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|CALIBRATION CERTIFICATE

Otjuct EX30V4 - SN:7441
Calibralion proceduse(s) QA CAL-01.%9, QA CAL-12.v8, QA CAL-14.v4, QA CAL-23.v5,
QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Cakbralion date November 15, 2016

This calitwation cenficate documents the traceabilily to national standands, which realize the physical units of measuremanis (51},
The measurements and Ing unsartainties with confidence probability are given on the following pages and are pan of the cerificale

Al calibrations have been conducted in the closed labaratory faciity: envirenment lemperalure (22 £ 3)°C and humidity < 70%.

Calbration Equipment used (M&TE gritical for calibrafion)

FPrimary Standards e Cal Date {Ceriifizate Ne.) Scheduled Caliteation

Power meter MRP SN 104778 06-Apr-16 (Mo, 217-02288/02260) Apr-17

Powear sensor NRP-Z81 SN 103244 06-Apr-16 (Mo, 217-02288) Apr-17

Power sensor NRP-Z91 3H: 103245 Of-Apr-16 (Mo, 217-02289) Apr-1¥

Ralergnce 20 a8 Attgnualor SN SH27T (20x) 05-Apr-16 (Mo, 217-02293) | Apr-17

Raterence Prabo ESI0DV2 SN: 3013 I-Dac-156 (Mo, ES3-1013_Decis) Dec-16&

DAES SN: 660 23-Dec-15 (Mo, DAE4-660_Decis) Dec-16

Secondary Slandards (] Chick Dale (in housa) Schaduled Check

Powar mator E44158 SN: GB41203674 06-Apr-16 {in house check Jun-16) In howse check: Jun-18

Power sensor EA412A SN MY414058087 08-Apr-16 {in house check Jun-16) In housa check: Jun-18

Powar sansor E44124 | sw: Doo110210 06-Apr-16 {in house check Jun-16) In howsa check: Jun-18

RF generalor HP BE4EC | SH: US2842001700 4-Aug-88 {in house check Jun-16) In howsa check: Jun-18

Metwark Anatyzer HP B753E | SN: US37380585 18-0c1-01 {in housa chack Oct-18) In house check: Oet-17
Name Funclion Signalure .

Calirated by, Jdaton Kastrati Laboratory Technician 'L:___, t {.J-'-F-’_F- =

P e

Approved by Kalja Fokovic Technical Managar /é,:/’é,’r? g

Esped: Movembar 15, 2016

This calibration cerificate shall not be reproduced except in full withoul wrilten approval of tha laboratary,
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

: Schweizerisehor Kalibriordienst

SChm|d & F“EII'IFIEJ' g Service suisse d'étalonnage

Engineering AG Servizio svizzere di taratura
Zoughaussirasso 43, 8004 Zurich, Switzerland 5 Swiss Calibration Service
Aceredited by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is ono of the signatorios to the EA
Multilateral Agreement for the recognition of callbration certificatos
Glossary:
TSL tissue simulating lguid
NORMx,y.z sensitivity in free space
CanvF sensilivity in TSL / MORMzx,y,z
Doce diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parametars
Polarization o protation around probe axis
Polarization § 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.g.. 8 =0is normal o probe axis

Connector Angle infarmation used in DASY syslem to align probe sensor X to the robot coordinate system
Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, “|IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, 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 G2209-2, "Procedure to determine the Specific Absorplion 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 o 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMz.y.z: Assessed for E-field polarization 8 = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
MORMz.y,z are only intermediate values, i.e., the uncertainties of NORMzx.,y,z does not affect the E'-field
uncenainty inside TSL (see below ConvF).

