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PROBE CALIBRATION CERTIFICATES
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Accredited by the Swiss Acereditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Acereditation Service s ane of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificatas

Client BACL Cortificate No: EX3-7329_Feb16

|CALIBRATION CERTIFICATE |

| Object EX3DV4 - SN:7329

Calibration procedure(s) QA CAL-01.v8, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date: February 19, 2016

This calibration certificate documents the traceability 1o national standards, which realize the physical units of measuremants (S1).
The measurements and the uncertaintios with confidence probability are givan on the follawing pages and are part of the cemtificate.

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

Calibration Equipment used (M&TE critical for calibration)

Pnmary Standards D Cal Date {Certificale No ) Scheduled Calibration

Power meter E44108 GB41293874 01-Ape-15 (Mo, 217-02128) Mar-16

Powor sensor E44 124 MY41408087 01-Apr-15 (Mo, 217-02128) Mar-16

_Reference 3 dB8 Attenuatar Sh: S5054 (3c) 01-Apr-15 (Mo, 217-02129) Mar-18

Reference 20 dB Attenuatar SN S5277 (20x) 01-Apr-15 (Mo, 217-02132) Mar-16

Reference 30 dB Attenuatar SN 55129 (30b) D1-Apr-15 (Mo, 217-02133) Mar-16

Raference Proba ES30V2 SN 3013 31-Dec-15 (No. ES3-3013_Deci15) Dec-16

DAE4 SN: 660 23-Dec-15 (No. DAE4-BG0_Decid) Dec-16

Secondary Standards [[n] Check Date (in house) Scheduled Check

RF generator HP 864BC US3642001700 4-Aug-09 (in house check Apr-13) In house check: Apr-16

Metwork Anabyzer HP B7T53E US3raa058s 18-Cct-01 (in house check Dct-15) In house check: Oct-16
Mame Function Signature

Calibrated by, Jeton Kastrati Labaratory Technigian- {______ lé_f__:,_..--—--"‘

\
Appraved by: Katja Pokovic Tochnical Manager /ﬁ g

Issued: February 20, 2016

This calibration cetificate shall not be reproduced except in full vathout written approval of the laboratory,
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Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

Calibration Laboratory of

d 5 Schweizerisc her Kalibrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accrodited by the Swiss Accreditation Service (SAS) Acereditation No.: SCS 0108
The Swiss Accreditation Scrvice is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMux.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMzx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB,CD modulation dependent linearization parameters
Palarization ¢ «p rotation around probe axis
Polarization 8 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., % =0 is normal to probe axis
Connector Angle information used in DASY system lo align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

aj

b)
)

d

IEEE Std 1528-2013, "IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specific
Absorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

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

IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity 1o the human body (frequency range of 30 MHz 1o 6 GHz)", March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx,y.z: Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMs,y,z are only intermediate values, i.e., the uncertainties of NORM:x.y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainly of ConvF.

DCPx,y.z: DCP are numerical linearization paramelers assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nor media.

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

Ax.y.z; Bx,y.z; Cx,y.2; Dx,y,z; VRx,y,2: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f = B00 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx.y.z * ConvF whereby the uncertainty 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 + 50 MHz to £ 100
MHz.

Spherical isotropy (3D dewviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna,

Sensor Offsel: The sensor offset corresponds to the offset of virtual measuremeant center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the informalion gained by determining the NORMzx (no
uncertainty required).

Cortificate No: EX3-7329_Feb16 Page 2aof 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EX3DV4 - 8N:7329 February 19, 2016

Probe EX3DV4

SN:7329

Manufactured: December 11, 2014
Calibrated: February 19, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: EX3-T328_Feb16 Page 3 of 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EX30V4- SN:7329 February 18, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Basic Calibration Parameters

Sensor X Sensor Y SansorZ Une (k=2}
Norm {(pVIVImPy 047 0.43 0.48 +10.1 %
DCP (mV)" 96.1 99.3 97.5
Modulation Calibration Parameters
uiD Communication Systam Name A B [ D VR Unc®
dB dBVRV dB mv (k=2)
b oW x| 00 0.0 10 | 000 | 1378 | %33 %
Y | 0o 0.0 1.0 145.3
zZ| oo 0.0 1.0 155.8

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

muitiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* The uncartainties of Narm X.Y.Z do not affect the E*-fisld uncerainty inside TSL (see Pages S and 6).
© Numerical linearization parameler: uncertainty not required.

