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Glossary:

TEL tissue sirndating lgquid

MRy, 2 gensitvay |n free space

G eansdivity I TSL ! NORMLy.Z

ocp diads comprassion paind

CF el facior | 1iduty.cyele) af the RF signal

ABC.OD rmadulation dependant linearization parameters

Prlarization @ mp rolalion anaumnd probe axes

Petarizatian 3 B rabalion arcuind an axis that s @ the plans nomal o probe Exis (81 measumman cener),
e, b =0Enormal o proba ass

Connactor Angls mfarmaton usad in DASY system o sign proba sensor X to the obot coordinals systenm

Calibration is Parformed According to the Following Standards:

&) |EEE Sid 152B-2013, "IEEE Recommended Praction for Detemmining the Peak Spabal-Aversged Specilic
Absorption Rete (SAR] n tha Human Head from Wirsless Cemmrmunications Devices: Magsursmant
Technigues®, June 2013

bl IEG B2EH8-1, "Procadure io measune the Specific Absarpiion Rals (SAR) lor kand-hald devices is=ad In close
praximity 1o the ear (requency range of 330 MHz to 3 GHz)", February 2005

ol IEG E2A9-2, "Procedure to determine the Specilic Absarpbon Rale [SAR) Tor winaless communication devicas
used in closs praximily o the human bedy (frequency range of 30 MHz to 8 GHz)", March 2010

db  KDE 385664, “SAR Measuremani Reguirements for 100 MHE o 6 GHz"

Hnthads Applied and Interpretation of Parameters:

NORMy. vz Assessed for E-feld palarization 8 = 0 { < 300 MHz in TEM-call; § = 1800 MHz: R22 wm'a-gu-:lu:l
MOREMy,Z are only intermediale values, L., the uncertainies of NORM, ¥z doas not affect the E-fsld
uncartainty inside TSL (see befow ConviE).

= NORMBx .z = NOBM:, vz * frequancy_msponse [see Frequency Response Chan). This linaarzation &
mplemented in DASYd soltwane wersions later than 4.2, The uncedainty of the frequency respanse is included
in the stated uncertainty of Comd

= DCPy .z DEP ars numarnical linearizaton parsmaters assassad basad on the daa of power sweep with CW
signal (no uncertainty required). DCP does nol depend an requency mar media.

«  PAR: PAR & 1ha Peak fo Avarage Ratio thal is not calibrated but determined based on fhe signal
characieristics

s AT Bryz Cuyr Oxyr VRyyz A 8 G, D are numerical linsanization parameiers assassed based on
the: data of powar sweap for specic modusation sgnal. The parametsrs do not dapend on fraguancy nor
media. VR i the maximum callbrabion range axpressed in RMS voRage scrass (he diode,

= ConwE and Boundany Effact Parameters: Assessad in flaé phantom using E-field [or Temperisturs Transier
Standard Tor [ < 500 MHz) and inside weveguide using ansihviicsl field distributions based on powar
maasurgments for T > 800 MHz The same salups are vsed Tor assessment of the paramaters apphad for
boumdary compensation (elpha, dapih) of which typicsl uncerainty velues are givan. These parameters are
used In DASY4 software o improve probe accuracy dose o the boundary. The senailivity in TSL comasponcs
o RORM:, .z * ConeF whereby the uncarainty comesponds 1o thad given far Conef, & fragquancy dependent
ComvF s esad In DASY version 4.4 and higher which allows axtending the valicy from 2 B3 MHz 1o & 100
fHz

& Sphancal Eptmpy (30 dawvation from solroppl: ina field of low gradients reakeed wsing & Nal phantom
@xposed by a paich ant=nna.

a  Sgngor Offesh The sensor offsst cormesponds o the offsat of virsal measuremant canter from the probe tip
{on probe axse). Mo iokarancs requined

= Conmector Anga: The sngla i assessad wsing the mformation gainad by determining the NORMY no
uncartainty reqsred).
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EXIOV - BMTIEZ Qochonar 26, 3016

Probe EX3DV4

SN:7382

Manufactured:  April 13, 2015
Calibrated: October 26, 2016

Calibrated for DASY/EASY Systems

(Kaobta: non-compatible with DASY2 systemnl)

