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ANNEX C SAR Measurement Setup

C.1 Measurement Set-up

The Dasy4 or DASY5 system for performing compliance tests is illustrated above graphically. This
system consists of the following items:

=

Picture C.1 SAR Lab Test Measurement Set-up

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).

An isotropic 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 WinXP and the DASY4 or 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.
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C.2 Dasy4 or DASY5 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 DASY4 or DASY5 software reads the reflection durning a
software approach and looks for the maximum using 2" ord curve fitting. The approach is stopped
at reaching the maximum.

Probe Specifications:

Model: ES3DV3, EX3DV4
Frequency 10MHz — 6.0GHz(EX3DV4)
Range: 10MHz — 4GHz(ES3DV3)
Calibration: In head and body simulating tissue at
Frequencies from 835 up to 5800MHz
Linearity: + 0.2 dB(30 MHz to 6 GHz) for EX3DV4 Picture C.2 Near-field Probe

+ 0.2 dB(30 MHz to 4 GHz) for ES3DV3
Dynamic Range: 10 mW/kg — 100W/kg
Probe Length: 330 mm
Probe Tip
Length: 20 mm
Body Diameter: 12 mm
Tip Diameter: 2.5 mm (3.9 mm for ES3DV3)
Tip-Center: 1 mm (2.0mm for ES3DV3)
Application: SAR Dosimetry Testing
Compliance tests of mobile phones
Dosimetry in strong gradient fields

Picture C.3 E-field Probe
C.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/cm?) 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
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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=C2L
At

Where:

At = Exposure time (30 seconds),

C = Heat capacity of tissue (brain or muscle),
AT = Temperature increase due to RF exposure.

Ef-o

P

SAR =

Where:
o = Simulated tissue conductivity,
p = Tissue density (kg/m3).

C.4 Other Test Equipment
C.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.

PictureC.4: DAE
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C.4.2 Robot

The SPEAG DASY system uses the high precision robots (DASY4: RX90XL; DASY5: RX160L) 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)

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

YV V V VY

Picture C.5 DASY 5

C.4.3 Measurement Server

The Measurement server is based on a PC/104 CPU broad with CPU (dasy4: 166 MHz, Intel
Pentium; DASY5: 400 MHz, Intel Celeron), chipdisk (DASY4: 32 MB; DASY5: 128MB), RAM
(DASY4: 64 MB, 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 1/O
interface are contained on the DASY I/O broad, which is directly connected to the PC/104 bus of the
CPU broad.

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.
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Picture C.7 Server for DASY 4 Picture C.8 Server for DASY 5

C.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. For a source at 5mm distance, a positioning uncertainty
of £0.5mm would produce a SAR uncertainty of £20%. 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 is 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 5 =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.

Picture C.9-1: Device Holder Picture C.9-2: Laptop Extension Kit

C.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 oo™ 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
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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

Dimensions: 810 x 1000 x 500 mm (H x L x W)

Available: Special

Picture C.10: SAM Twin Phantom
The ELI4 phantom is constructed of a fiberglass shell integrated in a wooden table. The shape of
the shell is based on data from an anatomical study designed to determine the maximum exposure
in at least 90% of all users. The ELI4 phantom is intended for compliance testing of handheld and
body-mounted wireless devices in the frequency range of 30MHz to 6GHz. ELI4 is fully compatible
with the latest standard IEC 62209-2 and all known tissue simulating liquids. A cover prevents the
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 in the
robot.
Shell Thickness ~ 2+0. I mm
Filling Volume  Approx. 20 liters
Dimensions 810 x 1000 x 500 mm (H x L x W)

Available Special

Picture C.10: SAM Twin Phantom
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ANNEX D Position of the wireless device in relation to the phantom

D.1 General considerations

This standard specifies two handset test positions against the head phantom — the “cheek” position
and the “tilt” position.

Vertical Vertical
Center Line Center Line
w2, ] | w2 | w2
L—" Hon_zonta !l

1 Line ! :

1
/Horizontal /

/ Line A

Acoustic

A Output
Acoustic B Bottomof e
Output Handset B
Bottom of
/ Handset
Wy/2 | wy/2
Wp/2

W, Width of the handset at the level of the acoustic
W, Width of the bottom of the handset
A Midpoint of the widthw, of the handset at the level of the acoustic output
B Midpoint of the width w, of the bottom of the handset

Picture D.1-a Typical “fixed” case handset Picture D.1-b Typical “clam-shell” case handset

Picture D.2 Cheek position of the wireless device on the left side of SAM
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Picture D.3 Tilt position of the wireless device on the left side of SAM

D.2 Body-worn device

A typical example of a body-worn device is a mobile phone, wireless enabled PDA or other battery
operated wireless device with the ability to transmit while mounted on a person’s body using a carry
accessory approved by the wireless device manufacturer.

Picture D.4 Test positions for body-worn devices

D.3 Desktop device

A typical example of a desktop device is a wireless enabled desktop computer placed on a table or
desk when used.

The DUT shall be positioned at the distance and in the orientation to the phantom that corresponds
to the intended use as specified by the manufacturer in the user instructions. For devices that
employ an external antenna with variable positions, tests shall be performed for all antenna
positions specified. Picture 8.5 show positions for desktop device SAR tests. If the intended use is
not specified, the device shall be tested directly against the flat phantom.
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Picture D.5 Test positions for desktop devices

D.4 DUT Setup Photos

Picture D.6
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ANNEX E Equivalent Media Recipes

The liquid used for the frequency range of 800-3000 MHz consisted of water, sugar, salt, preventol,
glycol monobutyl and Cellulose. The liquid has been previously proven to be suited for worst-case.
The Table E.1 shows the detail solution. It's satisfying the latest tissue dielectric parameters
requirements proposed by the IEEE 1528 and IEC 62209.

Table E.1: Composition of the Tissue Equivalent Matter

No. 114N01237-SAR
Page 78 of 114

Frequency 835 835 1900 1900 2450 2450 5800 5800
(MHz) Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Water 41.45 52,5 | 55.242 | 69.91 58.79 72.60 65.53 65.53
Sugar 56.0 45.0 \ \ \ \ \ \
Salt 1.45 14 0.306 0.13 0.06 0.18 \ \
Preventol 0.1 0.1 \ \ \ \ \ \
Cellulose 1.0 1.0 \ \ \ \ \ \
Glycol
Monobutyl \ \ 44.452 | 29.96 41.15 27.22 \ \
r?}'j;iﬂizjgtcho;r \ \ \ \ \ \ 1724 | 17.24
Triton X-100 \ \ \ \ \ \ 17.24 17.24
PZLZ';‘::;S e=415 | =552 | £=40.0 | £=53.3 | €=39.2 | €=52.7 | €=35.3 | e=48.2
0=0.90 | 0=0.97 | 0=140 | 0=1.52 | 0=1.80 | 0=1.95 | 0=5.27 | 0=6.00

Target Value




T M r‘ No. 114N01237-SAR
/N Page 79 of 114

ANNEX F System Validation

The SAR system must be validated against its performance specifications before it is deployed.
When SAR probes, system components or software are changed, upgraded or recalibrated, these
must be validated with the SAR system(s) that operates with such components.