€ Uncertainty is detemmined using tha max. daviation from lingar response applying rectangular distribution and is expressed for 1he square of the
field value,

Certificate No: EX3-7329_Feb16 Page 4 of 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EX3DV4a- 5N:7329 February 19, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unc

f{MHz)® | Permittivity" (Sim)* ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 41.9 0.89 9.80 9.80 9.00 0.57 080 | +120%
900 41.5 0.97 9.37 9.37 9.37 0.40 089 | +12.0%
1750 40.1 1.37 8.39 8.39 8.39 0.45 085 | +120%
1900 40.0 1.40 7.94 7.94 7.94 0.46 088 | +120%
2450 39.2 1.80 7.21 7.21 7.21 0.42 0.87 +12.0%

© Frequency validity above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). else it is restricted lo £ 50 MHz. The
unceriainty is the RSS of tha ConvF uncertainty a1 calibration frequency and the uncenainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters [z and o) can be relaxed o £ 10% if liquid compensation formula Is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue paramelers {e and o) s restricled to + 5%. The yncertainty is the RSS of
the ConvF uncarainly for indicated target lissue parameters.

© Alpha/Dapth are determined during calibration. SPEAG wamanis that the remaining daviation due to the boundary effect after compensation is
atways lass than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3.6 GHz al any distance larger than half the probe tip
diameler from the boundary.

Certificate No: EX3-7328_Feb16 Page 5 of 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EX3DV4- SN:7329 February 19, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Body Tissue Simulating Media

R Relative . {:onducﬁvity Depth® Unc

f (MHz) Parmittivity {Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.41 9.41 9.41 0.49 080 | £120%
900 55.0 1.05 942 9.42 9.42 0.52 080 | £12.0%
1750 53.4 1.49 7.86 7.86 7.86 0.39 086 | +120%
1900 53.3 1.52 7.52 7.52 7.52 0.35 080 | £12.0%
2450 52.7 1.95 7.26 7.26 7.26 0.37 086 | £120%

© Frequency validity above 300 MHz of £ 100 MHz anly appﬂes for DASY vd_4 and higher (see Page 2), else it is restricted to = 50 MHz. The
uncerainty is the RSS of the ConvF ity al calibration fre and the inty for the indicaled frequency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessmens at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
\raln:hh;I can be extended to £ 110 MHz.

* At frequencies below 3 GHz. the wvalidity of tissue parameters {¢ and «) can be relaxed to £ 10% if liquid compensation farmula is applisd 1o
measured SAR values. At frequencies above 3 GHz. the validity of lissue paramelers (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the CanvF uncenainty for indicalad larget lissue parameters.
© Alpha/Depth are determined during calibration. SPEAG warrants thal the i iation due to the boundary effect after compensalion s
always lass than + 1% for frequancies below 3 GHz and below £ 2% for ﬁaquencras belween 36 GHz at any distance larger than half Ihe probe iip
diameter from the boundary.

Cerlificate No: EX3-7323_Feb18 Page 6of 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EX3DV4- SN:T329 February 19, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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Bay Area Compliance Laboratories Corp. (Dongguan)

Report No: RDG160304003-20

EX3DV4- SN:7329

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

February 19, 2016

f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Certificate No: EX3-7329 FebiG
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Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EX3DV4— SN.7329 February 19, 2016
Dynamic Range f(SARcad)
{TEM cell , fora= 1900 MHz)
1054
3
B
@
g w
102

100 - :
107 107 1ot

10 10° o2 10%
. SAR [mWicm3]
& -]

not compensated compensated

103 102 (vl 10® ‘IICI‘ 102 102
SAR [mWfcm3]
not compensated compensated

Uncertainty of Linearity Assessment: + 0.6% (k=2)

Certificate No: EX3-7329_Feb18 Page 9of 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EX30V4- SN;7329 February 19, 2016

Conversion Factor Assessment

f = 500 MHZWGLS R (H_convF) = 1750 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (&, ), f=900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)

Cerlificate No: EX3-7329_Febi16 Page 10 of 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

EXIDVA- SN:TI20 Fabruary 19, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle () 26
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameler 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Cenificate No: EX3-7329_Feb16 Page 11 of 11




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

DIPOLE CALIBRATION CERTIFICATES

NCL CALIBRATION LABORATORIES

Calibration File No: DC-1532
Project Number: BACL-5745

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by gualified personnel following recognized
procedures and using transfer standards traceable to NRC/NIST.