Certificabe Mo: EX3-7382_0clif Pagae 3 of 11




EXIDNA—- SNTIEZ Ociokar 26, 216

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Basic Calibration Parameters

Sersor X Senaar ¥ | Sensor L Une (k=2)
Mo [uiTm T 0.41 0.43 045 =101 %
DCP (mv]" a5.g 1024 @20

Modulation Calibration Parameters
uio  Communication System Nams A B [ o VR [T S

dB iV a8 Ll {=2)
a T ) ® 0.0 0.0 1.0 (] 1434 | +35% |
¥ 0.0 0.0 1.0 1485
| z 00 0.0 10 | 1433 |

The reported uncarainty of measurement & stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds fo a coverage
probability of approxamately 95%.

* The uncadainfes of Mo 5.2 do ol e he E-Nald uncamainly inside TSL (ses Pages 5 and &)
¥ rustaiical Neanizason pEramean uncsrtainty not requined

* Uncaflminty is delmmingd using e max. devialion from inear esponse appiying rectangular distritution and s sepmesed for the aguan of the
Tixhd valun.
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EX30V4— SNT3E2 Ooinber 36, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Calibration Flnrnmar Determined in Head Tissue Simulating Media

| f (MHz} © i PaM l=.':Tillmr-ﬁ]m‘h]r ConvF % | ConwFY | ComvFZ | mipha® Eﬂ :Iih-;] |
750 418 0.89 11.04 11.04 11.04 0.51 080 | £120%
=] 41.5 0.5 10.50 10.50 10.50 45 080 | £120%
£00 4.5 |  nar 1027 1027 1027 031 105 | £120%
1750 40,1 1.37 B.06 806 2.06 0.28 009 | +120%
1300 40.0 1.40 8.1 [ | am 0.37 0.81 . +12.0%
2450 3.2 1.80 773 7.73 7.73 0.38 081 | +120%
2800 38.0 1.86 7.48 7438 7.43 0.37 083 | £120%
G250 369 4.1 5.52 5.52 5.52 0,35 180 [ £131%
5600 35.5 5,07 £.05 5.05 6.05 0.40 180 [ £131%
5800 5.3 | 5.27 5.16 5,16 5,18 040 1.80 =131 %

* Fragquancy valdiy atowve 300 MHe of £ 100 MHz only apslas for DAZY wi.4 and highar [saa Fage 2|, olsa il & restricted o & 6O MMz, The
uncartainly is Tha RSE of fa ComF unicertainty @l calibration frequency and the uncertainty for the indicated Sequency band. Frequency validity
bodora 300 WBEZ Is + 10, 75, 40, 50 and 70 WMz for Con® assessments ot 30, 64, 150, 150 snd 200 WHz reepecialy. Al 5 GHE Digiiany
validity can b axlendad 1o & 190 MHz.
P AL beguencies below 5 GHe. the valdity of hisue ganmsias (x and o} man Ba reloed 1o 2 0% H liguid ompansation foemula i appled 10
measored SAR valses. Al beguencies showe 3 GHz. the vabdiy of e parasalers (v a5d o) B fesincied 1o £ 5% The encenainty s the R5E of
H'It!l:-\:l'lTlF ungarianrhy for indicatend marges liasie pammalees.

ard dadanmined dering calbrdon. EPEAD wamants fral fha remaining deviafion: dus o the bourdary sfect afer compensation s
akvays loss than £ 1% for frequences: below ) GHe and below © 2% for frequencies batwsan 3-8 GHe @ any distanca larger than half the prote tip
diameter from the boundary
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EX30hd— SN-T302 October 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Calibration Parameter Determined in Body Tissue Simulating Media

