Page 66 of 100 Report No.: A15N0166217-SAR

N © |\, Coji5boration with
/77 s p e a g

CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttli@chinattl.com Hitp://www.chinattl.cn

Conversion Factor Assessment

f=900 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN: 3221

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 36.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diameter 4mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2Zmm
Recommended Measurement Distance from Surface 3mm
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6.2. D900V2 Dipole Calibration Certificate
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Client Sunway Certificate No: J13-2-2185

Object D900V2 - SN: 1d086
2 Calibration Procedure(s) TMC-OS-E-02-194
Calibration date: August 8, 2013

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID#  Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102083 11-Sep-12 (TMC, No.JZ12-443) Sep-13
e Power sensor NRV-Z5 100595 11-Sep-12 (TMC, No. JZ12-443) Sep-13
Reference Probe EX3DV4 | SN 3848 20- Dec-12 (SPEAG, No.EX3-3846_Dec12) Dec-13
DAE4 SN 777 22-Feb-13 (SPEAG, DAE4-777_Feb13) Feb-14
oy Signal Generator E4438C | MY49070393 13-Nov-12 (TMC, No.JZ12-394) Nov-13
Network Analyzer EB362B | MY43021135 19-Oct-12 (TMC, No.JZ13-278) Oct-13
Name Function Signature
Calibrated by: AR Ny B £ 2
y Zhaoding " SARTEst Engineer %%
Reviewed by: S S i )
y QiDianyuan ——~  SAR Projectieader _—

Approved by: Xiaoli . Deputy Dirsctor of the laboratory

Issued: August 11, 2013
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration'is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

c) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
d) 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.

« 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.

« FElectrical 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.

e 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 DASYS52 52.8.7.1137
| Extrapolation Advanced Extrapolation
Phantom Twin Phantom
Distance Dipole Center - T_.?-L 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.
1 Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.97 mho/m
Measured Head TSL parameters (220+0.2) °C 426+6% 0.98 mho/m + 6 %
Head TSL temperature change during test <0.5°C --e- w——

SAR result with Head TSL

SAR averaged over1 cm’ (1 g) of Head TSL Condition

SAR measured 250 mW input power 287TmW/g

SAR for nominal Head TSL parameters normalized to 1W 10.7 mW /g * 20.8 % (k=2)

SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition

SAR measured 250 mW input power 1.72mW /g

SAR for nominal Head TSL parameters normalized to 1W 6.87 mW /g t 20.4 % (k=2)
4 Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

- Nominal Body TSL parameters 220°C 55.0 1.05 mho/m

Measured Body TSL parameters (220£02)°C 54216% 1.02 mho/m £ 6 %

Body TSL temperature change during test <05°C - e

SAR result with Body TSL

SAR averaged over1 ¢m’ (1 g) of Body TSL Condition

SAR measured 250 mW input power 263mW/g

SAR for nominal Body TSL parameters normalized to 1W 10.7mW /g + 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition

SAR measured 250 mW input power 1.71mW/g

SAR for nominal Body TSL parameters normalized to 1W 6.94 mW /g £ 20.4 % (k=2)
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Report No.: A15N0166217-SAR

Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point ‘ 49.10-8.85)Q

Return Loss ‘ -22.3dB

Antenna Parameters with Body TSL

impedance, transformed to feed point . 42.10+0.52iQ

Return Loss ‘ -21.3d8

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 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 J
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DASYS Validation Report for Head TSL Date: 02.08.2013
Test Laboratory: TMC, Beijing, China
DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN: 1d086
Communication System: CW; Frequency: 900 MHz
Medium parameters used: f = 900 MHz; o = 0.982 mho/m; er = 42.66; p = 1000 kg!m3
Phantgm section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

Probe: EX3DV4 - SN3846; ConvF(9.01,9.01,9.01); Calibrated:20,12,2012
Sensor-Surface: 2mm (Mechanical Surface Detection); 1.0, 31.0
Electronics: DAE4 Sn777; Calibrated: 22/2/2013

Phantom: Flat Phantom; Type: QDO00P40CC;

DASY52 52.8.7(1137); SEMCAD X Version 14.6.10 (7164)

Dipole Calibration for Head Tissue/Pin=250mW, d=15mm/Zoom Scan
(7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 59.910 VV/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 4.11 W/kg

