PROBE CALIBRATION CERTIFICATES

Calll:n_'allon Laboratory of ‘\:Q‘:\::_un;/";_ S Schweizsrischer Kalibriordionst
Schmid & Partner % C Service sulsse d'dtalennage
Engineering AG s g Servizio svizzero ditaratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘-,_‘_/F;\\ = Swiss Calibration Sarvice
by e
Accredited by the Swiss Accrediiation Service (SAS) Acereditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client BACL Certificate No: EX3-7320 Feb16

|[CALIBRATION CERTIFICATE

Dbject EX3DV4 - SN:7329

Calibration procedure(s) QA CAL‘O1 ..Vg. QA CAL—ZS.VS. QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibralion date: February 19, 2016

-l This calibration certificate documents the traceability 10 national standards, which realize the physical unils of measuremenls (S1),
The measurements and the uncenainties wilh confidonce probatality are given on the following pages and are pan of e cerificale

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 cahbralion)

Primary Standards |—ID | Cal Date [Cerificata No.) Scheduled Calibration _l
Power meler E44188 [ GB41203874 | O1-Ape-15 (Mo, 217-02128) Mar-16 |
Power sensor E44124 MY41498087 | 01-Ape-15 (Na, 217-02128) Mar-16 |
Reference 3 ¢B Attenuator SN: 55054 (3c) 01-Apr-15 (No. 217-02129) Mar-16 |
Relerence 20 df Atteruator | SN 55277 {20} 01-Apr-15 {No, 217-02132) | Mar16 |
Reference 30 dB Atlenualor | SN S5120 (30b) 01-Apr-15 (No, 217-02133) | Mar-16 |
Reference Prooe ES3DV2 | SN 3013 31-Dec-15 (Mo, ES3-3013_Dec15) | Dec-16 ]
DAE4 | SN Bad 23-Dec-15 (No. DAEA-660_Dec15) Dec-16 |

| Secondary Standards o Check Date [in house) Scheduled Check

[ RF ganeraior HP 8648C US3642001700 4-Aug-08 (in housa check Apr-13) In house check: Apr-16

[ﬂmrk Analyzer HP 8753E US3F380585 18-0c1-01 (in howse chack Oct-15) In hiouse check: Oct-16 |

Mama Funetion Signatura

Calibrated by: Jelon Kasirati Laboratory Technic

Agproved by: Katja Fokavic Techical Manager /ﬁ %

Issued: February 20, 2016
This calibration certificate shall not be reproduced except in full withoul wiitten approval of tha laboratory.
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Calibration Laboratory of

A S Schweizerischor Kalibrierdienst
Schmid & Partner c Service sulsse d'étalonnage
Eng‘meering AG s Servizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accrodited by he Swiss Accroditation Service (SAS) Azereditation No.: SCS 0108
The Swiss Accreditation Scrvice is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx.y.Z sensitivity in free space
ConvF sensilivilty in TSL / NORMx,y.z
DCP dinde comprassion point
CF crest factor (1/duly_cycle) of the RF signal
A B,C D modulation dependent linearization parameters
Paolarization ¢ «p rotation around probe axis
Polarization 8 4% rolation around an axis that is in the plane normal to probe axis (at measurement center),
&, % =0is normal to probe axis
Connector Angle information used in DASY system 1o align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

h)
c)

d)

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

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

IEC 62208-2, "Procedure to determine the Specific Absorption Rate {SAR) for wireless communication devices
used in close proximity 1o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KOB 865664, “SAR Measuremean! Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

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

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

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

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

Ax.y.z: Bxy.e; Cxpz Dx,y.2; VRx .20 A, B, C. D are numerical lingarization parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on freguency nor
media. VR is the maximum calibration range expressed in RMS vollage across the diode.

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

Spherical isotropy (30 deviation from isotropy); in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsel: The sensor offset corresponds o the offsat of virtual measuremeant center from the praobe tip
{on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (na
uncertainty required),
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EX3DV4 - SN:7329 February 19, 2016

Probe EX3DVA4

SN:7329

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:7329

February 18, 2016

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

Basic Calibration Parameters

Ssnsor X SensorY Sensor Z Unc (k=2}
Norm {WWI{Vim¥)" 0.47 0.43 0.48 +10.1 %
DCP (mV)" 96.1 99.3 97.5
Modulation Calibration Parameters
uiD Communication System Name A B [ D VR Unc”™
dB dBvuv dB8 mv (k=2)
o cw X 0.0 0.0 1.0 0.00 | 1378 | #33%
i 0.0 0.0 1.0 145.3
r4 0.0 0.0 1.0 155.8

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

* The uncertainties of Norm X.¥.Z do not affect the E*field uncenainty inside TSL (see Pages 5 and 6).