NORM({fx.y,z = NORMx.y.z " frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncerainty of the frequency response is included
in the stated uncartainty of ConvF,

DCPy,y.z: DCP are numerical linearization parameters 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 lo Average Ratio that is not calibrated but determined based on the signal
characteristics

Ax, .z Bx.y,z Cxyz Dy VRxyz: A, B, C, D are numerical linearization paramelers 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 valtage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B0D MHz, The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, dapth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close fo the boundary, The sensitivity in TSL corresponds
to NORMx,y.z * GornvF whereby the uncertaintly corresponds to that given for CanvF, A frequency dependant
ConvF is used in DASY version 4.4 and higher which allows extending the validity from * 50 MHz to + 100
MHz.

Spherical isotropy (30 deviation fram isolropy): 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 measurement center from the probe tip
{on probe axis). No tolerance required,

Conneclor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncerainty required),
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3I0V4 - SN:T441 Novembar 15, 2016

Probe EX3DV4

SN:7441

Manufactured: May 31, 2016
Calibrated: November 15, 2016

Calibrated for DASY/EASY Systems

{Mote: non-compalible wilth DASY2 system!)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDV4= SN.Ta41

Mowvembar 15, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Basic Calibration Parameters

Sansor X Sensor Y SensorZ Unc (k=2)
Norm {pMi{Vim)*)" 0.40 045 0.36 +10.1 %
DCP (mV)" 100.2 101.2 104.2
Modulation CGalibration Parameters
[UiD Communication System Name A B [ D VR Une®
dB dBVV dB mV (=2}
0 W X 0.0 0.0 1.0 0.00 188.5 +3.5%
hi 0.0 0.0 1.0 177.8
2 00 0.0 1.0 182.4

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
probahbility of approximately 95%.

* The uneertainlie:s of Norm X,Y.Z do nat affect tha E*field uncenainty inside: TSL (see Pages 5 and §).

® Nurnerical linearization parameler: uncenainty e reguined

£ Uncertainry is determined using the max. deviation from lingar responge applying rectangular distibution and is exgpressed for the square of the

flald valug.

Cerificale Mo: EX3-T441_Mov16
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DVA- SN:T441 hovember 15, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Calibration Parameter Determined in Head Tissue Simulating Media

1 {MHz) © 9:7:':1' ::ty‘ -::on[g;.::: i ConvEX | ConvFY | ConvFZ | Alpha® Dr.nl::': (2216'1
150 52.3 - 076 13.25 13.25 13.25 0.00 1.00 £13.3%
450 43.5 0.87 10.98 10.88 10.98 0.02 120 | £13.3%
750 41.9 0.89 1073 10.73 10.73 0.53 085 | £12.0%
900 41.5 0.97 10.22 10.22 10.22 0.41 096 | £120%
1750 40.1 1.37 8.92 8.92 892 .35 080 | £12.0%
1900 40.0 1.40 B48 8.48 B.48 0.33 080 | x120%
2450 39.2 1.80 7.85 7.85 7.85 0.35 084 | 2120%
2600 39.0 1.96 7.53 7.53 7.53 0.36 080 | 2120%
5250 359 4.71 5.67 5.67 5.67 0.35 180 | £13.1%
5600 35.5 5.07 5.00 5.00 5.00 0.40 180 | $13.1%
5800 35.3 5.27 5.1 5.11 5.11 0.40 180 | +13.1%

£ Frequency valicily sbove 300 MHz of £ 400 MHz anly applias for DASY v4.4 and higher (see Page 2), else il is restricled io £ 50 MHz. The
uncarainty is thes RSS of thi ConvF uncertainty 3t calibration fraquancy and the uncestainty for the indicated frequency band. Frequency validity
belgw 300 MHz I + 10, 25, 40, 50 and 70 MMz for ConvF assessments a1 30 64, 128, 150 and 220 MHz respeclively. Above § GH frequancy
validity can be exionded fo £ 110 MHz.
" AL frpqua ncies below 3 GHz, the validity of tisswe parematers (£ and o) can be relaxesd bo = 10% IF liquid compensation formula is appliad 10
measured SAR values. Al reguencies above 3 GHz, the validity of tissua parameters {e and =) is restricled 1o + §%. The uncertainty is the RSS of
Ene CorwF uncertainly for indicated darget tissue parameelers. )
AlphaDepih are determined during calbration. SPEAS warrants Ehat the ramaiming dinakion dus 15 the boundary effect after cormpensation i
always less than £ 1% Por frequencies below 3 (3Hz and below + 2% for frequencias batwoen 346 GHz a1 any distanca larger than half the probe tip
diametar from the boundary.

