormation: DAE (nput fresistance at the cannectaor,
during intemal auio-zeroing and during measurement

= Low Satfeny Alarm Voltage: Typlcal value for information. Balow this voltago, a battery
alarm signal s genefated.

«  Power consumption: Typical value for information. Supply currents in vanous operating
mooes.
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DC Voltage Measurement
A - Converine Rasolutian ol

High Frangs 1L38 = I TR Full range = =100, 4300 mY
L Hanpe. 1LEE = ainl | full parign = (1
DASY maasdrement pErameatars: Auto Zers Time: 3 sed; M&aguing v, 3 se
| Calibration Factors X v z
| High Hange 403,188 £ 002% (k=2) | 403,083 & DL02% [k=2] | #02.739 £ 0.02% (k=2)
i Low Range 3,35348 & 1 50% (K=2) | 390456 1 1300 [k=2) | 3.96243 £ 1.50% (k=2)

Conneclor Angle

| Connector Angle to be used n DASY sysiam Hoted®

Oenficaks Mo: DOEd-547_MerT Fegedal s
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

| High Range T Reading {u¥) | Difference uV) Error (%)
Channal X & Input AO0051 23 0,58 0.00
Channel ¥ + lmput 2000548 20 (1]
ﬂ:ﬂ-l:ﬂl-i - Input ~20000.57 | 4 )
ChannelY o Input A0 B0 403 0.0 ]
Ghanmal ¥ + Inpur P00 30 -3.03 L.op
Channel ¥ - briplii 20007.73 A8 1o
Chamnael ¥ = inpar 200030 21 - 98 | — 0,480
Channel £ + Iriput 74 HH03.35 024 i
Clinnne! T - Input FO00S. 14 0.8 0.0
Law Rarngs . ; -.Fl-ﬂh:iihg LA | mifierenze ALY Ermor (%)
Channe| X + It 200002 4 140
Channel X + |nepeiat 204,14 0.36 ) 018
Channel®  lngat | 20018 .00 100
Channal ¥ + Il 2000160 008 oo
Channel ¥ + Imput 189.43 .40 Rl |
Chanmal ¥ - Input YT 0.0 0.5 |
Charnnal £ = lipik 200018 i} 3. ]
Channal £ = Input 19062 1.00 05
Channel I - bt =201.468 137 4] 2t

2. Common mode sensitivity

OAEY mani paramatars. Ao Faro Time: 3 soop Manzuring Hme: 3 ac
| Gammon mode High Range Law Range
| It Woltage fmy) Avernge Reading (i) Average Reding (V]
| Channal ¥ 200 =02 -5.00 |
' — -200 £ 0 50 ’
Chapnal Y 200 -ILET -1.21
a0 aT 241
Eh-ml:l- Z 200 sS4 .83 |
[ -200 -167 -d.12 :

3. Chennel separation
OASY reaaursnsnl pramelers. Aulo 2ena Time 3 eec; Measuring lime 3 sea

Inpiil Wollage (my) fhannal ¥ (V) | Chamnal ¥ {jaV) Channal 2 (uV)
Chanmal & 4N | 2,85 -ana
Chanmed ¥ 200 10056 A.60
Chinnnel Z 200 456 | 755 -
Coriilici= e, DACE-54T_Mari7 Fegpd o 04 &
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4. AD-Converter Values with inputs shortecd

Report No.
Issue Date
Page : 33

DAY measuramen paramaters: 4uio Zero Time! 3 sec; Measdring ine: 3 sec

| High Range (LS8 Low Range (LS8}
Chasrmiel X 16354 16354
Chamnel ¥ 16476 1R 1
Channel Z 16077 16466
§. Input Offset Measurement
ASY meesuraman paremsieis: Auld Jerd Time: 3 e Measiging me: 3 sac
il O
| Aversge (LW} | min. Oest (V) | mae. Ofset V) EIG'LT“"
Channal ¥ | .59 4. 0.26  am
Channel ¥ | .44 245 0.21 03
Channsl £ A i 231 .62 0.3

m

Input Offset Current

Moininal Input cirourtry' oltsel cevent an &ll canneis: <2860

7. Input Resistance (Typical valucs for informetion)
Zerofng (kOhm) Measuring [MODhm)
Channel K 200 200
Channel ¥ 200 200
Channel Z 200 200

: E5/2018/10031
: Feb. 08, 2018
of 54

8. Low Battery Alarm Vollage (Typcal values for infeamalion)
| Typloal values Alarm Level (VDC)
Bupply |+ Vool =78
Supply (- Yoo} -7.8

9. Power Consumplion (Typical valuss lo inomation
Typizal values Switched oft (mA) | Stand by (mA) Transmitting (mA}
Supply [+ Viox) 0.0 ] +14
Supply (- Yee) 0,01 E )

Cartificata Mo DAES-EAT_Mari7 Faga Sl 5
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Calibration Laboratory of A, P — -
Schrmid & Partner S (TR Sceamsisiomge
Engineering AG = Skrileia svizzen o tambun
Zrughaussirasss 43, BG4 Zarich, Seesariand "'g’f':'\'i;‘_w WIS B Calbeiinn Serice
L S

Abci e by Hie SUALS Accresilainn Saice |5AS) accreditation et SCS 0108
The Swite Aocreditation Serace is one of £ho sigiaoes 10 B EA