© Numerical linearization parameler: uncertainly not required.

€ Uncertainly is determined using the max. deviation from linear response applying rectangular disttibution and is expressed for the square of the

field value,

Certificate Mo: EX3-7329_Feb16
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EX3DVa- 5N:7329 February 19, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth© Unc

| £{MHz)® | Permittivity" (Stm) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 9.80 9.90 9.90 0.57 0.80 £12.0%
900 41.5 0.97 9.37 9.37 9.37 0.40 0.89 +12.0%
1750 40.1 1.37 B.39 8.39 8.39 0.45 0.85 +12.0 %
1900 40.0 1.40 7.94 7.94 7.94 0.46 0.86 +12.0%
2450 39.2 1.80 7.21 7.21 7.21 0.42 0.87 1 12.0%

© Frequency validity above 300 MHz of £ 100 MHz only applies for DASY vd.4 and higher (see Page 2), else it is restricted 1o £ 50 MHz, The
uncerainty is the RSS of tha ConvF uncertainty al calibration frequency and the uncenainty for the indicated frequency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respactively. Abgve § GHz frequency
validity can be extanded to £ 110 MHz.

" A frequencies below 3 GHz, the validity of fisgue parameters (z and ) can be relaxed to + 10% if liquid compenaation formula is applied to
measured SAR valugs. At frequencies above 3 GHz, the validity of tissue paramelers {c and o) is restricled lo £ 5%. The uncertainty is the RSS of
he CorwF uncartainty for indicated target lissue paramelers.

© Alpha/Depth are determined during calibration, SPEAG warranis that the remaining deviation dus to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any dislance larger than hall the probe tip
diameter from the boundary.
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EX3DV4- SN:T7a29 February 19, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

c Relative ¢ | Conductivity Depth® Unc

f (MHz) Parmittivity {Stm)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.41 9.41 9.41 0.49 080 | £120%
900 55.0 1.05 9.42 9.42 9.42 0.52 080 | £120%
1750 53.4 1.49 7.86 7.86 7.86 0.39 086 | +120%
1900 53.3 1,52 7.52 7.52 7.52 0.35 080 | £12.0%
2450 52.7 1.95 7.26 7.26 7.26 0.37 086 | £120%

© Frequency validity above 300 MHz of £ 100 MHz anly appllss for DASY v4 4 and higher (see Page 2). else it is restricted to + 50 MHz. The
uncerdainty is the RSS of the ConvF ity al calibration fre and the inty fior tha indicated frequency band. Frequendy validity
belaw 300 MHz is 10, 25, 40, 50 and 70 MHz for ConvF assassments at 30, 64, 128, 450 and 220 MHz raspectively. Above 5 GHz frequency
vallﬂll',u' can ba extended to £ 110 MHz.

Y frequencies below 3 GHz. the validily of tissue parameters (¢ and o) can be relaxed to £ 10% if liquid compensation formula is applied 1o
measured SAR values. Al frequencies above 3 GHz. tha validity of tissue parameters (c and o) is restricted to £ 5%. The uncertainty is the RSS of
the ConvF uncerainty for indicaled larget lissue parameters.
© Alpha/Depth are determined during calibration. SPEAG warrants that the ining deviation due 1o Ihe boundary effact aftar comp Is
ahways lass than + 1% for frequencies below 3 GHz and below + 2% for fraquencias between 3-6 GHz al any distance larger than half Ihe probe tip
digmeter from the boundary.
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EX3IDV4- 8N:7329 February 19, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX3DV4- SN:7329

February 19, 2016

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4— SN.7329 February 19, 2016

Dynamic Range f(SARead)
{TEM cell , fovar= 1900 MHz})
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- 5N:7329

f =800 MHz WGLS RS (H_conwF)

