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This zalibration certificate documents the traceabiiity to national standards, which realiza the physcal umits of measurements (S1).
The measuraments and 1he uncenainies with confidence protability ane given on the following pages angd are pan of the cenficale

All caiibrations have been conducted In the closed laboratory facility. emvironment tomperature (22 + 31°C and humidity < 70%

Calitration Equipmant used (MATE critical for calibration)
Prmary Standards ow Cal Date (Cortificate No.) Soheduled Calbrabon
| Fowsr meter EFM-442A GEITB0704 01-MNow-12 (MNo. 217-D1640) Oet13
| Power sensor HP B4E1A US372092783 O1-MNov-12 (No. 217-01840) Det-13
Feferance 20 dB Attenuaior BN: 5058 [20k) O4-Apr-13 (No, 21T7-01736) Apr-1d
Type-N mismatch combination SN: 5047.37 08327 s-Apr-13 (No, 217-01739) Apr-14
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Metwork Analyzer HP 87563E LS37300585 54206 18-0et-01 {in house check Oet-12) in house chack. Oct-13
Mame Funétion Slgnature
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-
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Service suisse détalonnage
Servirio svizzero di taratura
Swiss Calibration Service

Aceradited by the Swiss Accraditation 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

ConvF sensitivity in TSL/ NOBM xy,z
N/A 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 Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

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

Schweizerischer Kalibrierdienst

e Measurement Conditions: Further detalls are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are 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 phantom section, with the arms oriented
paraliel 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.
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%.
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Measurement Conditions

DASY system configuration, as far as not given on

page 1

DASY Version DASYS V52.8.6
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
| Distance Dipole Center - TSL 18 mm with Spacer
; Zoom Scan Resclution dx, dy, dz =5 mm
| Freguency 750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.9 0.89 mhao/m
Measured Head TSL parameters (22.0+02)°C 406+6 % 082 mho/m+ 6%
. Head TSL temperature change during test <05*C - —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAH measured 250 mW Input power 2.21 Wikg

SAH for nominal Head TSL parameters

normalized to 1W

8.56 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.44 Wikg

SAH for nominal Head TSL paramsters

normalized to 1W

5.62 Wikg + 16.5 % (k=2)

Body TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Canductivity
Nominal Body TSL parameters 2z20°C 55.5 0.98 mhodm
Measured Body TSL parameters (22.0 £0.2)°C 546+6% 0.98 mho/m £ € %
Body TSL temperature change during test <0.5°C — —_—
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 250 mW input power 2.25 Wikg

SAH for nominal Body TSL parameters

normalized o TW

8.83 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.47 Wikg

| SAR for nominal Body TSL parameters

nomalized 1o TW

5.79 Wikg = 16.5 % (k=2)

Ceartificate No: D750V3-1012_May13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5440Q+07iQ
Return Loss -27.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 484Q-16iQ
Return Loss -35.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.034 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 according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 29, 2009
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DASY5 Validation Report for Head TSL

Date: 28.05.2013

Test Laboratory: SPEAG, Zurnich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1012

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parameters used: f =750 MHz; 6 =0.92 S/m; & = 40.6; p= 1000 kgfm}
Phantom section: Flat Section

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

DASY 52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.28, 6.28, 6,28); Calibrated; 28.12.2012;
Sensor-Surtace; 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04,2013

Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Senal: 1001

DASY52 52.8.6(1115); SEMCAD X 14.6.9(7117)

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

Reference Value = 53.455 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.39 W/kg

SAR(] g) = 2.21 W/kg: SAR(10 g) = 1.44 W/kg

Maximum value of SAR (measured) = 2.59 W/kg

-

11,00

0 dB = 2.59 W/kg = 4.13 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 27.05.2013

Test Laboratory: SPEAG, Zurich, Switzeriand

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1012

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; ¢ = 0.98 S/m; & = 54.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvFi(6.11, .11, 6.11); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn60!; Calibrated: 25.04.2013

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.6{1115); SEMCAD X i4.6.9(7117)

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

Reference Value = 53.455 V/m; Power Dnft = 0.03 dB

Peak SAR (extrapolated) = 3.35 Wikg

SAR(1 g) = 2.25 W/kg; SAR(10 g) = 1.47 W/kg

Maximum value of SAR (measured) = 2.63 W/ikg

dB
0

-3.00

-6.00

-9.00

-12.00

-15.00

0dB =2.63 Wikg=420dBW/ikg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Bchwelzerischer Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accredited by the Swise Acereditation Servica (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

ciient  Sporton-TW (Auden) Certificate No: DB35V2-499_Mar13
|CALIBHATION CERTIFICATE

Object D835V2 - SN: 499

Calibration proeedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calibration data: March 18, 2013

This calibration certificate documents the traceabliity to national standards, which realize the physical units of measurements (S},
The measurements and the uncertainties with confidence probabliity are given on the foliowing pages and are part of tha cerificate,

Al calibrations have been conducted In the closed laboratary facllity: anvironment tamperature (22 + 3)°C and humidity < 70%,

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scneduled Calibration

Power mater EPM-2424, GB3T480704 01-Mowv-12 (Mo, 217-01620) Oct-13

Power sansor HP B481A USaree27e3 01-Mowv-12 (Mo, 217-01640) Cet-13

Refarence 20 dB Attenuator SN: 5058 (20K) 27-Mar-12 (No, 217-01530) Apr-13

Typa-N mismaich combination SN: 5047.3 / 06327 27-Mar-12 (Mo. 217-01533) Apr-13

Referance Probe ES3DV3 SN: 3205 28-Dac-12 (Mo, ES3-3205_Deact2) Dec-13

DAE4 SN 801 27-Jun-12 {No. DAE4-601_Jun12) Jun-13

Sacondary Standards D% Chack Date {in house) Scheduled Check

Power ssnsor HP B4814 MY41082317 18-0ct-02 {in house check Oct-11) In house chack: Oc1-13

AF genarator &S SMT-06 100005 0<4-Aug-99 {in house check Oct-11) In house check: Oct-13

Matwork Analyzar HP BY53E LIS37I80585 S4206 18-0et-01 (in house check Oct-12) In house chack: Cel-13
MNamea Function Signature

Calibrated by Israe E-Naoug Laboratory Technician

Approved by. Ketia Pokevie Technical Manager ; Eé’? .aé,f"

Iszued: March 18, 2013

This calibration cerfificate shall nol be reproduced except in full without written approval of the laboratary.