Validation Dipole
Manufacturer: APREL Laboratories
Fart number: ALS-D-750-8-2
Frequency: 750 MHz
Serial No: 177-00508

Customer: BACL

Calibrated: 8" of October 2013
Released on: & of October 2013

This Calibration Certificate is Incomplete Unless Accompanied with the Calibration Results Summary

Released By:

Art Brennan, Quality Manager

Kanat
CANADA KEZK 211




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

NCL Calibration Laboratories
Devision of APREL Laboratones.

Conditions
Dipole 177-00505 was a new calibration, removed from stock.

Ambient Temperature of the Laboratory: 22°C +-0.58°C
Temperature of the Tissue: 21°C +-0.5°C

We the undersigned attest that to the best of our knowledge the calibration of
this device has been accurately conducted and that all information contained
within this report has been reviewed for accuracy.

We the undersigned attest that to the best of our knowledge the calibration of
this subject has been accurately conducted and that all information contained
within the results pages have been reviewed for accuracy.

AR

Art B'rannan, Quality Manager

)Ll

Dan Brooks, Test Engineer

This page has been reviewed for content and attested to by signature within this document.




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

NCL Calibration Laboratories
Devision of APREL Laboratones.

Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a guick
reference for the user.

Mechanical Dimensions

Length: 180.2 mm
Height: 897.0 mm

Electrical Calibration

Test Result Head Result Body
S11RILL -27.621 dB -21.672 dB
SWR 1.108 U 1.201U

Impedance 52.505 0 55.833 0

System Validation Results

Frequency | 1 Gram | 10 Gram
750 MHz
Head 8.5 54.0
Body 8.54 542
Head Body
y s El

This page has been reviewed for content and attested to by signature within this document.




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

NCL Calibration Laboratories
Devision of APREL Laboratones.

Introduction

This Calibration Report has been produced in line with the SS| Dipole Calibration
Procedure SSI-TP-018-ALSAS. The results contained within this report are for
Validation Dipole 177-00505. The calibration routine consisted of a three-step
process. Step 1 was a mechanical verification of the dipole to ensure that it meets
the mechanical specifications, Step 2 was an Electrical Calibration for the Validation
Dipole, where the SWR, Impedance, and the Return loss were assessed. Step 3
involved a System Validation using the ALSAS-10U, along with APREL E-020 130
MHz to 26 GHz E-Field Probe Serial Number 2225,

References

« S3SI-TP-018-ALSAS Dipole Calibration Procedure

= 35I-TP-016 Tissue Calibration Procedure

» |EEE 1528 "Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wirsless
Communications Devices: Experimental Technigues”

» |EC-62208 "Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models, instrumentation, and
procedures”

» Part 1. "Procedure to determine the Specific Absorption Rate (SAR) for hand-
held devices used in close proximity of the ear (frequency range of 300 MHz to 3
GHz)"

« |EC-62209 "Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models, instrumentation, and
procedures”

« Part 2. "Procedure to determine the Specific Absorption Rate (SAR) for hand-
held devices used in close proximity of the ear (frequency range of 30 MHz to 6
GHz)"

« TP-D01-032-E020-V2 E-Field probe calibration procedure

= D22-012-Tissue dielectric tissue calibration procedure

= D28-002-Dipole procedure for validation of SAR system using a dipole

« |EEE 1309 Draft Standard for Calibration of Electromagnetic Field Sensors and
Probes, Excluding Antennas, from 9kHz to 40GHz

Conditions
Dipole 177-00505 was a new calibration.

Ambient Temperature of the Laboratory: 22°C +-0.5°C
Temperature of the Tissue: 20°C +-0.5°C

This page has been reviewed for content and attested to by signature within this document.




Bay Area Compliance Laboratories Corp. (Dongguan)

Report No: RDG160304003-20

NCL Calibration Laboratories

Devision of APREL Laboratones.

Dipole Calibration Results

Mechanical Verification

APREL APREL Measured Measured
Length Height Length Height
180.0 mm 97.8 mm 180.2 mm 97.0 mm
Tissue Validation
f Measured | Measured
Tissue 7T50MHz Head Body
Dielectric constant, & 42.7 56.6
Conductivity, ¢ [S/m] 0.85 0.94

Dipole Calibration uncertainty

The calibration uncertainty for the dipole is made up of various parameters presented below.

Mechanical 1%

Positioning Error 1.22%

Electrical 1.7%

Tissue 2.2%

Dipole Validation 2.2%

TOTAL 8.32% (16.64% K=2)

L

This page has been reviewed for content and attested to by signature within this document.




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

NCL Calibration Laboratories
Devision of APREL Laboratones.

