APPENDIX C. Calibration Data for Probe, Dipole and DAE

The SPEAG calibration certificates are shown as follows.




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cerpass (Auden) Certificate No: EX3-3927_May14

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3927
Calibration procedure(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5,
QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calibration date: May 23, 2014

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
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 (Certificate Mo.) Scheduled Calibration
Power meter E44198 GB41293874 03-Apr-14 (No. 217-01911) Apr-15
Power sensor E4412A MY41498087 03-Apr-14 (No. 217-01911) Apr-15
Reference 3 dB Attenuator SN: 55054 (3¢) 03-Apr-14 (No. 217-01915) Apr-15
Reference 20 dB Attenuator SN: 55277 (20x) 03-Apr-14 (No. 217-01919) Apr-15
Reference 30 dB Attenuator SN: §5129 (30b) 03-Apr-14 (No. 217-01920) Apr-15
Reference Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Dec-14
DAE4 SN: 660 13-Dec-13 (No. DAE4-660_Dec13) Dec-14
Secondary Standards 1D Check Date (in house) Scheduled Check
RF g tor HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E US37390585 18-0ct-01 (in house chack Oct-13) | In house check: Oct-14
e \
Name Function Signatu
Calibrated by: Claudio Leubler Laboratory Technician
Approved by: Katja Pokovic Technical Manager % & /é =

Issued: May 23, 2014

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of Y
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. So S Schweizerischer Kalibrierdienst
Schmid & Partner ;IBE"‘\*‘-—'_E%& c Service suisse d'étalonnage
Engineering AG S /_,/_._.__._‘,,\\ B s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ”/’a'.ﬁ.\“\:‘\ Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
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
A,B CD modulation dependent linearization parameters
Polarization ¢ o rotation around probe axis
Polarization % 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 3 = 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)

b)

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

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

Methods Applied and Interpretation of Parameters:

NORMXx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,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 parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

Ax,y.z; Bx,y,z; Cx,y,z; Dx.y,z; VRx,y,z. A, B, C, D 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 < 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 to the boundary. The sensitivity in TSL corresponds
to NORMSx,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 + 50 MHz to + 100
MHz.

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

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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EX3DV4 — SN:3927 May 23, 2014

Probe EX3DV4

SN:3927

Manufactured: March 8, 2013
Calibrated: May 23, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4— SN:3927

May 23, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3927

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (uV/(Vim)*)" 0.57 0.33 0.61 +10.1 %
DCP (mV)® 96.7 96.5 92.4
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Unc"
dB dBVpV dB mv (k=2)
0 cw X 0.0 0.0 10 000 | 1332 | 233 %
Y 0.0 0.0 1.0 148.7
Z 0.0 0.0 1.0 135.9

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 NormX,Y,Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and 6).

8 Numerical linearization parameter: uncertainty not required.

£ Uncertainty 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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EX3DV4- SN:3927 May 23, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3927

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth® Unct.

f(MHz)® | Permittivity" (Sim)* ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 435 0.87 11.02 11.02 11.02 0.15 1.30 +13.3%
850 415 0.92 10.23 10.23 10.23 0.43 0.81 +12.0%
1750 40.1 1.37 8.55 8.55 8.55 0.40 0.90 +12.0%
1900 40.0 1.40 8.31 8.31 8.31 0.60 0.66 +12.0%
2100 39.8 1.49 8.47 8.47 8.47 0.56 0.65 +12.0 %
2450 39.2 1.80 7.48 7.48 7.48 0.68 0.59 +12.0 %
5200 36.0 4.66 5.35 5.35 5.35 0.30 1.80 +131 %
5500 35.6 4.96 4.97 4.97 4.97 0.35 1.80 +131 %
5600 35.5 5.07 4.78 478 4.78 0.40 1.80 +131%
5800 35.3 5.27 4.65 465 4.65 0.40 1.80 £13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Above 5 GHz
frequency validity can be extended to + 110 MHz. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30,
64, 128, 150 and 220 MHz respectively.

" At frequencies below 3 GHz, the validity of tissue parameters (e and ) 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 ) 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 frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX30DV4- SN:3927 May 23, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3927

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unct.

f(MHz)® | Permittivity " (sim)* ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 56.7 0.94 11.67 11.67 11.67 0.10 1.20 +13.3 %
850 55.2 0.99 9.91 9.91 9.91 0.28 1.18 +12.0 %
1750 53.4 1.49 8.45 8.45 8.45 0.71 0.64 +12.0%
1900 53.3 1.52 8.10 8.10 8.10 0.38 0.91 +12.0%
2100 53.2 1.62 8.40 8.40 8.40 0.40 0.87 +12.0 %
2450 52.7 1.95 7.63 7.63 7.63 0.80 0.50 +12.0%
5200 49.0 5.30 | 4.61 4.61 4.61 0.40 1.90 +13.1%
5500 48.6 5.65 4.30 4.30 4.30 0.40 1.90 +13.1%
5600 48.5 5.77 4.23 4.23 4.23 0.40 1.90 +13.1 %
5800 48.2 6.00 4.25 4.25 4.25 0.45 1.90 +13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Above 5 GHz
frequency validity can be extended to + 110 MHz. Frequency validity below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30,
64, 128, 150 and 220 MHz respectively.

F At frequencies 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 frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:3927

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

May 23, 2014
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX3DV4- SN:3927

May 23, 2014
Receiving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3927

Dynamic Range f(SAReaq)
(TEM cell , feya= 1900 MHZz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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May 23, 2014
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EX3DV4- SN:3927

May 23, 2014
Conversion Factor Assessment
f = B850 MHz WGLS RS (H_convF) f = 1750 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3927

May 23, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3927

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 251
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 Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
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Schweizerischer Kalibrierdienst
Bervice suisse d'dtalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: DAS0V3-1086_Jun13

CALIBRATION CERTIFICATE

Olsjesct

Callbratan procedure(s)

Calioration date:

D450V3 - SN: 1086

QA CAL15.T

Calibration procedure for dipole validation kits below 700 MHz

June 14, 2013

Calibration Equipment used (MATE criical Tor calbragion)

This calibration carificats documents the Iraceabidity to national standards, which resiize ihe physical urits of measwaments (S1).
The measurements and the uncertainties with confidance probabiity are given on the follwing peges and are past of e cadfficate,

All calibraticns hinvis bsan condwcted in the clesed laboratory faciity: ervironmeant tempenature (22 = 3)°C and humidity = 70%.