SAR(1 g) = 2.67 W/kg; SAR(10 g) =1.72 W/kg

Maximum value of SAR (measured) = 3.43 W/kg

dB

-5.68

-11.35

=173

-22.70

-28.38

0 dB = 3.44 W/kg = 5.36 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL Date: 02.08.2013

Test Laboratory: TMC, Beijing, China
DUT: Dipole 800 MHz; Type: D900V2; Serial: D900V2 - SN: 1d086
Communication System: CW; Frequency: 900 MHz;
Medium parametgrs used: f = 900 MHz; o = 1.023 mho/m; er = 54.207; p = 1000
kg/m® .
Phantom section: ELI 4.0
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASY5 Configuration:

« Probe: EX3DV4 - SN3846; ConvF(9.01,9.01,9.01) ; Calibrated:20.12.2012
Sensor-Surface: 2mm (Mechanical Surface Detection); 1.0, 31.0
Electronics: DAE4 Sn777; Calibrated: 22/2/2013
Phantom: ELI 4.0; Type: QDOVAQ01DB;

DASY52 52.8.7(1137); SEMCAD X Version 14.6.10 (7164)

Dipole Calibration for Body Tissue/Pin=250mW, d=1 5mm/Zoom Scan
(7x7xT)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 57.362 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 3.90 W/kg

SAR(1 g) = 2.63 W/kg; SAR(10 g) = 1.71 Wikg

Maximum value of SAR (measured) = 3.33 W/kg

-16.68

-22.24

-21.79

0dB = 3.31 W/kg = 5.19 dBW/kg
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Impedance Measurement Plot for Body TSL
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D900V2, serial no. 1d086 Extended Dipole Calibrations
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Referring to KDB 865664D01V01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

D900V2, serial no. 1d086

900 Head 900 Body
Real Real
Date of Return-Loss Delta Delta | Return-Loss Delta Delta
Impedance Impedance
Measurement (dB) (%) (ohm) (dB) (%) (ohm)
(ohm) (ohm)
2013-8-9 -22.3 49.2 -21.3 42.1
2014-8-8 -22.21 0.41 49.12 -0.08 -21.1 0.94 42.25 -0.15
2015-8-4 -22.1 0.9 48.4 -0.8 -21.4 -0.5 43.1 1.0

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

<Dipole Verification Data>- D900V2, serial no. 1d086

1 St 900 Mz

900MHz Head

IFBW 30 kHz

SwelGH: B

1 Star 800 NHz

900MHz Body

TEW 20 kHz

Stop 1 GHz (]
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6.3. D1900V2 Dipole Calibration Certificate

Calibration Laboratory of A, Sehwsiperischer Kalibrend enst
Schmid & Partnar o S Servics suisse d'Farmage
Engineering AG s C  serviaio svisoewo & taraiura

Zeughausstrasse 43, B004 Zurich, Switzerland -,,f_ﬁﬁﬁ_g B  owiss Calibention Service
Actiediled by the Swss Accradiiaion Service (SA5) Acereditation No:: SCS 0108
The Swiss Accreditation Servics is ane of the signatories 1o the EA

Multilnteral Agreement for tha recognition of calibraticn carSlicates

ceent  SMO (Auden) Corfificate No: D1900V2-5d194_Jan15
|ICALIBRATION CERTIFICATE

Object D1900V2 - SN: 50194

Calbratisn procsdunms) QA CAL-05va

Calibration procedure for dipole validation kits above 700 MHz

Cafibraton date: January OF, 2015

This cabbration cantiicans documents he tracestility b national slancards, which reakizs the prysical Units o messurEments [35)
The measuneenanis and the unceriiinies wih confidence probaniity e ghven on the following pages and are part of e cerilicats

Al calitrations have bean conducied in the closed laboratony faciity: amvinonment ierpemivee (22 2 3)°C and humidiy < 70%

Calmiion Equipment usssd (MATE crtical far calibeatian)

Primary Standanss iDw Gl Dl [Cadilicats Mo, Scnaduked Calibralion ™
| Powar matar EPW-442A GEITRNTIM Q7-Oict-14 (Mo, 2V 7-02020) Cer-15