Msilateral 4 for the rapogsition ef calibmiion cerificama

Cient  Auden Ewnilficrm ha: EX3-T351_DeciT
[CALIBRATION CERTIFICATE |

(m EX30V4 - 5N:Ta51

kit proseinegs| QA CAL-D1.v8, QA CAL-14w, DA CAL-25 v5, OA CAL-25.v6

Calibration procedure for dosimetric E-fed probes
Cabfifula dup December 2, 2047

Tl ol Evadinn corifiaty doginvcks Wi iracssoity (o nahosal siasdands, which reals hy phsaes unts of massuremenin (31,
P mbssuanets @rd |ls anoesomies wath oomtoanos rokebig: me g o Tie iniliosng pages aed are ped of the ceviicse

A b il irtalor Feye e condoded in the closes [Rborsinry Ry prvennoent [emperahe (72 £ 3G and Nemig)y < Tk

Cabibraticn Epafimend uss [WETE crical lorcsiimlion)

Preery Sandns [in | Gal Sate |Cerihoans N Enietiled Tzl i |
Enwer mulee HEP _| BN 17T | Daher-TF (Mo, TSN | ApriE

Fuwer sensor MAP-Z91 SH TIEral § DA77 fHo. 27-23581] Apt-1E
| Py sersor AP Za1. SN, 1E0gag | 0a-Aee oy ihn 21722025 dgr- 18 — 1
Hal 24 df Shsrumin: SN SE3TT (20w} UT-fex- 11 dba, @ 1000008 1E

algrnos Frobe S350 T | 31-Cuc 16 s EES2073. Dectél | Dactt

DKEE = | EM! A4 | 28 Jl-AT M. DAES.BEA. JurtT| AlE

| |

Swrcondary Stardanss i . | etk Diati [in fcus) Srfectuled Chet ]
Powe meser £44158 ' SH. OB41293574 | i-Ar- 18 {m houss chack un-#6| | hesse chack, hin8

Fromi e Tdd 124 =3 Ghi; W dsEnET ! [5- i 15 Lin houss chack sm- | | tn Pouss check Jun-14

P san e S44124 LN i - | DE-Apr 15 (i oisa chisck Ain-Hi} I Boises chech 18
| B geneminr HF BGABC | SN LISIR4FLET 0 | 1M-ug-54 {m fewse cheok m-16) I hicwiss checke Jun-18

fhdlwnnk Asalpam b8 ITOE _|_:!_!4 Lisaraacesn NCwid | e R SRR -7 Il REUSE ERBEE Lm-18 |

Hamea Fumatin Ergnaiune
Cwithrmad by e Wastimi Lbtratiry Techpicer [} E’

pprosmtl by S Pokovic Theral b siageds m
-

ammr December 11, B014

T ol ol cow | fical @ sliel ol be spndeced secep in ludl withoul wimer aponsal o inn Bhoee

Sertifimnin N Ex3.T387_Boct 7 Page el 11
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Callbration Laboratory of = =, § Schwnimnscher Kasanerienst

Sd"ml_d & Partnar ki i ¢ SericoSisse detsionnnge
Engineering AG gt A | Sarsizia sviEzers & Wralun

Zmwghaussirnsse 43, 004 Zurich; Swimrana B e ) B maes O lhatiat Saica

Ailih e

Archiaried y o Swacs Ancridiliion Seneal SAS) Aocreditsion Ho.: SCS 0108

The Swiss Acrestniinn Sordon is ono oF e djghsiones b the L

Mszilasoni| Mgrasmoet tor B mecogriaen of calibralion ceriificaes

Glossary:

TEL Hsacier serlating lipuid

MeOIR M v sensilivity in fres spece

ConvF sensifivity (1 TEL /| NORM.y z

BEP dinge comprassaon palil

CF arest factor |1/ddtly_cycle) of the RF sgoml

ARG D mocidlation dapandan linssization parmmalers

PrkiitEafion o in ridalion sround probe seis

Palanzation 4 B rofation arnund Bn sais Ml is e ihe plana nommal la pribe axie (81 messurensal caniEr

e, W w0 oo o probss axes
CennectarAnghs miormation used If DASY sysiem lo afign prbe sensor ¥ kg the rbed coandnale syshem

Calibration is Parformad According to the Follawing Standards:

@) |EEE 513 1528-2013, “IEEE Recommandad Practos far Dalermining the Pask Spatial-Avesaged Speciic
Abzorption Rate (SAR] n fhw Human Maad from Wirstass: Commuications Devices: Mogsursment
Techngues®, June 2013

b IEC A2208-1, ~, "Medsdfemen pron:tisn lar he assessmenl of Spectic Absorplion Fate [SAR | (e bl
held and body-mountad davices used nexl o the ear (frequency ranga of 200 Mz o & GHz)", July 2018

o IEC 230402, "Procadirs (o daterming e Specilic Absoplon Rats [SAR] far wireless commumeslion thvwoes
used wn glpei prexhnity (0 the humen body (regiancy range of 20 Mz o 8 GHz)?, March 7070

df KDE BS5E64  "BAR Mersuterient Raguirermants fof 100 MHE o & GHE

Mathods Applied and Interpretation of Parameters:

¥ NORMs, 2 Assessed for S-fislid palanzation & = 0 (1 < 500 WMk 5 TEM<all; = 1800 Mz REZ wavaguide)
RORMY 2 sna only (mermiediats valuas, e, 1he uncersnties of MORMK. v. = thees not affect tha E-fial
uncartainty insidz TSL (see beliss Gaavr)

v NOFEMTS 2w NORMy 7 " frequancy’_response (see Frequency Fesponsn Charl) This Insartzahon is
implamentad in DASY4 safiware vorsions iatar ihan 4.2, The unteralily of (e Feguency response |5 nched
in the staten uncerainty ol Carwe

& OGP p 2 DCF ani sumiencs| ineanzelion parameiars sséesserd based on e dals o power saeep wilt Sl
signal [no uncertaliy megquired ). DCP doas nat depand on freguency nor medin

= FAR PAR 15 Ihe Peak to Average Rano Ihal is ol cabrited bl disienmine) based on the signst
chamaoerstics

A YE BR e CrYz DXz WRK AL A B G Dame numercal linsanzabon paramalers assessad based on
the data of pewer sweed for sgecific modulation signa), The pammstess do not depond o0 reguency no
metsd VY is the maxmam calibration range exp d in FM3 voltage acress \he disde,

= Comvf and Boundary Effest Poramafécs Assessed in ial phaniom usng E-finid (or Tempembime Transies
Standard far ¥+ 300 MHz} and insda wevegulde using arabdical fald diglenubons bl on gewer
mBEsuremants far { = 800 Mtz The sama setups are userd for assessmant of the paramatsrs soplie for
baundary compansalion (alphs, depin) of which typcsl drsedanty vaues ame given  These parsmselers are
ed in DAZYS software i improve pidbe acewacy ciase fo lhe boundary, The sensdivity 5 TEL somesgonds
ta MORLE:y # * ConuF whinraby (he unperisinty comespands W0 it avien Tor Core® A Feqiancy dependent
ﬁilmF-s used n OASY version 4.4 and higher which alows extending the waliany rom = 50 MH2 10 & 300

z

= Sphencal saropy (30 asdavon from sotoal) In e field ol [ow oredisils feaigad dsng @ Ml pleniom
empasid by d pelch antenno

= Sersor Dffsaf Tha sensor offsst correapends 10 M offedt of situal measureman canlar from e probe tip
(oo pyabe axis), Mo tolerance requined,

=« Coppector dngle: Theangle (s esgessad using e mfrmmaticn gained by dotarmiming the MR (no
Leeiarinandy Febiirmd)

Cerfitrots Ma: ER¥3.TIR. Goni 7 Pags ¥ aj 19
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EXIDWE « 5M:7351 December 21, 2017

Probe EX3DV4

SN:7351

Manufactured:  October 13, 2014
Calibrated: December 21, 2017

Calibrated for DASY/EASY Systems

[Mote: nan-compatible with DASY 2 system!|)

Ceriificale Moo EX3-7351_Deal17 Page 3af 11
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EXIDVd= Sh:F51 Dacermber 21, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7351

Basic Calibration Parameters

Senaor X Sensor ¥ Sensor £ Unic (k=2)
Horm 5gv.-'EWme“ 0.£7 .44 0.45 101 %
OCE (] o7 g 104.3 671
Modulation Calibration Parameters
T3 Communication Systam Mame T A B | © o VR Une™
AR AB Y dB m¥ ®=2) |
0 oW PR 00 | 1o | God | 1365 | 138 %
I | ¥ 0.0 00 1.0 1384 |
[z1 oo 00 | 10 ECE |

The reported uncertainty of measurement i stated as the standard uncertainty of measurement
mulhpllgap by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* Tha uncanainiies of Mom K.Y _Z do nol affect the E--Nald uncadainty inside TSL {s== Pages & and 6).
i il Endrication parsmstes UnceEddingy nok regured

Unoetainy & detansined usng e max. deviation o linear
held vk

pplying ar gishritution and is expressed for the: squane of e

Corificata Mo EX3-T351_Daoi 7 Page 4 of 11
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EXI0N4- 5M:7351 Decamber 21, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7351

Calibration Parameter Determined in Head Tissue Simulating Media

fimanz)® | n-rmrr:ﬁlli:;‘ @qua"rl:]‘ il GConvF X | ConvF Y | ConvF Z | Alpha" mn 1::';1
750 41.9 0.59 10.02 10,62 10,92 0.55 0.80 £120%
B35 415 0.0 1060 | 1060 | 1060 | 055 | 080 | =120%
GO0 41.5 0.97 10,31 1031 | 1091 0.40 0,96 £12.0%
1750 40.1 1.37 878 a8 | 7R 026 | 080 | #120%
1800 40,0 1.40 B.50 8.50 650 | 028 0.80 +12.0%
2000 40.0 140 | B 8.41 B4 0.30 080 +12.0%
2300 30.5 1.67 B3 8.03 B.03 0.31 0.84 +12.0%
2450 30.2 1.80 T.74 7.74 T4 034 0B5 +12.0%
2600 38.0 1.96 751 7.51 TH | 036 | 081 | +12.0%

| s200 38.0 486 549 5.49 5.4% 0.35 1.80 £131%
By | 3ss 478 515 5.18 515 .40 180 | £131%
B0 356 4.96 5.04 5.04 5.04 0.40 1.8 +13.1%
5600 /5 | 507 481 489 481 040 | 180 | +131%
5800 35.3 527 .80 4.80 4.80 0.40 1.80 £13.1%

