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6. Calibration Certificate

6.1. Probe Calibration Certificate

® 1Y,

IS © |, Colsboration with SN2,
=777 s p e a g e
Sl  CALBRATION LABORATORY

jﬂkdd: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China = ,%ﬁ‘\\bu“ CALIBRATION
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504 nln No, L0570
E-mail: cttl@chinattl.com Hup:/'www.chinatl.cn
Client GCCT Certificate No: Z15-97014
: g - e e e =
PR RS R
T M = ; i

Object ES3DV3 - SN:3221

Calibration Procedure(s) FD-Z11-2-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: January 31, 2015

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 NRP2 101919 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Power sensor NRP-Z91 | 101547 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Power sensor NRP-Z91 | 101548 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Reference10dBAttenuator | 18N50W-10dB  13-Mar-14(TMC,No.JZ14-1103) Mar-16
Reference20dBAttenuator | 18N50W-20dB  13-Mar-14(TMC,No.JZ14-1104) Mar-16
Reference Probe EX3DV4 | SN 3617 28-Aug-14(SPEAG,N0.EX3-3617_Aug14) Aug-15
DAE4 SN 777 17-Sep-14 (SPEAG, DAE4-777_Sep14) Sep -15
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 01-Jul-14 (CTTL, No.J14X02145) Jun-15
Network Analyzer E5071C | MY46110673  15-Feb-14 (TMC, No.JZ14-781) Feb-15
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer
e Ry Qi Dianyuan SAR Project Leader S
Approved by: Lu Bingsong Deputy Director of the laboratory é’a_ W
Issued: February'02, 2015
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

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
AB,C,D modulation dependent linearization parameters

Polarization ® & rotation around probe axis

Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

o  NORMX,y z: Assessed for E-field polarization =0 (fs800MHz in TEM-cell; f>1800MHz: waveguide).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the
E* field uncertainty inside TSL (see below ConvF).

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

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

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

o Ax,yz Bx,yz Cxyz VRxyzAB,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

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

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

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

¢ Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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Probe ES3DV3

SN: 3221

Calibrated: January 31, 2015
Calibrated for DASY/EASY Systems

(Noe: non-compatible with DASY2 system()
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DASY/EASY — Parameters of Probe: ES3DV3 - SN: 3221

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(Vim)*)* 1.08 1.39 1.06 +10.8%
DCP(mV)® 103.1 100.5 103.7

Modulation Calibration Parameters

uip Communication A B c D VR UncE
System Name dB dBVpV dB mV (k=2)
0 cwW X 0.0 0.0 1.0 0.00 2611 | £2.6%
Y 0.0 0.0 1.0 2926
'z J00 0.0 1.0 2622

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%.

A The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 6).
& Numerical linearization parameter: uncertainty not required.

E Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY/EASY — Parameters of Probe: ES3DV3 - SN: 3221

Calibration Parameter Determined in Head Tissue Simulating Media

= = G

f [MHZ]® Pel::iiat:il:i‘:y & Con(:;;::l\;::ty ConvF X | ConvF Y | ConvF Z | Alpha® D:npr::; (L:::;t)
750 41.9 0.89 6.36 6.36 6.36 0.41 142 | £12%
835 415 0.90 6.25 6.25 6.25 0.41 147 | £12%
900 41.5 0.97 6.13 6.13 6.13 0.35 163 | £12%
1750 401 1.37 5.33 5.33 5.33 0.46 155 | £12%
1900 40.0 1.40 5.20 5.20 5.20 0.71 1256 | 12%
2000 40.0 1.40 5:12 5.12 5.12 0.70 1.25 | =12%
2300 39.5 1.67 477 477 477 0.59 145 | £12%
2450 39.2 1.80 450 4.50 4.50 0.85 1.16 | £12%
2600 39.0 1.96 435 4.35 4.35 0.76 1.26 | £12%

g Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to 2£50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than * 1% for frequencies below 3 GHz and below + 2% for the frequencies

between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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DASY/EASY — Parameters of Probe: ES3DV3 - SN: 3221