Electrical Calibration

Test Result Head Result Body
S11RIL -27.621 dB -21.672dB
SWR 1.106 U 1.201 U

Impedance 52.505 0 55033 0

The Following Graphs are the results as displayed on the Vector Network Analyzer.
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Report No: RDG160304003-20

Bay Area Compliance Laboratories Corp. (Dongguan)

NCL Calibration Laboratories

Devision of APREL Laboratones.
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Bay Area Compliance Laboratories Corp. (Dongguan)

Report No: RDG160304003-20

NCL Calibration Laboratories

Devision of APREL Laboratones.

Smith Chart Dipole Impedance
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Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

NCL Calibration Laboratories
Devision of APREL Laboratones,

Test Equipment
The test equipment used during Probe Calibration, manufacturer, model number

and, current calibration status are listed and located on the main APREL server
RANCL\Calibration Equipmentiinstrument List May 2013.

This page has been reviewed for content and attested to by signature within this document.
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Calibration Laboratory of

: Sa S Schweizerischer Kalibrierdienst
Schmid & Partner ;‘_BEH““L‘_’/{ c Service suisse d'étalonnage
Engineering AG L Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland J’"f/.r;‘: S swiss Calibration Service
LT T

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certilicates

BACL

Accreditation No.: SCS 0108

Client Certificate No: D900V2-1d183_Jul15

CALIBRATION CERTIFICATE

Object D900V2 - SN: 1d183

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration procedure(s)

Calibration date: July 14, 2015

This ealibration certificate documents the Iraceabilily to national standards, which realize the physical units of measurements {S1).
The measurements and the uncertainties with confidence prabability are given on the following pages and are part of the cerlificate.

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

Calibration Equipment used (M&TE critical for calibration)

Calibrated by:

Approved by:

Name
Leif Klysner

Kalja Pokovic

Function
Laboratory Technician

Technical Manager

o

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Powar matar EPM-442A GB37480704 07-Ocl-14 (No. 217-02020) Ocl-15

Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Network Analyzer HP 8753E US37390585 S4206  18-Oct-01 (in house check Oct-14) In house check: Ocl-15

Signatura

Y %

I

o A

¥

Issued: July 14, 2015

This calibration certificale shall not be reproduced excapt in full without written approval of the laboratory.

Certificate No: D900V2-1d183_Jul15 Page 1 of 8
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Calibration Laboralory of _.\‘“l@"”’ﬁ, S Schweizerischer Kalibrierdienst
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The Swiss Accreditalion Service is one of the signatories to the EA

Multilateral Ag for the gnition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

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 300 MHz to 3 GHz)",
February 2005

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

e Antenna 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 Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resullt.

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%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.5 0.97 mho/m
Measured Head TSL parameters (22.0+0.2)°C 422 +68% 0.95 mho/m + 6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.61 Wikg
SAR for nominal Head TSL parameters normalized to 1W 10.6 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.68 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 6.82 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.0 1.05 mho/m
Measured Body TSL parameters (22.0+02)°C 54.8+6% 1.03 mho/m = 6 %
Body TSL temperature change during test =05°C e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

2.61 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

10.6 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

1.69 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.83 W/kg = 16.5 % (k=2)

Cerlificate No: D900V2-1d183_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.3Q-15iQ
Return Loss - 31.6 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4760 -24j0
Return Loss -20.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1411 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecled to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve malching when loaded according 1o the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the scldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 31, 2014
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN: 1d183

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: =900 MHz; 6 = 0.95 S/m; g, = 42.2: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASYS52 Configuration:

[}

Probe: ES3DV3 - SN3205; ConvF(5.94, 5.94, 5.94); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001

DASY52 52.8.8(1222); SEMCAD X 14.6. 10(7331)

Date: 14.07.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 58.62 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 3.89 W/kg

SAR(1 g) = 2.61 W/kg; SAR(10 g) = 1.68 W/kg
Maximum value of SAR (measured) = 3.06 Wikg

0dB =3.06 W/kg =4.86 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 10.07.2015
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN: 1d183

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: = 900 MHz: o = 1.03 Sim; g = 54.8; p = 1000 kg!m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(5.95, 5.95, 5.95); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDO0DOP49AA: Serial: 1001
o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 56.48 V/in; Power Drifl = -0.02 dB

Peak SAR (extrapolated) = 3.86 W/kg

SAR(1 g) = 2.61 W/kg; SAR(10 g) = 1.69 W/kg

Maximum value of SAR (measured) = 3.07 W/kg

-2.00
-4.00
-6.00

-8.00

-10.00

0dB=3.07 W/kg =4.87 dBW/kg
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Impedance Measurement Plot for Body TSL
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Glossary:

TS0 tisgue simulating liquid

ConvF sensilivity in TSL / NORM x.y,z
P/A not applicable or not measured

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 622081, "Procedure to measure the Specific Absorption Rate {SAR) tor hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

) |EC 62208-2, "Procedure to determine the Specific Absorption Rate ISAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to & GHz)", March 2010

d) KDE BE5664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
&) 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 cerificate. All figures stated in the certificate are valid at the frequency indicated.