Cerfificate No: EX3-T441_Novié Page 5of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDV4~ SN: 7441 Mowember 15, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz) © Pef:-nli:my’ cn?g:lnf;mw ConvF X | ConvEY | ConvFZ | Alpha® p(mu I::;I
150 61.9 0.80 12.58 12.58 12.58 0.00 1.00 = 13.3 %
450 56.7 0.94 12.08 12.08 12.08 0.06 1.20 +133%
750 555 0.96 10.12 10.12 10.12 0.53 0.80 +12.0%
00 55.0 1.05 9.85 8.85 9.85 0.44 0.80 *12.0%
1750 53.4 1.49 8.25 8.25 825 0.37 0.80 *12.0%
1800 53.3 1.52 7.95 7.95 7.95 0.31 1.00 $12.0%

2450 52.7 1.95 7.67 7.67 7.67 0.36 0.80 +12.0 %
2600 525 216 7.38 7.39 7.39 0.29 0.80 £12.0 %
5250 48.9 5.38 5.24 524 5.24 0.40 190 | #131%
SE00 48.5 5.77 4.33 4.33 4.33 0.50 1.80 +13.1%
5800 48.2 6.00 4.48 4.48 4.48 0.50 1.90 £13.1%

© Frequency validity above 300 MHz of £ 100 MHz only apples for DASY wd.4 and higher (see Page 2), else il is restrictad 1o+ 50 MHz. The:
uncerainty is the RSS of the ConvF uncenainty at calibration frequency and thie uncertainty for the indicated Srequency band . Frequency valudity
Belew 300 MHE i8 £ 10, 25, 40, 50 and 70 MHz for CorwF assessments at 30, 64, 128 150 amd 220 MH2 respectively. Above 5 GHE frequency
walidity can be exiended to £ 110 MHz,

Ap frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can ba relaxed fo £ 10% if liquid compensalion form ula is appliad 1o
rmazsured SAR valuss. Al frequentiss above 3 GHz, the validity of tissue paramelers (o and o) i restristed 18 + 5%. The uncartainty is the K55 of
1he ConwF uncanainty for indicated tanget tissus parameters.

AlphaiDepih &re delenmingd Suring calibration. SPEAG warrants that the remaining <eviation dus to the boundary alect after compensation is
always less than £ 1% for fraquantios Balow 3 GHz and balew = 2% for requencios batwoen 3-8 GHz ol any distanca larger than half the probe 1ip
ciamatar from the boundary.
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DVa- SM:Ta41 Movember 15, 2016

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

;B 1 PR TR AMIN. ; s s e ................. ..... ;

1.1 4o

=

o

)

™"

E

=]

E

& L

& B

% 1.0-

g : : _

s o i i i ; :
1) T ARSI Fermrrmes v e rverenr e searies ECE N - CIETES N oot sererian rigsensansl fisaen]
& o : i i ! i |
a r

L i ;'_:

i i | :
Q 500 1000 1500 2000 2500 3000
f[MHz]

Uncertainty of Frequency Responso of E-field: £ 6.3% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

ERIDWa= SN:Tda1 Navember 15, 2016
Receiving Pattern (¢), & = 0°
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Uncertainty of Axial lsotropy Assassment: * 0.5% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DV4- ShiT441 MNovember 15, 2016

Dynamic Range f(SARpead)
(TEM cell , fovar= 1900 MHz)

Input Signal [uv]

10 10 i0?