Pawar seraoe HP B4 UsaTaeTal OF-0ict-14 (Mo, 21702020 Cet-18

Powsi ssrsor HP B4B1A MY A1DG25T OF-Oct-14 (Mo, 217-02021] Oit-148

Relerancs 20 4B Atterussar SN G058 {20k} O3-Apr-14 (Mo, 217-01918) Agr-15

Type-d mismaich combination SN; S4T 2506327 O3-Aprid (Mo B1T-DNERT) Age-1f

Ralerences Probe ES3003 SN: 3205 Ji-Dec-14 (Mo ES3-3205_Dectd) Dac-15

DAF4 5M: BN A1 (Mo, DASL-B01_Augid) Aug-15

Secondary Slandards i a Cheack Drate {in houza) Schedulag Chack

AF genomior R&S SMT-0E 100005 D= BB (n rouss check Cet-13) I house chack: Oct-16
Matworn Anaiyzor HP E7S3E USITIG088E 24206  18-Oct-01 {In house chack Oc-14) in houss chack: Oci-15

Hame Functian Signa
Cailbratad by Clansche Lisciiar Labartory Technician

|
\

Apprvesd by K Pokovic Tl Mg ﬂ%

Is=aed: danuary 7, 2015

T calbetion carilicate shall not ba reproduced ascep in hull wilfeus wiiien spproval of e imharatory.

Cortificate No; D1900v2-54184_len15 Paga 1oi8
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Calibration Laboratory of a1

-
. AN Schweizorischer Kalibrierdienst
Schmid & Partner S S Bervice susse S on rage
Engineering AG s K haivtalo yetuiro i daradurs
Teughnusstrasse 43 5004 Turich, Switserand e th»?xf 5  Swiss Callbrailon Service
ey’
Acoeaditad by he Swiss Accredislion Sandcs [SAS) Aeereditation Ma,: SCS 0108

The Swiss Accreditation Service ks o of the signatories to the EA&
Mulifisternl Agresment for the recognition of calibration cerificaies

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL/ NORAM x,y,z
MNiA not applicabla or not measured

Calibration is Performed According to the Following Standards:

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

b) 1EC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) KDB BESEE4, “SAR Measurement Requirements for 100 MHz to 6§ GHz"

Additional Documentation:
d) DASY4/5 Systemn 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 centar marking of the flat phantom section, with the arms ariented
parallel to the body axis.

= Feed Point Impedance and Retum 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. Mo uncertainty required.

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

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

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

« S5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
naminal SAA result,

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

Carificabe Ma: D1900V2-5015%4_Janis Page 2 ol @
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Measurement Conditions
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DASY system configuration, as far as nel givin on pags 1
DASY Version DASYS Wh2 B8
Extrapalation Advanced Extrapolation
Phantom Modular Flat Phantem
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Aesolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz

Head TSL parninltar:

The lallowing parametars and cakulations were applied,

Tamperaiure Permittivity Conductivity

MHominal Head TSL parameters 20'C 400 1.40 mho'm
Messured Head TSL parameters [F2.020.2)°C 401 8% 1.98 mhadm = 8 %
Head TSL temperature change during test =0.5%C e ==

SAR result with Head TSL
SAR averaged over 1 cm® (1 g of Head TSL Condition
SAH messuned 250 mWW inpud powar 101 Wikg
SAR for naminal Head TEL paramaters nonmaized 10 1% 406 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” {10 g) of Head TSL condition

SAA measumad 250 mW input power 5.32 Wiy

AR for nominal Head TSL parameters narmalized io 1W 1.3 Wilkog = 16.5 "% (k=2)
Body TSL parameters

The lellowing parameters and calculations wers applisd,
Temparature P il wity Conductivity

Mominal Bady TSL parameters 220°C 533 1.52 mha/m

Measured Body TSL parameters (220403 'C 533 x6% 1.50 mibev'm £ & %

Body TSL temperature change during test =05 - ST
SAR result with Body TSL

SAR sveraged over 1 em” (1 g) of Body TSL Conditian

S4A measurad 230 mW input power .85 Whkg

SAR for nominal Body TSL parameiars: naimnalizad o TW 40,1 Wikg = 17.0 % [k=2)

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

5AR measured 250 mW input powes 531 Wihkg

SAR for nominal Body TSL parametens normalized bo 1w 21.3 Wkg = 16.5 % (k=2)

Carificate Ma: D1900V2-64184 Jan1&

Page 3of 8
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impegance, ranslormed to feed point BATO+4.80
Ratum Loss - 245 dB8

Antenna Parameters with Body TSL

Imgadance, iranstormed 10 feed pont 48910 +51j0

Aeturn Loss - 25 & dB

General Antenna Parameters and Design

[ Elecirical Diglay (one direciion) ] 1201 ns

Adter long lerm use with 1004 radiated powar, only & slight warming of the dipole near the feedpaint can ba measunad.