SAR itk

Deviation

-1.0

February 19, 2016

Conversion Factor Assessment

I'= 1750 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

0.8
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DVA- SN:7320

February 19, 2016

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

Other Probe Parameters

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

Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner ﬁ’; Service suisse d'étalonnage
Engineering AG S F\"E‘% C Servizio svizzero di taratura
Zeughausslrasse 43, 8004 Zurich, Swilzerland "-1,_}1/5\?‘\‘,»‘ S swiss Calibration Service
i

Accrediled by Ihe Swiss Accreditalion Servica (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

BACL Certificate No: D900V2-1d183 Jul15

Cliemt

[CALIBRATION CERTIFICATE

Object DO00V2 - SN: 1d183

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

Callbration procedure(s)

Callbration date:

July 14, 2015

This callbration certilicate documents the iraceabilily to natianal slandards, which realize Ihe physical units of measurements (51).
The measuraments and the uncerainties with confidence probability ave given on the lollowing pages and are par of the ceriticate,

All calibrations have been contucted in the closed laboralory facilily: environment temperature (22 + 3)°C and humidily < 70%.

Calibrallon Equipment used (M&TE critical tor calibration)

Primary Slandards 10 # Cal Dale (Centillcate No.) Schedulad Galibration
Powar matar EPM-442A GE37480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 84814 Us37292783 07-0cl-14 (No. 217-02020) Oct-15
Power sensar HP 8481A MY41092317 07-Cct-14 (No. 217-02021) Oct-15
Reierence 20 UB Altenuator SN: 5058 (20k) 01-Apr-15 (Na. 217-02131) Mar-16
Typa-N mismaleh eombination SN: 5047.2 / 06327 01-Apr-15 (No, 217-02134) Mar-16
Relarenca Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15
DAE4 SN: 601 18-Aug-14 (Mo, DAE4-601_Aug14) Aug-15
Secondary Standards 1D # Check Dale (in housa) Scheduled Chack
RF generalor A&S SMT-06 100005 04-Aug-988 (In house check Oct-13) In house check: Oct-16
Network Analyzer HP 8753E US37390585 54206 18-0¢1-01 (in house check Oct-14) In housa check: Oct-156
Mamea Function Slgnalure
Callbrated by Lelf Klysnar Laboratory Techniclan A ) /'
S Ty~
Approved by Kalja Pokovic Technlcal Manager ) /
Issuad; July 14, 2015
This fon certificate shall not ba reproduced except in iull without wrilten approval of the laboratary.

Certificate No; DS0OV2-1d183_Julls
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Calibration Laboratory of S0,
Schmid & Pariner ’

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Swilzerland g

%

0

Accredited by the Swiss Accredilation Sarvice (SAS)
The Swiss Accreditalion Service s one of the signatories to the EA
Multitateral Agreament for the recognition of calibration cerlificates

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:

Schwalzerischer Kallbrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.; SCS 0108

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 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) |EC 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:

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

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented

parallel to the body axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low

reflected power. No uncertainty required.

e Electrical Delay: One-way delay belween the SMA connector and the antenna feed point.

No uncertainty required,

» SAR measured: SAR measured at the stated anlenna input power,
o 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.

probability of approximately 95%.,

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

Certilicate No: DUOOV2-1d183_Julls Page2of 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 900 MHz + 1 MHz
Head TSL parameters

The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.97 mho/m

Measured Head TSL parameters (22.0 £0.2)°C 422 +6 % 0.95 mho/m + 6 %

Head TSL temperature change during test <05°C mren
SAR result with Head TSL

SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measured 250 mW input power 2.61 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

10.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.68 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

6.82 Wikg = 16.5 % (k=2)

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 (22.0+02)°C 548 +6 % 1.03 mho/m + 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

2.61 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

10.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.69 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.83 W/kg £ 16.5 % (k=2)

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

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5230Q-15jQ
Return Loss -31.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4760 -24i0
Return Loss -29.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1411 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecled to the
second arm of the dipole. The antenna is therefore shori-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 fo the position as explained in the
“"Measurement Conditions® paragraph. The SAR data are not affecled by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 31, 2014

Certificate No: DI00V2-1d183_Juli5 Page 4 of 8




DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: DY00V2; Serial: DY00V2 - SN: 11183

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

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

Measurement Standurd: DASYS (IEEE/IBC/ANSI C63.19-201 1)