= Frécpmncy vabdity abowe 300 MHz of £ 100 MHz only apples for DASY w4 s highar [ees Page 3|, o if s rosincied to 2 50 MHz The
uncamtsinty & the RS5 of the Cormf unceranty at cal bration frequency and he unoefainty For ihe indicated frequancy tand, Fequency waidity
below 300 MHz &5 £ 10, 25, 40, 50 amd 1) MHZ for ConvF assessments @ 20, 64, 128, 150 and 220 MHZ reapacialy, Aove S GHZ Insgquency
walidity can ba astanded i £ 110 MHz

© AL Trequancies below 3 GHz, the wabdity of issue paamesens (@ and o} can ba miaead 1o 2 0% # lguid compensaton famula & applied 10
megnred SAR vaues. A frequencies above 3 GHE, T walidily of (Biue persmelens (o and o) s rescied bo & 5% The unceriainty & the BSS of
the ComeF uncertanty for noicaled @gat ssue parameles

 AlpngDepth sre Setermined dwing miioration. SFEAG sarmnis that ha remaining deviation dus 12 he Boundery sfied after mpemseton s
abways ks Than £ 1% for bpgueencies below 3 GHz and below & 2% for requencies bebween 3-5 GHZ @1 any GiRANGS Largar than nal (he ok bp
diamadar from thi boendasy,
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EX3DW4- ST Decamber 21, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7351

Gg!ihrauun Parameter Determined in Body Tissue Simulating Media

|1 i £ pq“r;'-“.&“.‘i,- l ﬂm!:::;i,vh:- CorvFX | ComvFY | ConvFZ | Alpha® mu {ulfrgl

; TS0 35.5 0.96 10.81 ; 10.81 10.81 040 0.91 £12.0% ]

835 552 097 1039 | 1038 | 1039 | 047 | 087 | s1z0%

| a0 550 1.05 10.18 : 10,18 1218 0.48 0.85 =12.0 %

| 1750 534 1,49 B8 | 868 | 58 | 037 | o085 | £120%

| 1900 53.3 158 B.22 8.2 a.22 043 | 080 | =120% |

| 2000 53.3 1.52 BAD 8.40 8,40 D31 | 089 | 2120%
2300 528 1.81 T.a8 : 7.598 T.98 0.40 0.87 * 12,0 %

| 2450 527 198 TE? I TR T.82 037 | 088 | +120%

| 2600 525 2,16 % | 75 756 | 037 | 083 | :120%
5200 49.0 530 450 ' .60 4,860 0.40 1.90 £13.1%
5300 | 480 5.42 456 | 458 4,56 0.4 1.90 +13.1%
5500 488 5.65 4.09 o409 4.049 045 1,90 +13.1%
SH00 485 5.77 308 | 3o 3.98 D45 | 180 | #131%

L_5abd | 48.2 .00 4.21 431 4.1 D45 1.30 2131%

Frequancy’ validity aboreas 300 MHz of & 100 MHz only apphes for DASY w3 £ and highar (see Fage ), stis i s eericied 10 2 S0 MHz. Tre
wrerianty is the RSS of the ComE uncemainty &1 caibesfion frequency and the unoerai ity for the indicated Yequency band. Fragquency vakdin
Essborar 00 WIHZ b 2 10, 25, 40 50 and 7O MH2 Tor CowF aesastments &30, 64, 128, 150 and 220 MHz respecively. bove § GHz tequency
:uldtrcan o mdended bo £ 110 MHZ

Al requencies baiow 3 GHz, B validity ol Sesue parameters (c and =} @n be refased o + 10% if iquid compensation fonmula is agpled 1o
maasused SAR veles Al freguencies above 3 GHz, the widiy of 1Ssua pan jeande) @ 1o = 5%, The ¥ The ASE of
4 Comd™ uncersnty for indicated tanget lissue parameies

AiphaDepth ara detsmingd during calibraion. SPEAG wamants that the remaning desiation due o T boundany effec] aher COm peraaion ik
aways less than £ 1% for Iequencies balow 3 Gz and below 1 2% for frequencies tetween 3-6 GHz al any dsiance langer than haif the groba tp
dameler trom the boundary.
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EXIDA- 5N 7351 Blacambsr 29, 17

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)}

H
L
-,.4

o e et . S —

sEpanas (Hormalized

Srequency

1] 500 1000 1800 00 26500 300
[ [Miz]

& e

Uncertadnty of Freguency Response of E-field: £ 6.3% (k=2)
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EX3044- BN:Ta51 December 21, 247

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz.R22
- - - " [ ] L]
Ted n ¥ Z Tol n k) s

n
-

B r
=z I !
L o e e B g Mgl 4 e i T
g |
150 hn = 50 i 3 st 100 0
= Radl [
] |
'l'-TIH- l"{'ll- 1% .HH.' ‘-I'i."!ﬁ /]
Uncertainty of Axial lsolropy Assessmant: +0.58% (k=2)
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EXI0Y4— BN T3E Decambar 21, 2077

Dynamic Range f(SAR )
(TEM cell , Fupai= 1300 MHz)

i I i g 5
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i} 1 i
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- ]
il compensated e R NRATR
Uncartainty of Linearty Assessment 0.8% (k=2)
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EXIDVE— SH:T351 Decambar 21, AT