Table F.1: System Validation

Probe SN. Liguid name Validation date Frequency point Status (OK or Not)
3151 Head 850MHz September. 06, 2014 850 MHz OK
3151 Head 850MHz September.. 06, 2014 900 MHz OK
3151 Head 1800MHz September.07, 2014 1800 MHz OK
3151 Head 1900MHz September.. 07, 2014 1900 MHz OK
3151 Head 2000MHz September.. 08, 2014 2000 MHz OK
3151 Head 2100MHz September.. 08, 2014 2100 MHz OK
3151 Head 2450MHz September.. 11, 2014 2450 MHz OK
3151 Body 850MHz September.. 12, 2014 850 MHz OK
3151 Body 850MHz September.. 12, 2014 900 MHz OK
3151 Body 1800MHz September.. 13, 2014 1800 MHz OK
3151 Body 1900MHz September. 13, 2014 1900 MHz OK
3151 Body 2000MHz September.. 14, 2014 2000 MHz OK
3151 Body 2100MHz September.. 14, 2014 2100 MHz OK
3151 Body 2450MHz September.. 15, 2014 2450 MHz OK
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ANNEX G Probe Calibration Certificate
Probe ES3DV3-SN:3151 Calibration Certificate

_ T8 LA e,
In Collsbworation with — \.-\}\:‘L” b
=777 58 p e a 0 A
CALNNRATION LABORATORY = . -
o s
Add: No.51 Xueywan Road, Haidian District, Beijing. 100191, China LT cALIBRATION
' - Ho. LOSTO

Tel: +B6-10-62304633-2079 Fax: +86-10-62304633-25{ Haallul
E-mail: chili@chinatl.com Hizpe! ' chinattl.cm

Client

Object ES30V3 - SN:3151
Calibration Procedure(s) TMC-0S-E-02-185

Calibration Procedures for Dosimetric E-fisld Probes |
Calibration date: September 01, 2014

| This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncarainties 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. emvironment temperature(22:37°C and
humidity<70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards D& Cal Date(Calibrated by, Cerlificate Mo, ) Scheduled Calibration
Power Meter NRP2 101818 01-Jul-14 (CTTL. Mo.J14X02148) Jun-15
Power sensor NRP-Z21 | 101547 01-Jul-14 (CTTL, No.J14X02145) Jun-15
Power sensor  NRP-Z81 | 101548 01-Jud-14 {CTTL, No.J14X02145) Jun-15
Reference10dBAtlenuator | BTOS20 12-Dec-12(TMC, No.JZ12-887) Dec-14
ReferenceZ0dBAtenuator | BTO267 12-Dec-12({TMC, No.JZ12-856) Dee-14
Reference Probe EX3DV4 | SN 3845 03-Sep-13{SPEAGNo EX3-3846_Sep13) Sep-14
DAES SN 1331 23-Jan-14 (SPEAG, DAE4-1331_Jan14)  Jan-15
Secondary Standards 1D # Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG37004A | 6201052605  01-Jul-14 (CTTL, No.J14X02148) Jun-15
MNetwork Analyzer ESO71C | MY48110872  15-Feb-14 (TMC, No.JZ14-T81) _Fab—1 5
Marma Function Signature
Calibratad by: Yu Zongying SAR Test Engineer »"}ﬁ +D
Reviewed by: Qi Dianyuan SAR Project Leader B s L
Appraved by: Lu Bingsong Deputy Director of the laberatsry | 177, -LPZ

Issued: September 02, 2014
| This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate Mo: Z14-97077 Page 1 of 11
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i chinan

Glossary:

TEL tissue simulating liquid

MNORMx,y.z sensitivity in free space

ConvF sensitivity in TSL f NORMx, v,z

OCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization $ @ rotation around probe axis
Polarization & & rotation arcund an axis that is in the plame normal to probe axis (at measurament canter), i

B=0 is normal to probe axis

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

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 Techniques”, June 2013

b} 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 300MHz o 3GHz)", Fabruary 2005

Methods Applied and Interpretation of Parameters:

NORMy, .2 Assessed for E-field polarization 8=0 (f800MHz in TEM-cell; f> 1800MHz: waveguide).
MNORMx,y.z are only intermediate values, i.a., the uncarainties of NORMx v,z does not effect the

E* -field uncertainty inside TSL (see below ConvF).

NORM{Tx, y 2 = NORMx . 2 frequancy _response (sea Freguency Responsa Chart), This
linearization is implemented in DASY4 software versions later than 4.2, The uncerainty of the
frequency response is ineluded in the stated uncertainty of ConvF

DCPx,yz: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

Ax,pz; Bx,pr Cx pZ VR, y A B.C are numearical inearization parameters assessed based on the
data of power sweep for spacific modulation signal. The parameters do not depend on frequency nor
madia. VR is the maximurm calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<B00MHz2) and inside waveguide using analytical field distributions based on
power measurements for f =B00MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncartainty valuad are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sansitivity in TSL cormesponds to NORMzx, y.z* ConvF whereby the uncerainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from:50MHz to+100MHz.

Spherical isotropy (30 deviation from isotropy); in a field of low gradients realized using a flat
phantom exposed by a patch antenna.

Sansor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). Mo tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx
{na uncertainty requirad),

Certificate No: Z14-97077 Page 2 0f 11
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Probe ES3DV3

SN: 3151

Calibrated: September 01, 2014
Calibrated for DASY/EASY Systems

(Mate: non-compatible with DASY2 system!)

Certificate No: Z14-97077 Page 3 of 11
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DASY — Parameters of Probe: ES3DV3 - SN: 3151

Basic Calibration Parameters

Sensor X SensorY Sensor 2 Unc (k=2)
Morm{pViVim)% (1.1 1.20 1.14 +10.8%
DCP{mV)® 103.4 | 103.3 102.9 |

Modulation Calibration Parameters

Ui Communication A B C 'D VR | Une*®
System Name dB dB-uV dB my (k=2)
] cw X |00 |00 [1.0 (000 2641 | £2.3%
Y 00 |00 1.0 275.7
z 00 |00 |10 | | 268.7

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 uncertainties of Norm X, ¥, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 6)
B Numerical linearization parameter; uncertainty not required.

E Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.

Certificate No: 21497077 Page 4 of 11
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DASY — Parameters of Probe: ES3DV3 - SN: 3151

Calibration Parameter Determined in Head Tissue Simulating Media

- (]

f MHz]® F-;:l::;_ﬁ Cunr.:l[;c:nr;':ty ConvF X | ConvF Y | ConvF Z | Alpha® ::::; ! :::;;'
850 415 082 | 604 | 604 | 604 | 041 | 149 | £12% |
900 41.8 097 617 | 617 | 617 | 038 | 155 | +12%
1810 40.0 140 544 | 544 | 544 | 057 | 148 | +12%
1900 40.0 140 | 516 | 516 | 516 | 074 | 125 | +12%
2000 40.0 1.40 523 | 523 | 523 | 050 | 157 | +12%
2100 39.8 1.49 525 | 525 | 525 | 074 | 124 | +12% |
2300 39.5 167 491 | 4061 | 491 | 073 | 121 | =12%
2450 | 302 1.80 471 | 471 | 471 | 082 | 116 | £12%
2600 | 390 196 457 | 457 | 467 | 089 | 114 | x12%

¥ Frequency validity of +100MHz only applies for DASY w4.4 and higher (Page 2), else it is restricted to £50MHz. The

uncartainty is the RSS of ConvF uncerainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency balow 3 GHz, the validity of tissue parameters (£ and o) can be retaxed to +10% if liguid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (€ and o) is

restricied to £5%. The uncertainty is the RSS of the ConvF uncertainty for Indicated targed tissue parameters.

8 Alpha/Depth are determined during calibration. SPEAG warranis that the remaining deviation due to the boundary

effect after compensation is always less than + 1% for frequencies below 3 GHz and below £ 2% for the frequencies

between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary,

Certificate Mo: Z14-97077 Page 5 of 11
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DASY — Parameters of Probe: ES3DV3 - SN: 3151

Calibration Parameter Determined in Body Tissue Simulating Media

L]

f IMHz]" F'I::I::;YF c““‘:;f::f’ ConvF X | ConvFY | ConvF Z | Alpha® I:::.Ip:' :'::;t.

| 850 55.2 0.99 6.14 6.14 614 | 034 | 178 | £12%
900 55.0 1.05 6.08 6.08 608 | 051 | 143 | £12%
1810 533 | 182 5.03 503 | 503 | 052 | 154 | +12%
1800 53.3 1.52 477 477 477 | 048 | 166 | £12%
2000 533 | 15 | 500 5.00 500 | 068 | 133 | +12% |
2100 53.2 1.62 5.04 5.04 504 | 073 | 132 | +12%
2300 52.9 181 | 456 | 456 456 | 058 | 157 | +12%

2450 | s27 | 185 442 442 | 442 | 067 | 139 | +12%
2600 | 525 | 216 426 | 426 | 426 | 069 | 1.37 | £12%

© Fraquency validity of +100MHz only applies for DASY v4.4 and higher (Page 2}, else it is restricted to 250MHz, The

uncerainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band
F At frequency below 3 GHz, the validiy of tissue parameters (£ and o) can be relaxed to +10% i liquid compensation
farmula s applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (£ and g) is

restricled o £5%. The uncerainty is the RSS of the ConvF uncertainty for indicated target lissue parameters.

a Alpha/Dipth ane determined during calibration. SPEAG warrants that the remaining deviation due fo the boundary

effact after compensation is always less than + 1% for frequencies below 3 GHz and below £ 2% for the frequencies

between 3-5 GHz at any distance larger than half the probe tip diameater from the boundary.

Certificate No: Z14-97077 Page 6 of 11
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

Frequency response (normallzed)

Uncertainty of Frequency Response of E-field: £7.5% (k=2)

Certificate Mo: 21497077 Page 7of 1
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f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial lsotropy Assessment: £0.9% (k=2)
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A"\, Colabormtion with

Ul e e

Add: Mo 51 Nueyvuan Road, Haidion District, Beijing. 1001%1, China
Tel: +Bo-10-62304635-2079 Fax: +B6-10-62304633-2504
E-muil: ctiliE@chmatt]. com it wwnr chimaitl on

Dynamic Range f(SARpeaq)
(TEM cell, f = 900 MHz)

Input Signal[pV]

10’
SAR[mWem']

—8—pot compensaled  —8— compensated

E o - H T I 138
LR e S B S R R o
.E. -1!---0«-1- = | _':_—‘1

m
i |
1 4 SR - .-
-
10’ 10 1w nl 10 1w’
i SAR[mWIcm |
____—=&— not compensaied . :u'npunutnd_l

Uncertainty of Linearity Assessment: £0.9% (k=2)

Certificate No: Z14-97077 Page 9 of 11
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QTTL $ Do o g
CALERATION LABDRATORY

Add: Mo 31 Xueyuan Resd, Hasdian Disiriet, Beiping, 100191, Chise
Tel: +Rb=10=62104633-2079 Fox: +86=10=52 30463 1= 2504
E-mail; cril@chinaitl. com Hiip: ! wwwe ghimadil cn

Conversion Factor Assessment

f=900 MHz, WGLS R9(H_convF)

f=1810 MHz, WGLS R22(H_convF)

Deviation from Isotropy in Liquid

°3

s =

0.4 =

02 -]
00 ]

7 Axis

03

B X

~

0.8

10 -0B0 OB O O O 030 O 06D OB D

Uncertainty of Spherical |sotropy Assessment: £2 8% (K=2)
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!“\' in Collsborsmican with
=
=777 s p e a g

Add: Mo.51 Xueyuan Road, Haidian District, Beijing, 100091, Ching
Tel: +B&-10-62304633-207% Faog: +BD0-62304633-2 504
E-mail: eathgichinatl.com 1 Htp: A rewowechimatt].cn

DASY - Parameters of Probe: ES3DV3 - SN: 3151

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) 85.2
Mechanical Su;falza- Detection Ho-de_ . enabled
Optical Surface Detection Mode - disable

| Probe Overall Length - 33Tmm
Probe Body Diameter - 10mm
Tip Length 10mm
Tip Diameter  amm |

| Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor ¥ Calibration Point | 2mm

, Probe Tip to Sensor £ Calibration Point . o 2mm
Recommended Measurement Distance f_rnm Surface Imm i