1 M) © rM‘ cmﬁw ComvF X | ConvFY | ConvFZ | Alpha® E- 11:;
750 55.5 0.98 10.94 10.94 10,94 042 .95 £12.0%
B35 55.2 0,97 10,54 10.54 10,54 D48 0.83 £12.0%
oo0 55.0 1.085 10,42 10.42 1042 048 [0UBO +12.0%

| 1750 53,4 1.48 LBE B85 885 0.34 0,63 +12.0 %
1300 53.3 152 B.31 8.31 231 0.24 1.0 +12.0 %
2450 52T 1.85 T.64 T.e8 T.e8 041 0.8 +12.0%
2600 525 2,18 7.53 7.58 T.54 0.3z 0.80 £12.0 %
5250 485 6,36 4.81 4.01 4.91 .40 1.90 £13.1 %
5600 485 577 4.08 4.08 4.08 050 1.80 2131 %
SAD0 48,2 .00 4.36 4.36 4385 050 1.80 +13.1%

F Fraquancy validiy above 300 MHz of = 100 MHz only applies for BASY w4 and Righes (e Nﬁiﬂ}. alel i b TRl 10 & 50 MH2. The
uRcarlanny is the RES of the Comf uncertsinty ot calibration Peguency and the uncananty o the indioarioed frequency band. Frequency waiciny
e MK MM s g 10, 25 &0, S50 pead TO MHE for CoraF assessments of 30, G4, 128, 150 ond 230 WMz respectieely. Showes 5§ GHe Fequency
epdidiny cam b axiorded o= 110 BHz
* Al Trequancias below 3 GHz, the validity of tissue paramebens (s and o) Gan e melassd be & 10% i lquid compansaion fommula is aopled o
maasured BAR values Al Trequancies otowe 3 GHz, the walidiy of tesue pammeters (o and o = restricted b £ 5%, Tha urcaianty & ®a RES of
H-DDIT-‘F urssertainty for indcoied fargel Bnsus pEramsiag

prs dutermined duing calliraton SPEAG mamanis thal the remaining dewaton dus by Te boundary sfiect afler compersalion @&

.ﬂ-l.:,ulunmmt1'.l|1u'n-umhamlﬁqurﬂmiIhhﬁmmbﬁmMﬂﬁerdm langis San hall the probs e
diomeier from the boundary.
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EXADWE— SKETIA2 Oelober 26, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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EXCEDN'4— ST

=600 MHz. TEM

=E

Ociober 26, 2016

Receiving Pattern (¢), 3 = 0°
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Uncartainty of Axial iIsotropy Asssssresni: £ 0.5% (k=2)
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EX30VY-— 5N TIEZ

Dynamic Range f{SAR.ad)

(TEM cell , foru= 1900 MHz)
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Qicaober 26, 2016
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EXa0Va- GNT3A2 Oelokar 26, 2016

Conversion Factor Assessment

=835 MHz WELS RE (H_comi) = 1800 MHz \WGELS RZ2 [H_conF)
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EXADN 4= SHCTHE2

Oictaber 26, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Other Probe Parameters
Sensor Arrangament Trangular
Connecior Angle [°) []
Mechanical Surfaca Delecticn Moda enabled
Ciptical Surface Detection Mode disabled
Probe Owerall Length 33T men
Probie Body Diarmabar 0 mem
Tip Length B mm
Tip Dameier 2.5 mm
Frobe Tip to Sensor X Calibration Point 1 mm
Proba Tip to Sensor ¥ Calibralion Poanl 1 mm
Probe Tip to Sensar 2 Gakbratan Folnt 1 mm |
Recommanded Messuremem Distance rom Surlace 1.4 mm

Cortificate Mo: EX3-TI8E_Ocii




DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of

. N S Schweizerischer Kalibrierdienst
K Z
Schmid & Partner é e C Service suisse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "/,,,/;\T\‘s‘ S swiss Calibration Service
iyl W

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

BACL

Accreditation No.: SCS 0108

Client 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)

Approved by:

Katja Pokovic

Laboratory Techniclark_ _:\
\5

Technical Manager

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

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

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 Stlandards D # Check Date (in house) Scheduled Check

RF generalor R&S SMT-06 100005 04-Aug-99 (in house check Oclt-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 Signature

Calibrated by Jeton Kastrati ( e CF;

o

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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Calibration Laboratory of

h s Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'étalennage
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:

TSk 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) |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 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

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 8 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.

« 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.

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

s SARA 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 normal distribution corresponds to a coverage
probability of approximately 95%.