The dipoie is mada of standard semirigid coaxial cable. The center conductor of the teeding ling is dimatly connecsed o the
setond arm of the dipole. The antenna is tharefore short-gircuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in arder fo improva masching when loaded according 1o the pesition as axplained in the
“Measurement Conditions” paragraph. Tha SAR date are not affectad by this changs. The averall dipola langth i still
apearding 10 the Standard

Mo excessive force must be appied 1o the dipola arme, becauss they might bend or the scldared connactions naar the
teadpaint may be damaged,

Additional EUT Data
Manufacturad by SPEAG
Marnufactured on May DE, 2014

Cortficate Mo D1900VE-64184_Jan15 Fape 4 ol 8
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DASYS Validation Report for Head TSL

Date: 07,12.2015
Test Laborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DISO0V2 - SN: 5d194

Communicstion Svstem: UID 0 - CW: Freguency; 1900 MHz

Medium parameters used: f= 1900 MHz; o = 1.39 §/m; & = 40.1; p = 1000 kg/m"
Phantom section: Flut Section

Measurement Standard: DASY S (IEEE/NBEC/ANST CR3. 192011

DASYS2 Configuration:
« Probe: ES3DV3 - SN3205; ConvFi3, 5, 5); Calibrated: 30.12.2014:
»  Sensor-Surfoce: 3mm (Mechanical Surfuce Detection)
«  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
= Phantom: Flat Phantom 5.0 (front); Type:; QDOOPSOAA; Serial; 1001
« DASYS2 528801222 SEMCAD X 14.6. 107331}
Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0):
Measurement grid: dx=Smm, dy=5mm, de=5mm
Reference Value = 98.35 V/m: Power Drift = 0,04 dB
Peak SAR (extrapolated) = 18,5 Wike

SAR( g = 10.1 Wkg; SAR(10 gh = 532 Wikg
Muximum value of SAR (measured) = 2.7 Wikeg

%]
BLF L]
im

-0 T

hdB=12.7T Wikg = 11.04 dBW/kg
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Impedance Measurement Piot for Head TSL
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DASYS Validation Report for Body TSL

Date: 07.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900Y2: Serial: D1900Y2 - $N: Sd194

Communication System: UID O - CW; Frequency: 1900 MHz _
Medium parameters used: £ = 1900 MHz; a = 1.5 S/m; & = 53.3; p= 1000 kg/m®
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEMEC/ANS] C&3,10-2011)
DASYS2 Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014:
#  Sensor-Surface; 3mim (Mechanical Surface Detection)
# Electronics: DAE4 Sns01: Calibrated: 18.08.2014
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

» DASYS2 528 8(1222), SEMCAD X 146 10(7331)

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

Reference Value = 35,88 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR(I gh = 9.95 Wikg: SAR(10 g) = 5.31 Wikg

Maximum value of SAR (measured) = 1 2.6 Wikg

—-p24

AR AT

1En

0 dB = 12.6 Wikg = 11.00 dBW/kg
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Impedance Measurement Plot for Body TSL

Report No.: A15N0166217-SAR
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6.4. D2450V2 Dipole Calibration Ceriticate

Calibration Laboratory of A Schweizerischer Kallbriardsenst
Schmid & Pariner — 2 Service n:- nulu:m.p
Engineering AG : T Servizia sviZEars d taratiars
Zoughausatrasse 43, 8004 Zurich, Switreriand ?ﬁéﬂ%ﬁ? 5 Swiss Cailbration Ssrvics
Accredied by the Bwies Accrediation Sendca (SA5) Accreditation Mo.: SCS 0108