Certificate Mo: Z14-9T077 Page 11 of 11
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ANNEX H Dipole Calibration Certificate

835 MHz Dipole Calibration Certificate

Vi

Calibration Laboratory of {u‘ﬂlﬁ:r §  Schwoizerischer Kalibrierdienst

Schmid & Partner e I Service sulsse Oétalonnage
Engineering AG T T Sorvizio swizzore di taratura

Zeughausstrasse 43, BH04 Zurich, Switserland ' “;’F‘.\&e S  Swisn Catinratian Service

iyl

accradiad by the Swss Accreditalion Sendce [5A5) Accreditation Mo SCS 108

Thie Swiss Accreditation Service is one of the signatories ko the EA

Multilainral Ag i Ter dhas gnition of callbration certificates

ciient  CTTL [Auden) Certiticate Mo: DB35V2-4d069_Aug14

|CALIBRATION CERTIFICATE |

Chijpet Da35V2 - SN; 40069

Caliwalion prosedumiz) 1A CAL-0S.vE
Calibration procedurs for dipole validation kits above Y00 MHz

Calibration dat; August 28, 2014

This calimbon cersficals documents ©e traceabikty (o naticral standands. which realize tho physical units of measuremanis (31,
| The meassmments and the meersrses with cenlidancs probabilty ane glaen on e {oliowing pages and ame par of She cenificate.

Al cakbrations hawe boeen candutied in the Glosed laborsiory lactity anvironmant tempembuea (22 + 31°C and humidity « 70%.

Calteailan Equipment used {MATE criscal lor calealkn}

| Piimary Standards | [ )] Cal Dale {Cerificaia Mo Schaduled CalibrSon
Prwer meter EPM-4424 CAHETIELTIN 4-CIC1-13 o, 217-00B2T) Ocl-14
Prnweer cangan HF AE1A USITRATRS BE-CIe1-138 {hio. 217-00B2T) Oel-14
Prwes sensar HP 85614 [ mrvatoazany B5-0el-13 {Ho_ 217-01828) Cel-14
Pedarence 20 dB Atlanuatce | 5M; SOEE (200K Dit-ipe-14 (Mo, 29700815 Apd-15
Type-h mismsich comninaton SN BO4T.2 ¢ OBI27 Cd-Agn-14 (Mo, 217-0r521) Anras
Falanencs Frobe ES30V3 SH: 3205 JO-De-13 (M ESE-3205 Dectd) Dac-14
OES | sh: B0 15-Aig-14 (N, DAEL-E0T_ALg14) Augis
| Socordany et [ Chack Date (in house) Seheduled Check _
AF ganamior RAS SMT.05 100006 -Aug-53 fin hiruse chask D15 In hoise chack: Dot 16
Halwork Anakyzar HF 87536 USITA0S05 SA206  18-0ea-01 i Bouss check Det-13) In heisse chack: D14
Nama Fungsaon Sgratuna
| Caltaraled by: Michzsl Wabar Laboralery Todhmician ,'({
Approred by Kitia Prkovic Technical Manager R T
;:_-_-.'-{'—'- e "’rf;‘;_

-

laauAg: Auguesn 28, M4
This caliralicn cailicats shall mol Be eprodused Bxsit in bl without watsen approval af the laborasary.

Cetificate Mo DEISV2-4d089_Augid Page 1 of &
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Calibration Laboratory of fﬁ":\'l,_':f?-i, g Sehmsizerischer Kailbrierdienst
Schmid & Partner *—&ﬁ C Sarvice suisse ddtalonnags
Engineering AG o= Servizio svizsera di laratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ﬁgq-":-?\.z? 5 Swiss Calibration Service
II|'|I| II"I
accradied by 1he Swiss Accreditation Servce [SAS) Accreditation Mo,: SCS 108

The Bwiss Accreditation Service s one of the signatories to the EA
Muliitsieral fAgresment lor the recognition of callbration certificates

Glossary:

T5L tissue simulating liquid

ConwF sansitivity in TSL/ MORM xy.z
A not applicable ar 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 Wirelass
Communications Devices: Measurement Technigues”, June 2013

b} 1EC 62203-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency ranga af 300 MHz to 3 GHz)",
February 2005

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to & GHz"

Additional Documentation:
d) DASY4'S System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Conaitons! Furthar details are available from the Validation Report at the end
of the cedificata. All figures stated in the certificate are valid at the frequenay indicatad,

«  Antenna Pararmeters 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 onignted
parallel to the body axis.

»  Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measuramaent at the SMA connector to the feed point, The Return Loss ensuras low
reflected power. No uncartainty requirad.

s Elactrical Delay: One-way delay betwean the SMA connector and the antenna feed point.
Mo uncertainty reguired.

o SAR measured: SAR measured at the stated antenna input power.

s SAR normalized: SAR as measured, normalized to an input power of 1 W at the amtanna
connector.

«  SAR for nominal TSL parameatars: The measured TSL parameters are used to calculate the
nominal SAR result,

The repartad uncarainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution correspands 1o a coverage
probability of approximately 85%,

Cenilicals Mo: 0835W2-44068_Aug14 Page 2 of B
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Measurement Conditions
D&Y system configuration. as far as nol given on page 1.

DASY Version DASYS V52,88
Extrapolation Advanced Extrapolation

Phantom Modular Flat Fhantom

Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =G mm

Freguenay 835 MHz + 1 MHz

Head TSL parameters
The following perameters and calculations were applied.

Temperaiure Poer vttty Conductivity
Haminal Head TSL parameters 220G 41.5 0.80 mha'm
Measured Head TEL parameters (220+02°C | 420 = 6% 084 mhadrm £ G %
Head TSL temperature change during test <0.57C e
SAR result with Head TSL
EAR averaged avar 1 em” {1 g) of Head TSL Conditicn
SAR rmeasurad 2RO mW inpuf power 243 Wikg
SAR for nominal Head TSL parametsrs niormalized 10 1% G483 Wikg £ 17.0 % (k=2}
ZAR averaged over 10 cm’ {10 g) of Head TSL condtion
SR measured 250 m\W input powar 1,58 Wikg
SAaH for nominal Head TSL paramsatens 1 riarmalized b 1w 5.7 Wik = 16.5 % (k=2)
Body TSL parameters
The following parametars and calculations werne applad.
Temperature Parrmitlivity Condusctivity
Nominal Body TSL parameters 22.0°C 56.2 0.97 miha'm
Measured Body T5L parametars [22.0+0.2)°C BE2+6% 1.01 mhaim =8 % |
Body TSL temperature change during test = 0650 |
SAR result with Body TSL
SAR averaged ovar 1 em” {1 g) of Body TSL Condition
SAR measuned 250 mW input powar 246 Wika
S4R lor nominal Body TSL paramaters J normalized o 1W 9,55 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL candition
| 5AR measured 250 mW inpul paower 1.82 Wikn
| SAR for nominal Body TSL parametens narmalized o 1W B.33 Wiikg = 16.5 % (k=2)