*  Antenna Parameters with TSL: The dipale is mounted with the spacer to position its feed
peint exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

= Feed Point Impedance and Reiurn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measuramant at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required,

e Electrical Delay: One-way delay between the SMA connector and the antenna fead point.
Mo uncertainty required.

= SAA measured: SAR measured at the stated antenna input power.

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

= SAR for nominal TSL parameters: 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 95%.

Cerificate Mo: D1750W2-1141_Jul1s Page 2ol 8
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Measurement Conditions
DASY system configuration, as far as nol givan on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantam Madular Flat Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequancy 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations ware applied.
Tamperature Permittivity Conductivity
Nominal Head TSL parametors 22.0°C 40,1 1.37 mhodm
Weasured Head TSL paramaters (22.0£0.2)°C 3680+6% 1.38 mhoim = 6 %
Head TSL temperatura change during test <0.5C nem
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condilian
SAR measurad 250 mW input power 9.31 Wikg
SAR for nominal Head TSL paramaters normalized to W 6.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Hesd TSL conditicn
SAR measurad 260 mW inpul powar 4,97 Wikg
SAR for nominal Head TSL parameters nomalized 1o 1W 18.7 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations ware appliod.
Temperature Permittivity Conductivity
Nominal Body TSL parametars 220G 534 1.48 mho/m
Measured Body TSL parameters (220202 °C 528 +8% 1.48 mho/m = & %
Body TSL temperature change during test =05%C s
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 9,37 Wikg
SAR for nominal Body TSL parameters nomnalized to 1W 37.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL conditlen
SAR measured 250 mW input power 5.07 Wikg
SAR lor nominal Body TSL parameters nomalizad o 1W 20,3 Whkg = 18.5 % (k=2)

Certificabe No: DA750V2-1141_JuH 5
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 51.10Q-01j0
Return Loss -39.5dB

Antenna Parameters with Body TSL

Impadance, transiomed to fead point 4660 4+030
Relurn Loss -20.0dB

General Antenna Parameters and Design

i Elactrical Delay {one direction) I 1.225 ns —[

After long berm use with 100W radialed power, only a slight warming of the dipole near the feedpaint can be measured.

The dipole 15 made of standard semirigld coaxial cabla. The center conductor of the feading line is direcily connected 1o the
second am of 1he dipole. The antenna is therelore short-circuited for DC-signals. On soma of the dipoles, small and caps
are added to the dipols ams in order to improve matching when loaded according to the position as explained in the
"Measuremsent Conditions™ paragraph, The SAR dala are not affected by this changa. The overall dipole langth is skl
according 10 the Slandard.

Mo excessiva forge must be appliad to the dipole arms, because they might bend or thi soldered connections near the
feedpoint may be damaged,

Additional EUT Data

Manuifacturad by SPEAG
Manutactured on September 30, 2014
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DASYS Validation Report for Head TSL

Dune: 09.07.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: DMTS0V2; Serial: DITS0V2 - SN:1141

Communication Systen: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: [= 1750 MHz: o= 1.38 S/m; &, = 38.8: p = 1000 kgfm’
Phantom section: Flat Scction

Measurement Standard: DASY S (IEEEAEC/ANSI a3 19-2011)

DASY 32 Configuration:

Probe: ES3DV3 - SN3203; ConvF(5.2, 5.2, 5.2 Calibwated: 30.12.2014:

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 SnA0 | Calibrated: 18.08.2014

Phantom: Flat Plantom 5.0 (front); Tyvpe: QDOOGPS0A A Serial: 1001

DASYS2 52881222 SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm. dy=5mm, dz=5mm

Reference Malue = 9334 Vim: Power Drilt = 0.04 dB

Peak SAR (extrapolated) = 16.6 W/ikg

SAR(L g) =931 W/kg: SAR(10 g) = 4.97 Wikg

Maximum value of SAR imeasured) = 1.3 Wikg

-3.37

-G.76

1012

-13.50

-16.07

0dB =113 Wikg = 10.53 dBW/kz
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 09.07.2015
Test Laboratory: SPEAG, Zurich, Switezerland
DUT: Dipole 1750 MHz; Type: DITS0V2: Serial: DITS0V2 - SN:1141