Calibration Parameter Determined in Body Tissue Simulating Media

N B G
| f [MHz]° Pe':;'i::i':i‘:yF c°"°::';:‘)":y ConvF X | ConvF Y | ConvF Z | Alpha® D(:’:} (L:(:;t)
750 | - 555 0.96 6.28 6.28 628 | 038 | 163 | =12%
835 55.2 0.97 6.29 6.29 629 | 044 | 154 | £12%
900 55.0 1.05 6.16 6.16 616 | 049 | 145 | +12%
1750 53.4 149 5.00 5.00 500 | 061 | 134 | £12%
1900 53.3 152 479 479 479 | 061 | 136 | +12%
2000 53.3 152 475 475 475 | 048 | 162 | +12%
2300 52.9 181 465 465 465 | 063 | 148 | £12%
2450 527 1.95 4.49 4.49 449 | 088 | 116 | +12%
2600 525 2.16 437 437 437 | 071 | 132 | £12%

E Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to £50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to +10% if liquid compensation
formula is applied tc measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and g) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies

between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

Frequency response (normallzed)

0.5 ; : : , :
0 500 _ 1000 1500 2000 2500 3000
== f [MHz] —

Uncertainty of Frequency Response of E-field: +7.5% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM
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Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
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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

Certificate No: Z15-97014 Page 11 of 11
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6.2. D835V2 Dipole Calibration Certificate

unlts -of measuremenis(Sl) The measurements and the uncertainties wrth oonﬁdenee probahﬂlty are

given on the following pages and are part of the certificate. ! il
All calibrations have been conducted in the closed laboratory facility: environment temperature(z '
and humidity<70%. e
e
i
Calibration Equipment used (M&TE critical for calibration) -3 |
Primary Standards ID#  Cal Date(Calibrated by, Certificate No)  Scheduled Calibration ;
Power Meter NRVD 102083 11-Sep-13 (TMC, No.JZ13-443)
Power sensor NRV-Z5 100595 11-Sep-13 (TMC, No. JZ13-443)
Reference Probe EX3DV4 SN 3846 3- Sep-13 (SPEAG, No.EX3-3846 Sep1 3}
I:_IAE'4 SN 1331 23-Jan-14 (SPEAG, DAE4-1331_Jan14)
Signal Generator E4438C | MY49070393  13-Nov-13 (TMC, No.JZ13-394)
Network Analyzer E8362B MY43021135  19-Oct-13 (TMC, No.JZ13-278)

Name Function Sk 8
! i 4
Yu Zongying SAR Test Engineer \i

Qi Dianyuan




Methods Applied and Interpretation of Parameters:

dipole positioned under the liquid filled phantom. The impedance stated is tr
from the measurement at the SMA connector to the feed point. The Return L
‘ensures low reflected power. No uncertainty required.

point. No uncertainty required.
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easurement Requirements for 100 MHz to 6 GHz

cumentation: b
/5 System Handbook

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. : 1

Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed

point exactly below the center markmg of the flat phantom section, with the arms
oriented parallel to the body axis. o i
Feed Point Impedance and Return Loss: These parameters are measured with the

Electrical Delay: One-way delay between the SMA connector and the antenna feed

measured SAR measured at the stated antenna input powe
nalized: SAR as measured, normalized to an input powe
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220°C 415
(220:02)°C |  41726%
<1.0°C —=

SAR result with Head TSL
SAR averaged over 1 ¢~ (1 g) of Head TSL Condition T
SAR measured 250 mW input power 241mW/ig
SAR for nominal Head TSL parameters nomalized to W | 9.62 mW /g £20.8 % (k=2) |

SAR averaged over 10 ¢/’ (10 g) of Head TSL Condition 8
SAR measured 250 MW input power 157mWig

SAR for nominal Head TSL parameters normalized to 1W
Body TSL parameters

The following parameters and calculations were applied.

f Temperature Permittivity
Nominal Body TSL parameters 220°C 552

'Measured Body TSL parameters. (220402)°C 556+6%

TSL temperature change during test|  <1.0°C o= :
sult with Body TSL _ _ e
dover1 ¢m’ (1) of Body TSL Condition
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n wnnusawﬂ: 100W radiated power, only asmhtwgmngeg e dipole

