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1 GENERAL INFORMATION

Kenxen Electronic (SZ) Limited

Applicant: Building A13, Zone D, Minzhu western Industrial Area,

Shajing Town, Baoan District, Shenzhen, Guangdong Province, China.
Kenxen Electronic (SZ) Limited

Manufacturer: Building A13, Zone D, Minzhu western Industrial Area,

Shajing Town, Baoan District, Shenzhen, Guangdong Province, China.

Product Description: |Sport DV

Model Number: SDV180

FCC ID 2AEBDSDV180

File Number: 151229027SZN-002
Date of Test: June 01, 2016

The above equipment was tested by Intertek Testing Services Shenzhen Ltd. Kejiyuan Branch. The test
data, data evaluation, test procedures, and equipment configurations shown in this report were made in
accordance with the procedures given in IEEE 1528-2013 and KDB 865664. This device is in compliance
with Specific Absorption Rate (SAR) for general population/uncontrolled exposure limits (1.6 W/kg) specified
in ANSI/IEEE C95.1-1992.

The test results of this report relate only to the tested sample identified in this report.

Prepared and Checked by: Approved by:

Digitally signed
_~" by Kidd Yang
Location: Intertek

Sign on file Testing Services
Jenner Liu Kidd Yang
Engineer Senior Project Engineer

Date: June 14, 2016
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Intertek

2 STATEMENT OF COMPLIANCE

Max. Reported SAR (1g)

Report No.: 151229027SZN-002

Limit of SAR1g: 1.6W/kg
o Measured Reported
Test Position Mode Channel/Frequency(MHz) SAR1g SAR1g
(W/kg) (W/kg)
Body | P1 Side 802.11b 11/2462 1.12 1.25

The SAR values found for the wifi camera are below the maximum recommended levels of 1.6 W/Kg as
averaged over any 19 tissue according to the ANSI C95.1-1992.

The maximum reported SAR value is: 1.25 W/kg (19).

Modified Information

Rev.

Summary

Date of Rev.

Report No.

Ver.1.0

Original Report

June 03, 2016

151229027SZN-002
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3 EQUIPMENT UNDER TEST (EUT) TECHNICAL DESCRIPTION

Characteristics Description
Description: Sport DV
Model name: SDV180

Exposure Category:

Uncontrolled Environment/General Population

Test Mode(s):

802.11 b/g/n-HT20/ n-HT40

Operating Frequency
Range:

802.11 b/g/n-HT20: 2412MHz — 2462MHz
802.11 n-HT40: 2422MHz — 2452MHz

Modulation: BPSK, QPSK, 16QAM, 64QAM, CCK, DQPSK, DBPSK
Power Level: Max power (802.11b:13dBm; 802.119:11.5dBm; 802.11n:11dBm)
Antenna Type: Integral Antenna

Antenna Gain:

0dBi

Dimensions:

Diameter=60mm

Power supply:

XIDC supply:
DC 3.7V internal rechargeable lithium battery or DC 5V from AC Adapter

XISwitching Adapter supply:
Model: T050100-2A3

Input: AC 100-240V, 50/60Hz, 0.3A
Output: DC 5V, 1A

Product Software Version:

Vi1

Product Hardware Version:

V01

Note:

1. For more details, please refer to the User's manual of the EUT.

2. The sample under test was selected by the Client.

TRF No.: FCC/IC SAR_b
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4  AUXILIARY EQUIPMENT DETAILS

AE: Battery Description
Manufacturer: /

Model: /

S/N: /

capacity: 1300mAh
Voltage: 3.7V

5 TEST FACILITY

Site Description

EMC Lab. . [Intertek Testing Services Shenzhen Ltd. Kejiyuan Branch was accredited by China
National Accreditation Service for Conformity Assessment (CNAS) with
registration no.: L0372 and Taiwan Accreditation Foundation (TAF) with
registration no.: L2342-151102 according to ISO/IEC 17025: 2005.

Effective Date of TAF Accreditation: January 9, 2014 to January 28, 2017

Accredited by FCC
The Certificate Registration Number is 242492

IAccredited by Industry Canada
The Certificate Registration Number is 2055C

Name of Firm . |Intertek Testing Services Shenzhen Ltd. Kejiyuan Branch
Site Location . |6F, D Block, Huahan Building, Langshan Road,Nanshan District, Shenzhen, P.
R. China
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6 EUT ANTENNA LOCATIONS

WIFI Antenna

TRF No.: FCC/IC SAR_b Page 7 of 64
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All test set-up for SAR Testing Evaluation:

Section A
Mode Section B
P1 Side P2 Side P3 Side P4 Side P5 Side
distance from By submitting FCC inquiry
the antenna >10.5
(mm) <5 10.5 10.5 10.5 10.5
802.11b YES YES YES YES YES N/A

Note 1: Section A is inside the elliptical region, Section B is outside the elliptical region, P1 is the nearest
point on the outer surface, P2,P3,P4 and P5 are four points on the elliptical, and their distance from the
antenna is 10.5mm.

Note 2: SAR testing exemption according to KDB 447498 D01 Clause 4.3.1 with the following fomula.

a) For 100 MHz to 6 GHz and4 separation distances < 50 mm, the 1-@AR test exclusion thresholds are
determined by the following:

[(max. power of channel, including tune-up tolerance, m\W) / (min. test separation distance,

mm)] - [VfeHz] < 3.0 for 1-g SAR,

~wherefcHyis the RF channel transmit frequency in GHz

“When the minimum test separation distance is < 5 adistance of 5 mm is applied to determine Sé&dR t
exclusion.

b) For 100 MHz to 6 GHz an@st separation distances > 50 mm, the 1-@AR test exclusion thresholds
are determined by the following

{[Power allowed anumeric threshold for 50 mm in step a)] + [(test separation distar&® mm)- 10]}
mW, for > 1500 MHz and. 6 GHz

Note 3: The max power including tune-up tolerance is 20mW of this device. So any points whose distance
from the antenna is greater than 10.5mm on the outer surface are satisfy with the SAR testing exemption.

TRF No.: FCC/IC SAR_b Page 8 of 64
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7 GUIDANCE STANDARD

The Specific Absorption Rate (SAR) testing specification, method, and procedure for this device is in
accordance with the following standards:

gRSS{OZ Issue 5 (March 2015): Radio Frequency (RF) Exposure Compliance of Radiocommunication
Apparatus (All Frequency Bands).

XIFCC 47CFR §2.1093 Radiofrequency Radiation Exposure Evaluation: Portable Devices

XIANSI C95.1, 1992: Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic
Fields, 3 kHz to 300 GHz.(IEEE Std C95.1-1991)

XIEEE Std 1528™-2013: IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques.

XIKDB 865664 D01 SAR measurement 100 MHz to 6 GHz v01r04: SAR Measurement Requirements for
100 MHz to 6 GHz

XIKDB 865664 D02 RF Exposure Reporting v01r02: RF Exposure Compliance Reporting and
Documentation Considerations

XIKDB 447498 D01 D01 General RF Exposure Guidance v06: RF Exposure Procedures and Equipment
Authorization Policies For Mobile and Portable Table Device

XIKDB 248227 D01 802.11 Wi-Fi SAR v02r02: SAR Guidance for IEEE 802.11 (Wi-Fi) Transmotters

Remark:

This portable wireless equipment has been measured in all cases requested by the relevant standards. Test
results in Chapter 11 of this test report are below limits specified in the relevant standards for the tested
bands only.

TRF No.: FCC/IC SAR_b Page 9 of 64
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8 RF EXPOSURE

8.1 LIMITS

Uncontrolled Environment

Uncontrolled Environments are defined as locations where there is the exposure of individuals who have no
knowledge or control of their exposure. The general population/uncontrolled exposure limits are applicable
to situations in which the general public may be exposed or in which persons who are exposed as a
conseguence of their employment may not be made fully aware of the potential for exposure or cannot
exercise control over their exposure. Members of the general public would come under this category when
exposure is not employment-related; for example, in the case of a wireless transmitter that exposes persons
in its vicinity.

Limits for General Population/Uncontrolled Exposure (W/kg)

Whole-Body Partial-Body Hands, Wrists, Feet and ankles

0.08 1.6 4.0

Whole-Body SAR is averaged over the entire body, partial-body SAR is averaged over any 1gram of tissue
defined as a tissue volume in the shape of a cube. SAR for hands, wrists, feet and ankles is averaged over
any 10 grams of tissue defined as a tissue volume in the shape of a cube.

8.2 EVALUATION

XAccording to FCC KDB447498 D01 and §1.1310, systems operating under the provisions of this section
shall be operated in a manner that ensures that the public is not exposed to radio frequency energy level in
excess of the Commission’s guidelines.

Routine SAR evaluation refers to that specifically required by § 2.1093, using measurements or computer

simulation. Portable transmitters with output power greater than the applicable low threshold require SAR
testing to qualify for TCB approval.

TRF No.: FCC/IC SAR_b Page 10 of 64



|I‘ltertek Report No.: 151229027SZN-002

9 SPECIFIC ABSORPTION RATE (SAR)
9.1 INTRODUCTION

SAR is related to the rate at which energy is absorbed per unit mass in an object exposed to a radio field.
The SAR distribution in a biological body is complicated and is usually carried out by experimental
techniques or numerical modeling. The standard recommends limits for two tiers of groups,
occupational/controlled and general population/uncontrolled, based on a person’s awareness and ability to
exercise control over his or her exposure. In general, occupational/controlled exposure limits are higher than
the limits for general population/uncontrolled.