Cerificate No: DB35V2-453_Augl5 Page 2 of 8




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 835 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 0.90 mhofm
Measured Head TSL parameters (22.0x0.2) °C 41.9x:6% 0.93 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 2.41 Wikg

SAR for nominal Head TSL parameters normalized to 1W

9.43 Wikg 2 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 for nominal Head TSL parametars normalized to 1W

6.13 W/kg £ 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (220:£02)°C 56,1 £6% 1.02 mho/m = & %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 em® {1 g) of Body TSL Condition
SAR measured 250 mW input power 2.47 Wikg
SAR for nominal Body TSL parameters 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 paramsters normalized lo 1W 6.27 Wikg = 16.5 % (k=2)

Centificate No: D835V2-453_Aug15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.7Q-46j0
Return Loss -26.8dB

Antenna Parameters with Body TSL

Impedanca, transformed to feed point 46.8Q-6.0j02
Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.392 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 shon-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
"Measuremsnt Conditions" paragraph. The SAR data 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 Page 4 of8




DASYS5 Validation Report for Head TSL

Date: 17,08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D§35V2 - SN: 453

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

Medium parameters used: [ = 835 MHz; o =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; ConvFi6.2, 6.2, 6.2); Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn654; Calibrated: 08.07.2015
»  Phuntom: Flat Phantom 4.9L: Type: QDUOOP49AA; Serial: 1001
+« 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 = 58.20 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 Wikg

Maximum value of SAR (measured) = 2.84 Wikg

dB

-2.00
-4.00
-6.00

-8.00

-10.00

0dB =284 Wikg =4.53 dBW/kg

Certificate No: DB35V2-453_Aug15 Page 5of 8




Impedance Measurement Plot for Head TSL

17 Aug 2815 17¥:12:59
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DASYS 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: I'= 835 MHz: o = 1.02 5/m: &, = 56.1: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
o Probe: ES3DV3 - SN3205: ConvF(6.17, 6.17, 6.17). Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn654; Calibrated: 08.07.2015
»  Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; 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 Wrkg; SAR(10 g) = 1.61 Wkg

Maximum value of SAR (measured) = 2.89 Wikg

dB

-2.40
-4.80
-7.20
-9.60
-12.00

0dB =289 W/kg =4.61 dBW/kg
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Impedance Measurement Plot for Body TSL
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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 certificats,

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-Oct-01 (in house check Ocl-14)

Funciion
Labaratory Techniclan

Technical Manager

Primary Standards [X] Cal Date {Ceriificate No.) Scheduled Calibratian
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 sensor HP 84814 MY41092317 07-Oct-14 (No. 217-02021) Cel-15

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

Type-N mismatch combination SN: 50472 / 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 (Mo, DAE4-G01_Augid) Aug-15

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

AF generator RAS SMT-06 100005 04-Aug-29 (in house check Ocl-13) In house check: Oct-16

In house check: Oct-15
Signature
- 7

Issued: July 14, 2015

This calibration certificate shall not be reproduced except in full without written approval of the laboratary.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accradited by the Swiss Accreditation Service (SAS) Accreditation Ne.: 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 Sid 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

¢) IEC 62208-2, "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.

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.

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

e 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 reporied 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 Mo: D1900V2-5d206_Jul1s Page 2 of 8




Measurement Conditions

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

DASY Version DASYS 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
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (2202 0.2)°C 397+6% 1.58 mho/m £ 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1cm® (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

normmalized to 1W

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

Body TSL parameters
The following parameaters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mha/m
Measured Body TSL parameters (22.0+£02)°C 527+68% 1.54 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
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 W/kg

SAR for nominal Bedy TSL parametars

normalized to 1W

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

Certificate No: D1300V2-5d206_Jul15
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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)

DASY52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection}
¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
= 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 Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 99.02 V/im: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.4 W/kg

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

Maximum value of SAR (measured) = 12.8 Wikg

-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 - SN3205; ConvF(4.63, 4.65, 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: QDOOOPS0AA; Serial: 1002
DASY52 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=5mm, dy=5mm, 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

-6.80

-10.20

-13.60

-17.00

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