The dipole is made of standard semirigid coaxial cable. The cen
recty conneced to the second am of the dipole. The a
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DASYS Validation Report for Head TSL Date: 24.07.2014

Test Laboratory: TMC, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d134
Communication System: UID 0, CW (0): Frequency: 835 MHz:Duty Cycle: 1:1
Medium parameters used: = 835 MHz: 6 = 0.904 S/m: &, =41.7: p = 1000 kg;‘m"
Phantom section: Center Section
Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2007)

DASYS35 Configuration:

e Probe: EX3DV4 - SN3846: ConvF(9.32. 9.32. 9.32): Calibrated: 2013-09-03;

« Sensor-Surface: 2mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1331: Calibrated: 2014-01-23

» Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA: Serial: 1161/2

o Measurement SW: DASY52. Version 52.8 (8); SEMCAD X Version 14.6.10
(7331)

System Performance Check at Frequencies below 1 GHz/d=15mm, Pin=250 mW,
dist=2.0mm (EX-Probe)/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm. dy=5mm. dz=5mm

Reference Value = 38.91 V/m: Power Drift =-0.05 dB

Peak SAR (extrapolated) = 3.60 W/kg

SAR(1 g) = 2.41 W/kg: SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.05 W/kg

-2.10
-4.21

W

-8.42

0 dB =3.05 W/kg = 4.84 dBW/kg

Certificate No: Z14-97067 Pagesofs
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DASYS5 Validation Report for Body TSL

Test Laboratory: TMC, Beijing. China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d134
Communication System: UID 0, CW (0); Frequency: 835 MHz:Duty Cycle: 1:1
Medium parameters used: f= 835 MHz; 6 = 0.986 S/m: &, = 55.6; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

Date: 24.07.2014

= Probe: EX3DV4 - SN3846: ConvF(8.96, 8.96. 8.96); Calibrated: 2013-09-03:

s Sensor-Surface: 2Zmm (Mechanical Surface Detection)

» Elecironics: DAE4 Sn1331; Calibrated: 2014-01-23

= Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA: Serial: 1161/1

o Measurement SW: DASYS52. Version 52.8 (8): SEMCAD X Version 14.6.10
(7331)

System Performance Check at Frequencies below 1 GHz/d=15mm, Pin=250
mW, dist=2.0mm (EX-Probe)/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement
grid: dx=Smm. dy=>mm. dz=5mm

Reference Value = 57.01 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.66 W/kg

SAR(1 g) =2.47 W/kg; SAR(10 g) = 1.64 W/kg

Maximum value of SAR (measured) = 3.10 W/kg

-4.00
-5.99
-7.99
-9.99
0dB=3.10 Wkg =491 dBW/kg
Certificate No: Z14-97067 Page 7 of 8
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6.3. D1900V2 Dipole Calibration Certificate

FLL AL L
Ellihfaﬂan Laboratory of _,Q“.\I\\_.:{_:,.""j-::_ § Sehwsizerischer Kalibriandionst
Schmid & Partner e G Servics suisse dstatonnage
Engineering AG cams ey Servizio svicera of mratura
Zeughnussirnase 43, B004 Zurich, Switzeriand "”*-r.ﬂﬁ-*‘"' 5  owiss Calibeation Service
Accrediled by the Swess Accradiaton Service (SAS) fccraditotion No.: SCS 0108

The Swiss Accreditalion Sarvics is 6he of the signatorias e the EA
Muiltilntaral g reement for tha cagnition of calibration carfilicates

chent  SMQ (Auden) Certificate No: D1900V2-5d194_Jan15

|CALIBRATION CERTIFICATE |
ctioct D1900V2 - SN: 5194 ‘
Cakbrafion procadureis) Q4 CAL-05.v3

Calibration procedure for dipole validation kits above 700 MHz

Cafibraton dats: January 07, 2015

This cabbraiion carificate documents the tracsatiity b national stancards, which reakzs the prysical units of messurements [55)
The measuremants and the wnceliintss with confidence proabiity are giver on the foliowing pages and ane part of e canificass