This calibraticn carificate shall not be reproduced except in full withow written approval of the labaratary,

Primary Siendasds D # Cal Date (Cenilicate Mo.) Sehedulsd Caliiration

Power meter 44188 GRa1293874 D4-Apr-13 (Ma. 217-0173%) Apr-14

Power sensor E44124 MY414980a87 Od-Apr-13 (Mo, 217-01733) Apr-14

Aafarenca 3 dB Atterusator SN: 55054 (3c) 4-Apr-13 (Mo, 21 7-01737) Apr-id

Aafarenca 20 dB AHanuator SM: 5058 (20k) 0d-Apr-13 (Mo, 21 7-01738) Apr-14

Type-N mismatch combination SM: 50473/ 06327 Od-Ape-13 (Mo, 217-01739) Apr-14

Redarance Probe ET30VE SM: 1507 28-Dec-12 (Mo, ET3-1507_Deci2) Dec-13

DAE4 SN 654 10-Apr-13 (Mo. DAE4-654_&pr13) Apr-14

Secondary Standards 0o # Check Date [ housa) Seheduled Check

Fower sansor HP B4814 MY 410823 T 18-Ced-0@2 ({in hause chack Oct-11) In howsa check: Oct-13

RF genarator R&S SMT-06 100005 [4-Aug-28 fin house chack Del-11) In house check: Oct-13

Metwork Analyzer HP 8F53E S 3TIR0SES S4206 18-0et-07 (in house chack (et-12) I howse check: Oct-13
Hama Function Signature

Calibrated by: Jaton Kastrat Laboratory Techriclan Cﬁ' &’/__

Approved by: Katja Pokowvic Technical Managar

P

Ismuad: Juna 14, 2013

Cerlificate No: D450W3-1086_Jun13
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughauestrasae 43, 8004 Zurich, Switzerland

] Bchwaizerischer Kallbrierdlenst

C Service suisse d'éalonnage
Sarvizio svizzero di taratura

5  gwiss Calibration Service

Acoraditad by the Swiss Accraditalion Service [SAS) Accreditation Me,: SCS 108
The Bwiss Accraditation Service ks one of the signatories to the EA
Multilateral Agreerment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.2
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

|IEEE Std 1528-2003, "|[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremnent Techniques®, December 2003

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

Federal Communications Cammission Office of Engineering & Technology (FCC OET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C {Edition 01-01) to Bulletin 5

Additional Decumentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Condilions: Further details are available from the Validation Report at the end
of the cerfificate. All figures stated in the cerificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position 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 peint, 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 regquirad.

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

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

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

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

Certificate No: D450V3-1086_Jun13 Page 2 of &




Measurement Conditions

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

DASY Version DASYS VSRET j
Extrapolation Advanced Extrapalation i
Phantam ELI4 Flat Phantom Shell thickness; 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution de, dy, dz = & mm
Fraquency 450 MHz + 1 MHz

Head TSL parameters

The following parametars and calculations were applisd.
Temperature Permittivity Conductivity

Nominal Head TSL paramebers 220°C 43.5 (.87 mham
Measured Head TSL parameters {220+ 02)°C 442+ 6% 0,90 mho/m = & %
Head TSL temperature change during test <050 —_ —

SAR result with Head TSL
SAR averaged over 1 cm” {1 g) of Head TSL Condition
SAR measured 250 mW Input pewer 1.21 Wiy
SAR for nominal Head TSL parameters rormalized to 19W 4.73 Whg =181 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition

S5AR measured

250 mW input power

0.802 Wikg

SAR for nominal Head TSL parameters

normalized ta 1'W

414 Wikg £ 17.6 % (k=2)

Beody TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 56,7 0.94 mha'm
Measured Body TSL parameters (22.0=02)"C E712E8% .96 mho'm =8 %
Baody T5L temperature change during test =050 -— —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Caondition
SAR measured 2650 mW input power 1.17 Wikg

SAR far nominal Body TSL parameters

normalized to W

4,61 Wikg = 18.1 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL conditian
SAR measured 250 mW Input power 0.776 Wikg
SAR for nominal Body TSL paramelers normalized to 1'W .06 Wikg £ 17.6 % (k=2)

Cerificate No: D450V 3-1086_Jun13
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed lo feed point Fl16-82)0
Return Loss = 21.8 di

Antenna Parameters with Bady TSL

Impedance, tfransformed to feed point 56240 -6250
Retum Loss -7 dB

General Antenna Parameters and Dasign

| Electrical Delay (one directian) 1.348 ns

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

Thea dipala is made of standard semirigid coaxial cable, The center conductor of the feeding line |s direclly connectad to the
second arm of the dipola. The antenna is therefore short-circuited for DC-signala, On some of the dipoles, small end caps
are added to the dipele ams in order o improve matching when loaded according fo the position as explained in the
‘Measurement Conditions® paragraph. Tha SAR data are not affectad by this ehange. The cvarall dipole length is still
according to the Standard,

Mo excessive force must be applied ta the dipole arms, becawse they might bend or the soldered connections near the
faedpaint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufaciured an Oetabar 10, 2012
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DASYS Validation Report for Head TSL

Date: 14.06.2013

Test Laboratory: The name of your organization

DUT: Dipole 450 MHz; Type: M50V 3; Serial: D450¥3 - SN: 1086

Communication System: UID 0 - CW ; Frequency: 450 MHz _
Medium parameters used: f = 450 MHz; ¢ = 0.9 S/m; & = 44.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2007)

DASY 52 Conliguration:

-

-

Frobe: ET3DVG - SN1307; ConvF(6.59, 6.59, 6.59); Calibrated: 28.12.2012;
Sensor-Surface: 4mim (Mechanical Surface Deleclion)

Clectronics: DAL Sn654; Calibrated: 10.04.2013

Fhantom: ELI 4.0; Tvpe; QDOVADDBA; Serial: 1003

DASYSL SZRT1137); SEMUCAD X 14.6,1007164)

Dipole Calibration for Head Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7)/Cube §:
Measurement grid: de=3mm, dy=3mm, dz=3mm

Relerence Value = 39,197 Vi Power Dirift = -0.04 dB

Prak SAR (extrapolated) = 1,85 Wik

SAR(1 &) = 1.21 Wikp; SAR(10 g) = 0.802 Wikg

Maxirum value of SAR (measured) = 1.30 Wikg

Corificate Mo: D450V 3-1085_Junid Page S5 of B

dB
0

-3.00

-5.00

-15.00

0 dB =130 Wike = 1.14 dBW/kg




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

Date: 14062013
Test Luboratory: The name of your organization
DIUIT: Diipole 450 MHz; Type: D4S0VY; Serial: D450V 3 - EN: 1086