9.2 SAR DEFINITION
The SAR definition is the time derivative (rate) of the incremental energy (d\N) absorbed by (dissipated in)

an incremental mass (dm) contained in a volume element (dV) of a given density ('0 ). The equation
description is as below:

d, dw, d dw
SAR= ()= —(—)
dt "dm” dt pdv

SAR is expressed in units of Watts per kilogram (W/kg)
SAR measurement can be either related to the temperature elevation in tissue by

SAR= c(ﬁ)
ot

Where: C is the specific head capacity, or is the temperature rise and ot is the exposure duration, or
related to the electrical field in the tissue by

olEf
0

Where: T is the conductivity of the tissue P is the mass density of tissue and Eis the RMS electrical field
strength.

SAR=

However for evaluating SAR of low power transmitter, electrical field measurement is typically applied.
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10 SAR MEASUREMENTS SYSTEM CONFIGURATION
10.1 SAR MEASUREMENT SET-UP

The DASY5 system for performing compliance tests consists of the following items:

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

® Anisotropic field probe optimized and calibrated for the targeted measurement.

® 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.

® The Electro-optical converter (EOC) performs the conversion from optical to electrical signals for the
digital communication to the DAE. To use optical surface detection, a special version of the EOC is
required. The EOC signal is transmitted 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.

® The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the probe
positioning.

® A computer running Win 7 profesional operating system and the DASY5 software.

® Remote control and teach pendant as well as additional circuitry for robot safety such as warning lamps,
etc.

® The phantom, the device holder and other accessories according to the targeted measurement.

Remote Control Box PC

o

- =

)

| e |
D —
Signal Lamps Electro-Optical Convener ( EQOC)
LB I
DAE
Measurement Server (Opl.Link)

E-Fleld Frobe
(touch serface detect)

_‘ DASYS5

2xSerlal+
Digital VO

Light Beam

Phantom
Tissue Simulating
Liquid
Device Under
Test

Device Holder

Teach Pendant
[ 1

DO

Robot Controller

' ] '
Picture 1. SAR Lab Test Measurement Set-up
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10.2 DASYS5 E-FIELD PROBE SYSTEM

The SAR measurements were conducted with the dosimetric probe designed in the classical triangular
configuration and optimized for dosimetric evaluation. The probe is constructed using the thick film
technique; with printed resistive lines on ceramic substrates. The probe is equipped with an optical multifiber
line ending at the front of the probe tip. It is connected to the EOC box on the robot arm and provides an
automatic detection of the phantom surface. Half of the fibers are connected to a pulsed infrared transmitter,
the other half to a synchronized receiver. As the probe approaches the surface, the reflection from the
surface produces a coupling from the transmitting to the receiving fibers. This reflection increases first during
the approach, reaches maximum and then decreases. If the probe is flatly touching the surface, the coupling
is zero. The distance of the coupling maximum to the surface is independent of the surface reflectivity and
largely independent of the surface to probe angle. The DASY5 software reads the reflection turning a
software approach and looks for the maximum using 2" ord curve fitting. The approach is stopped at
reaching the maximum.

Probe Specifications:

Frequency 10 MHz - >6 GHz
Linearity: 0.2 dB (30 MHz — 6 GHz)

Directivity +0.3 dB in TSL (rotation around probe axis)
+0.5 dB in TSL (rotation normal to probe axis)

Dynamic 10 uyW/g - >100 mW/g
Range Linearity: +0.2 dB (noise: typically <1 pw/g)
Dimensions Overall length: 337 mm (tip: 20 mm)

Tip diameter: 2.5 mm (body: 10 mm)
Typical distance from probe tip to dipole centers: 1 mm

Applications High precision dosimetric measurements in any exposure scenario
(e.g., very strong gradient fields); the only probe that enables
compliance testing for frequencies up to 6 GHz with precision of
better than 30%

Picture 2 E-field Probe

TRF No.: FCC/IC SAR_b Page 13 of 64
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10.3 E-FIELD PROBE CALIBRATION

Each E-Probe/Probe Amplifier combination has unique calibration parameters. A TEM cell calibration
procedure is conducted to determine the proper amplifier settings to enter in the probe parameters. The
amplifier settings are determined for a given frequency by subjecting the probe to a known E-field density (1
mW/cmz) using an RF Signal generator, TEM cell, and RF Power Meter.

The free space E-field from amplified probe outputs is determined in a test chamber. This calibration can be
performed in a TEM cell if the frequency is below 1 GHz and inn a waveguide or other methodologies above
1 GHz for free space. For the free space calibration, the probe is placed in the volumetric center of the cavity
and at the proper orientation with the field. The probe is then rotated 360 degrees until the three channels
show the maximum reading. The power density readings equates to 1 mw/ cm®.

E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate simulated
brain tissue. The E-field in the medium correlates with the temperature rise in the dielectric medium. For
temperature correlation calibration a RF transparent thermistor-based temperature probe is used in
conjunction with the E-field probe.

SAR = C£
At
Where:
At = Exposure time (30 seconds),
C = Heat capacity of tissue (brain or muscle),
AT = Temperature increase due to RF exposure.

_|E'w
0

AR

Where:
0 = Simulated tissue conductivity,
p = Tissue density (kg/m®).

10.4OTHER TEST EQUIPMENT
10.4.1 Data Acquisition Electronics (DAE)

The data acquisition electronics consist of a highly sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder
with a control logic unit. Transmission to the measurement server is accomplished through an optical
downlink for data and status information, as well as an optical uplink for commands and the clock.

The mechanical probe mounting device includes two different sensor systems for frontal and sideways probe
contacts. They are used for mechanical surface detection and probe collision detection.

The input impedance of the DAE is 200 MOhm; the inputs are symmetrical and floating. Common mode
rejection is above 80 dB.

SZ060-01-13

O
 szacnori3

Picture 3: DAE
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10.4.2 Robot

The SPEAG DASY system uses the high precision robots (DASY5: TX90XL) type from Staubli SA (France).
For the 6-axis controller system, the robot controller version from Staubli is used. The Staubli robot series
have many features that are important for our application:

»  High precision (repeatability 0.02mm)

High reliability (industrial design)

Low maintenance costs (virtually maintenance free due to direct drive gears; no belt drives)
Jerk-free straight movements (brushless synchron motors; no stepper motors)

vV V V V

Low ELF interference (motor control fields shielded via the closed metallic construction shields)

Picture 4 DASY 5

10.4.3 Measurement Server

The Measurement server is based on a PC/104 CPU broad with CPU (DASY5: 400 MHz, Intel Celeron), chip
disk (DASY5: 128MB), RAM (DASY5: 128MB). The necessary circuits for communication with the DAE
electronic box, as well as the 16 bit AD converter system for optical detection and digital I/O interface are
contained on the DASY 1/O broad, which is directly connected to the PC/104 bus of the CPU broad.

Picture 5 Server for DASY 5
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The measurement server performs all real-time data evaluation of field measurements and surface
detection, controls robot movements and handles safety operation. The PC operating system cannot
interfere with these time critical processes. All connections are supervised by a watchdog, and disconnection
of any of the cables to the measurement server will automatically disarm the robot and disable all
program-controlled robot movements. Furthermore, the measurement server is equipped with an expansion
port which is reserved for future applications. Please note that this expansion port does not have a
standardized pinout, and therefore only devices provided by SPEAG can be connected. Devices from any
other supplier could seriously damage the measurement server.

10.4.4 Device Holder for Phantom

The SAR in the phantom is approximately inversely proportional to the square of the distance between the
source and the liquid surface.. Accurate device positioning is therefore crucial for accurate and repeatable
measurements. The positions in which the devices must be measured are defined by the standards.

The DASY device holder is designed to cope with the different positions given in the standard. It has two
scales for device rotation (with respect to the body axis) and device inclination (with respect to the line
between the ear reference points). The rotation centers for both scales are the ear reference point (ERP).
Thus the device needs no repositioning when changing the angles.

The DASY device holder is constructed of low-loss POM material having the following dielectric parameters:
relative permittivity & =3 and loss tangent O =0.02. The amount of dielectric material has been reduced in

the closest vicinity of the device, since measurements have suggested that the influence of the clamp on the
test results could thus be lowered.

<Laptop Extension Kit>

The extension is lightweight and made of POM, acrylic glass and foam. It fits easily on the upper part of the
Mounting Device in place of the phone positioner. The extension is fully compatible with the Twin-SAM and
ELI phantoms.

Pictr 6: Device Holder

10.4.5 Phantom

The SAM Twin Phantom V4.0 is constructed of a fiberglass shell integrated in a table. The shape of the shell
is based on data from an anatomical study designed to Represent the 90™ percentile of the population. The
phantom enables the dissymmetric evaluation of SAR for both left and right handed handset usage, as well
as body-worn usage using the flat phantom region. Reference markings on the Phantom allow the complete
setup of all predefined phantom positions and measurement grids by manually teaching three points in the
robot. The shell phantom has a 2mm shell thickness (except the ear region where shell thickness increases
to 6 mm).