Conversion Factor Assessment

1= 835 MHz, WGLS Ri (H_canf) F= 1800 MHWGELS RED (H_conyf)

T v

Deviation from Isotropy in Liquid
Error (§, 3), f =900 MHz

~waursa

Laddd
oo mm R

-10 -0&8 -08 Ha <02 00 02 04 08 08 1.0

Uncartainty of Spherical Isolropy Assessment: £ 2.6% (k=2)
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EX3DNWd4- SM:-T351 Decambsar 21, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7351

Other Probe Parameters

[ Smﬁﬁ Trigngusar
Conneclor fnghs [°) I 356
Mechanical Surlace Detection Mode ~ mnabld

" Opfical Surface Dretecton Mode dsabled

" Probe Overall Length T 3T mm |
Probe Body Diameter 10 mm

Tio Lenpth & mm

T Diswmeeter 2.5 mm
Proba Tip o Sansor X Calbration Point 1 mm

[ Frobe Tip lo Sensar ¥ Calbration Point 1mm

[ Praobe Tip o Sansor £ Calibration Pain 1 mm

[ Recommendad Measurement DElance from Surace T 14 mm |

Caificale Mo EX3-T351_Deci? Pags 11 of 11
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7. Uncertainty Budget

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 Toleran_ce/ Probabilit Div Div Value |ci (19) ci (10g) Standarld Standarld vi, or Veff
Uncertainty y uncertainty Juncertainty
Measurement system
Probe calibration 6.00% N 1 1 1 1 6.00% 6.00% o
Isotropy , Axial 3.50% R V3 1.732 1 1 2.02% 2.02% oo
Isotropy, o o o
Hemispherical 9.60% R V3 1.732 1 1 5.54% 5.54% o
Modulation Response 2.40% R V3 1.732 1 1 1.40% 1.40% oo
Boundary Effect 1.00% R V3 1.732 1 1 0.58% 0.58% oo
Linearity 4.70% R V3 1.732 1 1 2.71% 2.71% oo
Detection Limits 1.00% R V3 1.732 1 1 0.58% 0.58% o
Readout Electronics 0.30% N 1 1 1 1 0.30% 0.30% oo
Response time 0.80% R V3 1.732 1 1 0.46% 0.46% oo
Integration Time 2.60% R V3 1.732 1 1 1.50% 1.50% oo
Measurement drift 1.75%| R /3 1.732 1 1 1.01% 1.01%| oo
(class A evaluat(qn)
E:i:emb'e”‘ condition - 3.00% R /3 1.732 1 1 1.73% 1.73%| oo
RF ambient conditions - 5 g5,/ R /3 1.732 1 1 1.73% 1.73%| o
reflections
Probe positioner 0.40%| R /3 1.732 1 1 0.23% 0.28%| o
Mechanical restrictions
Probe Positioning with 2.90%| R /3 1.732 1 1 1.67% 1.67%| oo
respect to phantom
Post-processing 1.00% R V3 1.732 1 1 0.58% 0.58% S
Max SAR Eval 1.00% R VA 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-1
Bi‘c’fr‘fa'i':]‘::,de' 3.60% N 1 1 1 1 3.60% 3.60%| M1
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 V'3 1.732 1 1 2.31% 2.31% oo
(Lr';‘:;d) permittivity 1.02% N 1 1 0.64 0.43 0.65% 0.44%| M
(Lr';‘:;d) Conductivity 1.05%| N 1 1 06 0.49 0.63% 051%| M
Combinled standard RSS 11.45% 11.43%
uncertainty
Expant uncertainty o o,
(95% confidence 22.91% 22.86%
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8. Phantom Description

Ecbmid & Parrwr Engnesrirg 403 E E E ﬂ E

Eeyglaursmason 41, BOCH Dech, Seatsedlany
Fracewn »41 1 245 9700, Fax 4] 1 3455775
Filuilupsasy com, FNESany Siamg cer

Certificate of Confarmity / First Article Inspection

e SAM Twn PHanom va.0
Type Mo Q0 0Do Pag ¢
Serigs Mo TP-1180 and h#—r
hanufacsiunes EFEAG
foughaupsirassa &3
CiH-A004 Zimich
SklEEdimnd
Tests

The Beflss productian DrocEss LhEd MGWE 8 LmEaiion 1o sl of Arsd arices.

Compiete lesls wers made on the pre-seqes Type Ho. G0 000 P40 AL, Berdal Mo, TP-1007 and an he
serins frst artcle Typa Mo, Q0 000 P40 BA, Seriai Mo, TP-10DS. Cartain paramators have besn miesied
using luriher ssrles Hema (el samplas) ar are tesied al sach llem,

Tast Raguirement Detalis Unis mested
Dimipnespsns Campliant with (hs gedmmisy T8 CAD Film (%) Firsl amticie,
16 ha CAD modsl g
| Warerial § 5% | Lompliant with e reguirements 2mm +- 0.2mm In fat irst anicli,
af ghell | mecsrding 165 the stardards and speciic s of Gamples.
f h TP-1314 H.
Watinal (NCANEEs | Gampiiant Wil e reqdirements Amm +- 0.2mim al ERF | Firstanicle, |
atERP apmarding 1o the standaids Al imms
Material Dinlecire parememrs for mouired 300 MHz - 8 GHz! Matmrial
pararelers fraquoncias Ralative parmitiivity < 3, | samples
Loag fangent = 0,05
Materai resisliaty | Tha matécial hos been =sied 1o ba DEGMBE based Pig-saries,
companbile wih the ligulds dedned in | Slmubaing ligulkds Flrat aiale,
I stendards (| hendied snd clnansd Milmnal
scoording to me insmaclions. sampiEs
(CGbserve ohnical Nabe Tor materia
compati e e
Saggmg ompliani with ihe regulrements < 154 typical < 0.8% i Pratabypes,
mecarding io e siandards flied wim 15%mm of Sample
I Sagping of tho st segtion whep filled | HEL#O0 and withaut 1makng
| wilh fissue simulatng Houkl OUT bdow
Stamdards