- | i b
107 10?2 107

10°
) SAR [mWlem3]
3 X
not compensated compensated
2
1] =
o
=
L]
g7
u
EE
] : e : 1 .
104 102 101 100 10 102 107
SAR [mWiemn3] N
[e] [®]
ngl compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DV4— SN:T441 Mavember 15, 2016

Conversion Factor Assessment

f= 900 MHz, WGLS R9 {H_conv) f= 1750 MHz,WGLS R22 (H_comF)

% £
mmj i

i X &) LE

------ v sy

Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

''''''''

1.0 -08 06 -0.4 02 00 0z o4 0.5 oe 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDV4- SN:T441 Hovember 15, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) 1021
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Cwverall Lenglh 337 mm
Probe Body Diamater 10 mm
Tip Length 9 mm
Tlp Diameler 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Proba Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Cenlificale No: EX3-T441_Nov16 Page 11 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

Client BACL

Accreditation No.: SCS 0108

Certificate No: DB35V2-453_Aug15

|CALIBRATION CERTIFICATE

Object D835V2 - SN: 453

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

Calibration procedure(s)

Calibration date:

August 17, 2015

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

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

Calibration Equipment used (M&TE critical for calibration)

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

Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A 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

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

DAE4 SN: 654 08-Jul-15 (No. DAE4-654_Jul15) Jul-16

Secondary Standards 1D # Check Date (in house) Scheduled Check

RF generalor 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: Oct-15
Name Function

Calibrated by

Approved by:

Jeton Kastrati

Katja Pokovic

Laboratory Techniclark_ —‘i(
\"

Technical Manager

Signature
y

Issued: August 18, 2015

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

Certificate No: D835V2-453_Aug15
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

A 5 Schweizerischer Kalibrierdienst
Schmid & Partner C Service suisse d'élalennage
En g ineerin g 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
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 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 62208-1, "Procedure to measure the Specific Absarption 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.

s 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.

s 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.

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

e 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 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 nermal distribution corresponds to a coverage
probability of approximately 95%.

Cerificale No: D835V2-453_Aug15 Page 2 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resoclution dx, dy, dz =5 mm
Frequency B35 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.20 mho/m
Measured Head TSL parameters {22.020.2)°C 41.9x6% 0.93 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - -—
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 2.41 Wikg

SAR for nominal Head TSL parameters normalized to 1W

9.43 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condilion

SAR measured 250 mW input power

1.56 Wikg

SAR far nominal Head TSL parameters normalized to 1W

6.13 W/kg £ 16.5 % (k=2)

Body TSL parameters
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 56.1+6% 1.02 mho/m £ 6 %
Body TSL temperature change during test <0.5"°C amae e
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 2.47 Wikg
SAR for nominal Body TSL paramsters normalized to 1W 9.55 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL condition
SAR measured 250 mW input power 1.61 Wikg
SAR for nominal Body TSL parameters normalized lo 1W 6.27 Wikg = 16.5 % (k=2)

Certificate No: D835V2-453_Aug15
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Bay Area Compliance Laboratories Corp. (Kunshan)

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedanca, transformed to feed point 50.7Q-4.6]Q
Return Loss -26.8dB

Antenna Parameters with Body TSL

Impedanca, transformed to feed point 4680 -6.0 02
Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.392ns

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 to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR dala are not affected by this change. The overall dipole length is still
according to the Slandard.

Mo 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 January 31, 2002

Certificate No: D835V2-453_Aug15 Paged of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Head TSL

Date: 17,08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 453

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: =835 MHz; 6 =0.93 $/m: & = 41.9; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
o Sensor-Surface: Imm (Mechanical Surface Detection)
o Electronics: DAE4 Sn654; Calibrated: 08.07,2015
o Phantom: Flat Phantom 4.91; Type: QDOOOP49AA; Serial: 100]
+ DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 538.20 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.65 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2.84 Wikg

dB

-2.00

I

-4.00

-6.00

-8.00

-10.00

0dB =284 Wikg =4.53 dBW/kg
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Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 17.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 453

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: ['= 835 MHz; o = 1.02 8/m: £, = 56.1: p = 1000 I\:g_.*"l‘f‘t1
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANSL C63.19-2011)