Communication System: UID 0 - CW ;, Frequency: 450 MHz
Medium parameters used: f = 450 MHz; o = 0,96 S/m; & = 57.1; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASY S (IEEETEC/ANST C63.19-2007)
DASY 32 Configuration:
= Probe: ET3IDY6 - SN1507; ConvF(7.03, 7.03, 7.03); Calibrated: 28.12.2012;
«  Sensor-Surface: 4mm (Mechanical Surlace Deleclion)
« Electronics: DARS Sn654; Calibrated: 10004.2013
«  Phantom: ELI 4.0 Type: QDOVAODIBA: Serial: 1003

o DASY3I2ZSZRT137), SEMUAL X 14.61007164)

Dipole Calibration for Body Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7/Cube (:
Measurement grid: dx=5mm, dv=3mm, dz=5mm

Reference Yalue = 39,197 Vim; Power Drift = -0.04 dB

Peak SAR (exirapolaled) = 181 Wike

SAR(1 g) = 1.17 Wikg; SAR(10 g) = 0.776 Wikg

Maximum value of SAR (measured) = 1.25 Wikg

-12.00

-15.00

0dB = 1.25 Wikg = 0.97 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of a1,

\ R i § Schweizerischer Kalibrierdienst
Sﬁhﬂ"ll.d & E'ﬂl"tner %Ei:- c Setvice suisse d'éalonnage
Eﬂglnﬂﬂrlﬂg AG T Servizio svizzers di taratura
Zeughausstrassa 43, #2004 Zurlch, Swilzerland % 5@ o S  Swise callbration Service
Mgl ™
Accredited by tha Swiss Accradiation Sendoe (SAS) Accraditation vo.: SCS 108

The Swiss Actreditation Service is one of the algnataries to the EA
Multilateral Agreemant lor the recognition of calibratlon certificates

Callbration procedurada)

Calibration dale: W{J&" AL e

Thig ealibration certilicats documants e traceabiBly b raticnsl standards, which ralize he physical units o magsuremanita [31).
The massurements and the uncartalmies with condidence prababiify ame given on the falkwing pages and are part of tha certficata.

All calibrations have baan conductad In the cleeed laboratany tacity: anviranment bempiratios (22 « 31°C and humidity < 70%.

Calibration Equipmsant used [(MATE critical for callbraton)

Prirnary Standards 0 # Cal Data (Cartificate Mo.) Bcheduled Calbiration
Powar metar EFM-I42A GH3ITA30704 01 -Mow-12 (ho. 217-018400 Cart=13

Powar sensor HP B4814 LSsraueras 01 -Moe-12 (No. 247-01640) Cal-13

Refarence 20 498 Attanuator Sh: 5058 (20k) [i-Apr-13 (No, 217-01736) Apr-14

Type:-N mismatch combination SM; S047.3 1 06327 Dd-Apr-13 (No, 217-0173% Apr-14

Fatarence Frabe ES3I0VE SN 32058 20-Oiae-12 (Mo, ES3-3206 Deot ) Dec-19

DAEA SN: 604 25-Ape-13 (No. DAE4-G01_Apri 3} Apr-14

Spoondany Standards 10 & Chack Daks (i housa) Scheduled Check
Powar sensor HF B481A YA 0E2317 18-0nt-02 (i housa chack Oet-11) In howse ghack: Ool-13
AF ganerator R&S SMT-06 10005 - Aug-93 (n housa cheos Oet-11) In houga ahack: Oct-13
Metwork Analyzer HP 8753F LIS ANGAE 54206 18-0l-07 {in hewse check Qat-17) In housa chack: Oct-13

Calibratad by:

Apprineid by:

lasued: Juma 13, 2013

Thig ealseation certificats shall not be reproduced except in full without witien approval o the laboraton.

Corificate No: DBS0V2-1008_Jun13 Page1ofd
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Calibration Laboratory of N

Schweirerischer Kalibrierdienst

Sch mid & Partner % ;E Service subsse d'étalonnage
En gineering AG E e e Servizio svizzero di taratura
Zewghaussirasse 43, 8004 Zurich, Switreriand Ty -'f;\\h W Bwiss Calibration Servica
I L™
Accradiad by the Swiss Acereditation Sandca (SAS) Accrediiation Me.: SCS 108

The Swiaa Accreditation Service is ang of the signatories Lo the EA
Multilateral Agreement for the recognitian of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z
MNIA not applicable or not measurad

Calibration is Performed According to the Following Standards:

a)

b)

IEEE 5td 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

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

Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C {Edition 01-01) to Bulletin 65

Additional Documentation:

d)

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 cerificate. All figures stated in the certificate are valid at the frequency indicated.
Anterna 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 ta the hody 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 fead 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.

5AR measured: SAR measured at the stated antenna input power,

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

SAR far nominal TSL parameters: The measured TSL parameters are used to calculate the
naminal SAR rasult.

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 959,

Cartificata Mo: D350V2-1008_Jun13 Page Zof 8




Measurement Conditions
DASY system conflguration, as far as no

iven on page 1.

DASY Version DASYS VE2.8.7

Extrapolation Advanced Extrapolation

Phantom Madular Flat Phaniom

Distance Dipole Center - TSL 15 mm with Spacar

Zoom Scan Resolution dx, dy, dz = 5 min

Frequency B50 MHz « 1 MHz
Head TSL parameters

The fallowirg paramaters and calculsfions were applied.
Temperatire Parmittivity Conductivity

Nominal Head TSL parameters 220°C 41.5 0.92 mhwim

Measured Head TSL parameters (22.020.2)"C 405 +6 % .25 mhoim + & %

Head TSL temperature change during test =05°C eem e
SAR result with Head TSL

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

SAR measured 280 mW input powear 253 Whka

SAR for nominal Head TSL parameters nermalized to 1W 8.83 Wkg = 17.0 %0 (k=2)

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

condition

SAR measurad

250 mwW input power

1.63 Wikg

SAR for nominal Head TSL paramsaters

normalizad to 1W

.37 Wika = 16.5 % (k=2}

Beody TSL parameters

The follewing parameters and calculations were applied.

Temperature Parmittivity Conductivity

Nominal Body TSL parameters 220G 55.2 0.9% mha'm

Measured Body TSL parameters (22.0=02)"C 539+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 2.49 Wikg

SAR for nominal Body TSL paramalers nommalized to W 9.62 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® {10 g} of Bady TSL condition

SAaH measured 250 mW input power 1.61 Wikg

SAR for nominal Body TSL parameters narmnalized to 1 W 6.27 Wkg = 16.5 % (k=2}

Certificate Mo: DBS0VE-1008_Juni3
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Appendix
Antenna Parameters with Head TSL

Impadance, fransformed to fasd paint 52241-31§2 |
Return Lass - 268.6 dB |

Antenna Parameters with Body TSL

Retumn Loss -24.4 dB

Impedance, ransfonmed to teed paint 4750 -530 <‘

General Antenna Parameters and Design

Electrical Delay (one direction} 1.382 ns

After long lerm use with 100W radiated power, only a slight warming of the dipole near the feedpaint can be massurad.