Cerificale Mo: DE2EVI-44089_Augid Fage 3 of B
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Appendix (Additional assessments outside the scope of SC5108)
Antenna Parameters with Head TSL

Impedance, transformed to fead paint 5330 +0810

| Feturn Loss -29.7 dB

Antenna Parameters with Body TSL

Impadance, transformed 1o feed pomt 486152 - 1.4 ji2
Hetum Loss -34.5dB

General Antenna Parameters and Design

Elacirical Detay (one direclion) ] 1.385 ne

Alver lomg term wse with 100W radiated powsr. only a slight wamrming of the digole near the leedpont can be measured.

The dipale |= rmade of standard semingid coaxial cabde. The center canductor of the leeding line iz direclly connected 10 the
gacond am of the dipole. The antanna is thereiore shor-crcumed for DC-signals. On some of the dipoles, small end caps
are added ta the dipole arms in ordar to improve makching when logded accarding bo the positien as explained in he
"Measunarmant Conditions” paragraph. Tha SAR data are not atfected by this changs. The oderall dipale langth @ il
accordng 1o the Standerd.

Mo excassive force must be applied 10 the dipola amms, bacause thay might band or the soldered conneclions near The
feedpaint may e damagad.

Additional EUT Data

Manufactured by l SPEAG

Manulasiured on Wovember O, 2007

Cortificate Mo DEISV2-4d080_Awg1d Faga 4 of 8
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DASYS Validation Report for Head TSL

Date: 28.08.2014
Test Laborutory: SPEAG. Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DE3ISV2; Serial: DEISVI - SN: 4d069

Communication System: UID 0 - CW; Frequency: 835 MHz
Medinm paramcters nsed: £ =835 M 0 =094 5/m; g =42, p= LKD) ]rZQ-rm1L
Phantom scction: Flal Section
Measurement Standurd; DASY S (IEEENEC/ANST C63, 19-2011)
DASY 52 Configuration:
«  Probe: ES30V3 - SM3205; ConvFie 22, 622,622y Calibeaed: 30,112,201 3;
e Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAES Snél]: Calibrated: | S.08.2014
s  Phantom: Flat Phantom 490 Type: QDOMOP49AA: Serial: 1001

+  DASYIISTERII2Z) SEMCAD X 14.6. 1007331}

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (Tx7x7)/Cube U
Measurement grid: da=3mm, dy=5mm, de=5mm

Reference Value = 36.74 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.61 Wikg

SAR(1 ) = 2.43 W/kg: SAR(1D g) = 1.38 Wikg

Maximum value of SAR (measured) = 285 Wikg

-2.40

0dB =285 Wikg =4.55 dBW/kg

Cemificate Mo: DEISV2-1d059_Augl4 Page &of 8



T M i-‘ No. 114N01237-SAR
Vam. Page 96 of 114

Impedance Measurement Plot for Head TSL

27 Aug 24 451335 @d

EHI] =11 10 F LR B b EEL45 s 15524 pH 23 PRE RAR MHz
.
T L]
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1 i
i
ke
CHZ E£1i LO& 5 dBSREF =320 48 13-29.675 &8 H3%000 OB MHz
I e S [
e e
T "
9 e
ci 3 o
. -

START E350ed 908 Mz STOF 1 935008 800 rHz
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DASYS Validation Report for Body TSL

Date: 27.05.2014
Text Laboratory: SPEAG, Zurich, Switzeelund
DUT: Dipole §35 MHz; Type: DE35V2; Serfal: DEISVI - 5N: 4d0a%

Communication System: UID 0 - CW; Freguency: 833 MHz )
Medium parameters used: [ = 335 MHz; o= 101 3/m; &= 55,2 p = 1000 kgém®
Phantom section: Flal Section

Measurement Standarnd: DASY S {(IEEEMEC/ANST Co3. 19-2011)

DASYSZ Configuration:
e Prohe: ES3DV3 - BN3205: ConvF{6.0%, 6.09, 6,091 Calibrated: 30,12.2013;
v Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electromics: DAE4 Sndbl; Calibrated: |5.08.2014
= Phantom: Flat Phantom 4901 Type: QDONIP49AA; Serial: 1001

o DASYS2 S2EE(1222) SEMCAD X 146, 17331 )

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: de=5mm, dy=3mm. dz=5mm

Reference Walee = 34.97 Vim; Power Drilt = 0,01 4B

Peak SAR (cxtrapolated) = 360 Wik

SAR(L g) = 246 Wike: SAR(I0 g) = 1.62 Wikg

Maximum value of 3AR (measured) = 2.87 Wiz

-A7.m

0 dB = 2.87 Wikg = 4.58 dBWikg

Cerilicate No: DE35SV2-4d069_Aug 14 Page 7 of B
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Impedance Measurement Plot for Body TSL
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1900 MHz Dipole Calibration Certificate

Calibration Laboratory of

Schmid & Partner
Enginearing AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Aczredinnd by Ihe Swesn Accredilalion Ssovice (SA5)
The Swiss Accreditalion Service is one of the signataries to the E&
MisHilateral Agreament for the recognifion of calibration certificates

client  GTTL (Auden)

No. 114N01237-SAR
Page 99 of 114

=3 Schweirsrizcher Kalibrierdenst
c Farvice suiszs d' talonnage

Bervizio svizzers di taratura
Bwiss Calibration Service

Accreditation Mo SCS 108

Cortificata Me: D1900V2-5d101_Jul14

CALIBRATION CERTIFICATE

Chject

Cakbralion dates

Catbreatian prosedun s

D1200V2 - SN: 5d101

A CAL-05.03

Calibration procedura for dipole validation kits above 700 MHz

July 23, 2014

Catbralion Equipmest used (METE crtcal for calibraion)

This cafibration ciificaty documsnls T raceabifly (o ratonal standands, which realize thae physcal unils of measurements (51).
The measuresmanis and the uncertantie: with conlidence probabiily e ghen on the following pages and are part of the carilicata.