Shell Thickness: 2 +0.2 mm
Filling Volume:  Approx. 25 liters

TRF No.: FCC/IC SAR_b Page 16 of 64
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Dimensions: 810 x 1000 x 500 mm (H x L x W)

Available: Special

Picture 7: SAM Twin Phantom

10.5SCANNING PROCEDURE

The DASYS5 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks. All test
positions (head or body-worn) are tested with the same configuration of test steps differing only in the grid
definition for the different test positions.

The “reference” and “drift” measurements are located at the beginning and end of the batch process. They
measure the field drift at one single point in the liquid over the complete procedure. The indicated drift is
mainly the variation of the DUT’s output power and should vary max. £ 5 %.

The “surface check” measurement tests the optical surface detection system of the DASY5 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the results.
The output gives the detecting heights of both systems, the difference between the two systems and the
standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to separation of
the sugar-water mixture gives poor repeatability (above + 0.1mm). To prevent wrong results tests are only
executed when the liquid is free of air bubbles. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the surface
reflectivity or the probe angle to the surface within + 30°.)

Area Scan

The Area Scan is used as a fast scan in two dimensions to find the area of high field values before running a
detailed measurement around the hot spot. Before starting the area scan a grid spacing is set according to
FCC KDB Publication 865664. During scan the distance of the probe to the phantom remains unchanged.
After finishing area scan, the field maxima within a range of 2 dB will be ascertained.

Zoom Scan

After the maximum interpolated values were calculated between the points in the cube, the SAR was
averaged over the spatial volume (1g or 10g) using a 3D-Spline interpolation algorithm. The 3D-spline is
composed of three one-dimensional splines with the “Not a knot” condition (in X, y, and z directions). The
volume was then integrated with the trapezoidal algorithm.

Spatial Peak Detection

The procedure for spatial peak SAR evaluation has been implemented and can determine values of masses
of 1g and 10g, as well as for user-specific masses. The DASY5 system allows evaluations that combine
measured data and robot positions, such as:

* maximum search

« extrapolation
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« boundary correction
« peak search for averaged SAR

During a maximum search, global and local maxima searches are automatically performed in 2-D after each
Area Scan measurement with at least 6 measurement points. It is based on the evaluation of the local SAR

gradient calculated by the Quadratic Shepard’s method. The algorithm will find the global maximum and all

local maxima within -2 dB of the global maxima for all SAR distributions.

Extrapolation routines are used to obtain SAR values between the lowest measurement points and the inner
phantom surface. The extrapolation distance is determined by the surface detection distance and the probe
sensor offset. Several measurements at different distances are necessary for the extrapolation.
Extrapolation routines require at least 10 measurement points in 3-D space.

They are used in the Zoom Scan to obtain SAR values between the lowest measurement points and the
inner phantom surface. The routine uses the modified Quadratic Shepard’s method for extrapolation.

A Z-axis scan measures the total SAR value at the x-and y-position of the maximum SAR value
found during the cube scan. The probe is moved away in z-direction from the bottom of the SAM phantom in
5mm steps.

Table 1: Area and Zoom Scan Resolutions per FCC KDB Publication 865664 D01

Frequency Maximum Area Maximum Zoom Maximum Zoom Minimum Zoom

Scan Scan Scan Spatial Scan
Resolution (mm) Resolution (mm) Resolution (mm) Volume (mm)
(Axarea, Ayarea) (Axzoom, Ayzoom) | Azzoom(n) (x,y,2)

<2 GHz <15 <8 <5 =30

2-3 GHz <12 <5 <5 >30

3-4 GHz <12 <5 <4 228

4-5 GHz <10 <4 <3 225

5-6 GHz <10 <4 <2 222

10.6 DATA STORAGE AND EVALUATION
10.6.1 Data Storage

The DASY5 software stores the acquired data from the data acquisition electronics as raw data (in microvolt
readings from the probe sensors), together with all necessary software parameters for the data evaluation
(probe calibration data, liquid parameters and device frequency and modulation data) in measurement files
with the extension “.DAE4”. The software evaluates the desired unit and format for output each time the data
is visualized or exported. This allows verification of the complete software setup even after the measurement
and allows correction of incorrect parameter settings. For example, if a measurement has been performed
with a wrong crest factor parameter in the device set up, the parameter can be corrected afterwards and the
data can be re-evaluated.

The measured data can be visualized or exported in different units or formats, depending on the

selected probe type ([V/m], [A/m], [°C], [mWI/g], [MW/cm?], [dBrel], etc.). Some of these units are not
available in certain situations or show meaningless results, e.g., a SAR output in a loss less media will
always be zero. Raw data can also be exported to perform the evaluation with other software packages.

10.6.2 Data Evaluation by SEMCAD

The SEMCAD software automatically executes the following procedures to calculate the field units from the
microvolt readings at the probe connector. The parameters used in the evaluation are stored in the
configuration modules of the software:

Probe parameters:

- Sensitivity Norm;, ajo, &, ap
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- Conversion factor ConvF;

- Diode compression point Dcp;

Device parameters:

- Frequency f
- Crest factor cf
Media parameters:

- Conductivity

- Density

These parameters must be set correctly in the software. They can be found in the component documents or
they can be imported into the software from the configuration files issued for the DASY5 components. In the
direct measuring mode of the multimeter option, the parameters of the actual system setup are used. In the
scan visualization and export modes, the parameters stored in the corresponding document files are used.

The first step of the evaluation is a linearization of the filtered input signal to account for the compression
characteristics of the detector diode. The compensation depends on the input signal, the diode type and the
DC-transmission factor from the diode to the evaluation electronics.

If the exciting field is pulsed, the crest factor of the signal must be known to correctly compensate for peak
power. The formula for each channel can be given as:

Vi=U;+ U cf/dcp;

With V; = compensated signal of channeli (i=X,y, z)

U; = input signal of channel i (i=X,y, z)

cf = crest factor of exciting field (DASY parameter)

dcp; = diode compression point (DASY parameter)

From the compensated input signals the primary field data for each channel can be

evaluated:

E-field probes: E; = (V;/ Norm; - ConvF)
H-field probes: H; = (V;)Y% - (ao + an f+ apf’ ) / f

12

With V; = compensated signal of channeli (i=X, y, z)

Norm; = sensor sensitivity of channeli (i= X, y, z)

[mV/(VIm)2] for E-field Probes

ConvF = sensitivity enhancement in solution

a; = sensor sensitivity factors for H-field probes

f = carrier frequency [GHZ]

E; = electric field strength of channel i in V/m

H; = magnetic field strength of channel i in A/m

The RSS value of the field components gives the total field strength (Hermitian magnitude):
Eot = (E+ Ev'+ B9

The primary field data are used to calculate the derived field units.
SAR = (Eyt) 2 - o/ (p- 1000)

with SAR = local specific absorption rate in mwW/g

Ei: = total field strength in V/im
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= conductivity in [mho/m] or [Siemens/m]
= equivalent tissue density in g/cm®

Note that the density is normally set to 1 (or 1.06), to account for actual brain density rather than the density
of the simulation liquid. The power flow density is calculated assuming the excitation field to be a free space
field.

Powe = Eot” / 3770 0F P pye = Hit” - 37.7

with P,ye = equivalent power density of a plane wave in mW/cm?

Ei = total electric field strength in V/m ; Hy, = total magnetic field strength in A/m

10.7 TISSUE-EQUIVALENT LIQUID

10.7.1 Tissue-equivalent Liquid Ingredients

The liquid is consisted of water, salt and Glycol. The liquid has previously been proven to be suited for
worst-case. The Table 2 shows the detail solution. It’s satisfying the latest tissue dielectric parameters
requirements proposed by the KDB 865664 DO1.

Table 2: Composition of the Body Tissue Equivalent Matter

MIXTURE%Y FREQUENCY (Body) 2450MHz
Water 73.2

Glycol 26.7

Salt 0.1

Dielectric Parameters Target Value f=2450MHz €=52.7 0=1.95

10.7.2 Tissue-equivalent Liquid Properties

Table 3: Dielectric Performance of Tissue Simulating Liquid

el Tissue DT Conductivity Permittivity Conductivity Permittivity Dz DI Limit
VESHPEIE ency Type Teomp. (0) (er) Target (o) Target (er) (©) (@) (%)

(MHz) (©) o) | )
2016-6-01 2450 Body 21.6 1.98 51.14 1.95 52.7 154 -2.96 15
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10.8 SYSTEM CHECK
10.8.1 Description of System Check

The manufacturer calibrates the probes annually. Dielectric parameters of the tissue simulants were
measured every day using the dielectric probe kit and the network analyzer. A system check measurement
was made following the determination of the dielectric parameters of the simulant, using the dipole validation
kit. A power level of 250 mW was supplied to the dipole antenna, which was placed under the flat section of
the twin SAM phantom. The system check results (dielectric parameters and SAR values) are given in the
table 4. System check results have to be equal or near the values determined during dipole calibration with
the relevant liquids and test system (£10 %). System check is performed regularly on all frequency bands
where tests are performed with the DASY5 system.