The dipole is made of standard semirgid coaxial cable. The center conductor of the feeding line is directly connected 1o the
second amm of the dipole. The antenna s tharafore short-circuited for DC-signals. On some aof the dipoles, small end caps
are added o the dipole ams in order 1o improve matching whean loaded according ta the position as explained in the
“Maasurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 1o the Standard.

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

Additional EUT Data

fanufactured by SPEAG
tdanufactured on Januany 30, 2009

Certificate No: DES0V2-1008 Jun13 Page 4 of 8




DASYS Validation Report for Head TSL

Date: 13.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 850 MHz; Type: DES0V2; Serial: DSS0V2 - SN: 1008

Communication System: UID O - CW ; Frequency: 850 MHz

Medium parameters used: f = 850 MHz; o = 0,95 S/m; g, = 40.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI Ca3.19-2007)

DASYS2 Configuration:
«  Probe: ES3DY3 - SN3205, ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012;
+  Sensor-Surface: 3mim {Mechanical Surface Delection)
«  Electronics: IDAE4 Snal; Calibrated: 25.04.2013
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
« DASYS2 528701137y SEMCAD X 14.6.107164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan {7x7x7)
(Tx7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, de=5mm

Reference Value = 57472 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3,82 Wikg

SAR(1 g) =253 Wikg; SAR(10 g) = 1.63 Wikg

Maxinum value of SAR (measured) = 2.96 Wike

-12.00

0dB =296 Wikg =4.71 dBW/kg

Cerificate Mo DAS0VE-1008_Jun13 Page 5 of &




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

Date: 12.06.2013

Test Laborulory: SPEAG, Zurich, Switzerland
DUT: Dipole 850 MHz; Type: DES0V2; Serial: DESOV2 - SN: 1008

Communication System: UID 0 - CW ; Frequency: 850 MHz
Medium parameters used: f = 850 MHz; o = 1.03 S/m; & = 53.9; p = 1000 kg/m”
Phuntom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST C63,19-2007)
DASY 52 Configuration:
«  Probe: ES3DV3 - SN3205,; ConvF(6.01, 6.01, 6.01); Calibrated: 28.12.2012;
« Sensor-Sorface: 3mim {Mechanical Surface Detection)
» Electronics: DAE4 Snalll; Calibrated; 25.04.2013
« Phantom: Flat Phantom 4.9L; Type: QDOMOP49AA; Serial; 1001
= DASYSZ 52.87(1137); SEMCAD X 14.6.1(0(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)
{7x8x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 54,836 Vim: Power Drift = (.03 dB

Peak SAR (extrapolated) = 3.67 Wikg

SAR( g) = 2.49 W/kg; SAR(10 g) = 1.61 W/kg

Maximum value of SAR (measured) = 2.91 Wikg

-6.00
-9.00

=12.00

-15.00

0 dB =291 Wike =4.64 dBW/kg

Cerfificate Mo: D8E0V2-1008_Juni3 Page T of 8




Impedance Measurement Plot for Body TSL

12 Jun 2843 413:85:21

CHI 511 1uFE 47504 -53348 0 35,483 pF 558,858 828 HH=z
___.-"""_ T
- .
" Pe
;
el
!
Ca { !
| j
A b
i Y
\'\. rl
g
Hld o
CHz ?l*-’-’--- Log _ 5 dBSREF -28 ¢ e 24,233 dE BO0.020 02Q AHZ
| i | | | H 1 [
I i — i H : !
i e | |: ]
T p— } —
Ca | ] ] /
' | \% f,f‘ I
: i |
P N i/ 1
3 |- ; | - e
16 L ! iy | .
| | N O N
Hld [ T — | |J| ! I | 1
| ! | |

START ESML.BEE DAD MHzZ

FTOF 1 50,608 08N AHT

Cerificate Ma: DBS0V2.1008_Juni3 Page 8 of &




Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughavusstrazse 43, B0 Zurich, Swilmrand

Accradited by the Swiss Acoraditation Sendos (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Mullilateral Agraament for the recognition of calibration certificates

Client

Cerpass (Aude ny

"il'.'ll ||||l'h'

5

Schwelzerlzcher Kalibrierdienst
Service suisse d'stalonnage
Servizio svizzero di taratura
Bwiss Calibration Garvice

Accreditallon Ne.: SCS 108

Certiflcsta No: D750V 2-1097_Juni3

Objesct

Calibration procadureds)

Calibration dale:

|CALIBRATION CEFITIFICATE

DI750V2 - SN; 1067

QA GAL-05.v9

Calibration prmadura for dlpnla vmldﬂtlnn kits ahwa 700 MHz

Juned1, 2018

Calibration Equipment usad (METE critical Tor calibragion)

| Thiz calibration cerifiale dosuments the traceabidity to nationsl standands, which realiza e physical unils ©f messuamants (S1).
The measuraments and Ihe uncaraintiss with condldance prebabdity ane ghven 2n the folonving pages and are part of the certificate.

All calibrations hewve been conducted in fhe closed laboratony facility: emdronment temperaturs (22 2 3)°C and humsidily - 70%.

Prienary Standards o# Cal Date (Certilcale Mao.) Scheduled Calibration
Pormar metar EFM-428, GRIV4a0004 07-Mow-12 (Mo, 217-0réa0) Qei-13
Posar sensor HF 54814 LIS37202783 0148av-12 (No. 217-01840) Qet-15
Refarence 20 dB Attanuator SN G088 (20K) O4-Apr-13 (No. 217-017368) Apre-14
Typiz-N mismatch combination SHM: 50473 F DRA2T Od-Apr-13 (Mo, 217-01738) Apr-14
Relerence Prabe ES300V3 Sh: 3205 2B-Dec-12 (No, ES3-33040_DeciZ) Dec-13
DAEa SM: G 25-Apr-13 (Mo, DAE4-G01_Apr13) Ape-14
| Secondary Stardarda ot Ghack Date (n house) Schadulad Check
Power sansar HP 84814 41092317 18-0at-02 (in hause chisck Oot11) In house ahack: Oct-13
FAF generator &S SMT-06 100005 (4-Aug-88 (I houee cheak Oet-11) In hiouss ehack: Oet-13
{ Matwork Analyzer HF BTS3E USATIANGEG 54206 180001 (in house check Cul-12) In houes chack: Oet-13
Mame Funighogn Higratura
Calibrated by: Jeten Kastrati S Iebarelony Tachiiiem CL
Approved by Kt Pokeie Technical Mansger

This calralion cartificate shall not ba rapreduced excegt in full withaut writtan esproval of the laboratary.