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17): Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn654; Calibrated: 08.07.2015
o Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
«  DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 55.00 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.69 W/kg

SAR(1 g) = 2.47 W/kg; SAR(10 g) = 1.61 W/kg

Maximum value of SAR (measured) = 2.89 Wikg

dB

-2.40
-4.80
-7.20
-9.60
-12.00

0dB =289 Wikg=4.61 dBW/kg

Ceorificate No: DB35V2-453_Augl5 Page 7ol B
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Impedance Measurement Plot for Body TSL

17 Aug 2015 12:19:@8
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughausstrasse 43, 8004 Zurich, Switzertand

Schwealrerischer Kalibriendienst
Service suisse d'étalonnogo
Servitio svizzero di taratura
Bwiss Calibration Service

Accraditad by the Swiss Accmditalion Sensca (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresmaent for the recognition of calibration cenificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "|EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rata (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, 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 determing 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, “S5AR 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 cedificate. 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 fts feed
point exactly below the center marking of the flat phantom section, with the arms orlented
paraliel to the body axis.

» Feed Point Impedance and Relurn Loss: These parameters are measured with the dipole
positioned under the liquid filed 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 uncerainty required.

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

SARA 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.

« SAHA for nominal TSL paramsters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncerainty 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 VEz.8.8
Extrapolation Advanced Extrapolation
Phantom Medular Flat Phantomn
Distance Dipole Center - TSL 10 mm with Spacear
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz + 1 MHz
Head TSL parameters
The fallowing parameiers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 401 1.37 mha'/m
Measured Head TSL parameters (22002 "C FHH=6% 1.38 mho/m = 8 %
Head T5L temperature change during test <05°G | _— —_
SAR result with Head TSL
SAR averaged over 1 cm” {1 g) of Head TSL Caondition
SAR measuned 250 mW input powear .31 Wikg

SAR for nominal Head TSL parameters

nofmalized to 1W

36.8 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g} of Head TSL

condition

SAR maasurad

250 mW input power

.07 Wikg

SAR lor nominal Head TSL paramelads

normalized to 1W

19.7 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calcutations ware applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 534 1.48 mho'm
Measured Body TSL parameters (22.0£0.2)°C B22+65% 1.48 mho/m = 6 %
Bady TSL temperature change during test <0.5°C — -
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Candiion
SAR maasured 280 mW input power 8.32 Wik

B4R for nominal Body TSL parametens

normalized to 1W

37.2 Wikg = 17.0 % (k=2)

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

pandilion

S5AR measurad

250 mW input power

5.05 Wikg

SAH for nominal Body TSL parameters

narmalized 1o 1TW

20.2 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed pednt 50.5 £k + 0.0 i}
Retun Loss -45.4 dB

Antenna Parameters with Body TSL

Impadanca, transformed to feed point 4500 + 0.2 [0
Retum Loss -27.4 dB

General Antenna Parameters and Design

Electrical Delay {one direction) | 1.224 s

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

The dipole is made of standard semirigid coaxial cabée, The center conductor of the feeding fine is directly connected to the
sacond arm of the dipole. The amenna is therefore shon-circulted for DC-signals. On gome of tha dipoles, small end caps
are added to the dipole arma in order to improve matching when loaded according 1o the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipale length is still
according to the Standard.

Mo excessive force must be applied 1o the dipole arms, because they might bend or the soldered connactions near the
feedpoint may be damaged

Additional EUT Data

Manufactured by EPEAG
Manufactured an Septembar 30, 2014
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DASYS Validation Report for Head TSL

Date: 09.07.201Z
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Tvpe: D1750V2; Serial; D1750V2 - SN:1140

Communication System: UID 0 - CW: Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; o = 1.38 $/m; & = 38.8; p = 1000 kefm’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TECYANS] C63.19-2011)