Signal
Generator

Picture 9. System Check Set-up

Justification for Extended SAR Dipole Calibrations

Usage of SAR dipoles calibrated less than 3 years ago but more than 1 year ago were confirmed in
maintaining return loss (< - 20 dB, within 20% of prior calibration) and impedance (within 5 ohm from prior
calibration) requirements per extended calibrations in KDB 865664 DO1:

Table 4: Antenna Parameters with Body Tissue Simulating Liquid

Table 4
Dipole D2450V2 SN: 966
Body Liquid
Date of 0
Measurement Return Loss(dB) A% Impedance (Q) AQ
2015-06-10 -28.2 - 50.1+3.9j -
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10.8.2 System Check Results

Table 5: System Check for Body Tissue Simulating Liquid

Report No.: 151229027SZN-002

Frequency | Test Date Dielectric Parameters 250mw 1w 1W Target | Limit(x10%
Measured | Normalized | SAR1g Deviation)
SAR1g SAR1g
€r a (s/m) (W/kg)
2450MHz | 2016-06-01 | 51.14 1.98 12.7 | 50.8 | 52.10 -2.50
Note: 1. The graph results see ANNEX B.

2.Target Values used derive from the calibration certificate.
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11 MEASUREMENT PROCEDURES

11.1 GENERAL DESCRIPTION OF TEST PROCEDURES

For WLAN SAR testing, WLAN engineering testing software installed on the DUT can provide
continuous transmitting RF signal. This RF signal utilized in SAR measurement has almost 100% duty
cycle and its crest factor is 1.

For the 802.11b/g/n SAR tests, a communication link is set up with the test mode software for WIFI

mode test. During the test, at the each test frequency channel, the EUT is operated at the RF continuous
emission mode. Provided higher maximum output power is not specified for the other channels, channels 1,
6 and 11 are used to configure 22 MHz DSSS and 20 MHz OFDM channels for SAR measurements;
otherwise, the closest adjacent channel with the highest maximum output power specified for production
units should be tested instead of channels 1, 6 or 11. When 40 MHz channels are supported, and provided
higher maximum output power is not specified for other applicable 40 MHz channels, channel 6 is used to
measure SAR; otherwise, the channel with highest specified maximum output power should be tested
instead. In addition, SAR test reduction with respect to reported SAR and transmission band width according
to 4.3.3 of KDB Publication 447498 D01 may also be applied

802.11b/g/n operating modes are tested independently according to the service requirements in each
frequency band. 802.11b/g/n modes are tested on the maximum average output channel.

SAR is measured for 2.4 GHz 802.11b DSSS using either a fixed test position or, when applicable, the initial
test position procedure. SAR test reduction is determined according to the following:

a) When the reported SAR of the highest measured maximum output power channel (see 3.1) for the
exposure configuration is < 0.8 W/kg, no further SAR testing is required for 802.11b DSSS in that exposure
configuration.

b) 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.

When SAR measurement is required for 2.4 GHz 802.11g/n OFDM configurations, the measurement and
test reduction procedures for OFDM are applied (see 5.3, including subclauses). SAR is not required for the
following 2.4 GHz OFDM conditions.

a) When KDB Publication 447498 D01 SAR test exclusion applies to the OFDM configuration.
b) When 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.

11.2 MEASUREMENT VARIABILITY

Per FCC KDB Publication 865664 D01, SAR measurement variability was assessed for each frequency
band, which was determined by the SAR probe calibration point and tissue-equivalent medium used for the
device measurements. When both head and body tissue-equivalent media were required for SAR
measurements in a frequency band, the variability measurement procedures were applied to the tissue
medium with the highest measured SAR, using the highest measured SAR configuration for that
tissue-equivalent medium. These additional measurements were repeated after the completion of all
measurements requiring the same head or body tissue-equivalent medium in a frequency band. The test
device was returned to ambient conditions (normal room temperature) with the battery fully charged before it
was re-mounted on the device holder for the repeated measurement(s) to minimize any unexpected
variations in the repeated results.

SAR Measurement Variability was assessed using the following procedures for each frequency band:

1) Repeated measurement is not required when the original highest measured SAR is < 0.80 W/Kg; steps
2) through 4) do not apply.

2) When the original highest measured SAR is > 0.80 W/kg, repeat that measurement once.
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3) 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 = 1.45 W/kg (~
10% from the 1-g SAR limit).

4) Perform a third repeated measurement only if the original, first or second repeated measurement is =

1.5 W/kg and the ratio of largest to smallest SAR for the original, first and second repeated
measurements is > 1.20.

TRF No.: FCC/IC SAR_b Page 24 of 64



|I‘Itertek Report No.: 151229027SZN-002

11.3TEST RESULTS

11.3.1 Conducted Power Results

Mode Channtzll\z Erz?quency Datarate (Mbps) AV Power (dBm)

1 12.21

2 12.16

172412 5.5 12.24
11 12.13

1 12.43

2 12.32

11b 6 /2437 55 1241
11 12.26

1 12.53

2 12.42

1172462 5.5 12.47
11 12.41

6 11.12

9 10.89

12 10.82

18 11.10

172412 24 11.05
36 10.79

48 10.66

54 10.55

6 11.33

9 11.25

12 11.15

18 10.99

11g 6 /2437 o 10.89
36 10.78

48 10.69

54 10.58

6 11.42

9 11.36

12 11.25

18 10.99

11/ 2462 54 10.76
36 10.77

48 10.65

54 10.58
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Mode Chann?u Erz?quency Datarate (Mbps) AV Power (dBm)
MCSO0 11.21
MCS1 11.02
MCS2 10.91
MCS3 10.88
172412 MCS4 10.64
MCS5 10.68
MCS6 10.55
MCS7 10.32
MCSO0 11.30
MCS1 11.21
MCS2 11.10
MCS3 11.02
11n-HT20 6 /2437 MCSA 10.88
MCS5 10.74
MCS6 10.36
MCS7 10.30
MCSO0 11.39
MCS1 11.40
MCS2 11.27
MCS3 11.08
1172462 MCS4 10.87
MCS5 10.67
MCS6 10.54
MCS7 10.41
MCS0 10.65
MCS1 10.52
MCS2 10.31
MCS3 10.35
3/ 2422 MCS4 10.30
MCS5 10.21
MCS6 10.15
MCS7 10.01
MCS0 10.71
MCS1 10.58
MCS2 10.36
MCS3 10.32
11n-HT40 6 /2437 MCSa 1025
MCS5 10.21
MCS6 10.10
MCS7 10.15
MCSO0 10.41
MCS1 10.39
MCS2 10.55
MCS3 10.32
9 /2452 MCS4 9.99
MCS5 9.85
MCS6 9.79
MCS7 9.96

TRF No.: FCC/IC SAR_b Page 26 of 64




Intertek

11.3.2 SAR TEST RESULTS

2.4GHz WiFi-802.11b DSSS SAR Value

Report No.: 151229027SZN-002

Max Drift Limit SAR1g :
Channel/ i Conducte | +0.21dB 1.6W/kg
Te_'s_t Frequency Mode Alllwee d Power Measured . Report :
Position | " \ihz) E’ GBmy | (@Bm) | DrifdB) | SARig Saing | sapyq | FlOUTe
(W/kg) (W/kg) '
Test Position of Body (Distance Between EUT and Flat Phantom: Omm)
P1 Side 11/2462 DSSS 13 12.53 0.08 1.12 1.11 1.25 Fig. 2
P1 Side 6/2437 DSSS 13 12.43 -0.07 1.06 1.14 1.21 -
P1 Side 1/2412 DSSS 13 12.24 -0.06 0.934 1.19 1.11 -
P2 Side 11/2462 DSSS 13 12.53 0.04 0.701 1.11 0.781 -
P3 Side 11/2462 DSSS 13 12.53 -0.05 0.228 1.11 0.254 -
P4 Side 11/2462 DSSS 13 12.53 0.06 0.291 1.11 0.323 -
P5 Side 11/2462 DSSS 13 12.53 0.07 0.873 1.11 0.969 -
P5 Side 6/2437 DSSS 13 12.43 0.02 0.796 1.14 0.908
Section B 11/2462 DSSS N/A N/A N/A N/A N/A N/A -
Worst Case Position of SAR(1* Repeated SAR,Distance Omm)
P1 Side 11/2462 DSSS 13 12.53 -0.03 1.08 1.11 1.20 -
Note:

1. The value with blue color is the maximum SAR Value of each test band.
2 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.

3 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.
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SAR Measurement Variability Results

Report No.: 151229027SZN-002

Channel/ Measured ist 2nd 3rd Repeated
Test Position Frequency Repeated Ratio Repeated P
SAR (1g) SAR (19)
(MHz) SAR (19) SAR (19)
P1 Side 11/2462 1.12 1.08 1.04 N/A N/A

Note: 1) When the original highest measured SAR is = 0.80 W/kg, the measurement was repeated once.

2) A second repeated measurement was preformed only if the ratio of largest to smallest SAR for the original and
first repeated measurements was > 1.20 or when the original or repeated measurement was = 1.45 W/kg (~ 10%
from the 1-g SAR Ilimit).
3) A third repeated measurement was performed only if the original, first or second repeated measurement was =
1.5 W/kg and the ratio of largest to smallest SAR for the original, first and second repeated measurements is > 1.20.
4) Repeated measurements are not required when the original highest measured SAR is < 0.80 W/kg

2.4 GHz 802.11g/n OFDM SAR Test Exclusion Requirements

802.11b Max. | 802.11g/n Limit SAR1g:
Channel/ 1.6W/kg
Test Frequenc Allowed Max. Allowed 802.11b Reort
Position (l\chHz) y Power Power éAng Scaling Adjusted SAR1g
(dBm) (dBm) (Wikg) Factor (W/kg)
P1 Side 11/2462 13 11.5 1.25 1.41 0.885

Note: SAR is not required for the 2.4 GHz OFDM conditions if When 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.