LT

Issuad: June 13, 2013

Carificate MNo: DM 7s0W2-1087_Juni3
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Calibration Laboratary of e,

\ Y Schwelzarlecher Kallbrisrdienst
Schmid & Partner %‘ "‘“EEI E-FI‘E Service suisse d'étalonnage
Engineering AG e Sorvizio svizzero di taralura
Zeughausstraese 43, BI04 Zurich, Switmerland ffme Swits Calitration Servica
bl
Accredited by the Swiss Accraditation Semvice (SAS) Accreditation No.: SCS 108

The Swiss Accredilation Servica is one of the signatories to the EA
Multhiateral Agreement for ihe recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL/NCBM x,y.z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "|[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

c) Federal Communications Commission Office of Enginsering & Technology (FCC OET),

"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mahile and
Portable Devices with FCC Limits for Hurman Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

dj

DASY4/5 Systern 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 Paramelers 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 measurad 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: Ona-way delay betwean the SMA connector and the antenna feed point.
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input power,

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

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

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

Certificate No: D1750V2-1087_Jun13 Page 2 of 8




Measurement Conditions

DASY systam confliguration, as far as nol given on page 1.

DASY Version DASYS VE2AT
Extrapolation Achvanced Extrapolation
Phantom Maodular Flat Phantem
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dr =5 mm
| Freguency 1750 MHz £ 1 MHz
Head TSL parameters
Tha tollowing parameters and caleulations ware applied.
Temperature Parmittivity Canductivity
Nomingl Head T3SL parametars 22.0°C 401 1.37 mho'm
Measured Head TSL parameters (220 £02)°C 6% 1.32 mho'm £ B %
Head TSL temperature change during test < 0.5 (= —
SAR result with Head TSL
SAR averaged over 1 cm” {1 g) of Head TSL Condition
SAR measurad 250 mW input pawear 9.07 Wikg

SAR for nominal Head TSL paramaters

nomalized o 1W

36.9 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input powear

4.85 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

18,6 Wikg + 16.5 % (k=2)

Body TSL parameters
The: followirg parameiers and calculations were applisd.
Temperalurs Permittivity Conductivity
Mominal Body TEL parameters 22.0°C 3.4 1.48 mhofm
Measured Body TSL parameters (22.0 £0.2)*C 517 +6% 1.51 mhaf'm £ & %
Body T5L temperature change during test ={.5°C = ———
SAR result with Body TSL
SAR averaged over 1 cm® [1 g) of Body TSL Cardition
SAR measured 230 mVW input powar 948 Wihka

3AH for nominal Body TSL parameters

normalized to 1W

37.2 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g} of Body TSL

candition

S5AR measured

250 miW inpul power

5.08 Whka

SAR for nominal Body TSL parameters

natmalized 1o 1W

20.1 Wkg = 16.5 % (k=2)

Cerfificate No; D1750V2-1097 Juni3
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to fead point 5108k + 0.5 ji2
Return Loss - 3B.8 dB

Antenna Parameters with Body TSL

Impedance, transformead to feed point 46,5 82 + 0.2 g2
Return Loss -29.2 dB

General Antenna Parameters and Dasign

Electrical Delay (one direction) 1.218 ns

After long term Lse with 100\ 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 conductar of tha feading line is directly connected to the
secand arm of the dipole, The antenna is therefore short-circuited for DC-signals. On somea of tha dipoles, small end caps
ara added to the dipole ams in order 1o improve matching when loaded according to the position as explained in the
‘Measuramant Conditions" paragraph. The SAR data are ot affectad by this change. The overall dipale length bs stil
accarding to the Standard,

Mo excessive foroe must be applied ta the dipole arms, because they might bend or the saldered cannections near the
feedpeoint may e damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 16, 2013

Certificate Mo: 0175021097 _Junid Page 4 of &




DASYS Validation Report for Head TSL

Dhate: 10.06.2013

Test Laboratory: SFEAG, Yuorich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1007

Conmnunication System: UID O - CW ; Frequency: 1750 MHz

Medium parameters used: {'= 1750 MHz, a = 1.32 S/m; g = 39.1; p = 1000 kg/m’
Phantom section: Flat Seclion

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS2 Configuralion;

Probe: ES3DV3 - SN3205, ConvF(5.18, 5.18, 5.18); Calibrated: 28.12.2012;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAEA So601; Calibrated: 25.04,2013

Phantom; Flat Phantom 5.0 (back); Type: QDOOOP30AA; Serial; 1002

DASYS2 52.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 95,679 ¥/m; Power Drift =0.02 dB

Peak SAR {extrapolated) = 16.2 Wikyg

SAR(1 g) = 9.07 W/kg; SAR(L0 g) = 4.85 Wikg

Maximumn value of SAR (measured) = 11.4 Wikp

dB
0

-4.00

-f.00

-12.00

-20.00

0dB = 11.4 Wie = 10.57 dBW/kg

Certificate Ma: D17B0V2-1087 _Juni3 Fage 5 of B




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

Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1097

Communicalion System: UID 0 - OW Frequency: 1730 MHz

Medium parameters used: f = 1750 MHe; o = 1.51 $/m; &= 51.7; p = 1000 kg/m’
Fhanlom section: Flat Scction

Measurement Standard: DASY 5 ([EEE/TEC/ANSI C63.19-2007)

DASYS? Configuration:

Probe; ES3DV3 - SN3205; ConvF(4.83, 4,83, 4.83); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAEL Sn6i1; Calibrated: 25042013

Phantom: Flat Phantom 5.0 (back); Type: QDO0O0OPS0OAA; Serial: 1002
DASYSZ 32.8.7(1137); SEMCAD X 14.6.10(T164)

Date: 11.06.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5mm, dy=3mm, dz=5mm
Reference Value = 91,830 Vim: Power Dvifl = 0.08 dB
Peak SAR (extrapolated) = 16.3 Wikg

SAR(] g) = 9.46 W/kg; SAR(10 g) = 5.08 W/kg
Maximum value of SAR {measured) = 11.8 Wikg

-bm

16.00

20,00

OdBE = 11.8 Wikg = 10.72 dBW/kg

Cerificate Mo: D1750V2-1097_Jun13 Page 7o 8




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Swilzerand

Schwaizarischer Kalibrierdianst
Bervice suisse d'étalonnage
Servizio svizzera di taratura
Swiss Calibration Service

Acereditad by the Swiss Accreditation Sarvice {SAS) Accreditation No.: SCS 108
The Swies Accreditation Servlce l8 one of the elgnatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  Cerpass (Auden) e ‘Contficats No: D1900V2-5d174_Jun13
CALIBRATION CERTIFICATE

Object D1900V2 - 8N: 5d174

Clibratinn procedure(s) QA CAL-05:vD
Calibration pmcadura for dipole valndaunn kits above 700 MHz

Callbration deta: Jung 10, 2013 i

Thie calibration cenificate documants the baceabiity to rafional standards. which realize the physical units of measeaments {51)
Tha measuramants and the mcarkainies with conlidence probablity are given on the folowing pages and are part of the cardificlo.