DASYS2 Configuration:
#  Probe: ESIDVI - SN3205,; ConvFi5.2, 5.2, 5.2% Calibrated: 30.12.2014;
» Scnsor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
+  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001

« DASYSZ 5188(1227) SEMCAD X 14.6.1007331)

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

Reference Value = 94,36 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 16.7 Wike

SAR(] g) =931 Wikg; SAR(10 g) = 4.97 Wikg

Maximum value of SAR (measured) = 11.5 Wikg

-3.37
-b.74
-10.10

-13.47

-16.84

0dB = 11.5 W/kg = 10.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 09.07.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1140

Communication System: UTD 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; o = 1.48 S/m; &= 52.2; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: ESIDV3 - SN3205; ConvlF(4.88, 4.88, 4 88); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDODIPS0AA: Seral: 1002

DASYS2 52.8.8(1222); SEMCAD X 14.6.10(T331)

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

Reference Value = 93.06 Vim: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 15.9 W/kg

SAR(I gh = 9.32 W/kg: SAR(10 g) = 5.05 Wikg

Maximum value of SAR (measured) = 11.7 Wikg

-3.00
-6.00
-9.00

-12.00

-15.00

0dB = 11.7 Wikg = 10.68 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client BACL

Schweizerischer Kalibrierdienst
Service suisse d'étalennage
Servizio svizzero di taratura
Swiss Calibration Service
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Accreditation No.: SCS 0108

Certificate No: D1900V2-5d206_Jul15

CALIBRATION CERTIFICATE

Object

Calibration procedurais)

Calibration date:

D1900V2 - SN:5d206

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

July 14, 2015

Calibration Equipment used (MATE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the felloving pages and are part of tha certificate,

All ealibrations have been conducted in the closed laboratary facilily: environment temperature (22 = 3)°C and humidity = 70%.

Metwork Analyzer HP B753E

Calibrated by:

Approved by:

US37390585 54206

MName
Leif Klysner

Katja Pokovic

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

Funciion
Labaoratory Techniclan

Technical Manager

Primary Standards 1D i Cal Date (Cenificate No.) Scheduled Calibration
Power meler EPM-4424 GB3T480704 07-0ct-14 (No. 217-02020) Oct-15

Power sensor HP B4B1A Usareszras 07-Oct-14 (Mo. 217-02020) Oct-15

Power senzor HP 84814 MY 41082317 07-Oct-14 (Mo, 217-02021) Cel-15

Reference 20 dB Attenuator SM: 5058 (20k) 01-Apr-15 (Mo, 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 (Mo, ES3-3205_Dec14) Dec-15

DAES SN: 601 18-Aug-14 (No. DAE4-601_nug14) Aug-15

Secondary Standards 1D # Check Date (in house) Schaduled Check

AF generator RAS SMT-06 100005 04-Aug-92 (in house check Oel-13) In house check: Oct-16

In house check: Oct-15

Signature
/{ﬁ”g‘?%’/_
- 7

Issued: July 14, 2015

This calibration cerlificate shall not be reproduced except in full without written approval of the labaratary.

Certificate No; D1900V2-5d206_Jul15
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Calibration Laboratory of

4 S Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG C  servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accradited 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 sensifivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close praximity 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.

e 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 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 DASYS5 v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Neminal Head TSL parameters 22.0°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0+£0.2)°C 39.7+6% 1.38 mho/m =6 %
Head TSL temperature change during test <05 °C e
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 aver 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)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mha/m
Measured Body TSL parameters (22.0+£0.2)°C 527+68% 1.54 mho/m =6 %
Body TSL temperature change during test <0.5°C - =
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR 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 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.51 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Centificats No: D1300V2-5d206_Jul15

Page 3018
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 525Q+65)Q
Return Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4B6Q+7.1Q
Retum 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 shori-circuited for DC-signals. On some of the dipoles, small end caps
are added fo the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditiens” 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

Cenificate No: D1900V2-5d206_Jul15 Page 4 of 8
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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/IEC/ANSI C63.19-2011)