11.3.3 MAXIMUM GRAPH RESULTS

The graph results see ANNEX C.
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12 MEASUREMENT UNCERTAINTY
12.1 MEASUREMENT UNCERTAINTY EVALUATION TEMPLATE FOR DUT SAR TEST

1g 10g
o Tol. Prob. . ; :
No. Description (29%) Dist. | Div- (10) 1(g) w " i
J 9| %) | %)
Measurement system
1 Probe calibration 6.3 N 1 1 1 6.3 6.3 0
2 Axial Isotropy 0.5 R \/é 0.7 0.7 0.2 0.2 o0
3 Hemispherical Isotropy 2.6 R J3 | 07 0.7 11 11 o
4 Boundary effect 1.0 R J3 1 1 0.6 0.6 0
5 Linearity 0.6 R V3 1 1 0.3 0.3 oy
6 System detection limits 1.0 R J3 1 1 0.6 0.6 0
7 Modulation response 2.4 R V3 1 1 1.4 14 ©
8 Readout electronics 0.3 N 1 1 1 0.3 0.3 0
9 Response time 0.8 R V3 1 1 0.5 0.5 w0
10 Integration time 2.6 R J3 1 1 1.5 1.5 0
11 RF ambient 3.0 R V3 1 1 1.7 1.7 oo
conditions-noise
12 RF ambient 3.0 R J3 1 1 1.7 1.7 ©
conditions-reflection
13 Probe positioned 0.4 R J3 1 1 0.2 0.2 0
mechanical tolerance
14 Probe positioning with 2.9 R V3 1 1 1.7 1.7 0
respect to phantom shell
15 | Extrapolation,Interpolation 2.0 R J3 1 1 1.2 1.2 0
and integrations algorithms
for max. SAR evaluation
Test sample related
16 | Test sample positioning 2.9 N 1 1 1 2.9 2.9 11
17 | Device holder uncertainty 3.6 N 1 1 1 3.6 3.6 7
18 Output power 5.0 R J3 1 1 2.9 2.9 ©
variation-SAR drift
measurement
19 SAR sca”ng 0.0 R \/é 0.0 0.0 o0
Phantom and tissue parameters
20 Phantom shell
uncertainty-shape, 6.1 R J3 1 1 35 35 B
thickness and permittivity
21 Uncertainty in SAR
correction f_o_r Qewatlons in 19 N 1 1 0.84 19 16 w
permittivity and
conductivity
22 Liquid conductivity 25 N 1 078|071 | 20 | 18 5
measurement
23 Liquid permittivity 25 N 1 023|026 06 | 07 5
measurement
24 Liquid conductivity- -
Temperature uncertainty 3.4 R V3078 | 071 1.5 1.4
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Report No.: 151229027SZN-002

25 Liquid permittivity - w
Temperature uncertainty 04 R ‘6 023 | 0.26 01 01
21
Combined standard uncertainty u'c = Zcizui2 10.3 10.1 135
i=1
Expanded uncertainty —
(confidence interval of 95 %) U = 2U, 20.6 20.2 \
12.2 MEASUREMENT UNCERTAINTY EVALUATION TEMPLATE FOR SYSTEM CHECK
19 10g
. Tol. Prob. . . .
No. Description (296) Dist. | DIV- (lCl) 1(g) » » i
J 9 %) | %)
Measurement system
1 Probe calibration 6.3 N 1 1 1 6.3 6.3 ©
2 Axial Isotropy 0.5 R J3 | 07 | 07 0.2 0.2 o
3 Hemispherical Isotropy 2.6 R J3 | 07 0.7 11 11 ©
4 Boundary effect 1.0 R V3 1 1 0.6 0.6 %
5 Linearity 0.6 R V3 1 1 0.3 0.3 0
6 System detection limits 1.0 R V3 1 1 0.6 0.6 by
7 Modulation response 2.4 R V3 1 1 14 1.4 o
8 Readout electronics 0.3 N 1 1 1 0.3 0.3 ©
9 Response time 0.8 R J3 1 1 0.5 0.5 oy
10 Integration time 2.6 R V3 1 1 15 15 o
11 RF ambient 3.0 R J3 1 1 1.7 1.7 0
conditions-noise
12 RF ambient 3.0 R J3 1 1 1.7 1.7 0
conditions-reflection
13 Probe positioned 0.4 R V3 1 1 0.2 0.2 ©
mechanical tolerance
14 Probe positioning with 2.9 R J3 1 1 1.7 1.7 0
respect to phantom shell
15 | Extrapolation,Interpolation 2.0 R J3 1 1 1.2 1.2 0
and integrations algorithms
for max. SAR evaluation
Field Source
16 | Deviation of the 55 N 1 1 1 5.5 55 0
experimental source from
numerical source
17 | Source to liquid distance 2.0 R J3 1 1 1.2 1.2 ol
18 Drift of output power 3.4 R J3 1 1 2.0 2.0 ©
(measured SAR drift)
Phantom and tissue parameters
19 Phantom shell
uncertainty-shape, 6.1 R V3 1 1 35 35 B
thickness and permittivity
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20 Uncertainty in SAR
correction for Qewatlons in 19 N 1 1 0.84 1.9 16 w
permittivity and
conductivity
21 Liquid conductivity 25 N 1 | 078|071 | 20 | 18 5
measurement
22 Liquid permittivity 25 N 1 023|026 06 | 07 5
measurement
23 Liquid conductivity- w
Temperature uncertainty 3.4 R V3 | 078 | 0.71 1.5 1.4
24 Liquid permittivity - o
Temperature uncertainty 0.4 R V3 | 023 | 026 0.1 0.1
21
Combined standard uncertainty u'c = Z:Cizui2 10.3 10.1 135
i=1
Expanded uncertainty —
(confidence interval of 95 %) Ue =2, 20.6 20.2 )
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13 MAIN TEST INSTRUMENT

Report No.: 151229027SZN-002

Equipment ' ' Cal.
No. Equipment Manufacturer Model No. Serial No. Last Cal. Interval
DASY52
X|| sz060-01 SAR Test System SPEAG SAR F14/5YJ0B1/ 6/10/2015 1 year
A/01
TX90XL
X 52082_01_ E-Field Probe SPEAG EX3DV4 7322 6/10/2015 1 year
| $2060-01- | System Validation SPEAG D2450V2 966 6/10/2015 | 2 year
10 Dipole
X 5205001 | Data Acduisition SPEAG DAE4 1473 6/2/2015 | 1 year
D] $2060-01- Dielectric SPEAG DAKS 3.5 1056 6/2/2015 | 1 year
14 Assessment Kit
X Copper
52060-01- vector Mountain | Planar R140 | 0090614 N/A N/A
15 Reflectometer .
Technologies
X LKM
SZO?g-Ol- Thermometer electronics DTM3000 3477 8/10/2015 1 year
GmbH
> SZO?g-Ol- Power Amplifier Mini Circuits ZHL-42W+ | QA1449003 | 7/28/2015 1 year
> SZO?g-Ol- Power Amplifier Mini Circuits ZVE-8G+ 111701437 | 7/28/2015 1 year
X . SAM Twin
S$2060-01- SAM Twin SPEAG Phantom 1888 N/A N/A
19 Phantom
V5.0
X 5718013 | . MXG Vector Keysight N5182B | MY53051328 | 11/3/2015 | 1 year
Signal Generator
> SZ070-04 Directional Bridge Agilent 86205A MY31402141 12/32/201 1 year
X S7182-02 RF Power Meter Anritsu ML2496A 1302005 5/20/2016 1 year
M| 5718203 A"ersagrfsgfwer R&S NRP-Z22 101689 7/16/2015 1 year
M| szo70-01 Attenuator Huber Suhner 10dB N/A 6/27/2015 1 year
M| sz070-02 Attenuator Huber Suhner 30dB N/A 6/27/2015 1 year
X N/A Device Holder SPEAG N/A N/A N/A N/A
X DASY5.2
S20S001- | SARJESLSYSIEm | spEAG SW: N/A 7/28/2015 | 10/28/2016
52.8.8.1222
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ANNEX A: Test Layout

Specific Absorption Rate Test Layout Liquid Depth in the flat phantom (2450MHz, 18.1cm)

P1 Side (distance Omm with Flat Phatom) P2 Side (distance Omm with Flat Phatom)
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P3 Sid (distance Omm with Flat Phatom) P4 Side (distance Omm with Flat Phatom)

P5 Side (distance Omm with Flat Phatom)
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ANNEX B System Check Results
System P erformance Check at 2450MHz

Date/Time: 6/1/2016 3:17:24 PM
Test Laboratory: Intertek Service

Communication System: UID 0, CW (0);  Frequency: 2450 MHz;Communication System PAR:
0 dB; PMF: 1

Medium parameters used: f = 2450 MHz; o = 1.98 S/m; ¢, = 51.14; p = 1000 kg/m’
Phantom section: Flat Section

DASY Configuration:

Probe: EX3DV4 - SN7322; ConvF(7.08, 7.08, 7.08)ilizated: 6/10/2015;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1473; Calibrated: 6/2/2015

Phantom: SAM 2; Type: QD000P40CD; Serial: TP:1888

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Configuration/d=10mm, Pin=250 mW, dist=3.0mm (EX-Probe)/Area Scan (6x9x1) :

Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 13.9 W/kg

Configuration/d=10mm, Pin=250 mW, dist=3.0mm (EX-Probe)/Zoom Scan
(7Tx7x7) /Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 91.92 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 25.9 W/kg

SAR(1 g) = 12.7 W/kg; SAR(10 g) = 5.94 W/kg

Maximum value of SAR (measured) = 16.7 W/kg
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db

— -6.33

-12.66

-19.00

-25.33

-31.66

0 dB = 16.7 W/kg = 12.23 dBW/kg
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ANNEX C: MAXIMUM GRAPH RESULTS

Date/Time: 6/1/2016 6:15:43 PM
Test Laboratory: Intertek Service
802.11 b P1 Side high channel

Communication System: UID 0, WiFi 802. 11 b (0); Frequency: 2462 MHz ; Communication
System PAR: 0 dB; PMF: 1

Medium parameters used (interpolated): f = 2462 MHz; o = 1.99 S/m; ¢, = 51.983;
p = 1000 kg/m’

Phantom section: Flat Section

DASY Configuration:

Probe: EX3DV4 - SN7322; ConvF(7.08, 7.08, 7.08)ilizated: 6/10/2015;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1473; Calibrated: 6/2/2015

Phantom: SAM 2; Type: QD0O00P40CD; Serial: TP:1888

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Configuration/FCC WIFI B HIGH/Area Scan (6x9x1) : Measurement grid: dx=12mm,
dy=12mm

Info: Interpolated medium parameters used for SAR evaluation.
Maximum value of SAR (measured) = 1.46 W/kg

Configuration/FCC WIFI B HIGH/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=bmm, dy=5mm, dz=b5mm

Reference Value = 31.21 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 3.03 W/kg

SAR(1 g) = 1.12 W/kg; SAR(10 g) = 0.437 W/kg

Info: Interpolated medium parameters used for SAR evaluation.
Maximum value of SAR (measured) = 1.60 W/kg
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db
— 0

— -4.88

-9.75

-14.63 ‘
-19.50

-24.38
0 dB = 1.60 W/kg = 2.04 dBW/kg
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ANNEX D: SYSTEM VALIDATION

The SAR system must be validated against its perfor

When SAR probes, system components or software are

must be validated with the SAR system(s) that opera

Report No.: 151229027SZN-002

Table D.1: System Validation Part 1

mance specifications before it is deployed.
changed, upgraded or recalibrated, these
tes with such components.

System No. Probe SN. Liquid Validation Frequency Permittivity | Conductivity
name date point £ o (S/m)
1 7322 2450MHz 6/10/2015 2450MHz 52.7 1.95
(Body)
Table D.2: System Validation Part 2
CwW Sensitivity PASS PASS
Validation Probe linearity PASS PASS
Probe Isotropy PASS PASS
Mod MOD.type QPSK QPSK
Validation Duty fa ctor PASS PASS
PAR PASS PASS

TRF No.: FCC/IC SAR_b
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ANNEX E PROBE, DAE and DIPOLE CALIBRATION CERTIFIC ATE

Schmid & Partner Engineering AG s p e a q

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http://www.speag.com

1473

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

Important Note: ‘
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE |
while turning the locking nut of the connector. The same care shall be used when ‘
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BRO040315AD DAE4.doc 11.12.2009
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Callbratlon Laboratory of S\\\\\:f///"’; G Schweizerischer Kalibrierdienst ‘
Schmid & Partner iB\-E_/MEé c Service suisse d'étalonnage
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “ /ﬁ\\\\\‘ S suwiss Calibration Service
UM
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Intertek HK (Auden) Certificate No: DAE4-1473_Juni5

|CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1473

Calibration procedure(s) QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: June 02, 2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI). ‘
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 03-Oct-14 (No:15573) Oct-15

Secondary Standards ID # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit SE UWS 053 AA 1001 06-Jan-15 (in house check) In house check: Jan-16

Calibrator Box V2.1 SE UMS 006 AA 1002 06-Jan-15 (in house check) In house check: Jan-16
Name Function Signature

Calibrated by: Dominique Steffen Technician % Agé?
Approved by: Fin Bomholt Deputy Technical Manager . Y0 i
VAL e |
y

Issued: June 2, 2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: DAE4-1473_Jun15 Page 1 of 5
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
e DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

e Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

e The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

e DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

e Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

e Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

e Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

e Input Offset Current: Typical value for information; Maximum channel input offset |
current, not considering the input resistance. ‘

e Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

e Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

e Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1473_Jun15 Page 2 of 5
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range =  -100...+300 mV
Low Range: 1LSB = 61nV, fullrange=  -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y z
High Range 403.960 + 0.02% (k=2) | 404.555 + 0.02% (k=2) | 404.410 + 0.02% (k=2)
Low Range 3.96356 + 1.50% (k=2) | 3.99426 + 1.50% (k=2) | 3.98917 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 346.0°+1° ‘l

Certificate No: DAE4-1473_Jun15 Page 3 of 5
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (nV) Error (%)
Channel X + Input 200034.86 -0.39 -0.00
Channel X + Input 20003.91 0.08 0.00
Channel X - Input -20004.06 2.30 -0.01
Channel Y + Input 200030.10 -4.54 -0.00
Channel Y + Input 20002.16 -1.57 -0.01
Channel Y - Input -20008.43 -1.92 0.01
Channel Z + Input 200033.46 -1.30 -0.00
Channel Z + Input 20001.75 -2.02 -0.01
Channel Z - Input -20007.64 -1.17 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 1999.82 -0.21 -0.01
Channel X + Input 200.62 0.66 0.33
Channel X - Input -199.52 0.33 -0.17
Channel Y + Input 1999.07 -0.91 -0.05
Channel Y + Input 199.62 -0.43 -0.22
Channel Y - Input -200.66 -0.91 0.45
Channel Z + Input 2000.04 0.16 0.01
Channel Z + Input 198.64 -1.23 -0.61
Channel Z - Input -201.54 -1.60 0.80
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (nV)
Channel X 200 8.78 6.60
- 200 -5.10 -6.99
Channel Y 200 -9.67 -10.19
-200 8.85 8.71
Channel Z 200 -11.72 -11.73
- 200 9.31 9.26

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Report No.: 151229027SZN-002

Input Voltage (mV) | Channel X (uV) | Channel Y (V) Channel Z (uV)
Channel X 200 - 3.42 -4.09
Channel Y 200 9.08 - 5.08
Channel Z 200 10.43 6.73 -
Certificate No: DAE4-1473_Jun15 Page 4 of 5
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4. AD-Converter Values with inputs shorted

Report No.: 151229027SZN-002

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB)

Low Range (LSB)

Channel X 15764 16859
Channel Y 16054 15484
Channel Z 16123 15753

5. Input Offset Measurement

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MQ
Average (uV) | min. Offset (V) | max. Offset (uv) | S'%- '?:\‘,’;a““
Channel X 0.17 -0.42 1.02 0.30
Channel Y 0.90 -0.06 1.92 0.37
Channel Z 0.36 -1.19 1.48 0.41
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.9
Supply (- Vcc) -7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA)

Stand by (mA)

Transmitting (mA)

Supply (+ Vce) +0.01 +6 +14
Supply (- Vcc) —-0.01 -8 -9
Certificate No: DAE4-1473_Juni5 Page 5 of 5
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Intertek HK (Auden) Certificate No: EX3-7322_Juni5

Servizio svizzero di taratura

Report No.: 151229027SZN-002

S Schweizerischer Kalibrierdienst
(od Service suisse d'étalonnage
S

|CALIBRATION CERTIFICATE

Object EX3DV4 - SN:7322
Calibration procedure(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5,
QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calibration date: June 10, 2015

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 01-Apr-15 (No. 217-02128) Mar-16
Power sensor E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-16
Reference 3 dB Attenuator SN: S5054 (3¢) 01-Apr-15 (No. 217-02129) Mar-16
Reference 20 dB Attenuator SN: 85277 (20x) 01-Apr-15 (No. 217-02132) Mar-16
Reference 30 dB Attenuator SN: 85129 (30b) 01-Apr-15 (No. 217-02133) Mar-16
Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15
DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16
Secondary Standards 1D Check Date (in house) Scheduled Check
RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Jeton Kastrati Laboratory Technician [ﬁ
e — A
Approved by: Katja Pokovic Technical Manager 7o = ;//f’// S
AT A5

Issued: June 10, 2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: EX3-7322_Jun15 Page 1 of 11
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Calibration Laboratory of g\‘\:‘_\ii_':‘.- &  Sehweizerischer Kollbrierdienst
Schmid & Partner % ¢ Service suisse détalonnage
Engineering AG T Sarvizio svizzero 4 taratura
Zeughaussirasse 43, B004 Zurich, Switzeriand 14’%? & Lo g
a1

Accredited by the Swss Accredistion Sarvice [SAS) Accreditation No.: SCS 0108

The Swiss fccreditation Servica is one of the signatories to the EA

Multilataral Agreement for the recognition of calibration certificates

Glossary:

T3L tisgua simulating liquid

NORMx, v,z sensitivity in free space

ConvF sengitivity in TSL / NORMxy,z

DCP dindia compression point

oF crest factor (1Aduty_cycle) of the RF signal

ABC D miodulation dependent linearization parameters

Folarization p o rtation sround probe axis

Polarization 3 4 rotation around an axis that is in the plane nermal to probe axis (at measurement center),
l.e., & =0is narmal to probe axis

Connector Angle infarmation used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Sid 1528-2013, "IEEE Recommended Practice for Delermining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wiraless Communications Devices: Maasurement
Technigues®, June 2013

by IEC 622091, "Procedure ta measine the Specific Absorption Rate (SAR) lar hand-held devices used in close

praximity to the ear (frequancy range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

NORMy, . 2 Assessed far E-field polarization 3 = 0 {f = 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
MORM:. Y.z are only intermediate values, i.e., the uncertainties of NORM:y.z does not affect the E-fizid
ungertainty inside TSL (see below ConwiF).