['] CEMELEC EN 50359

[2] |EEE 519 1538-2003

{3 IEC §2200 Pen |

[#] FGC OET Bulletin 65, Suppiemen C, Ediion 01-(1

(% Tha ITIS CAD s 18 dedived trom [3] and ts ales wilin B8 Wlerancs madguiiamants of 19 ahapss of
the other documants

Conlormity
Based on the sample tasts aboue, we cart#y mat this lam s In compliEnce witn the Encareniy
requramanis of SAR magauramants spaciied in standards [1] 1o [4]

Dty 07 07.2008 E D & B O

at Engl A3

Glgnaturs | Smmp ﬁr L e II‘TH

I T Epaig. 00, WnWeesrs apeeg 0am
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9. System Validation from Original Equipment Supplier

Callbration Laboratory of
Schmid & Partnar

Engineering AG
Taedgghiuaabnasss 43, BD04 Tisich, Swilcaiand

5 tsoher Kalibriand]

C Sarvice suwsme d'¢inlonnage
Servizio syizzeno of tarsiem

S swiss Calibraicn Servics

Accrediied by the Swies Accreditalion Servica [S885) Apcreditation No- SCS 0108
The Swiss Accredntan Service |5 ang of the signatcries to tha EA
Mubtilateral Agresment tor the recogrition of oallbratian cestificates

Cilent 5GS -TW (Auden) Cartificain Ho- D2450V2-727 Apri7
|CALIBRATION CERTIFICATE
[

Ciject D2450W2 - SN: 727

ol Ewal B (a0 s ) QA CAL-05 vl
Calibrabion procedure for dipole validation kits abowve 700 MHz

Callbrason date: Aphl 21, 217

| This calbealion Cercall doGuams T FaGsamIy 0 NN SEraas, wiNch g (e piwscsl o o messureans (51
Thes regm ramanis gred Fu orcerjgelos sin conlidancs probebiity are geean o ha nBosing pagas and s par of B osdlicnls

A1 cilbrations hake Seah condaied in thi oo whorion tealitg: smdronmsend Tempamiuns | 22 = 3T and humidity «© T0%E

Calibralian Equipment Lsed (MATE orticsl for caliimlian)

Prirmary Sramdais o Wl Dt ¢Canilhale Ric.) Echaduled Caldaiion
Power maker HAP B M [M-Aget T (Ma, 217-025300520K hex-16
Proaver menane MAP-701 ‘ FhE T4 Me-Ape -1 T (o 2709531 18
P isepind HAP-701 S 0TS Od-Anr AT (Mo, 21708522 Ar-18
Federanca P AR Aftaniieinr | BN 5053 |20k OF-Agr-1 T (Ho. 2VT-DRERR) &pr-18

| Type-H mismalcn comisnation En: BOar 2/ peaar OF-Apr-17 (Ho. 2770850 Am-18
Ralprercn Probe EXI04E Epl: e F-Dec-16 Mo, EXG-7340 _Dacits) D17
DAaE4 | 8M: 61 28-Mar-17 {No. DAEA-B07_WariT) Mar-13

| Sbcorekry Standaids |loa Cheok Daie {in nousa) Scnadund Creck
Poressy mieser CPAA-4424 SN HREETAS0TY 073515 {in housa check Qci1E) Iri hicassio ocneck: Ot 18
Porsar sangar HP B41A SH: USarsuaTes O07-0at15 |in house check Ool-18] i e Ghech Ogt-10
Hiiefil SENSAT HE YA, LMD MR [in neums speek Cel-1s) I P Ehnese - 10
AF gemiealor BES SWT-06 SHE §OOETE £ ( basiced chisck e8] i etz chieek. el 18
Hetwork Aralyesr HP BFR3E SM LIEE3TEN0ERE TE-0e-01 [in holsa chack Dol-15]) n Feodss chaoc 0o 37

Fizarres Farciian Skynaitin
Caliteatad oy Michael Weter L sboraory Tashmicairn M
Apprenai by KatR Poiovi Technice! Manager
|=sued: Apnl 21, 2007

Tnis palbration cerificase shall nol b repridiaced excepl in Tul wilhou) siiten appiovsl of Te Sborsan

Cerhficate No: D3a8W2-727 _ApriT Paga 1 ol 8
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Calibration Laboratory of

‘ Sy g = Falliwigrovens)
Schmid & Partner iﬁi c Sy s sl e F i ERIGe
Enginesring AG T Samvinle aigeuro B AR
Eeughaussireass €3 BN Turch Swissmand z:x/'.z:\“‘ 5 5  owiss Camration Servies
LTI
Arrridlen by (e Swiss Aoasdtation Sapee (ZAS) Atcreditstion o, SCS 0108