Communication System: UID 0 - CW; Frequeney: 1750 MHz

Medium parameters used: F= 1750 MHz: o = 148 Sfmz g, = 52.2; p = 1000 ky/m®
Phantem scction: Flat Section

Measurement Standard: DASYS (IEEE/NBEC/ANST Cp3.19-2011)

DASYS2 Configuration:
= Probe: ES30V3 - SN3205; ConvFid 88, 4.88, 4.88) Calibrated: 30.12.2014;
o Bensor-3urface; 3mm i Mechanical Surface Detection)
= Electronics: DAE4 Sn601: Calibrated: 18.08,2014
= Phantom: Flat Phantom 3.0 (back ) Type: QDIOOPS0AA: Scrial: 1002

« DASYS52 52,8.8(1222); SEMCAD X 14.6.10(733 1)

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

Reference Vialue = 92.95 Vim: Power Drift = 0.02 dB3

Peak SAR [extrapolatedy = 15.9 W/kg

SAR(L gh= 937 Wikg; SAR(L0 g) = 5.07 Wikg

Maximum value of SAR (measured) = | 1.8 Wikg

-3.00
-6.00
-9.00

<12.00

“15.00

OdB = 11,8 Wkg = 1072 dBW/kge
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Impedance Measurement Plot for Body TSL
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Schweizerischer Kalibrierdienst
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Accreditation No.: SCS 0108

Certificate No: D1900V2-5d206_Jul15

[CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D1900V2 - SN:5d206

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

July 14, 2015

Calibration Equipmant used (MATE eritical for calibration)

This calibration certificate documents the traceability to natianal standards. which realize the physical units of measurements (SI).
The measuremenis and the uncerlainties with conlfidance probability are given on the folloving pages and are part of the cerificate,

All ealibrations have been conducled in the closed laboratary facil ity: enviranment temperature (22 = 3)°C and humidity < 70%.

Network Analyzer HP 8753E

Calibrated by:

Approved by:

US37320585 54206

MName
Leif Klysner

Katja Pokovic

18-0ct-01 (in house chack Oct-14)

Funciion
Laboratory Techniclian

Technical Manager

Primary Standards 1D 4 Cal Date (Cerificate Na.) Scheduled Calibration
Power mater EPM-4424 GB37480704 0F-0ot=14 (Mo, 217-02020) Cet-15

Power sensor HP B4B1A US37282783 OF-Oct-14 (Mo, 217-02020) Cet-15

Power sensor HP B481A MY41082317 07-Oct=14 (Mo, 217-02021) Cet-15

Retarence 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (Mo. 217-02131) Mar-16

Type-N mismaltch combination SN: 50472 7 06327 01-Apr-158 (Mo, 217-02134) Mar-16

Reference Proba ES30DV3 | SN: 3205 30-Dec-14 (Mo. ES3-3205_Deci4) Dec-15

DAE4 | 8N; 601 18=Aug-14 (Mo, DAEA-601_Aug14) Aug-15

Secondary Standards D # Check Date {in house) Scheduled Check

AF generator H&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In houss chack: Ocl-16

In house check: Oct-15

Signatura
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Calibration Laboratory of

d ] Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S 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:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

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) |EC 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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) 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.

» Antenna 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 Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

o Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty reguired.

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

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

= SAR for nominal TSL parameters: 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 95%.

Certificate No: D1900V2-5d206_Jul1s Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS vV52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (2202 0.2)°C 397+6% 1.38 mho/m £ 6 %
Head TSL temperature change during test <05°C neee
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 5.35 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 21.5 Wikg + 16.5 % (k=2)

1

Body TSL parameters
'he following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0£0.2)°C 527 +6% 1.54 mhofm £6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
S5AR measured 250 mW input power 10.3 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 40.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.51 Wikg
SAR for nominal Body TSL parametars normalized to 1W 21.9 W/kg + 16.5 % (k=2)

Centificate No: D1300V2-5d206_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250 +6.5)0
Retumn Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 486Q+7.1jQ
Retumn Loss -22.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explainad in the
“Measurement Gonditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on October 21, 2014
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d206

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; 6 = 1.38 S/m; &, = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/AIEC/ANSI C63.19-2011)

DASY32 Configuration:
s Probe: ES3DV3 - SN32035: ConvF(35, 5, 5): Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
*  Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001
« 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=3mm, dz=5mm

Reference Value = 99,02 V/m: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 £) = 5.35 Wikg