DASY352 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014:
e Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 5.0 (front); Type: QDODOP50AA; Serial: 1001
« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Secan (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 W/kg

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

Certificate No: D1900V2-5d206_Jul15 Page 5of 8
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Impedance Measurement Plot for Head TSL

14 Jul 2015

a9:30: 35

[CHI] s12 1 U Fs 152,479 0 652540 S46.60 pH 1 900.000 B0 MHz
” =
Del
Ca F k
g = =]
d
- <
"1\-'(_; {
16 =
Hld 1
CH2 S11  LOS S dB/REF -28 dB _$1-23.34348 1 300.000 920 MHz
| |
L . ' .
[
Del ——+ - . — T i
| L
E g | | = A
- \\\
 — —F = = 1 1
; ! I 1 |
| | | |
' I L \ ! 1 | IR S—
fvg [ | | T -7
g : | . [ e — i - | i =
|- | ! \ | O ! | | | —
e —— ! — - ; . —
| [ [ '\ |
1 | | <! (- e e e
START 1 7O0.000 ARG MH= STOF 2 100,000 @00 Mz

Certificate No; D1800V2-5d206_Jul15

Page 6 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

DASY5 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 C63.19-201 1)

DASY52 Configuration:
» Probe: ES3DV3 - SN32035; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
s Phantom: Flat Phantom 5.0 (back); Type: QDO0OPS0AA; Serial: 1002
o DASY52528.8(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=5mm, dz=5mm

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

Peak SAR (extrapolated) = 17.3 Wikg

SAR(T 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=129Wrkg=11.11 dBW/kg

Certificate No: D1800V2-5d206_Jul15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Engineering AG i%ﬁ ; Servizlo svizzern di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand A S swiss Calibration Servics
RUTI AL
Accredited by the Swiss Accreditation Senice {SA5) Accraditation Ne.: SCS 0108

The Swiss Accreditation Service is one al the slgnatories to the EA
Multilateral Agresment for the recognition of calibration cartificates

Client BACL Certificate No: D2450V2-970_Jul15

CALIBRATION CERTIFICATE

Objact D2450V2 - SN:970

Calibration procedurs(s) QA CAL-05.v3
Calibration procedure for dipole validation kits above 700 MHz

|
Calibration date: July 08, 2015

Thia calibration certificate docurmants the traceabdty to national standards, which realize ihe physical units of measunements (31,
The measuramants and the uncertaintiss with confidence prabability are givan on the tollowing pages and ara part of the cenificate.

Al ealibrations have besn conductsd in the dased labaratory facllity: envimnment temperature (22 + 3)°C and humidiy < 70%,

Callbration Equipment used (M&TE critical for calibration)

Primary Standards iC# Cal Date (Cenificate Mo.) Scheduled Calitration

Power rmatar EPR-2424 GEITAROTO4 O07-Oct-14 (Mo, 297-02020) Cet-13

Power sansor HP B4E14 US3raaa7as 07-Oct=14 (Mo, 217-02020) Dct-15

Power sensor HP B4B1A My410a2317 07-0et-14 (Mo, 217-02021) Oet-15

Referenca 20 dB Altenuator SN: 5058 {20k) 01 -Apr-15 (Mo, 217-02131) Mar-16

Type-h mematch combination SN: 50472/ 06327 O1-Apr-15 (Mo, 217-02134) Mar-16

Aeference Probe ES30V3 SN 3305 30-Dac-14 (No. ES3-3205_Dec14) Dec-15

DALC4 SM: BO1 18-Aug-14 (Mo, DAEL-E01_Augid) Aup=1h

Secondary Slandards 0 # Check Date (in houss] Scheduled Check

RF genarator RES SMT-DE 10000 O-Aug-98 (in house check Oot-13) In howse check: Oct=16

MNatwork Analyzer HP BTS3E US37300585 54208 18-0ct-01 (in house check Oal-14) In house chack: Oal-15
Marra Function Sagnatune