Ths Swkaa Acsvelindimn Saevied & ane of the 8l grarenes te the EA
Mgitilnsisl Agraament tor ta recagriticn of colibfalion cotificnbes

Glossany

TEL tissue simulating figuid

ConvF sensitivity In TSL / NORM xy2
A, nof applizable or not measured

Calibration is Parformed According to the Following Standards:

a) |EEE 5td 1528-2013, IEEE Recommendad Practice for Detarmining the Peak Spatial-
Averaped Spacific Absomption Fate (SAR) in the Human Head from Wirelpss
Communications Deviess: Measdremen! Technigues®, Jume 2013
IEC 62200-1, "Procadure to measure the Specific Absomption Rate (SAR) for hand-held
devices Used In close proximity to the sar (frequency ranga of 300 MHz to 3 GHz)",
February 2005
¢} IEG G2208-2, "Procadure o datermine the Spedcilic Absarption Rate (SAR) for wireless

cormimunication devices usad in clese proximdy to the human body (irequency range of 30

KH2 to 6 GHz)*, March 2000
d) KDB 865664, "SAR Measuremen! Reguirements lor 100 MHz 1o 6§ GHz

b

Additional Documeniation:
&) DABYAS System Handbook

Methods Applied and Interpretation of Parameters:

s MMegsuremeant Condiliors; Further datalls are available from e Validation Heportat the end
of the certificate. All figures stated in the certficate are valid af the frequency indicated,

= Antenna FParamelers with T5L: The dipole is mounted with the spacer to position its feed
paint exactly below lhe center marking of the lial phanlom section, with the arms oiented
paraliel 1o he body axls.

*  Feed Poinl impedance 2na Aeium Loss: These parameters areg maasured with the dipole
positioned under the liguid filled phantam, The iImpedance stated is transformed from the
measurement at the SMA connecior to tha fead point. The Retum Loss ensures [ow
rafiectied power. No uncertainty required.

& Eleclical Detay: One-way delay beiween the SMA connecior and Ihe antanna feed polnt
Mo incertrinty renuired

s S48 measured; SAR measurad al the staled anlanna input power.

+ SAR nofmalized: SAR as measured, normalized 16 an Input power of 1 W al the antenna
connector,

= SAR for noming! TSL parameters: The measured TSL paramatars are used 10 caloulate the
nominal SAR resull.

| The ra arted uncartainty ol measurerment is glated as the standard uncerainty of measuremenl
muliip! |=u:| by the coverage factor k=2, which for a normal distibution carresponds 19 a coverage
1 probabilly of approximataly 95%.

Carilimaie W RE450VE-TE7_ApriT Poge 2 of B
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Measurement Conditions

DASY system configuration, as far as rot given on page 1.
DASY Version DASYS WEE 0D
Extrapolation Advanced Extrapclation
Phantom - . Meddular 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 isllowing parameters and calsuations wene applied

) - Temperature Permittivity Conductivity
Mominal Head TSL paramatars 220°C 9.2 1.80 mhoim
| Measured Head TSL parameters (22ax02)C | WTEES 1.87 mhoim = & %
| Head TSL famperature changa during test < 0570 |
SAR result with Head TSL
SAR averaged over 1 em?® [1 g) of Head TSL B Caondiion ) 1
SAR measurad 250 mW input pawear 13.4 Wikg
5AR for nominal Head TSL parameters nomalized to 1W i 52.2 Wikg = 17.0 % (k=2)
SAR aversged over 10 om® {10 gp of Head TSL Condition
SAR maasuned 250 mW input power 618 Wikg
SAR bor nominal Head TSL parametars: nomaized o AW 24,3 Wikg = 16.5 % (k=2)
Body TSL parameters
Tha following parameters and calculalions ware applied.
Temperatung Pormittivity Conductivity
Mominal Body TSL parameters 2200 27 188 mbafm
Measured Body TSL parsmeters P20 e 0% EPR=6% 200 mhedm + 6%
Body TSL temperature change during test < 0% — ) —_—
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAN measured 250 mW input powser 128 Wiy
BAR for nominal Body TSL parametars noemisdieed 16 1W ] .ﬁ-ﬂ.ﬁ Wik = 170 % (K=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition - )
SAR measured 250 miW' input poerer 6.01 Wikg
SAR for nominal Body TSL paramatars narrralized o TW 238 Wikg = 16.5 % (k=2)
Coanilicate MNo: D245002-727_Apr17 FPaga 3 of &
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Appendix (Additional assessments outside the scope of 5CS 0108)
Antenna Parameters with Head TSL

Impedance, ransformed bo fesd polint E8.3 0+ 210

Hetumn Loss -24.0 dB

Antenna Parameters with Body TSL

| impedanoe, iranslomed 1o leed point S1.1 044100 -|

| Return Loss =27 6dB |

General Antenna Parameters and Design

| Eleclrical Delay (one direslion) 1148 ns

Aftar long terrm use with 100W radiabed power, anly & sight warming of the dipole nsas the Teedgaint can be measuned,

The dipoke is made of standard semirgld coaxdal cable. The centar conductor of thie feading line ks directly connacted to the
sacond am of the dipoie. The antenna ks tharfone shot-circuited for DC-signals, On some of the dipoles, small end caps
are addad to the dipele arms in ordar te improve matching when loaded according o the posiion as explained in the
*Magsurement Condilions” paragraph, The SAR data an not affected by this change. Tha overall dipobe lenglh is still
acoording to the Standard,