Al caliralions hava bean conducied in the closed aboratony taciity: amdranment lempemiune (22 = 3)°C and humidity < 70%

Caliombion Equipment usssd (MATE crfical for calibesmlion)

Primary Standarnss 10 Cal Dl (Cadificabs Mo Scradubad Callralion ™

Pomar maler EPM-1424 EEITAR0TTH OF-Oict-14 (Mo, 21 7-02020) D15

Powar seraos HP B4E14 UssTeseTad OF-Chct-14 (Ba. 21 700220 Det-18

Powsr geruoe HP B804 MY 109857 OF-Oict-14 (Mo, 21 7T-02021 ) Oct-15

Relerance 20 dB Atterwatar BN: 50658 {20k) O3 Apre14 (Mo, 21701518 Agr-15

Type-N mismaich combinaticn SN; 5047 .2 7 06327 3-Apr-14 (Mo 217-00881) A1

Ralerence Probe ESI0V3 BN 3306 30-Dec-1d (No ES3-3205_Dectd) Des-15
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Calibration Laboratory of Ty,

i
)

s ol et f:._ & Incher Kalibriendi
Schmid & Partner % s Barvica sulzss &ialonnegs
Englna&r‘ing AG TS c Sersizio suizrero dl mraiura
Tl
Zeughnisstrasse 43 5008 Zurich, Switceriand ;E‘?ng S  Swiss Callbrailon Servies
w117
Accraiited by the Swiss Accradision Senice [SAS) Bccreditation Ma.: SCS 0108

This Swies Accresditation Service ks ofe of the signatories to the E&
Multistarnl Agresment for the recognition of calibration certdicates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x.y,z
MNiA not applicabla ar not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from 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

¢] KDB B65664, "SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
dj DASY4S System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Condifions: Further details are available from the Validation Raport 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 oriented
parallel to the body axis,

= Feed Poinl Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the fead paimt, The Return Loss ensures low
reflected power. No uncertainty 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 normalized: SAR as measured, narmalized to an input power of 1 W at the antenna
connector.

« 5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
naminal SAR result.

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

Carificate Nao; D1900V2-50154_Jan15 Page 2ol @
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Measurement Conditions

Report No.: STUEMO015121606581RF4

DASY sysiem configuration, as far as nol given on pags 1
DASY Version DASYS WE2.8.8
Extrapolation Advancad Extrapolaton
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Aesolution dx, dy, dr =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The lollowing parametsrs and calcilations were applisd,
! Temperaire Parmittivity Conductivity
MNominal Head TSL parameters 220G 40.0 1.40 mho/m
Messured Head TSL parameters [F20x02)°C 401 +8% 1.38 mhaim = 8 %
Head TSL temperaiure change during test = 0.5"C e =
SAR result with Head TSL
SAR averaged over 1 om® (1 g) of Head TSL Condition
SAR messLined 250 mWW inpud pawar 0.1 Wikg

SAR for naminal Head TSL parameters

nommaized 10 1W

A0.6 Wilkeg = 17.0 % (k=2}

SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measurad 250 mW input power 5.32 Wikyg
SAR for nominal Head TSL parameters normalized o 1W 21.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The Ieliawing paramaters ard calculations were applied.
Temparature Permittivity Conductivity
Mominal Bedy TSL paramaters 220°C £33 1.52 mhadm
Measured Body TSL paramaters (22003 °C 13+ 6% 1.50 mha'm + & %
Body TSL temperature change during test <05"C - —
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Bady TSL Conditian
SAR measuad 250 MW input power 9.85 Wkg
2AR for nominal Body TSL paramelars narralized bo TW 401 Wikg = 17.0 % (k=)
SAR averaged over 10 em’ (10 gj of Body TSL condition
| SAR messured 250 mW inpul power 5.1 Wikg

SAR far norminal Body TSL paramelers

normalized o 1w

21.3 Wikg = 16.5 % (k=2)

Cartificats Ma: D1000V2-64184_Jan18
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Appendix (Additional assessments outside the scope of SC5108)
Antenna Parameters with Head TSL

Impedance, translormad to fead point AT +48[0
Raium Loss - 24.5 d8

Antenna Parameters with Body TSL

Impedance, transformed 10 fead point 4390 +51 0

Aeturn Loss - 25,6 dB

General Antenna Parameters and Design

| Elactrical Detay jone direction) | 1.201 rs

Attar long 1erm use with 1004 radiated powar, only & slight warming of tha dipole near the feedpainl can ba measeed.