Al saibeations hava been conductsd in The dosed laboralery faciity: ervinonment bemperature {22 = 31 C and bomidity « 7%,

| Primary Standands 0¥ Cal Draba |Calilicata Mo Echeduied Calibmbicn
Foraar mialar EP K428 GHIT4E0T04 TCel13 [P, FIT-0182T) Cef-14
Poranr sermor HE° 28814 LSRR HIBTES 08-Cel=13 (M. FET01B2ET) Oef-14
Posar sersor S 24814 (PR Eln i d i D8Ocl=13 (M. FET01B3E) etaia
Halerancs 20 B Afenuatos ShE SOEB (30K} O3-Aper-id |Fa. 21 7-0191E) Aprds
Typa-3 mismatch combinaton ShE 5047.2 1 0B32T O3-aprdd (Mo, 21701921 AprAds
Haforanco Proba ES3003 Sh: 2206 3-Dooe 13 (Moo BE3.3505_Doct ) [lac14
OaE4 SN G0 3apr-14 (Mo, DAE4-6H_Apria) ApeS
Sapandany Standanss o Chock Data {in house) Scheduled Chack
AF ganergtyr RES SMT-06 10000 Dd-A00-99 (in Npusa chack Det-13) In Mouss check; Qc-16
Nelwaek Anahzer HF B7F33E US37IR0585 54206  18-0xl-07 fin housge chack 0g1-13) In house check; Qot-14
Mama FLinztion Signahse
Calfarated by Jelon Kastali Laboralery Tm:rzjiun— = E { ﬁ':,_._-
Approwed oy Kaba Pokovic Techrecal Managar

Tha calention camhicale shall not ba "IIFT-DI‘IIJI'!DE a:emnl_lnlullw[‘.'nu_ul m_r!_u_ppmmlm iho Inboralory.

P

leguad: July 23, 2014

Certifecate Moo D1800W2-54101 _Jull &

Page 1 of B
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Calibration Laboratory of

. =] Schwelzerlacher Kalibrigrdionst
Schmid & Parnner Servics suisse détalannage
Engineering A Servizio svizzere di arabura
Zeughausstrasse 43, 2004 Zurich, Switserland S Swiss Callbratian Sarvics
Arcredited by the Swiss Accredialion Serdce (SA5] Accredilation Ma,; SCS 108

The &wiss Accreditation Service s ane of the signeiories to the EA
Multilateral Agreement for the recegnition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NOAM x,y.z
M/& not applicable or nat measurad

Calibration is Performed According te the Fellowing Standards:
a) |IEEE 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

by IEC 82203-1, *Procedurs to measure the Specific Absorption Rate (SAR) for hand-held

devices used in close proximity o the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) KDB BESE64, “SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 Systemn Handbook

Methods Applied and Interpretation of Parameters:

Measurement Condifions: Further details are available fram the Validation Report at the end
aof the certificate, All figures stated in the cerificate are valid al the frequency indicated.
Anfenna Farameters with TSL: The dipole is mountad with the spacer to position its feed
point exactly below the center marking of the flat phantam section, with the arms orented
parallel to the body axis.

Feed Point Impedance and Refurn Loss: These parametars are measured with the dipole
positioned under the liguid filed phantom. The impedance stated iz transformed from the
measurament at the SMA connactor to the feed point, The Return Loss ensures low
reflected power. Mo uncertainty required.

Eilectrical Delay: Une-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

SAR measurad: SAR measured at the stated antenna input power,

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
conneactor.

SAA for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result,

The reported uncarainty of measuremsnt is stated as the standard uncertainty of measurement
multiplied by the covarage factor k=2, which for 2 normal distribution comesponds to a coverags
probability of approximately 5%,

Coarilicate Mo: D120IVE-5d101_Juli4d Page 2 of 8
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Measurement Conditions

DASY syslem conligurabion, as lar a5 nol given on page 1.

No. [14N01237-SAR
Page 101 of 114

DASY Version DASYS VE2.88
Extrapolation Advanced Extrapolation
Phantorm Modular Flat Phantom
Distanoe Dipole Cenler - TSL 10 mm with Spacer
Zoom Scan Resclution ddw, dy, dz = 5 mn
Frequency 1900 MHz £ 1 MHz
Head T5L parameters
The felbvwing parametars and calculations ware applied,
Temperature Permittivily Conductivity
NWominal Head TSL parameters 220G 400 1.40 mhadm
Measured Head TSL parameters (22,02 0.2)°C 3956 % 1.38 mho'm £ 6 %
Head TSL temperature change during test = 050 —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Ctclition
SAR messured 250 mW input power 10.1 Wikg
SAR far naminal Head TEL parameiars nomalized to 1W 40,6 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
S8R measured 250 mW inpul power 5.25 Wikg
SAR for nominal Head TSL parametars iz b TW 21.1 Wikg = 16.5 % (k=2)
Body TSL parameters
Tha following pararmiders and calculalions were applied.
| Temperature Parrmittivity Conductivity
Hominal Body TSL parameters 22.0°C 53.3 1.52 mha’m
Measured Body TSL parameters (220 £0.2) "0 5E5xB% 1.51 mhovrm £ 6 %
EBody TSL temperature shange during test 2 L5 0 -
SAR result with Body T5L
SAR averaged over 1 em® (1 g) of Body TSL Canditian
SAR measuned 250 miY input powar 10,71 Wikn
S8R for narminal Bady TSL pararmeterns normalized 1o 1% 40.4 Wikg + 17.0 % (k=2)
SAR averaged aver 10 em® (10 g) of Bady TSL canditicn
SAR measured 250 W input power 5.35 Wikg

S4A for nominal Beody TSL parameiers

narmalizad 1o 1%

214 Wike = 16.5 % (k=2)

Cartificate Moo D1 500W2-Ed101_Juli4

Page 3 of B
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Appendix (Additional assessments outside the scope of SC5108)
Antenna Parameters with Head TSL

Impadancs, fransfommed (o laed paint EOTO+83)02
Ratisti Loss -24.1 dB

Antenna Parameatars with Body TSL

Impedance, ransiormed to feed poing 46.6 £k + 6.5 |

Rieturn Loss « P24 dB

General Antenna Parameters and Design

|_Ela-cl,:'ic:a| Dty (on dirgction) 1203 ns

Aftar fang term use with 100W radialed powsr, only & slight waming of the dpole near the leedpeant can be measured.

The dipoia is made of standand sermisigid coaxal cable. The center conductor of e feading Bne is direclly connactad to e
second arm of the dipale. The antenna |5 therelore shon-circuited for DC-signats. On Some of the dipeles, amall end caps
are addad to the dipode arms in arder 1 improve matching when loaded according (o the posilion as expiainad in tha
“WMeasuremen Condiions” paragraph. The SAR deta are not affactad by this chasge. The averall dipale kength s il
according to the Standand

Mo axcessiva force must be applied to the dipoée arms, because thay might bend or the soldered connections neer the
faedpoint may be damaged.