Al calibradions hine been aondusled in the clesed aboratory facllity: anvircnment temparaturs (22 & 3)°C and humidity < 70%,

Calibraticn Exipimen! used (MATE critical for callbraticn)

Prirnary Standards D ¥ Cal Date (Certilicabe Mo Scheduled Calibration
_F"Q-.mr mster FPMM-4428 GE374EDT O1-Mon-12 (Mo, 21701640 Oet-13

Powar sengor HP B4814A US3ragaras 01-Mo-12 (Mo, 21 7-01 6400 Qet-13
Rederence 20 38 Atlenuator SN: 5058 {20k) - =13 (M. 217-0175E; Apr-14

Type-H mismatch combinatizn SN 547,23 F 06T Dd-Age-13 (Mo, 217-01738, Apr-14

Refarence Probe ES3DWA 5N: 3208 28-Dac-12 (Mo, ES3-3206_Deol2) Dac-13

DaE4 5M: 601 £5-Apr-13 (Mo, DAES-G01 g1 3) Apr-14

Secondany Standands 10 # GCheck Dale (in house) Schedulad Ghack 1
Prower sensor HP B4 A MY A10E2S1 7 18- Dt-02 (in hause chack Oct-11) In houga chack: Oct-13
RF genarator ARS SMT-DE 100005 [i-Ag-98 (in house check Oct-11) In housa chack: Oct-13
Metreork fraly®er HF BT35E LIS37330aaE B4208 1E-Oct-01 (In houss chack Oct-12) In houss chack: Oct-13

Mame Funetion Sigriure

Cavitarated by: Aaton Kastet - Lahiratory Technician ,_f_—__ﬁ—-—{L’
Approued by: Kalja Pl Tachnical Manager fg:é?{g: :

Issuad: Juna 11, 2013 J

Thie calioration cartdicata shall not b raprodiseed axcept in full without writien approdal o the laboralony.
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Calibration Laboratory of
Schmid & Partner

En gi nee ring AG
Zeughausstrasse 43, 8004 Zurich, Switzerand

Service suisse d'étalonnage
Bervizio svizzero di taralura
Swisa Calibration Service

cerediled by fhe Swiss Accraditation Sarvice (SAS) Accreditation Mo.: SCS 108
The Swiss Accreditation Service is ane of the algnutnrlea 1o the EA
Multilataral Agreanvent lar the recoghition of calibration cerllficates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE 3td 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

b} IEC 62208-1, "Procedurs ta 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

¢} Federal Communications Commission Office of Engineering & Technelogy (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,
Supplement C {Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASYd/s System Handbook

Methods Applied and Interpretation of Parameters:

Schwelzerischer Kallbrierdbensat

+ Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the cerificate ars valid at the frequency indicated.

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

s [eed Point Impedance and Heturn 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 Retum Loss ensures low
reflected power. Mo uncertainty required.

s 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 pawer.

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

+ SAR for nominal TSL pararmeters: The measured TSL parameters are used to calculate the

nominal SAR result.

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

Certificate Mo: D1900V2-5d174_Jun13 Page 2 of 8




Measurement Conditions

DASY systarn contiguration, as far as hol given on page 1.
DASY Version DASYS V5287
Extrapolation Advanced Extrapolalion
Phantom Modular Flat Phantem
Distance Dipole Center - TSL 10 mim with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1200 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied,
Temparature Parmittivity Conductivity
Mominal Head TSL parameters 220G 40.0 1.40 mho'm
Measured Head TSL parameters (220 =0.21°C 393 =6 % 1,34 mhoim £ 6 %
Head TSL tempearature change during test =05°C — -—
SAR result with Head TSL
SAR averaged over 1em” {1 g) of Head TSL Condilion
SAR measurad 280 mW inpul power 9.76 Whn

SAR for neminal Head TSL parameters

normalized o 1W

39.9 Wikg = 17.0 % (k=2}

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

canditian

SAR measured

250 mW input power

515 Wikg

SAR for nominal Head TSL parameters

normalized to 1%

20.9 Wikg £ 16.5 % (k=2)

Body TSL parametars
The follvwing paramaters and calculstions were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 533 1.52 mhavm
Measured Body TSL parameters 220 £ 021G AT 6% 1.50 mho/m £ 6 %
Body TSL temperature change during test <050 e
SAR result with Body TSL
SAR averaged over 1 cm’® {1 g) of Body TSL Condition
SAR measured 2350 mW input power 10.00 'Wikg
SAR for nominal Body TSL paramaters narmalized to W 40.4 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW Input poveer 5.34 Wrkg

SAR for nrominal Body TSL paramaters

nommalized to 14

21.5 Wikg = 16.5 % (k=2)

Cerificate Mo: D1200V2-5d174_Jun13
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to fead point 53204+ 39

Returmn Loss -26.2dB

Antenna Parameters with Body TSL

Impadanca, transtormed to feed point 483+ 5.0

Raturn Loss - 254 dB

General Antenna Parameters and Design

| Elactrical Delay (one direction) | 1.202 ns. —_J

After long term use with 100W radiated power, enly a slight waming of the dipole near the feedpaint can be measured,

The dipobs is made of standard semirigid coaxial cable. The cenler conductor of the feeding fing is directly connactad to the
second arm of the dipole. The antenna is thersfore short-circulted for DG-gignals. On some of the dipoles, small end caps
are added to the dipole arms in arder to improve matching when loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipola langth is sfill
actording to the Standard.

Mo excassive force must be applied fo the dipole ams, because they might band or the soldered connections near the
feedpoint may ba damaged.