The dipoée is misde of standard semirigid coaxial cable. The eenter conductor of the feading line i diratly connecied to the
secand arm of the dipola. The antenna is tharelone short-circuited for DC-zignals. On some of the dipoles, small end caps
are added to the dipole arms in order io improve masching whan Inaded according 1o 1he position as explained in the
“Measuramant Conditions™ paragraph, Tha SAR dats are not affectad by this chengs. The sveall dipola langih &= =il
aoconding 19 the Standard

Mo excessive force must be appied jo the dpols arms, because they might bend or the sokdared connactions naar tha
teadpainl may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufacturad on ay DB, 2014

Cartificate Ma: D1900YV2-62104_Jan1B Fape & of @
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DASYS Validation Repart for Head TSL

Date; 07,12.2015
Test Laborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D9V 2; Serial: D900V - SN: 5d19d

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

Medium parameters used: f= 1900 MHz; o = 1.30 8/m; e = 40.1: p = 1000 kg
Fhantom section: Flit Section

Measurement Standard: DASYS (IEEE/EC/ANSI C&3.19-2011)

DASYS2 Conliguration:
+  Probe: ES3DV3 - SN3205; ConvFi(5, 5, 5); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surfuce Detection)
«  Elecironics: DAE4 S0 Calibrated: 15.08.2014
= Phantem: Flat Phantom 5.0 (fronth; Type; QDOD0PS0AA: Seral: 100
« DASYSZ52R8(1227: SEMCAD X 14.6.10{7331)

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

Reference Value = 98.35 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolaicd) = 18,5 Wike

SAR(T g) = 10,1 Wikg: SAR(10 g) =532 Wikg

Miximum vilue of SAR (measured) = 12.7 Wkg

A
RLEL

mm

-B T

B =127 Wikg = | L4 dBW/kg

Carifzata No: D19DOVE-641584 Jan15s Paga 5 of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 07.01.2015
Test Laboratory: SPEACG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D190V Serial: DISOV2 - $N: Sd104

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

Medium parameters used: = 1900 MHz; o= 1.5 S/m; & = 53.3; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
»  Probe: ES3DV3- F‘-‘\'ﬁ:rhﬁ: ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
¢ Sensor-Surface; 3mim (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601: Calibrated: 18.08,2014
* Phantom; Flat Phantom 5.0 (hack); Type: QDDOOPS0AA; Serial: 1002

» DASYS252.8.8(1222); SEMCAD X 14.6.10{7311)

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

Reterence Value = 95.88 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR(T gh =995 Wikg: SAR(10 g) = 5.31 Wikg

Maximum value of SAR (measured) = 12.6 Wikg

-z

-1z.a7

1B

0 dB = 12.6 Wikg = 11.00 dBW/kg

Cprificate Moo D900V 2-50194_Jan1s Page 7 of 8
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Impedance Measurement Plot for Body TSL
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6.4. D2450V2 Dipole Calibration Ceriticate

Calib Laboratory of Sy
Saumcts ratner = oo
suissg [T
Engineering AG . = el e i rwr
Zoughaussinesse 43, B008 Turich, Switrerand «;{ﬁ-\:; s Swiss Calibralian Service

aligly

Accrediied ty the Bwies Accreciation Servce [S4A5)
The Swiss Accreditation Service is one of the algnatories to the EA
Mubtilateral Agressmeni for the recognition of enlibeation certlicates

clies  SMQ (Auden)
[CALIBRATION CERTIFICATE (Re

Accreditation Mo.: SCS 0108

cartificats Ne: D2450V2-955 Jani5/2

of No: D2450V2-955_Jan15

Obiest D2450V2 - SN: 955

Calmration prooadiisds)

QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Galbration dits January 08, 2015

This cafinration certficale documants tha iraceskdity b national standans, which mallze Fs phvsical uris of messuemaents |5y
The meeasuremeants and the uncerainies wilh confidence probabilify am given on ihe follwing pages and are pan of the cerficats

Al cafibrators have bean condueted in Ihe ciesed laboralony Reilty: SVEGNMEN EMpEMASIE (22 + 3G and humidty « 7%

Cafibration Equipmenl isad (MATE enlical ko calbration)

Primary Slandards 10 & Cal Datw (Caril Mo} Schedulod Calibrason
Powes metear EPM-4404 GEITABI704 OF-Oict-14 (Ma, 217030804 D15
Power sonsor HF B4B14 USaTagETeEl OF-Cict-14 (Mo, 21702020} D15
Prower sinsar HP B4814 MYL1092317 O7F-Cict-14 (Mo, 21703021 ) Des-15
Refarance 20 o8 Athenudlior SM: GOSE {20k} C-Apr-14 (Mo, 217-013918) Api-15
Type-N mismatch comsrafion EM: BO4T.2 / 06327 CE-A0T-14 (Mo, 21 7-01821) Apr5
Refaranca Froba ES30VE BM; 3308 30-0ac-14 (N ES3-3206_Dectd) Dac-15
DaE4 EM: Bot 16-Aug-14 (Nio. DAES-B00 _Augié) Auge15
Secongary Standans ioe Chasch Dt (in hoise) Schaduled Check
AF gensrstor ARG SMT-08 100005 0d-Aug-88 (in housa chack Dcl-15) Int henms check: Dc-16
Hebwark Analyzer HP B7R3E US3I7TI005E5 34206  18-Dct-01 (in house chook Ocf-14) In hoyse check: D15

Mame Furction -
Calibated by Claudio Leubler Laboratory Technican E

lagued Fabruany 10, 2015

This cafibiration cericale shall nol ba roproduced ascapl in 1l witheu wiillen sporoval of the Inbomsary,

Carificate No: D2450W2-885 Jan152
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Calibration Laboratory of

--\.||I|
o g
) P e Schweirerischer Kalibriardianst
Schmid & Partner iﬁ’i g Bervine sulsse d¥tniannage
Engineering 4G St Bervizlo svizeero di tarabure
Teughnssstrasss 43, D004 Zusieh, Switrsland i f,.-“.:‘?:w“? S Buwiss Calibration Servics
Acorecied by he Swiss Acreittatian Sandcs {SAS) Accreditation Ne.; SCS 0108

Thir Swiss Acerediation Servion is one af the signalanies ta the EA
fultilateral Agreement for the recognition of ealibration cerlificales

Glossary:

T5L lissue simulating liguid

ComvF sansitivity in TSL / MORM x.y.z
M/A nat 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 Wirsless
Communications Devices: Measurement Technigues®, 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

c}] KDE 865664, “SAR Measuremeant Requirements for 100 MHz to & GHz"

Additional Documentation:
dj DASY4/S Systermn Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Canditions: 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 Retum Loss; These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement al the SMA connector to the feed paint. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

The reported uncertainty of measurement is 2tated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a nommal distribution corresponds to a coverage
probability of appraximately 95%.

Certdicade Moo D2450W2-955 Jan1 52 FPage 2ol @
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Measurement Conditions