Additional EUT Data

Manidaciured by EPEAG
Manufactured on March 28, 2008

Carlificabs Mo DIA00WE-50107_Jul14 Paga 4 of &
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DASYS Validation Report for Head TSL

Drpe: 23.07.2014
Test Laboratory; SPEAG, Zunch. Switzerland
DUT: Dipole 1900 MHz; Tvpe: D19V 2; Serial: DI900Y2 - 8N: 5d101

Commumcation Syvstem: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz: o = 1 .38 S'm &= 390.5; p= 1000 kym”
Phantom section: Flal Section

Messurement Standard: DASYS (IEEETECANSTI Cad. 19-2011)

DASY 32 Configuration:
=  Probe: ES3DV3 - SN3205; ConvFi5.06, 3.06, 5.06); Calibrated: 30.12.2013;
& SBensor-Sourface: 3mm (Mechanical Surface Detection)
#  Blecironics: DAEA Sna01; Calibrated: 20,04, 2014
= Phantom: Flat Phantom 5.0 {front); Type: QDOODPS0AA: Serial: 100]

«  DASYSZ 528801223 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, de=5mm

Reference YValue = 99,04 ¥im; Power Drifi = 0.0 dB

Peak SAR (extrapolated) = [8.5 Wika

SART gi= 10,1 Wike: SAR(LD ) = 5.25 Wik

Maximum value of SAR (measured) = 12,8 Wik

db
1]

0dB =128 Wikg = 1 .07 dBWikg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drane: 23.07.2004
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DIS00VZ; Serial: D190V - SN: 54101

Commiunication System: LD 0 - CW: Freguency: 1900 MHz

Medium parameters used: £ = 1900 MHz; o = 131 S/m; g = 52.5; p = 1000 kg/m’
Phantoan section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63,19-2011)

DARY 52 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvE{4.76, 4.76, 4.76); Calibrated: 30.12.2013;
s Sensor-Surface: Fmm (Mechanical Surface Detection)
s Electronics: DAES Sna01; Calibsated: 30.04,2014
« Phantem: Flai Phaniom 5.0 {back): Type: QDOIOPI0AA; Scrial: 1002

« DASYS2 328801222 SEMCAD X [4.6.1007331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube
Megsurement grid: dx=5mm, dy=3mm, dz=3mm

Reference Value = 95.79 ¥W/m; Power Dnft = -0L01 4B

Peak SAR (extrapotated) = 17.7 Wikg

SAR(L g = 10,1 Wike: SAR(10 g) = 5.35 W/ka

Maximum value of AR (measured) = | 2.8 Wikg

O dB =128 Wka= 1107 dBW/kg
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Impedance Measurement Plot for Body TSL
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2450 MHz Dipole Calibration Certificate

Calibration Laboratory of

Schmid & Partnar
Engineering AG

Zoughaussbrases 43, 5004 Zurich;, Switosstand

No. 114N01237-SAR
Page 107 of 114

Sehwaizerischer Kalibriardisnst
Sarvice sulsse d'étalennage
Sarvikio svizzero di tarslurs
Swisa Callbration Service

Ancrediled by the Swiss Accrecilation Sanvice (SAS Accrotitation No: SCS 108

The Swiss Accrediation Service is one of the signatories 161k BA
Bbuitilaberal Agrecment for the recegrillan of calibration ceriticates

ciiert  CTTL (Auden)

[CALIBRATION CERTIFICATE |

Certifents Mo D2450V2-853_Julld

Cotijesct D2450w2 - SN: 553

Calbration procedurss) oA CAL-05NS

Calibration procedurs tor dipole validation kits above 700 fHz

Caileaion dalic Juty 24, 2014

s calialion carficale dosrnants the faceabiliy ba nalinnal standards. which realizg tho physical unils of measurements (5
The resssamants and lhe weadaintins with confidencs peobabilty are given an he falowing Fages and s parl of Ena Gedilicale,

Al calbrgtians nava been conducied in tho closed laboratany Taciiby: enyinore lgmpanabare (22 « 3)°C and humidily < TR

Calibration Equpmant used {MATE citical her calbealion)

Ermary Slardds liDa o Dale (Cerificale Fo Schedubed Calibration
Povnr mainr EPA-A428, GERIr4B0TO4 9015 (Mo, 217-082 7} Ot-14

Porsar sersor HP 4814 USaTEaeTes CR-0H-13 Mo 21700827 Qw14

Poywar sanzsor HP SEH1A MY T 80113 Mo, 217-01028) Ot

Refesnnco 20 0B Allaniagar S 5058 (R0} Q3-Ape-14 Mo, 217-01818) AprAS

Tips-M muzmatch combinatian EP: 50472 § DE3ET 03-A0r-14 (Mo, 2171821 Apeas

Redarerce Probe E33003 BN BE05 -Dac-13 (Mo, ES3-3205, Dec13) Do 14

DAEL SH: A0 SO-ADr-14 (Mo, DAES-B01_aprid) A5

Secondany Stardans D ¥ Cheek Dane {in houssp Schaduled Chesck

RF ganaeaior ARS SMT-06 103K S Oa-Aug-B8 (in nousa ches O6-13) I P chmche Cct-16
stk Analyzer HE 8T53IE WISI7AG05ES 54206 18-S 101 fin howtse chack OG1-13) In hroues chacsc Oct-14

Hame Funclian
Caliorabed kry: Claucio Laubar Laboratory Technician
Appeoved by K Foloonio Techvical Managar
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Calibration Laboratory of
Sehimid & Partner
Engineering AG

Faughauastrasse 43, 5004 Turich, Switoerland

] Sehweizerizcher Kallbrierdienst
Service sulsse d'étalonnage

c SarviEie svizzena dl taraters

5 Swian Calibration Serdon

Accrndiiog by the Swizs Accredtation Sanice (SAS) Accredilation Mo.: SCS 108
Thi Swiss Accreditation Service is cne of the signataries 1o the EA
Multilateral Agreement for the resognilion of callbration certificabes

Glossary:

TEL tissue simulating liquid

ConvF gensitivity in TSL/ NORM x.y,2
A not applicable or not measurad

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedura to measure the Specific Absorption Rate (SAR) for hand-held
devices used In close proximity to the ear (frequency range of 300 MHz 10 3 GHz)",
February 2005

¢} KDB 865664, “SAR Measurement Requirements for 100 MHz to & GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Intarpretation of Parameters:

s 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.

s Anfenna Paramefers with TSL: The dipole is mounted with the spacer to position its fesd
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

+ Feed Point Impedance and Retum 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
raflected power. No uncertainty required.

s Elzcitical Dalay: One-way delay between the SMA connectar and the antenna feed point.
Mo uncertainty requirsd,

»  SAR measured! SAR measured at the slated antenna input pawer.