Additional EUT Data

Manufacturad by SPEAG
Manufactured an June 08, 2012

Cartificate No: D1200V2-5d174 Junid Page 4 of 8




DASYS Validation Report for Head TSL
Drate: 10.06.2013
Test Laboratory: SPEAG, Zuorich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54174
Comtnunication System: UTID 0 - CW ;. Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; 6 = 1.34 $/m; & = 39.3; p = 1000 kg/m’
Fhuntom section: Flar Section

Measurement Standard: DASYS (IEEETEC/ANSI C63, 19-2007)
DASY 52 Configuration:
» Probe; ES3DY3 - SN3205; ConvFi4.98, 4,98, 4.98); Calibrated: 28.12.2012;
» Sensor-Surface: 3Jmm (Mechanical Surface Detection)
» Elecronics: DAE4 Sn601; Calibrated: 25.04.2013
»  Phantom: Flat Phantorn 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS2528 71137} SEMCAD X 14.6,10(7164)

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

Reference Yalue = 93712 V/im:; Power Dol = 0.06 dB

Peak SAR (extrapolated) = 17.6 Wikg

SARI(] g) = 9.76 W/kg; SAR(1D g) = 5.15 Wikg

Maximum value of SAR (measured) = 12.0 Wkg

dB
]

{-480

nzan

-1E.00

-E0.00

0dB = 12.0 W/kg = 10.79 dBW/kg

Cerificate No: D1900V2-5d174_Junid Page Sofd




DASY5 Validation Report for Body TSL

Dage: 10.06.2013
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DNOMV2; Serial: D1900V2 - SN: 5d174

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

Medium parameters used: f= 1900 MHz; o = 1.5 S/m; g, = 53.7; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2007)

DASYS2 Configuration:
«  Probe: ES3DW3 - SN3203; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12,2012;
s  Sensor-Surlace: 3mm (Mechanical Surface Delection)
¢ [lectronics: DAE4 Sn6i1; Calibrated: 25.04,.2013
+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
« DASYSI 52871137y SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)1/Cube 0:
Megsurement grid: dx=5mm, dy=3mm, dz=5mm

Relerence Value = 95.712 Vim: Power Drift = 0.010 dB

Peak SAR (cxtrupolated) = 17,1 Wike

SAR( g} = 10 Wikg; SAR(10 g} = 534 Wikg

Maximum value of SAR (measured) = 12.7 W/ke

dB
a

0dB =12.7 Wike = 11.04 dBWikp

Cartificata Mo: D1900V2-5d174_Jun13 Page 7 of &




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B0 Zurich, Swilzerand

S Schweizerischer Kalibrierdlsnst
Servica auisae d'étalonnage

c Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Sendos (SAS) Accreditation Mo: SCS 108
The Swies Accreditation Sarvice Is one of the signatories ta the EA
Multilateral Agreement for the recognitlon of calibration certificale

i w3

a

?E -:-:!--', -_ﬁ.iiﬂ '\r! -_'-!'-:f. "'J.-:)Eﬂ.!-_:u m-II a._-.. EErh A
£ S A £y Ak

Calibration procadureds)

Calibralion datea;

Thiz callbration carlifigate decwuments tha fraceability 10 nalional standards, which realize e physical units of measurements (515,
Tha measuremerils and thi unceramtias with confidence probability ane givan on the fallowing pagas and ara pen of the cerificbe.

All calibrazions heve been conductad in the closed aboratory facilily: envirenment temgenaiure (22 £ 1°C and humldty < 70%,

Calibration Equiprrent used (MATE critical for callbeation)

Primary Standards Gk # Cal Diale (Cartificaks No.) Schadulad Calizralion ]
Powser riveler CPM-4424 BESTABITO4 01-Noy=12 (M. 217-01 840 Oo1-13

Powar seneor HF G414, LI537292783 D1 -Men-12 Mo, 2170164003 Od-13

Refarence 20 aB Atlensater SM: 5058 (20%) Dd-Apr-13 (Mo 21701738 Apra14

Type-H mismetch combinalian SM: G478 08327 Od-Apr-13 Mo 217-01759) Apr-14

Rederence Probs ES30VE 8M: 3305 28-Dec-12 (Mo, ES3-3205 Decl®) Dac-13

DAE4 = 26-Apr-13 {Ma. DAE4-601_Aprid) Apr-1d4

Sacondary Stendards D& Check Dale (in housa) Seheduled Check
Fower sansar HP 84814 MY41082317 1B-0ct-02 {in housa chack Det-11) In house check: Oal-13
RF generator A&S SMT-06 100005 Da-aLe-99 (in house check Oct-11) In howse check: Ocl-13
Matwork Analyzer HF BTSIE LIS3r 380585 54206 1B-Dek-01 (in house chack Dot-12) In howsa check: Oct-15

Callbratad by:

Approved by:

Issuad; June ¥, 2013

This calibration centficate shal not be reproduced excap in full without writtan approvel of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zevghausstrasae 43, 8004 Zyrich, Switzarland

g Schwelzeriseher Kalibrigrdianst
c Service sulsee d'étalonnage

Barvizio swizzero di taratura
5 swies Calibration Sarvice

Aeredited by the Swiss Accreditation Sarvica (SAS) Accreditation Mo.: SCS 108
The Swiss Accreditation Service is ane of the signataries to the EA
Muitilateral Agreement for tha recognition of callbration cerfificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Hurman Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

by 1EC 62209-1, "Procedurs 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

¢} Federal Communications Commission Office of Engineering & Technology (FCC QET),
‘Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 85

Additional Documentation:
d)y 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 Refurn 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 connectar to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

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

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

+  SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the

nominal SAR result.

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

Carlificate No: D2450V2-214_Jun13 Page 2 of 8




Measurement Conditions

DASY system configuration, as far as not given on page 1,

DASY Version DASYS VE2.AT
Extrapolation Addvanced Extrapolaiion
Phantom Modular Flat Phantom
Distance Dipole Conter - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The fallowing parametars and calculations wera applisd.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220 3az 1.80 mhwofm
Measured Head TSL parameters (220 £02)'C ITELE% 1.81 mhodm = B %
Head TSL temperature change during test =05 ———
SAR result with Head TSL
SAR averaged aver 1 em® {1 g) of Head TSL Candition
S5AR measured 250 mW input power 13.5 Wik

SAR for nominal Head TSL parametsrs

normalized ta 1A

53.4 Wikg = 17.0 % {k=2)

—_—
SAR averaged over 10 em” {10 g) of Hoad TSL

conditlon

SAR measured

250 mW input power

G.24 Wik

SAR for nominal Head TSL parameters

nomalized 1o 1W

24.8 Wikg £ 18.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.95 mho'm
Measured Body TSL parameters 220202 "C G096 % 202 mho/m =8 %
Body TSL temperature change during test = 057G -
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Bady TSL Candition
SAR measured 250 m\W input power 13.2 Wikg