Maximum value of SAR (measured) = 12.8 W/kg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB =128 W/kg = 11.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 14.07.2015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d206

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; o = 1.54 S/m; &, = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-2011)

DASYS52 Configuration:
* Probe: ES3DV3 - SN32035; ConvF(4.65, 4.63, 4.65); Calibrated: 30.12.2014;
# Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
¢ Phantom: Flat Phantom 5.0 (back); Type: QDO0O0OPS0AA; Serial: 1002
o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 95.62 V/m: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(I g) = 10.3 W/kg: SAR(10 g) = 5.51 W/kg

Maximum value of SAR (measured) = 12.9 W/kg

-3.40
-6.80
-10.20

-13.60

-17.00

0dB=129 Wikg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL

CHIl s11 1 U Fs 1: 48,594

Del

Cé |

14 Jul 215 ©9:29:57

v.0527 4 S90.7E pH 1 300.000 208 MHz
o P
i '
f}'/ - 1]
~1T ="
\ :
{

-22.760 dB 1 900.808 888 HHz

i |

Fivy
16 o
Hld
CH2 811 L06 5 dB/REF -20 dB L
| |
T T T
el || | | |

-

\

167

Hid

4 ! SE— | {

—

—

STOP z 100,008 000 MHz

Cartificate Mo: D1900V2-5d206_Julls

Page 8ol 8




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

Calibration Laboratory of _{ﬁ'“@fﬁ_ g Sehwoizerinchor Kalibrierdienst
Schmid & Partnar % c Service sulsse ddtalonnage
Engineering AG — Servizio svizzere di taratura
Zeughaunstrasae 43, 004 Zurich, Switzerlsnd 5 f-.-.ﬁﬁ" S gwiss Callbration Survice
Actritilan by 1ho Swiss Accladenton Saneee (SAS) Acoreditation Me,: SCS 0108

Thi Swins Accroditation Servico is one of the signateries 1o the EA
Multilaleral Agreamaent for the recognition af calibratian ceificalen

ciemt  BACL Certificate No: D2450V2-971_Julls
[CALIBRATION CERTIFICATE

| Citapoct D2450V2 - SN:871
|

Calibration proceduraa) QA CAL-05v3
| Calibration procedure for dipole validation kits above 700 MHz

Cxafibration diste: July D8, 2015

This calitraton comdicals documants (hae fracoability to nadinnal slandards, which realiza tha pliyaical anils of measeemants (51)
Tha masuromants and thd unconaries wilh conlidance péobabilty ans ginan an iha folicaing pages and o pan of [ha carlilicaln.

Al corations have boen conducied In the closad laboradory facility. ordronmant temperatire (22 = 35°C and umiddy < T0%

Caliration Equpment used (MATE crilical lor califralion)

Primary Standasms e Cal Dain (Camfacate MNa ) Sehaduled Catbration

Powir molod EPM-dETA CHEATEROT0 OF=Chol-14 (Mo, 31 7-03020) Oct- 15

Pawar gansar HP BEB1A USIrEaETaa OF-0et-14 {Me. 217-02020) Oct 18

Power sansar HP BER1A MY41022317 OT-Dct-14 (Mo, 217-02021) Oer 15

Fofargnce 20 dB Atlenualor SN SO50 r20k) D7-Aprt-15 [No. 217-02131] Mar-18

Typa-H migmasch combination BH: GO4T ¢ (AT O =Api-15 (Mo 17-02154) Mar18
| Ratarancs Probe S0V SM: 3208 30-Dec-14 (Mo. ES3-3205_DeciL) Doc-15

[RETE] SH: 601 18-Aug-14 (o, DAES-G01_Aug14) Auge14
| Secondary Standards ibs Chock Dale [in houso) Schodued Chock
[_HF generaior RS SMT-06 100005 04-Aup-&19 fin hease chock Oct-13) In heoase chock; Ool-16
F Metwork Analyoer HP BTSIE LSI7300585 54208 TB-Cet-07 {in house chack Ocd-14) In hanas chock: Oe3-15

Mams Fuanuclics Spnadire
Calibratng by Jalon Kastmii Labaratary Technictan -
. gl .:___.;"F-—_—..- {(",_-_---'...-
| . o =
\ =
!Mnmmdw Kazjn Pokovic Tachrical Manngar c = '_J,,:‘:_:'-':"_
- PR T ¥
" -~
Issund: July 9. 2015
This exlitwation certilicnte shall nol be epreduced exeepl in bull wihout weithan approval of the laborasory,