SAR nommalized: SAR as measured, nommalized to an input power of 1 W at the antanna
connector.

v SAR for nominal TSL paramelers: The measured TSL 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 85%.

Carlilicaba Mo DE4s0YE-a53_Julid Page 2 of 8
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Meazurement Conditions

DASY ayatam configuration, a5 far as nol given on page 1.

DASY Vaersion DASYS VEZ.B.H
Extrapalation Advanced Extrapoiation

_Phantnm Madular Flat Phantam
Distance Dipole Center - TSL 10 mm with Spacer

| Zoom Scan Resolution dw, dy. dz =5 mm
Freguency 2450 MHz = 1 MHz

Head TSL parameters
Thye fellevwing parameters and calculations were applied. .
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 2492 180 mha'm
Measured Head TSL parameaters (220202 "G rE=6% 1.85 mho'm £ & %
Head TSL temperature change during test w0575 - |
SAR result with Head TSL

[ 5aR averaged over 1 cm’ (1 ) of Head TSL Condition

| SAR measzinad 250 mW inpul power 13.6 Wikg

| S AR for nominal Head TSL parametars nommalized to TW 532 Wikg = 17.0 % (k=)
SAR averaged over 10 em® (10 g) of Head TSL condition
S8R measured 250 m input poser 6,25 Wikg

Lan\ﬁ fer nominal Head TSL paramelirs riarmatized bo TW 24.7 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations wera applied.

| Tamparature Parmittivity Conductivity
Maminal Body TSL paramelers ZE0"C 527 1.85 mha'/m
Measured Body TSL paramalers (P20 +0.2)"C B0Ex6% 203 mho'm = 6 %
Body TSL temperature change during test =60

SAR result with Body TSL

SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 MW mput power 132 Wikg
AR for narmnal Body TSL parameters narmalized 10 1W 51.3 Wikg = 17.0 % (k=2)

 SAR averaged ever 10 em® (10 g) of Body TSL condition
SAR measuned 250 miY input power B0 Wikg
SaF for nominal Boedy TEL paramaters narmalized to 1% 23.5 Wikg = 16.5 % (k=2)

Cadilicaba Mo; DE480W2-853_Jull4
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Appendix (Additional assessments cutside the scope of 5C5108)
Antenna Parameters with Head TSL

Impedancs, transforrmed 1o leed paint B39 3.3
Figtum Loss -2TadB

Antenna Parameters with Body T5L

Impedance, transtormed to feed poin o044+ 5040
Ratum Loss - 26.0 4B

General Antenna Parameters and Design

|I Elacirical Delay (one direction) 1162 ns

After lang tarmn use wilh 100W radiated power, anly a light warming of the dipele near the feadpoint can be masured.

The dmala is miwde of standard semirigid coaxial cable. The center conduchor of the feeding line 12 dirscthy connected o the
second arm of the dipale. The antanna i therafone short-clireuited for DC-signals, Onsome of the dipoles, small end caps
are addad to the dipele arme in order ta improve matching when logded accomding 1o the position B8 explained in the
“Measuremien Condtions® paragraph, The SAR data are not affected by this change. The overall dipsie lengih & slil
aceording bo the Standand.

Mo excassive lorea must be applied to the dipoie arma, becauss they might bend or the aoldered coennections near the
faadpoint may be damagad.

Additional EUT Data

Manulaciured by SPEAG

| —=

Manufaciured an Movernbar 10, 2008

Cetilizate Mo: D2450W2-853_Julid Paged of B
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DASYS Validation Report for Head TSL

Date: 24.07.2014
Test Laboratory: SPEAG, Zurich, Switzerfand
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - 5N: 853

Communication Svstern: UID 0 - CW; Frequency: 2430 MHz _
Medium parameters used: = 2450 MHz: o = 1.83 S/m; &£ =37.8; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASY S (IEEENEC/ANS] C62.19-201 1)

DASY 32 Configuration:
«  Probe: ES3DWVE - SN3M05: ConvF(4.53, 4.53, 4.53): Calibraned: 30.12.2013;
v Sensar-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAES Sn601; Calibrated: 30.04.2014
»  Phantom; Flat Phantom 3.0 (front); Type: QDODOPS0AA; Serial: 100]

« DASYS252.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Foom Scan (TxTx7 W Cube 0:
Measurement grid: dx=5mm, dy=3mm, de=5mm

Refercnce Value = 102.2 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 28.2 Wikg

BAR(I g) = 13.6 Wikg; SAR(10 g) = 6.26 Wikg

Maximum valoe of SAR (measored) = 18.0 W/kg

-5.00
=10.00
-15.00

-20.00

-25.00

0dB = 150 Wke= 1255 dBWikg

Ceetiticaie Mo: DR2A60V2-B5E_Juil14 Pape Saf B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 16072004

Test Laboratory: SPEAG, Zurich, Switzerland
UT: Dipole 2450 MHe; Type: D2450V2; Serial: D2450V2 - BN: 853
Communication System: LUTD O - CW; Frequency: 2450 MHz
Medinm parameters used: §= 2450 MHz; o = 2.03 5/m; & = 506, p = 1000 kg,.n'm1
Phantom section: Flat Section
Measurement Standand: DASYS (IEEEAEC/ANSICO3. 10-2011)
ASYS2 Configuration;

o Prober BR300V S SN3I205: ConvFid. 35, 4.35, 4.35); Calibrated: 30.12.2013;

+  Sensor-Surface: 3mm (dechanical Surface Detection)

+  Eleetronics: DAE4 Sne01; Calibraved: 30,04,2014

» Phantom: Flat Phantom 3.4 (hack); Type: QDOMIP50AA; Serral: 1002

» DASYSZS2R8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (TxTxTHCube (0
Menznrement grid: dx=3mm, dy=3mm, de=5mm

Reference Value = 96,00 Vim; Power Dnil = 0.3 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR{L g} = 13.2 Wikg: SAR(10 g) = 6,08 Wikp

Maximum value of SAR (measured) = 17.6 Wikg

L1 H]

500
-FLpa
1500

bl

~PRA0

0 dB =176 Wike = 12,46 dBW/kg
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Impedance Measurement Plot for Body TSL
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