SAR for nominal Body TSL pammeters

normalized to 1W

51.5 Wikg + 17.0 % (k=2)

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

conditian

SAR measured

250 mW input power

6.07 Wikg

SAR for nominal Body TSL parameters

nomalized to 1%

23.9 Wkg 2 16.5 % (k=2)

Certificate Mo: D2450V2-814_Juni3
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed paint 670 G+ 1.8

Raturn Loss -23.3d8

Antenna Parameters with Body TSL

Impedance, ranstormed to fead point 210+ 35[0

Asturn Loss -2B.0dB

General Antenna Parameters and Design

l'_EIDCtHcaJ Delay (one direction) | 1.160 ns

After long term use with 100W radiated power, only a slight warming of the dpole near the teedpoint can ba measured,

The dipole iz made of standard semingid coaxial cabla. The center condustar of the feeding line is directly connected ta the
second am of the dipale. The antenna is therefore short-circuited for DC-slgnals. On some of the dipoles, small end caps
are added to the dipele arms in order to Improve matching when lnaded accerding to the position as explained in the
‘Measurament Conditions® paragraph. The SAF data are not affectad by this change. The overall dipole langth is stil
according o the Standard,

No excessive force must be applied 1o the dipole arme, bacause they might band or the solderad connections near the
feedpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 19, 2012

Centificate Mo D2450V2-814_Jun13 Page 4 of &




DASY5 Validation Report for Head TSL
Date: 07.06.2013
Test Luboratory: SPEAG, Zurich, Switzorland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 914
Communication System: UID 0 - CW ; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz: o = 1,81 S/m; .= 37.%; p = 1000 kg/m®

Phantom section: Flat Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)

DASYS2 Configuration:
+  Probe: ES3DV3 - SN3205; ConvF(4.52, 4.52, 4.52); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Swiface Detection)
+  Hlecironics: DAE4 Snal; Calibrated: 25.04.2013
= Phantom: Flat Phantom 5.0 (front); Type: QDOD0OPS0AA; Serial: 1001
= DASY32 52.8771137), SEMCAD X 14.6.10(7164)

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

Reference Value = 95,695 Vim; Power Drift = 0.05 dB

Peak SAR (exirupolated) = 28.3 W/kg

SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.24 W/kg

Maximum value of SAR (measured) = 17.6 W/kg

-13.80

-18.40

-23.00

0dB =176 W/kg = 12.46 dBW/kg

Certificate Mo: D2450V2-914_Jynia Page 5 of &




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

Date: 07.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2: Serial: D2450V2 - SN: 014

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

Medium parameters used: f = 2450 MHz; 6 = 2.02 $/m; & = 50.9; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63, 19-2007F)

DASYSZ Conlipuration:
« Probe: ES3DV3 - SN3205; ConvF(4.42, 4.42, 4.42); Calibrated: 28.12.2012;
»  Sensor-Surface: 3mm {Mechanical Surlace Detection)
+ Blectronics: DAF4 50601 ; Calibrated: 25.04.2013

= Phantom: Flat Phantom 5.0 (back); Type: QDODOP50AA; Serial; 1002

DASYS2 52.8.7(1137); SEMCAD X 14.6, 10(7164)

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

Reference Yaluc = 95.693 V/m; Power Drift = 0.01 dB

Peak SAR (exirapolated) = 27.6 Wikg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6,07 Wikg

Maximum value of SAR (measured) = 17.5 Wikg

-4
.80
-13.20

ATE0

-ZEM

OhdB =173 Wikg = 1243 dBW/kp
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst

H = = z
Schmid & Partner iﬁ Service suisse d'étalonnage
Engineerlng AG = ,.-r/:_—-\..,~ 3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % f/;-"\\\\‘ﬁ Swiss Calibration Service
LTI
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
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[CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BJ - SN: 1379

Calibration procedure(s) QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: May 19, 2014

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

Al 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 1D # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 01-Oct-13 (No:139786) Oct-14
Secondary Standards 1D # Check Date (in house) Scheduled Check
Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-14 (in house check) In house check: Jan-15
Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-14 (in house check) In house check: Jan-15
Name Function Signature
Calibrated by. Dominique Steffen Technician
Approved by: Fin Bomholt Deputy Technical Manager ) 0 oe A
A\ U . t_ LLU\;\'\-—'
1

Issued: May 19, 2014

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary
DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
e 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.

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

 The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

e DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

e  Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

o Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

 Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

o Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

 Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

o Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

«  Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV , fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y z
High Range 403.805 + 0.02% (k=2) | 404.075 + 0.02% (k=2) | 404.011 + 0.02% (k=2)
Low Range 3.99838 + 1.50% (k=2) | 3.99504 + 1.50% (k=2) | 4.00152 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 1495°+1°
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Appendix
1. DC Voltage Linearity

High Range Reading (uV) Difference (pV) Error (%)
Channel X + Input 199994.29 -1.98 -0.00
Channel X + Input 19999.30 -1.30 -0.01
Channel X - Input -19998.41 2.90 -0.01
Channel Y + Input 199996.73 0.29 0.00
Channel Y + Input 19996.72 -3.84 -0.02
Channel Y - Input -20001.24 -0.12 0.00
Channel Z + Input 199995.04 -1.34 -0.00
Channel Z + Input 19998.92 -1.47 -0.01
Channel Z - Input -20002.08 -0.85 0.00
Low Range Reading (uV) Difference (puV) Error (%)
Channel X + Input 2001.97 1.11 0.06
Channel X + Input 201.61 0.19 0.10
Channel X - Input -198.88 -0.22 0.1
Channel Y + Input 2001.25 0.31 0.02
Channel Y + Input 201.42 0.07 0.03
Channel Y - Input -199.14 -0.59 0.30
Channel Z + Input 2001.40 0.60 0.03
Channel Z + Input 199.50 -1.64 -0.82
Channel £ - Input -199.24 -0.49 0.25

2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (nV)
Channel X 200 -17.61 -19.05
-200 20.93 18.82
Channel Y 200 -4.43 -4.39
-200 4.21 4.00
Channel Z 200 -10.49 -10.31
- 200 8.62 8.36

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)

Channel X 200 - -0.60 -5.10
Channel Y 200 8.15 - 0.34
Channel Z 200 10.42 5.32 -

Certificate No: DAE4-1379_May14 Page 4 of 5




4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB)

Low Range (LSB)

Channel X

16034 13894
Channel Y 16256 12489
Channel Z 15825 15529

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (uV) . IZ(J:\\;;alion
Channel X -1.79 -3.29 -0.79 0.47
Channel Y -0.21 -2.44 1.81 0.71
Channel Z -0.03 -1.33 2.40 0.79
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9
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