DASY52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(5.94, 5,94, 5.94); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surfuce Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 14.07.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=Smmn, dz=5mm
Reference Value = 58.62 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 3.89 W/kg

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

-2.20
-4.40
-6.60

-11.00

0dB = 3.06 W/kg = 4.86 dBW/kg
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Impedance Measurement Plot for Head TSL

18 Jul 2015 15:46:13

[EHI) s14 iU Fs 3 52,2580 -14824 0 119,29 pF 909,000 000 MHz
I
L
Del |
=5
Ca 3

Tg‘a L
Hld
CH2 811  LOG 5 dB/REF -20 dB : 3-3L.562 dB 900,000 080 MHz
3 L
| | e I
l____J__ | |I | |l |
| | } | | | e e 1
T s I
| ! - 1 t = |
Ca \ | ‘ i I J/’/ | ' | '
| { t ! 4 4
| [ [ 4 ‘
| ! \  d | I
[ | [ 3 | | [
. | i ‘ I £ l I l | I
v
163 ‘ 4 | 4 4 . i } o
| | | | |
e — o T M -
Hid | | 1 f I | | f { ‘
| _ | = | | ASPERSH
START 780.080 606 MHz STOP 1 100,000 660 MHz

Certificate No: D900V2-1d183_Jul1s Page 6 of 8







DASYS5 Validation Report for Body TSL

Dute: 10.07,2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type; D900V2; Serial: D900V2 - SN: 1183

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

Medium parameters used: f= 900 MHz; o = 1.03 S/m; &, = 54.8: p = 1000 kg/in’
Phantom section: Flat Section

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

DASY352 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(5.95, 5.95, 5.95): Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Su601; Calibrated: 18.08,2014
*  Phantom: Flat Phantom 4,9L; Type: QDODOP49AA: Serial: 1001
« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=25( mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 56.48 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.86 W/kg

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

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

-2.00
-4.00
-6.00

-8.00

-10.00
0dB =3.07 W/kg =4.87 dBW/kg

Certificate No: D900V2-1d183_Jul15 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Acoretited by Ihe Swiss Acoratiiation Sorvice [SAS) decroditation Ha: SCS 0108
The Swlss Acereditation Service is ane of the signaterics 1o the EA
Multilateral Agreamant for the recognilion of calilbroiian certificates

Glossany:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a) |EEE 5td 1528-2013, “IEEE Recommended Practice for Detarmining the Peak Spatial-
Averaged Specific Absomption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremant Techniques”, June 2013

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

o} |EC 62209-2, "Procedure to determing the Specitic Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to & GHz)", March 2010

d) KDE 865664, "SAR Measurement Requiremeants far 100 MHz to 6 GHz"

Additional Documentation:
ey DASY4/s System Handbook

Methods Applied and Interpretation of Parameters:

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

= Anlenna Parameters with TSL: The dipale is mounted with the spacar to position is feed
point exactly below the canter marking of the flat phantom section, with the arms orienled
parallel to the hody axis.

* Feed Point Impedance and Relurn Loss: These parameters are measured with the dipole
positioned under the hiquid filled phantom. The impedance stated is transformed from the
measuramant at the SMA connector to the fead point. The Return Loss ensures low
reflected power. Mo uncerlainty required,

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

* SAR measured: BAR measured at the stated antenna inpul 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 Lhe
nominal SAR result.

The reporied uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factar k=2, which for a normal distribution corresponds to a coverage
prabability of approximately 85%.
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Measurement Conditions
DASY sysiem configuration, as far as nol given gn page 1.

DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantam Madular Flat Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequancy 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Moiminal Head TSL parameters 22.0°C 40,1 1.37 mhoim
WMeasured Head TSL parameters (22.0£0.2)°C 380+6% 1.38 mhofm = 6 %
Head TSL temperatura change during test <0.5°C o
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condilian
SAR measured 250 mW input power 9.31 Wikg
SAR for mominal Head TSL parameters normalized to 1W 38.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 260 mW inpul powar 4,97 Wikg