Calibrated by Jaton Kastrat Laboratory Technician —— {r' |:' 7 SIS

| =
Approved by Kalja Pokewic Technical Manager

igsuad: July &, 2015

Thie ralihralian rartifieats shall ot he mosduced axcant in full without writen aporoval of the isboratory,
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Calibration Laboratory of S

- SN S Schweizerischer Kallbrlerdienst
Schml_d & Ea rtner ﬁé c Sarvioe suisse d'éalonnage
Engineering AG T Servizlo svizzern di taratura
Zeughausstrasse 43, BO04 Zurich, Switzerland ST 5  Sswiss Calibration Service
LETITTE
Accreckled by the Swiss Accreditation Servico (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

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

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

|EC 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

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 enc
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. Nu uncerlainty required.

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 nommalized: 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%.
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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 Extrapalation
Phantem Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution d, dy, dz =5 mm
Frequancy 2450 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 3.2 1.80 mho/m
Measured Head TSL parameters {(22.0+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 em” (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.7 Wikg

SAR for nominal Head TSL parameters normalized to 1W

53.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 em’ (10 g) of Head TSL candition

SAR measured 250 mW input power

.41 Wikg

S4H ler nominal Head TSL parameters nomalized to 1W

25.2 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Mominal Body TSL parameters 220°C 527 1.95 mho/m
Measured Body TSL parameters (22.0=02)"C 52,4 +6% 2.03 mho'm = 6 %
Body TSL temperature change during lest = 0.5C
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.1 Wikg

SAR for nominal Body TSL parameaters

normmalized to 1W

51.3 Wikg = 17.0 % (k=2)

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

condition

S5AR measured

250 mW input power

6.11 Wikg

SAR for nominal Body TSL parameters

nomalized 1o 1W

24.2 Wikg = 18.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, ransformed to feed point E350+09iQ
Retum Loss -29.1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5050+28)02
Return Loss - 31.6 dB

General Antenna Parameters and Design

] Electrical Delay (one direction) 1,159 ns

After long term use with 100W radiated pawer, 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 feading line s 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 to the dipale 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.

Mo excessive force must be applied to the dipole arms, bacause they might bend er the scldered connections near ine
feadpaint may be damaged.

Additional EUT Data

Manufacturad by SPEAG
Manutactured on Dacember 30, 2014
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DASYS5 Validation Report for Head TSL

Date: (18.07.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:970

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

Medium parameters used: f = 2450 MHz; o= 1.88 5/m; e, =379, p= 100 kgs'm1
Phantom section: Flat Section

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

DASYS52 Configuration:

»  Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30,12.2014;

¢ Sepsor-Surface: 3mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom; Flat Phantom 5.0 (front); Type: QDOO0PS0AA; Serial: 1001

« DASYS5252.8.8(1222), SEMCAD X 14.6.10(7331)

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

Reference Value = 101.1 ¥V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28,1 W/kg

SAR(1 g) = 13.7 W/kg: SAR(10 g) =641 Wikg

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

dB

-4.00
-8.00
-12.00
-16.00

-20.00

0dB =179 W/kg=12.53 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 Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:970

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

Medium parameters used: f = 2450 MHz; o = 2.03 8/m; & = 52.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe; ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

« DASYS2 52.8.8(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=Smm

Reference Value = 94.92 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.9 W/kg

SAR(1 g) = 13.1 Wikg: SAR(10 g) = 6.11 W/kg

Maximum value of SAR (measured) = 17.2 W/kg

dB

-4.00
-4.00
-12.00
-16.00
-20.00

0dB =172 Wikg= 1236 dBW/kg
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Impedance Measurement Plot for Body TSL

8 Jul 2845 12152116
I U J 2E855 184, pH 453, 0AE MH
) 4
cH2 814 LG % dB/REF -2 4B %-31.573 dE 2 459.220 209 MHZ
[ e = S ) i
" -
A L
e v
L% i
LY
Hid -
START 2 250.000 000 MH =3 @@ aa@ MHz