Cerificate Mo: D2AS0V2-971_Julls Page 1ol 8




Bay Area Compliance Laboratories Corp. (Dongguan) Report No: RDG160304003-20

Calibration Laboratory of

5 Bohwewrenacher Kalibferdianal

Schmid & Pariner ¢ Service suisae d'inlennage

Engineering AG Servizio svizzors i taraturs
Zeughausstranse 43, BODA Zurich, Switzerland S Swisa Calibration Service
Aciwtited by the Swiss Accroditation Senice [SAS) Acereditation No.: SCS 0108
The Swiss Acoreditation Servico is one of the sipnatories 1o the EA
Multitateral Ag W for the recognition of ealibratbon cartificaton
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,2
MIA, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 5td 1528-2013, “"|EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specilic Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Specilic Absorption Rate (SAR) for hand-held
devices used in close proximily to the ear (irequency range of 300 MHz to 3 GHz)",
February 2005

c) |EC §2209-2, "Procedure to determing the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximily to the human body (frequency range of 30
MHz to 8 GHz)*, March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documantation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

«  Antenna 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 Return Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement 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 point,
Mo uncertainty required.

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

+  SAR for nominal TSL parameters: 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 95%.

Cortificate Mo: D2450Y2-971_Julis Page 2 of 8
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Measurement Conditions
DASY systern configuration, as far as not

iven on page 1.

DASY Version DASYS Vv52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 30.2 1.80 mho/m
Measured Head TSL parameters (220+02)°C 37.9+6% 1.88 mho/m +6 %
Head TSL temperature change during test <0.5°C — -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Caondition
SAR measured 250 mW input power 13.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 25.2 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2)°C 524+6% 2.03 mhofm £ 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.9 W/kg
SAR for nominal Body TSL parameters nommalized to 1W 50.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.9 W/kg = 16.5 % (k=2)

Certificate No: D2450V2-971_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 535Q+19jQ
Returm Loss -28.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.5Q+36iQ
Retum Loss -28.8dB

General Antenna Parameters and Design

I Electrical Delay {one direction) 1.155 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o 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 is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on December 30, 2014
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DASYS Validation Report for Head TSL

Dhantes: OB 20N 5
Test Laboratory: SPEAG, Zurich, Switzerlamd
DUT: Dipole 2450 MHz; Tyvpe: D2450V2: Serial: D2450V2 - SN:9T1

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

Medium parometers used: F= 2450 MHz; o= LES S/m; g = 3749 p = 1000 kg/m d
Phantom section: Fla Section

Measurement Standard; DASY S (IEEEAEC/ANS] C63.19-2011)

DASYS2 Configuration:
»  Probe: ES3DV3 - SN3205; ConvFi4.54, 4.54, 4.54): Calibrated: 30.12.2014;
«  Sensor-Surfuce: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601: Calibeated: 15.08.2014
«  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS2352.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Sean (Tx7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm. dz=5mm

Reference Value = 10013 V/m; Power Drift = 0,03 JB

Peak SAR (extrapolmed) = 28.1 Wikg

SAR(I g) = 13.7 Wikg: SAR(10 g) = 6.4 Wikg

Maximum value of SAR (measured) = 18.0 Wikg

dB

-4.00
-f.on
-12.00
-16.00

=20.00

0dB = 18,0 Wkg = 12.55 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 08.07.2015
Test Lubormory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2: Serial: D2450VE - SN:9T1

Communication System: LD 0 - CW; Fregquency: 2450 MH: t
Medium parameters used: §= 2450 MHz: o= 2.03 S/ g, = 52,45 p= 1000 kefm™
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAECIANSI Ca3.19-2011)

DASYS2 Conliguration:
+  Probe: ES3DV3 - SM3205; ConvFi4.32, 4,32, 4.32); Calibrated: 30.12.2014,
«  Sensor-Surface! 3mm (Mechanical Surface Detection)
«  Elecironics: DAE4 Sab 1] Calibrated: 18.08.201<4
+  Phantom: Flat Phantom 5.0 (hack): Type: QDOOUPS0AA; Serial: 1002

« DASYS5252.8.8(1222), SEMCAD X 14.6,10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x71/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=3mm

Reference Value = 94.67 VWin, Power Drift = -0.01 dB

Peak SAR (extrapolated) = 26.4 Wikg

SAR gh= 129 Wikp: SAR(I0 g) = 6.05 W/ky

Maximum value of SAR (measured) = 17.0 Wikg

dB

0
-4.00
-f.00
-12.00
-16.00

=20.00

0dB = 17.0 Wrkg = 12,30 dBW/kg
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Impedance Measurement Plot for Body TSL
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