SAR for nominal Head TSL parameters

nomglized 1o 1W

19.7 Wikg = 16.5 % (k=2}

Body TSL parameters
The following parameters and calculations ware appliod.
Temperature Parmittivity Conductivity
MNominal Body TSL parametars 22.0°C 53.4 1.48 mho/m
Measured Body TSL parameters {22.0x£0.2)°C [y 1.48 mho'm =6 %
Body TSL temperature change during test =05*°C il
SAR result with Body TSL
SAR averaged over 1cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 9,37 Wikg
SAR for mominal Body TSL parameters nommalized to TW 7.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL condillon
SAR measured 250 mW inpul power 5.07 Wikg
SAR for nominal Body TSL paramelars mormalized to 1W 20,3 Wiy = 16.5 % (k=2)

Certificate No: D1750V2-1141_JuN5

Pege 3of 8




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

Impedance, transformed 1o feed point 51.10-041§0
Return Loss -39.5dB

Antenna Parameters with Body TSL

Impedance, transformed to fead point 466 0+ 0.3 [0
Relurmn Loss - 20.0dB

General Antenna Parameters and Design

i Elacirical Delay {ona diraction) | 1.225ns —[

After long tarm use with 100W radialed power, enly a slight warming of the dipele near the feedpoint can be measured.

The dipate Is made of standard semirigld coaxial cabla. The center conductor of the feading line s directly connected 1o the
second am of the dipole. Tha antenna is therelare short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order te improve matching when loaded according to the position as explalned in the
"Measurement Conditions” paragraph, The SAR data are not affeciad by this changs. The overall dipols laregth is still
according 1o the Slandard.

Mo excessive force must be applied to the dipole arms, because thay might bend or the solderad connections near the
feedpoint may be damaged,

Additional EUT Data

Manulacturad by SPEAG
Manufactured on Septarmber 30, 2014
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DASYS Validation Report for Head TSL

Date: 09.07.2015
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: DMTA0V2; Serial: DITS0V2 - SN:1141

Communication System: UID 0 - CW; Frequency: 1750 MH:

Medium parameters used: T= 1750 MHe: &= 138 Sfm; £, = 38.8; p= 1000 ke/in®
Phantom section: Flat Seetion

Measurement Standard: DASY S (IEEEAEC/ANS] C63.19-201 1)

DASYS2 Configuration;
«  Probe: ES3DVA - SN3205; ConvFi5.2, 5.2, 5.2 Calibrated: 30.12.2014;
«  Sensor-Surface: Smm (Mechanical Surface Detection)
= Electronics: DAES Snt0l: Calibrated: 18.0%.2014
= Phantom: Flat Phantom 5.0 (fromty; Type: QDOOOPS0AA; Serial: 1001
» DASYS2 52.88(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=3mm, dy=5mm, de=5mm

Reference Value = 93.34 Vim: Power Drift = (.04 dB

Peak SAR {extrapolaied) = |6.6 Wike

SAR(T g) = 931 W/ke: SARD g) = 4.97 W/ky

Muaximum value of SAR (messured) = 11,3 Wikg

04dB = 11,3 Wike = 10,53 dBWike

Cartilicate Mo: B175002-1 141 _Julis Page 5 of 8




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

Diate: DO.07.2013
Test Laboratory; SPEAG, Zurich, Switzerlund
DUT: Dipole 1750 MHz; Type: D1750V2; Serjal: DITS0V2 - SN:1141

Communication System: UID 0 - OW; Frequency: 1750 MHz

Medium parameters used: = 1750 MHe; o = 148 S/m; g, = 52.2; p= 1000 kg/m?
Phamtom section: Flat Section

Measurement Standard: DASYS (IEEE/NEC/ANST Co3.19-2011)

ASY 32 Configuration!
= Probe: ES3DV3 - SN3205; ConvFid.88, 4,88, 4.88); Calibrated: 30.12.2014;
s Sepsor-Surface: 3mm (Mechanical Surface Deteetion)
= Electronics: DAE4 Sn601: Calibrated: 15.08,2014
= Phamom: Flat Phamom 3.0 (back ) Type: QDOOOPS0AA; Serial: 1002
« DASYS2S2EH1222): SEMCAD X 14.6,10i7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7WCube
Mepsurement grid: ds=3mn, dy=3mm, de=5mm