The Swiss Accreditafion Service is one of the algnataries to the EA
ultilateral Agresmen for the recognition of ealibration certificates

cliert  SMQ (Auden) ! Cartificate No: D2450V2-955_Jan15/2
[CALIBRATION CERTIFICATE (Re of No: D2450V2-855_Jan15
Object D2450V2 - SN: 955
Caltoration peocatumsds) QA CAL-05.48

Calibration procadure for dipole validation kils above 700 MHz

Calbratian dabs January 0B, 2015

This calibration cerfcale documans the iraceaddity to national standaeds, which mallze he piysical s of measuemens |51)
Theé maasremais and the uncorainies wilh confidence pronabiity @ piven on e folkming pages and are part ol the cerificale

All exibrators have boan conducted i e chosed laboralory facilty: anvronment lempanasre (22 + 35°C and humicity « 0%

Cafibration Equipment usad (MATE cnlical kv cabbeation|

Primary Stancards 10 Cal Dain (Canil Mo j Schadulad Calibraion
Powesr mughar EPM-S424 CEIT 480704 OF-Oict-14 (Mo, 217-02020) Digs-15

Frwes pensor HP B881A US37a93TeER OF-Cict-14 (Mo, 217-02020) Diea-15

Powes pansar HP B4814 WMY£1082347 OF-Cict-14 (o, 24702021 ) Diet-16

Fefaranca 30 dB Alienudlon EMN: SOSE {20k} - Apr-14 Mo, 217-01918) Api-15

Type-N mismalch comksrafion SN B047 2/ 06327 CG-Apr-14 Mo, 217-01821) Apr-15

Aeferanca Proba ES30VS S A2ne 30-Dec-14 (No. E33-3208_Decid) Dac-15

OaE4 SM: o 1E-Aup-14 (Mo DAE4-800_Augid) Auge15

Secandary Standans [0 Chack Dt [in house) Schadulad Check

AF gensralor BAS SMT-08 | 10005 (- Aurg-B5 (in housa chack 0ok 15) It heume check: Dig-16
Helwark Analyzer HP BTR3E US3TI00SES 34208  1R-Oct-01 (in housa chook Oot-14) In e check: Oct-15

Mama Furction
Calbrated by Clausdio Lsubier Laboratony Technican E
Annrcwart by Kalin Pokowc Tachnical Marsge: E ﬁ EE g

lasuad Fabruary 10, 2018

This cafiliration cerifcale shall nol be reproduced aecapt in full wifoul w1iilien spomyal of the inbomsany,
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Calibration Laboratory of

_ Py Schweizerischer Kafibrierdians]
EEhH‘I\_‘d & Eartner iﬁi g Service sulsse d'élmlannags
Engineering AG T Bervizio swizearo di terisirs
Teughnwssirnass §3, D004 Zurieh, Switssdand R xﬁ}\; 5 Swiss Calltiration Service
Arorecad by the Swiss Acoedialion Sordcs (SAS) Bocreditation Ne.: SCS 0108

The Swiss Acereditation Servico s one of the signalanies to the EA
Multilateral Agreement for the recognition of calibration cerificales

Glossary:

TSL tissue simulating liguid

ComvF sensitivity in TSL/ NORM x.y 2
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Datermining the Peak Spafial-
Averaged Speciiic 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 proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢} KDB BEB5664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 Systermn Handbook

Methods Applied and Interpretation of Parameters:

+ Measureament 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.

= Anlenna 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 Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremant al the SMA connector to the feed point. The Return Loss ensures low
reflacted 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 antanna 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.

Tha reponed uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Ceddicate Mo D2450W2-958 _Jan152 Page 2ol 8
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Measuremeant Conditions