Mo sxcassive faroe must be applied jo the dipsle arms, bessuse they might bend or the salderad connections near the
feedpain rmay be damaged

Additional EUT Data

| Mamdactured by SPEAG B
| Manulacturad on Jamuary 45, 2003
Certificate Mo: D2450V2-T27_Apr 7 Paga 4 of B
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DASYS Validation Report for Head TSL

Deate: 21.04.2017

Test Leboratory: SPEAL, Zunich, Switzerland

DUT: Dipole 2450 MHz; Type: [2430V2; Serial: [2450V2 - §N: 727

Commimicaton System: UID 0 - CW; Freguency: 2450 MHr

Medium parameters used: £ = 2450 MHz: o= LB7 Sfm; 5= 30.7; p= 1000 kg/m”
Phaniem section: Flit Section

Megsurement Standard: DASYS (IEEEAEC/ANSI Co3. 19-2011)

DASY 32 Configuranion;

Probe: EX3DVA - BNT3WY, ConvR (7,72, 7,72, 7.72); Calibrated; 31.12.2016;
Sensor-Surtace: 1 4mm (Mechaniosl Surfsce Detection)

Electronics: DAES Spdlh] @ Calibrated: Z8.03.20017

Phantom: Flat Phantem 5.0 (fronty; Type: QD 000 P50 AA; Serial: 1001
DASYS2 52.10.00 1442); SEMCAD X 14.6.10(7413)

Dipole Calibration For Head Tissoe/Pin=250 mW, d=10mm/Zoom Scan (7x7x7 )/ Cuhe 0:
Measurement grid: dx=5mm, dy=5mnm, dz=5mm

Reference Vilue = 1098 ¥im; Power Drift =-0.06 4B

Peak SAR (extrapolated) = 27.3 Wikg

SAR(T g) = 13.4 Wikg: SAR(10 g) = 6.18 Wikg

Maximum value of SAR (measured) = 21.1 Wik

OdE =211 Wikeg = 15.24 dBWikg

Cartificats No: D24E0VE-TET_Apr 7 PagnsalB
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Impedance Measurement Plot for Head TSL
A Agm ZHT 1lt4e1 A
D Bid 4 U 7S it 95,338 0 Ziil2a AFT.4L pH 2 ATE.A80 BEA MHa
L]
[wl
= : i
T -
b
s
ML
M Si Log 5 o 28 cf V-FA 845 gl f 45EG00 S8 Mg
- | | i i i { -
Ca . I S b
b | =
=) =
- i —
I % | _,_-?'. I 4 4 4
., it
LI L | . L i | {
Wid + t T + # + 4
TART 2 2ER :'H_l_-c ARE HHT STOF 2 620,900 MRA MHT
Carlllicats Mo D2450IV2-727_Apr1T Faga 6ol B

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%ﬁﬁ%‘J@%“iﬂﬂ

BRI > IR B0 - £ HE AT 2 IR FET o T A A -

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at 000 @MOIOMO0 ODM 00000O00COMDOOMO and, for electronic format
documents, subject to Terms and Conditions for Electronic Documents at 000 @DO0MO0 ODM 00000000 O0ODM O Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/#74* % 7 "% % #74* & £ Bl % 7 1 §& 134 55
f (886 ) 2298 0488

t (886 ) 2299 B279

therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention only and within the limits of Client’s instructions, if any. The
Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot

be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be
prosecuted to the fullest extent of the law.

www.tw.sgs.com
Member of SGS Group



Report No. : E5/2018/10031
Issue Date : Feb. 08, 2018
Page: 53 of 54

DASYS Validation Report for Body TSL

Drae: 21.04.2017
Test Luboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D450V 2; Serial: D2450V2 - SN: 727

Communicabion System: UL - CW: Frequency: 2450 MHz

Mediem parameters used: ['= 2450 MHz; 0 =203 Sim; 2,=52.5; p= 1000 kg'm’
Pliantom section: Flat Section

Measurement Standand: DASYS (IEEEAECSANS] C63, [5-200 1)

DASYSZ Configuration
«  Probe: EX3DVY - SNT344; ConvF(7.79, 7.79, 7.1} Calibrated: 31,12.2006;
o Sensof-Surface: |4mm (Mechanical Surtace Detection)
+  Elecironics: DAES Sn6l; Calibrated: 28032017
»  Phantom: Flot Phantom 5.0 {(back); Type: QD 000 P50 Ad; Serial: 102

« DASYS2S2 10001442y SEMCAD X 14.6.10(7413)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7 W Cube
Mezsurement grd: dy=3mim, dy=5min, dz=Smimn

Reference Valwe = 1030 ¥Wim; Power Drift = -0001 dB

Peak SAR (extrapolated) = 25.4 Wikg

SAR( gl = 12.9 Wikg: SAR(10g) = 6.001 Wiky

Maximum value of SAR (measured) = 20.0 Wikg

I-5.l]l
-l0.00
A5.00

-20.00

-258.00

0 dB =200 Wrkg = 13.01 dBW/'kg

Canificate Mo Q24502727 Apn1 7 Poge ¥ of &
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Impedance Measurement Plot for Bedy TSL

2 Apre 2017 12945958
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