Reference Value = 92,95 Vim: Power Dirill = 0,02 d3

Peak SAR (extrapolaed) = 15.9 W/kg

SAR( g =937 Wikg: SAR(I0 g1 = 5.07 W/ke

Muximuom value of SAR (measured) = | 1.8 Wikg

Ol = 11.8 Wkg = 10,72 dBW/ke
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Impedance Measurement Plot for Body TSL
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Multilateral Agreement for the recognition of calibration certificates

Client BACL
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Accreditation No.: SCS 0108

Certificate no: D1900V2-5d206_Jul15

|CALIBRATION CERTIFICATE

Ohbject

Calibration procadureis)

Catibration date:

D1900V2 - SN:5d206

QA CAL-05.v3

Calibration procedure for dipole validation kits above 700 MHz

July 14, 2015

Calibration Equipmant used (MATE eritical for calibration)

This calibration cerlificale documents the iraceability to national standards, which realize the physical units of maasuremants (S1).
The measurements and the uncertainties with canfidance probability are given cn the lollowing pages and are part of tha cenificate,

All ealibrations have bean conducted in the closed laboratory facifity: environment tamparature (22 = 3)°C and humidity < 70%.

|
|

Primary Standards 1D 4 Cal Dale (Cerificate No.) Schedulad Calibration
FPower matar EPM-442A GB37480704 OF-Oct-14 (Mo, 217-02020) Oet-15
Power sensor HP BAB1A Usavzazvas O7-0al-14 (Mo, 217-02020) Oct15
[ Power sansor HP B4B1A MY 41092317 07-Oct-14 (No. 217-02021) Ocgt-15
Reference 20 dB Attenuatar SM: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-15
Type-M mismatch cambination SM: 50472 [ 06327 01-Apr-15 (MNo. 217-02134) Mar-16
Referance Probe ES3DV3 Sh; 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15
DAE4 Si; 601 18-Aug-14 (Mo, DAES-G01_Augt4) Aug-15
Secondary Standards D # Check Date (in house) Scheduled Check
AF genarator R&S SMT-06 100005 Dd-Aug-22 {in house chack Oel-13) In house check: Oct-16
Network Analyzer HP B7S3E US37390585 54206  18-Oct-01 (in house check Oct-14) In house check: Oct-15
Mame Function Signature
Calibratod by: Leif Klysnar Labaratory Techniclan @'0 7’%‘/“
Approved by: Katja Pokovic Technical Manager

Issued: July ¥4, 2015

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

Zeughausstirasse 43, B004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service sulsse d'dtalonnage
Servizio svizzero di faratura
Swiss Calibratian Sarvice

Accradited by the Swiss Accreditation Service (SAS) Acereditation Ho.: SCS 0108
The Swiss Accreditation Service is ane of the signatories o the EA
Multilateral Agreement for the recognition of callbration 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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Raie (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

* Feed Point impedance and Reiurn 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.

= 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 inpul power.

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

= SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

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

Certificate Ma: D1900V2-5d206_Jul15 Page 2 of 8




Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS5 v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Neminal Head TSL parameters 22.0°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0+£0.2)°C 39.7+6% 1.38 mho/m =6 %
Head TSL temperature change during test <05 °C e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.7 Wikg = 17.0 % (k=2)
SAR averaged aver 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.35 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 21.5 Wikg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mha/m
Measured Body TSL parameters (22.0+£0.2)°C 527+68% 1.54 mho/m =6 %
Body TSL temperature change during test <0.5°C - =
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.3 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 40.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.51 W/kg

SAR for nominal Body TSL parametars

normalized to 1W

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

Centificats No: D1300V2-5d206_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to fead point 5250 +65jQ
Return Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4860+ 710
Retum Loss -228dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore 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 accerding 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
feadpoint may be damaged.

Additional EUT Data

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

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

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

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

Measurement Standard: DASY S (IEEE/IEC/ANST C63.19-2011)

DASY32 Configuration:
s Probe: ES3DV3 - SN3205: ConvF(35, 5, 5); Calibrated: 30.12.2014;
o Scnsor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 18.08.2014
*  Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial; 1001
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

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

Peak SAR (extrapolated) = 18.4 W/kg

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

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

-3.40
-6.80
-10.20

-13.60

-17.00

0dB =128 W/kg=11.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

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

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

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

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

DASY 52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated:; 18.08.2014
o Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA: Serial: 1002
o DASY52528.8(1222); SEMCAD X 14.6.10(7331)