Report No.: A15N0166217-SAR

DASY eystem configuration. as far as not on pige 1,
DASY Version DASYS viza.a
Extrapolation Advanced Extrapoialion
Phantom Modular Fla Phartam
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dy, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
Tha follawing parameaters and calculations ware applied.
’ Temperature Parmittivity Canductivity
Hominal Head TSL parameters 220°C g2 1,80 mho/m
Measured Head TSL parameliers 22.0+£02)"C BT+E%S 1.84 mho/m + 6 %
Head TSL temperature change during test = 05"C —_
SAR result with Head TSL
SAR averaged over 1 em’ [1 g) of Head TSL Candition
SAR measzunad 250 mW input powar 13.2 Wikg
SAR for nominal Head TEL paamaters normalized to TW 52.4 Wikg = 17.0 % (k=)
SAR averaged over 10 cm” (10 g} of Head TSL condition
SAR maasuwed 250 mWW inpul power 6.12 Wikg
S5&R for nominal Head TSL paramaters normakeed o 1W 24.4 Wikg = 16,5 % (k=2)
Body TSL parameters
The foliowing paramaters and caleulations were applied.
Temperalure Permittivity Conductivity
HMominal Body TSL parameters 200 L5 1.85 mhadm
Messured Body TSL parameters (22.0 =02 °C 510=26% 203 mho'm £ 8 %
Body TSL tempaerature change during test =0.5"C - i
SAR result with Body TSL
SAR averaged over 1 om® {1 g) of Body TSL Candition
SAR messured 250 W input powear 13.8 Wikg

S8R for nominal Body TSL paremeters romalizad 1o 1W 53.7 Wikg = 17.0 % (ks2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 250 mW input power 6.36 Wikg

S5AR for nominal Body TSL parsmesiers normalizad o 1W 25.0 Wikg = 18.5 % (k=2)

Carificate Mo: D2450W2-855_Jan15:2

Paga 3ol B



Page 88 of 100 Report No.: A15N0166217-SAR

Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transtarmed to feed pain BB+ 2.5

Ratum Loss - 24.9 dB

Antenna Parameters with Body TSL

Impedance. transfarmed 1o feed poirt 120+ 48
Rafwm Loss - 26.0dB

General Antenna Parameters and Design

| Eleetricat Dalay (ne direction] | 1.165 na

Aler long terrn usa with 100W radiated power, anly & slight warming of the dipole near the tesdpaint can be measund.

The dipole k5 made of standard semirigid coaxial cable. Tha cemer conductor of the feading line ik directly connected o 1he
second amm of the dipale. The antenns is therelare short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in orer 1o Improve matching when loaded according ta the positien as explained in the
‘Maasuremant Conditions” paragraph. The SAR dala are not affected by this change. Tha ovesall dipale length s still
acoonding o the Standamd.

Mo sxcessive force must be spplied 1o the digole arms, becauss they might bend or the soldared connections near the
feadpoint may be damaged.

Additional EUT Data

Manulpctunad by SPEAG
Manuiacturad on August 05, 2014

Certificaie No: D245002-985 _Jan 1532 Fagedal 8
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DASYS Validation Report for Head TSL

Drate: (8.01.2015
Test Laboratory: SPEAG, Zurich, Switrerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN; 055

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

Medium parameters used: = 2450 MHz; a = |84 S/im; & = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST C63,19-201 1)

DASYS2 Configuration
+ Probe: ESIDV3 - SN3205; ConvFid.45, 4.45, 4.45); Calibrated: 30.12.2014;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
*  Electromics: DAE4 Sn601: Calibrated: 18.08.2014
*  Phantom: Flat Phantom 5.0 (front); Tyvpe: QDOOOPSOAA; Serial; 1001

= DASYS2 53 8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Walue = 101.2 V/'m; Power Drift = (0,03 dB

Peak SAR (extrapolated) = 27.5 Wikg

SAR(] g) = 13.2 Wikg: SAR(10 g) = 6.12 Wikg

Muximum value of SAR (measured) = 17.5 Wikg

-5.00

-10.00
-15.00
-20.00

-25.00

OdB =175 W/kg= 1243 dBW/kg
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Impedance Meazurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 08.01.2015

Fest Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz: Type: D2430V2; Serial: D2450V2 - SN: 955

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

Medium parameters used: = 2450 MHz: o = 2.03 S/m; £ = 51; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEETEC/ANST Ca3.19-2011)

DASYS2Z Configuration:

L]

F“I'I.."Ihr.': ES3DV31 - SN3205; ConvF(4,17, 4,17, 4.17): Calibrated: 30.12,2014:
sensor-Surtace: 3mm (Mechanical Surface Detection)

Electronics: DAES Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 3.0 (back): Type: QDOOOPS0AA: Seral- 1002
DASYS2 S2ER(1222); SEMCAD X 14.6.10(7331)