NORM{fx 2 = NORMx, .2 * frequency_response (ses Frequenty Response Charl). This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency rasponse is included
in the stated uncertainty of ComeF.

DCPx, .z DCP ang numerical linearization parametars assessed based on the data of power sweep with CW
signal (no uncertainty ragquired). DCP does not depend on frequency nor media,

FPAR: PAR |3 the Peak o Aversge Ratio that is not calibrated but determined basad on the signal
charactaristics

Axy 2 Bryz Cxopz Dz VRx .z A, B G, D are numerical linearization parameters assessed based on
the data of power swaep for specific modulation signal. The paramaters do not depend on frequency nor
media. ¥R is the maximum cafibration range expressed in RMS voltage across the diode.

Conv and Boundary Effect Parameatars! Assessad in flat phantom using E-fietd {or Temperature Transfer
Standard for = 800 MHz) and inside waveguide using analytical field distributions basad on power
measurements for f = 800 MHz. The same selups arg used for assessment of the paramelars applied for
beundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASYS softwara to improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
to NORMz. .z ® ConvF whersby the uncertainty corresponds to that given for ComvE, A frequency dependent
Convi is used in DASY version £ 4 and higher which altows extending the validity from £ 50 MHz 1o + 100
MiHz.

Spherical isctropy (30 deviaiion from isofropy): in a figld of low gradients realized using a flat phantom
exposed by a palch antenna.

Sensor Offsel: The sensor offsel corresponds o the offsel af vitual measurement center from the probe lip
[on probe axis). No folerance required.

Connector Angle: The angle is assessed using the infarmation gained by determining the NORMx (no
uncestainty required).

Certificate Mo: EX3-T322_Junts Page 2 of 11
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ExX3DWd - SN 322 Juine 10, 2045

Probe EX3DV4

SN:7322

Manufactured:  March 17, 2015
Calibrated: June 10, 2015

Calibrated for DASY/EASY Systems
{Mote: nor-compatible with DASY2 systemt)

Cartificale Mo: EX3-T322_Jun15 Page 3 el 11
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EX3DY- BN-TI22

Report No.: 151229027SZN-002

dJune 10, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7322

Basic Calibration Parameters

Sensor X Sensor Y Senzor & Une {k=2)
Mo (uVim Y 045 0.53 0,55 £101 %
DCP ()" 95,1 ga.7 BEs
Modulation Calibration Parameters
umn Communication System Name ] a B [ ] D VR | Unct |
. dB dBv v dB mv =2}

B oW %] oo 0.0 1.0 0.0 | 1284 | 5%
¥ 0.0 0.0 1.0 1a15
z 0.0 0.0 1.0 130.2

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 85%.

" The uncereintios of MomX, ¥, Z de met affect ihe E*-field uncettainly nside TSL (gee Pages 5 and ),

¥ Nurnerisal lineameatizn paramalar uncenanly not requirad.

 Uncertainty i determined using the maxs, deviation from linsar respanse applying rectangular distibiution snd is expressed for fhe squar of the

ekt vaue,

Cerificate No: EX3-7322_Jun13
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EX30NVE- BNTI22 Jure 10, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7322

Calibration Parameter Determined in Head Tissue Simulating Media

; R Relative | Conductivity | o | Depth = Unet, l
f{MHz) Pemiitivity {&/m) ComvF X% | ConvF ¥ | ConvFZ | Alpha {mmy) {k=2)
450 435 0.87 1996 | 1186 | 1186 | 049 | 130 | #13.3% |
750 419 0,89 874 9.71 o7 | 028 | 113 | +120%
835 415 0,80 9.48 9.46 946 | 023 | 122 | #120%
900 415 0.87 9.18 9.18 918 | 021 | 148 | £120%
1750 40.1 1.47 8.06 8.05 805 | 028 | 080 | +120%
1900 40.0 140 7.76 7.78 776 | 030 | 080 | +120%
2000 40.0 1.40 7.68 7.68 788 | 037 | 080 | +120%
| 2300 38.6 1.67 7.38 7.38 738 | 033 | 080 | +120%
2450 362 1.0 6.99 6.99 699 | 020 | 008 | +120%
2600 38.0 1.86 6.73 6.73 B73 | 039 | 080 | +120%
5200 36.0 4156 5.51 5.51 5.61 D20 | 180 | £73.1%
5300 35.9 476 5.30 5.30 530 | 020 | 180 | +134%
5500 356 4.96 5.04 5.04 504 | 030 | 180 | *131%
| <5800 365 5.07 4.85 4.85 485 | 030 | 180 | $131%
5800 36.3 5.27 4.70 4.70 470 | 035 | 180 | 2131%

* Froguency validily abiove 300 MHz of 2 100 MHz caly appias for DASY v4.4 and higher (see Page 2), lse i is festriciad 1o x 50 MHz. The
uncertainty i the RSS5 of tha ConeF uneestainty ab caiibration fuguincy and e e Gindy fr the indcated Fraquancy band, Frequency walidity
below 300 MHz s+ 10, 25, 40, B and 70 MHz for ConvF asseesments al 30, 64, 128, 150 and 220 MHz respectively, Above § GHz frequency
validity can ba sxended o = 110 MHz.

' A frequencies befow 3 GHz, the validity of issue parametens (o and o} can be retaead 1o 2 109% il Bguid coenpensation Tarmda is applied o
el SAR values. At lrequencias aizove 3 GHz, tha valickty of fissus parameters (5 and o) is restictad b + 5%, The mcanainty i the RS of
the CormF uncarsinty for indicated target fissun parametess,

 AlphaiDepth are debermined duing calibration. SPEAS warranis that the remalning deviaton due (o the boundary effect afer compensalion le
mhways ek then £ 1% for freguancias balvw 3 GHz and below + 2% for frequancies betwsan 3-5 GHz at sy dstance targer than half 1he probe tip
diamater from tha boundany.

Cerlificate Ma: EX3-T322_Junis Pags §of 11
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Ex3lrvd- S Ta22

Report No.: 151229027SZN-002

June 19, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7322

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity | Depth® Unet,
f{MHz)® | Permittivity" (Sim)” | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2
480 567 094 | 117 | 1147 | 1z | oao | 120 | s1s3%
750 555 086 | 966 9.66 9,66 049 | oms | s1z0%
235 55.2 087 | om 9.72 9.72 032 | 141 | 2120% '
800 55.0 1.05 922 a.z2 9.28 024 | 128 | 1120%
1750 534 149 7.7 7.72 772 038 | o080 | +120%
1900 53.3 1.52 7.49 7.43 7.4 043 | o080 | 2120%
2000 53.3 152 7.60 7.60 7.60 0.3 095 | £120%
2300 52.9 1.8 7.25 7.25 7.25 033 | o080 | #120%
2450 527 1.95 708 | Toe | 708 pa0 | oap | +120%
2600 525 218 .91 B.91 B.91 030 | o080 | +120%
5200 48,0 5.30 464 4,64 4.64 040 | 190 | £13.1%
5300 48.0 542 4.3 4.32 4.32 045 | 180 | £131%
E500 486 5.65 4.08 4.06 4.06 D45 | 180 | $131%
5B00 485 577 374 a.74 373 D50 | 180 | +131%
5800 482 £.00 400 | 409 aoo0 | os0 | 190 | #130%

¥ Freguancy vaidiy sbave 300 Mz of £ 100 MHz only 2pplies for DASY w44 and higher {see Page 2}, else it s restricted 1o + 50 MHz. The
uncertainty is the RES af 1he Con woerkanly ot calibeation frequency and the uncersinty for the indicated frequency bard. Frequency validily
balow 300 biHz & 2 10, 25, 40, 50 and 70 MHz for ConmvF assesaments 8130, 64, 1268, 158 and 220 MHz raspectivaly. Above 5 GHZ fregancy

vabdity can be axlandad bo + 110 MHz.

T AL fracuencies below 3 GHz, the valkdity of tisaua paramatars (¢ and o) can ba relaxed to + 10% # liguld compensalion fermuga i apglied to
messurad SAR vakmes At frequencies above 3GHz, The validily of lissue parameters (o and o) & resticied lo 2 5%, The uncarzinty s the BSS of

ihe: CorvF uncersnty for idisated laged besue parameters,

5 AlphaiDeplh are determanad during calibralion. SPEAG warants that the resmaining deviation dus to the bourdary effect afier compansation is
ehways less than + 1% for frequencies below 5 GHz and below & 3% for frequencies befwesn 3.6 GHe o any distance larger than half the probe bp
ciametar from the boundary.