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

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

Peak SAR (extrapolated) = 17.3 Wikg

SAR(T g) = 10.3 W/kg; SAR(10 g) = 5.51 W/kg

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

-3.40
-6.80
-10.20

-13.60

-17.00

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

14 Jul 2015 89:29:57
CHD s11 1 U Fs 148594 0 7.0527 0 SI0.7E pH 1.300,000 8OO HHz
L]
Del
f 44 >
ES | 7/_ Ll
L 1 —ir — ':-_‘;.'___.]
L-=%74
\ b
frug \ = /
16 .
Hld i
CH2 S11  LOG 5 dB/REF =20 ob 1=22,760 €8 1 900,008 808 HHz
. | I
| [
Del |———i— o . : 1
e - | i A —1
g | [ | . .
| ] | 1 I L J
| ! | 1 | i | ;
R U N N T N DS S TR Shelt
| ‘ | | | | |
Frw | | |
167 t f I . e
- | : =] L |
| |
L | —) | S, ,
Hid T | i | | T
" START 4 700.000 0OB MH= STOP 2 100.008 088 MHz
Carificate No: D1900V2-5d206_Jul15 Page 8 of 8




Calibration Laboratory of S,

SAH S Schweizerischer Kalibrierdienst
Schmid & Partner ;SE""--——-/EM&E'_ c Service suisse d'étalonnage
Engineering AG BN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ‘,-”'F\';\‘.v‘ S swiss Calibration Service
LTI IO

Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Client BACL Certificate No: D2450V2-971_Jul15

|CALIBRATION CERTIFICATE
-

Object D2450V2 - SN:971

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

Calibration procedure(s)

Calibration date:

July 08, 2015

This calibration certificate documents the traceability to national standards, which realize the physical unils of measurements (SI).
The measurements and the uncerainties with confidence probability are given on the following pages and are pan 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)

Calibrated by:

Approved by:

Name
Jeton Kastrati

Katja Pokovic

Function

Laboratory Technician % :
J ol o3

Technical Manager

Primary Standards D # Cal Date (Cedificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B4B1A us37202783 07-Oct-14 (Mo. 217-02020) Oct-15

Powar sensor HP B481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

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

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

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (Mo. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (Mo. DAE4-601_Aug14) Aug-15

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Metwork Analyzer HP 8753E US37390585 54206 18-0ct-01 (in house check Ocl-14) In house check: Oct-15

Signature

Issued: July 9, 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

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

o 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

iven on page 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 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0£0.2)°C 37.9x6% 1.88 mho/m £ 6 %
Head TSL temperature change during test <0.5°C eee -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.3 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.2 Wikg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2)°C 524x6% 2,03 mhofm £6 %
Body TSL temperature change during test <0.5°C wee ne—
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.9 W/kg
SAR for nominal Body TSL parameters normalized to 1W 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.9 Wikg = 16.5 % (k=2)

Certificate No: D2450v2-971_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedancs, transformed to feed point 535Q+19|Q
Return Loss -28.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.5Q +3.6Q
Return Loss -28.8dB

General Antenna Parameters and Design

I Electrical Delay {(one direction) 1.155 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feadpoint 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 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions® paragraph. The SAR dala are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manufactured on December 30, 2014
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DASYS5 Validation Report for Head TSL

Date: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:971

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

Medium parameters used: = 2450 MHz; o = 1.88 S/m: g, =37.9; p= 1000 kg.fmj
Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

e Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

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

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

Reference Value = 101.3 V/m: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 13.7 W/kg: SAR(10 g) = 6.4 W/kg

Maximum value of SAR (measured) = 18.0 W/kg

dB

-4.00
-8.00
-12.00
-16.00

-20.00

0 dB = 18.0 Wrkg = 12.55 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:971

Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters vsed: = 2450 MHz; 6 =2.03 S/m; g, =52.4; p= 1000 kgz‘m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601: Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (back); Type: QDOO0OPS0AA; Serial; 1002

»  DASYS5252.8.8(1222); SEMCAD X 14.6.1(0(7331)

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

Reference Value =94.67 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.05 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

dB

-4.00

-8.00
-12.00
-16.00

-20.00

0dB =17.0 W/kg = 12.30 dBW/kg
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Impedance Measurement Plot for Body TSL
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