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

Reference Vialue = 97.96 Yim; Power Drift = 0.01 dB

Peak SAR (extrapolued) = 288 Wikg

SAR(I g) = 138 Wikg: SAR(ID g) = 6.36 Wik

Maximum value of SAR (measured) = 18.3 Wikg

-5.00

-15.00

-20.00

-25.00

UdB =183 Wike = 1262 dBW/kg

Cedificate Mo D245002-958 _Jan] 52 Fage T oi B
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Impedance Measurement Plot for Body TSL
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6.5. DAEA4 Calibration Ceriticate

&77L:p e a g —
N CALIBRATION LABORATORY S

Adid: Mo %1 Nueyuan Rosd. Hasdian Dissricy, Beljieg, 10191, China ol A ; CALIBRATION
b +B6-10-62 3040332218 Faoe +86-10-62304633-2 200 LU Mo, LOSTH
E-niml; enbirehinal com fiip. Moo chinstil on
Chent - Auden Certificate No: Z15-97083
CALIBRATION CERTIFICATE
| Object CAEA - SH- G056
Calibration Procedura(s) FO-Z11-2-002-01
Calipration Procedure for the Data Acquisitbon Electronics
{DAEX)
Callbration date: Julby 16, 2015
This calioration Certificale documents the fracesbility fo national standasds, which realize the physical units of
measuermnentsSl). The measuremants and Ihe uncertainties with confidence probability are given on the fallowing

pages and are part of the certificate

All calibrations have been conducted in the closed laboratory facility: envonment femperalure(22+3)°C and
humidity=70%

Calibeation Equipmant used (METE cribeal for calibration)

Primary Standards o2 Cal Dabe(Calibrated by. Cestificate Mo.| Scheduled Calibraton

Process Calibrator 763 | 1871018 06-July-15 (CTTL, Mot J15X04257) Juy-16
Mama Funchion Signatura

Callrated by Yu Zangying SAR Test Engingsr

Reviewed by, Qi Dianyuan SAR Project Leader

Approved Dy Lu Bingsong Deputy Director of the laboratory !u :;EFZ‘

Issued: July 17, 2015
Thes calibration cartificate shall et be reproduced except in full withaut written appeoval of the labaratary,

Certificate Mo; £15-97003 Page | of 3



Page 94 of 100 Report No.: A15N0166217-SAR

m in Culaburlhonnwrﬂ-' 2

Add: Ne.31 Xueyusn Road, Hindian Dastrct, Baging, 100091, {lina
Fel: +8h-10-673040 552218 Fax: +8fi=10-6230633-2 309
F-mmil ¢l ciesanl ¢oim Hizp e chinotilen

Glossary:

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters:

« DC Voitage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

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

« The report provide only calibration results for DAE, it does not contain other
performance test results,

Cenificae Mo: Z15-97083 Page 2 of 3
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S777 s p e 8 g
CALIBRATION LABORATORRY

Add: W 31 Moeymn Boad, Haidian Disicet. Besjing, 100191, China

Tel: =k&-10-02H14H33-22 18 Fax: +86=10-62MH633-220%

E-masl cetl@izhinaml,som Hup:ivwwwchimatil cn

DC Voltage Measurement
AT - Converer Resalution namenal
High Range: iLsB = B.1uW full range = =100, 4300 m
Low Range: ILSE = ainy . fudl range = <1 3mi
DASY measursment paramelers: Auto Zam Time: 3 sec;, Measunng Wme: 3 sac

.- A15N0166217-SAR

Calibration Factors b4 Y Z
High Range &0 BTZ + 0 15% [k=2) | 408235 + 0.15% (k=2} | 404 825 = 0.15% (&=2)
II Low Range 08116+ 0.7% (ke2) | 4.00288 + 0.7% (k=2) | 399735 £ 0.7% (k=2)
Connector Angle
Connector Angle o be used in DAY sysiem b - S \—‘

Centificate No: £15-97003 Page 3 ol 3
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7. Test Setup Photos

Photograph of the depth in the Head Phantom

I

Left Head Tilt Setup Photo
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:I J
Right Head Cheek Setup Photo



Page 98 of 100 Report No.: A15N0166217-SAR

O0mm Body-worn Rear Side Setup Photo

O0mm Body-worn Left SideSetup Photo

0mm Body-worn Right SideSetup Photo
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Omm Body-worn Top Side Setup Photo
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8. External Photos of the EUT

External Photos