DASY eyatem conliguration, as far as not on pisga 1.
DASY Version DASYS VE2.8.8
Extrapolation Advanced Exirapolation
Phantom Modular Fla1 Pharam
Distance Dipale Center - TSL 10 mem with Spacer
Zoom Scan Aesolution dx, dy, dz = 5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculabions ware applied.
) Temperature Parmittivity Conductivity
HNominal Head TSL parameters 220°C bl - 1,80 mhoim
Measured Head T5L paramelers (224 £0.2)"C BT7+6% 1,84 mho/m + 6 %
Head TSL temperature change during test =05"C —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g of Head T5L Candition
SAR measunad 250 mi¥ input powar 13.2 Wikg
S5AR for nominal Head TSL paramatens normalized to TW 52.4 Wikg = 17.0 % (ks2)
SAR averaged over 10 em’ {10 g) of Head TSL candiion
S8R maaswad 250 mW input power 6.12 Wikg
S4R for nominal Head TSL parameters normakzed i 1W 24,4 Wikg = 16.5 % (k=2)
Body TSL parameters
The foliowing paramatens and caloulations were applied.
Tampearalure Permittivity Conductivity
Hominal Body TSL parameters i 27 1.85 mhaim
Megsured Body TSL parameters (220 =02)°C 51026 % 2.03 mhovm £ B %
Body TSL temperature change during test <0.5"C e —
SAR result with Body TSL
SAR averaged over 1 om® [1 g) of Body TSL Canditian
AR massumed 250 MW input powar 13.8 Wikg
5AR far nominal Body TSL paremetars normalizad 1o 1W 53.7 Wikg = 17.0 % (ka2)
SAR averaged over 10.em” (10 g} of Body TSL condition
SAR measured 250 mW ingut power 6.36 Whg
SAR for nominal Body TSL paramelers normalizad o 1W 25.0 Wikg = 18.5 % (k=2)

Carificate Mo: D2450V2-855_Jan15/2
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedanca, transformed to fead paint B4 HL)+ 350
FRatum Loss «24.9 48

Antenna Parameters with Body TSL

Impadance. transformed to feed poim 120 +48K
Aatwm Loss - 6.0 dB

General Antenna Parameters and Design

| Elestricad Delay [one direction) | 1,165 na

AMar long term use with 100W radialed power, anly a sliight warming of the dipole near the fesdpalnt can be measmsd.

Tha digole ks made of standasd semirigid coaxial cable. Tha cemer conductor of the feading ling s dirscliy connecied 1o the
secordd arm of the dipole. The antenna is therefare shor-cincuited for DC-signals. On some of the dipoles, srmall end caps
are added 1o the dipole arms in order fo improve matching whan loaded according ta the poaition as explained in the
"Maazyramant Conditions” paragragh. The SAR dala are not affected by this change. The overall dipole length i sill
acoonding o the Slandand

No excessiva force must be appied 1o the dgole arms, becauss they might bend or the soldared connections near the
Isadpoint may be damaged.

Additional EUT Data
Manutsciunad by SPEAG
Mamufacturad on Aupgust 05, 2014

Certificate No: D245002-9588_Jan 153 Pape 4 ol 8
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DASYS Validation Report for Head TSL

Drate: (8.01.20135
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 055

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

Medium purameters used: [ = 2450 MHz; o = 1.84 Sfm; ¢, = 39.7; p = 1000 kg/m’
Phantom section: Flai Section

Measurement Standard: DASYS (IEEENECYANST CB3, 19-2011 )

DASYS2 Configuration
»  Probe: ESIDV3 - SN3I205; ConvFi4.45, 4.45, 4.45); Calibrated: 30.12.2014;
»  Sengor-Surface; 3mm (Mechanical Surface Detection)
»  Electromics: DAE4 Sn60 1 : Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial; 100]

» DASYS2 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: di=5mm, dy=3mm, dz=5mm

Reference Value = 101.2 Vim; Power Drift = (L03 dB

Peak SAR (extrapolated) = 27.5 Wikg

SARI gi= 13,2 Wikg: SAR(I0 2) = /.12 Wik

Maximum value of SAR (measured) = 17.5 Wikg

-5.00
-10.00
-15.00

-20.00

-26.00

0dB =175W/kg= 1243 dBW/kg

Cartificate Mo D2450VE2-055_Jan 153 Fapa 5ol B
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Dravte: 08.01.24115
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2430V2: Serial: D2450V2 - SN: 955

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

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

Measurement Standard: DASY S (IEEETEC/ANST C62.19-2011)