Corlificate Mo; EX3-7322_Jun15
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EX3DONY- SN:7322 dume 10, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Freguency Response of E-field: £ 6.3% (k=2)
Corlificate Mo: EX3-7322_Junis Page ¥ of 11
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EX3OWA- SMTA22 June 10, 2015

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30M4-— SN:T322

Dynamic Range f(SARcad)
(TEM cell , fo,u= 1900 MHz)

Report No.: 151229027SZN-002

June 10, 2015
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
Centificate No: EX3-T3E2_Junis Pags 2 of 11
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EX3DW4- SN:T322 Jume 10, 20145

Conversion Factor Assessment

f= 200 MHz, WGLS RS (H_conF) I = 1750 MHz WELS R22 (H_convF)
ab! |
se ;
29 L
| |
s
g5 g |
& @ |
! |
L1
=13 : I_
n " a P - =0 (5] a 5 HE 1= x b | o F- an
& firen| s
mf:ié:l ||u;+;jm m-.i'-ullb q&i}m
Deviation from Isotropy in Liquid
Error (§, 4), f =900 MH=
|
=10 =08 -8 -04 -02 00 0.2 o4 065 08 1.4
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Certificate Mo: EX3-T322_Jun1s Page 10af 1§
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EX3DVid- SN:T322 Jume 10, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7322

Other Probe Parameters

Sansor Arrangement Triangular
Connector Angla (*) 422
Mechanical Surface Detection Moda : ~ enabled |
Optical Surface Detection Mode T disabled
Probe Cverall Length I 37 mm
Probe Body Diameter  10mm |
Tip Length 4 mm
Tip Diametar 26 mm |
Probe Tip to Sensor & Callbration Pont 1 mm
Proba Tip to Sensor Y Calibration Paint 1 mm |
Probe Tip to Sensor £ Calibration Point 1 mm
Racommended Measurement Distance from Surface 1.4 mm
Cerificate MNo: EX3-T322_Junis Page 11 of 11
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Schweizerischer Kallbrierdienst
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Servizio svizzero di taratura

Swiss Calibration Service

Acereditation Mo.: SCS 0108

Cartificate No: D2450V2-966_Junis

ICALIBRATION CERTIFICATE

.| Cibjact

Casbration prosadure(s)

Calibration date:

D2450W2 - SN; 966

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

June 10, 2015

Calibration Equipment usad (METE cntical for calibraticn)

Thiz calibration cericate documents the iraceability 1o national standarde, which realize the physical units of measurements (51).
Tha measurements and the uncertainties with confidence probabdity ane geen on the following pages and are pan of the certificate,

Ali calibraticns have been conductad in the ciosed laborstory faciity: erdranment tenperature {22 « 3090 and humidity < 70%,

| Primary Standards ICA Cal Data {Cenificale Mo.) Scheduled Calvation
| Power mater EPM-4424 GBIF4BIT0 OF-Chet-14 (Mo 217-020820) Oct1s

Powar sensor HP 84814 Usa7292783 DF-Oel-14 (Mo 217-02020) Ocl-16

Fower senscr HP 84814 MY 41082317 OF-Celd4 (Mo 21 7-02021) Chal-15

Referance 20 48 Allenuator S G058 (30 01-Apr-15 (Mo, 217-02131) Mar-16

Type-M mismetch combinathon S 50472 f DBEET O1-Ape-15 (NG, 217-02134) far-16

Reference Probe ES30V3 SN 3205 30-Da-14 (Mo, ES3-2205_Deci4) Dec-15

DAEL S 601 18-fug-14 {Mo. DAEA-E07_Augld) Aug-15

Secondary Standards [loy Check Dats (in houss) Schadulid Chack

AF ganemator RES SMT-08 VODS 24-Aug-99 (in house sheck Oel-13) In ﬂ:.uaa check: Ocl-16

Metwons Analyzer HP BYS3E LISA7300505 54308 18-0et-01 (in housa check Oot-14) In s check: Oct-15

Marmns Function Sigraiura
Calibrated by srae Einaoun Laboratory Tachnecian w
Apgrovad by Katia Pokovic Tachnlzal Manager B t

This calibration eerificate shall nol be reproduced sxcepl in full without written appreval of the laborglory.

gued; Jumg 10, 2015

Ceriificate Mo: D2450V2.0986_Junis

TRF No.: FCC/IC SAR_b
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. . T
Callbratlon Laboratory of “‘Q@ﬁ:‘ﬁ. 5 Schwelzerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG ¥ Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand AT S  Buiss Callbration Service
Accredited by the Swiss Accreditalion Senice (SAS) Accreditation Mo.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
huktilateral Agreement for the recognition of calibration certificatas

Glossary:

TSL tissue simulating fiquid

ConvF sensitivity in TSL / NORM x,y,z
YA not applicable or not measurad

Calibration is Performed According to the Following Standards:

a} |IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigques”, June 2013

by IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) KDB 885664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

»  Feed Point Impedance and Relum Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measuremant at the SMA connector to the feed point. The Return Loss ensures low
reflected power, No uncertainty required,

= Electrical Delay: One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty reguired.

SAR measured: SAR measured at the stated antenna input power.
5AR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

= SAR for nominal TSL paramefers: The measured T5L parameters are used to calculate the
nominal SAR result.

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

Cartificate MNo: D2450Y2-866_Jun15 Page 2 ci 8
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Measurement Conditions
DASY system configuration, as far a8 not given on paga 1.

Report No.: 151229027SZN-002

DASY Version DASYS VE2 8.8

Extrapolation Advanced Extrapolation

Phantom hodular Flat Phaniom

Distance Dipole Ceriter - TSL 18 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mim

Freguency 2450 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperaiure Permittivity Conductivity

Neminal Head TSL parameters 22.0°C 38.2 1.80 miho'm

Measured Head TSL parameters (22.0+0.2)°C To+E% 1.84 mha/m + 6 %

Head TSL temperature change during test < 0.5°C s iy
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured 250 mW Input power 13.7 Wik

SAR for nominal Head TSL parametars normalized to 1W

53.8 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL candition

SAR measured 250 W nput power

.41 Wikg

SAR for nominal Head TSL parameters normalizad to 1W

25.4 Wikg + 16.5 % (k=2)

Body TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C s 1.85 mhafm
Measured Body TSL parameters (22.0 £ 0.2)°C 507 +£6% 2.03 mho'm 8 %
Body TSL temperature change during test =05°C aen vam
SAR result with Body TSL
SAR averaged over 1 emi’ (1 g) of Body TSL Condition
SAR measured 250 MW input power 13.4 Wikg

SAR for nominal Body TSL parameters

normakized to W

52.1 Wikg £17.0 % (k=2)

SAR averaged over 10 em’ (10 g) of Body TSL

condilion

SAR meastred

250 mW inpul powier

5,22 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

24.5 W/Kg = 16.5 % (k=2)

Certificate No: D2450V2-886_Jun1s

TRF No.: FCC/IC SAR_b
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Appendix (Additional assessments outside the scope of 5CS 0108)
Antenna Parameters with Head TSL

Impeadanca, translomed to fesd point 53304+ 200
Return Loss - 26.6 dB

Antenna Parameters with Bady T5SL

Impedance, transformad to feed point 50,1 0+ 3.8j0 J
Retum Loss -28.2dB |

General Antenna Parameters and Design

| Electrical Detay (ane diraclion) 1.156 ns -I

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

The dipale is made of standard semirigid coaxial cable. The center conduetor of the feading line is dirsclly connected ta the
second arm of the dipole. The antenna is therafare short-circulled for DC-signals. On some of the dipoles, small end cape
are addad to the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length s stili
according fo the Standard.

Mo excassive force must be applied to the dipole arms, bacausa they might bend or the soldersd connections near the
{eedpeint may be damaged.

Additional EUT Data
IManufaciured by SPEAG
Manufactured on Movermier 19, 2014
Carificale Mo: D2450V2-966_Jun15 Page 4 of &

TRF No.: FCC/IC SAR_b Page 60 of 64



Intertek Report No.: 151229027SZN-002

DASYS5 Validation Report for Head TSL |
Date: 10.06.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 966 ‘

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

Medium parameters used: f = 2450 MHz; ¢ = 1.84 S/m; &, = 37.9; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (front); Type: QDO00OP50AA; Serial: 1001
o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 102.4 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 28.2 W/kg

SAR(1 g) =13.7 W/kg; SAR(10 g) = 6.41 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

-14.40
-19.20

-24.00

0dB =17.9 W/kg = 12.53 dBW/kg

Certificate No: D2450V2-966_Jun15 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 10.06.20135
Tesl Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 966

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

Medium parameters used: { = 2450 MHz; o = 2.03 $/m; & = 50.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASY S (IEEE/AEC/ANST C63.19-2011)

DASYS2 Configuration!
« Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated; 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Détection)
¢ Electronics: DAE4 Sn601; Calibrated; 18.08.2014
= Phantom; Flat Phantom 5.0 (hack): Type: QDOODPS0AA; Serial: 1002
o DASYSZ 52.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zeom Scan {7x7x7)Cube 0:
Measurement grid: de=3mm, dv=Smm, dz=3mm

Reference Value = 95.22 Vim: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.6 Wikg

SAR(] g) = 13.4 Wikg; SAR(10 g} = 6.22 W/kp

Maximum value of SAR {measured) = 17.3 W/kg

=480

B S}

-24.00

0dB =173 Wikg = 1238 dBW/kg

Certificate No: D2450V2-866_Jumls Page 7 of &
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Impedance Measurement Plot for Body TSL
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