DASY 32 Configuration:
+ Probe: ES3DV3 - SN3205; ConvFid,17, 417, 4.17): Calibrated: 30.12.2014:
+  Sensor-3urfece: 3mm (Mechanical Surface Detection)
o Electronics; DAE4 Sn601; Calibrated: |8.08.2014
=  Phantom: Flat Phantom 3.0 (back): Type: QDOOOPS0AA: Senal: 1002

o DASYS2 52 ER(1222) SEMCAD X 14.6.1007321)

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

Reference Vialue = 97.96 Vim; Power Drift = 0.01 4B

Peak SAR (exmrapolaed) = 28 8 Wikg

SAR(] g) = 13.8 Wikg: SAR(I0 g) = 6.36 Wikg

Maximum value of SAR (measured) = 18.3 Wikg

-5.00
-10.00
-15.00

-20.00

-25.0m

0 dB = 18,3 Wikg = 12.62 dBW/kg

Cedificate No: D24500 2-958 _Jan15F Page Tof @
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Impedance Measurement Plot for Body TSL

Report No.: STUEMO015121606581RF4
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6.5. DAEA4 Calibration Certificate

“TTI. s p e ag

Add: Mo %1 Nueyuan Foad Hasfian Dissricy, Beljieg, 100191, China
Tzl +Eh=-10-62 5040552218 Fai- +B6-DO-G23HG 32210
E-mmil: enlaiehinanl com Linip: *foemes chinattl on

Chant » Auden Ceortificate No: Z15-87083
CALIBRATION CERTIFICATE

| Olpject DAEA - SW: 805
Calibration Procedurs(s) FDO-Z11-2-002-01
Calibraton Procedure for the Dala Acquisibon Elecironics
{DAEx)
Callbration date: Juby 16, 2015

This calioration Cerificale decuments the racesbility to national standards, which realize the physical units of
measuraments) Sl The measurements and lhe uncertaintes with confidence probability are given an the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: anwronment lemperature(224+3)°C and

humidity=70%

Calibration Eguipment used (ME&TE cribcal for calibration)

Primary Standards Dz Cal Date[Calibrated by, Certificate No. | Schedubed Calibratson

Process Calibrator 763 | 1971018 0B-July-15 [CTTL, No:J15X04257) Jusy=16
Mame Funcbion Signature

Callbrated by ¥u Zongying SAR Test Enginesr

Raviewsd by Qi Dianyuan SAR Project Leadear

Approved by Lu Bingsong Deputy Director of the laboratory Fz I&J {r@

Issued July 17, 2015
This calibrabon certificate shall net be regroduced except in full without written approval of the laboratary:

Certificate MNo: £15-97003 Page | ol 3
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ﬁ in Cnl.ll:-urlhn-nawru-. 2
CALIBRATION LABORATORY

Add: o 31 Xueyuss Rosd. Haoidian District. Baiging, 100091, {Tina

Fel: +Eh-10-573040 5352218 Fax: +86=10-531100633-2 000
F-rmail cn¥idahesanl com Hizp o 'wwwschinafil cn
Glossary:
DAE data acquisition electronics
Connector angle infarmation used in DASY system to align probe sensor X

to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage 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,
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DC Voltage Measurement

A0 - Converer Resalution nomsal

.: STUEMO015121606581RF4

High Range: LER = B.ApW full range = -100., 4300 my
Low Range: ILSE = ain | fudl range = S R T, LT
DASY measurement paramelens: Auto Zero Time: 3 sec, Messunng Wme: 3 sec
Calibration Factors X Y 2
High Ranges 404 BTZ + 0.15% [k=2) | 405235 + 0.15% (k=2} | 404 825 = 0.15% (k=2)
'| Low Range FOE116 T 07% (k=2) | 4.00286 + 0.7% (k=2) | 399735+ 0.7% (k=2)
Connector Angle

Connector Angle o be usad in DASY sysiem

2687+ 1" j
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7.Ligquid depth
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Photograph of the depth in the Body Phantom



Page 100 of 101 Report No.: STUEMO015121606581RF4

8. Test Setup Photos
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Left Side Right Side

Bottom Side

Please refer to separated files for Test Setup Photos of the EUT.