Certificate No: DB35V2-493_Mar13 Page 1 of 8



Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Service suissze d'étalonnage
Servizio svizrero di taratura
Swias 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 tha recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) 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:

Schweizerischer Kalibrierdienst

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

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

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

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

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

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

« 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%.

Cartficate No: D835V2-489_Mar13 Page2ofB




Measurement Conditions
DASY systemn configuration, as far as not given on page 1.

DASY Version DASYS V5285
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220+02)"C 40.9+6% 0.94 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 2.48 Wikg
SAR for nominal Head TSL parameters narmalized to 1W 9.57 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.60 Wikg
SAH for nominal Head TSL parameters normalized to 1W 6.22 Wikg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)*C 541+6% 1.02 mho/m £ 6 %
Body TSL temperature change during test <05°C - s
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.51 Wikq

SAR for nominal Body TSL parameaters

normalized to TW

9.63 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.64 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.35 W/kg £ 16.5 % (k=2)

Cartificate Mo; DB35V2-489_Mar13
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Appendix
Antenna Parameters with Head TSL

Impadance, transtormed to lead point 52.80-2410

Raturn Loss -28.7 dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed point 4830500

Retum Loss -254 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.380 ns

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

The dipale is made of standard semirigid coaxial cable. The center conductor of the feeding line Is directly connected o 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 lo the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions” paragraph. The SAR data are not affected by this change The overall dipole length is still
according o the Standard,

No excesslve 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 July 10, 2003

Cedificate No: DBISV2-495_Mar13 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 18.03.2013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 499

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 0.94 S/m; ¢, = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012:
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 4.9L; Type: QDO00P49A A Serial; 1001

DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 56.766 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 3.78 Wikg

SAR(1 g) = 2,48 W/kg; SAR(10 g) = 1.6 W/kg

Maximum value of SAR (measured) = 2.89 W/kg

240

-4

2.20

-9.60

-i2.00

0 dB = 2.89 W/kg = 4.61 dBW/kg

Certificate Mo: DE3SV2-499_Marld Page 5 of 8



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

Date: 18.03.2013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 499

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f =835 MHz; o = 1.02 §/m; &, = 54.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronmics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001

DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 55.050 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 3.70 W/kg

SAR(] g) = 2.51 W/kg; SAR(10 g) = 1.64 W/kg

Maximum value of SAR (measured) = 2.91 W/kg

“12.00

0dB =2.91 Wikg = 4.64 dBW/kg

Cartificate No: DB35V2-499 Mart3 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Furich, Switzerland

Accradiled by the Swiss Accredifalion Service (SAS)
The Swiss Accreditation Service is ona of the signatories to the EA
Multilateral Agreement lor the recognition of calibration certificates

ciient  Sporton-TW (Auden)

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

Accreditation No.: SCS 108

Certificate No: D1750V2-1068_Juni2

Obyject

Calibration procedurais)

Callbration date:

All calibrations have bean conducted in the closed laboratory facility: anvironmant temperature (22 £ 3)°C and humidity < 70%.

CALIBRATION CERTIFICATE

D1750V2 - SN: 1068

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

June 20, 2012

| Calioration Equipment used (MATE critical for calibration)

This calibration cenificate documents tha fraceabiity o natlonal standards, which realize the physical units of measurements (SI)
The measuremants and the uncerainties with confidence probability are given an the fallowing pages and are par of the cedificate.

'L_ Primary Standards 1D # Cal Drate {Carlificate No.) Scheduled Callbration

| Power mater EPM-442A GB37480704 05-0ct-11 (No. 217-01451) Cel-12
FPowar sensar HP B4B1A LS537282783 05-Cci=11 [No. 217-01451) Qgt-12

| Ralerance 20 dB Altenualor SN 5058 (20K) 27-Mar-12 (Mo, 217-01530) Apr-13

| Type-M mismatch combination SM. 5047 2 7 06227 27-Mar-12 (No. 217-01533) Apr-13
Refarance Probe ES30V3 SM: 3205 30-Dac-11 (Mo ES3-3205 Dectl) Dec-12
DAE4 SM: &0 04-Jul-11 (No. DAE4-601_Jul11) Jul-12

_ Secondary Standards D# Chack Date {in houss) _ Scheduled Check
Powsr sensor HP B481A MY41092317 18-0ct-02 (in house check Oct-11) In house check: Oct-13
RF ganerator R&S SMT-06 100005 (4-Aug-88 {in housa check Oct-11) In house check: Ogt13
Metwaork Analyzer HP BYS3E LIS37390585 54206 18-0ct-01 (in house check Oct-11) in housae check: Oct-12

Name Function Signalure
Calibrated by fsras El-Nacug Laboratary Technician ( e 3
L Mo ngr ag L,ua’

Approved by Katja Pokovic Technical Manager =

This calfbration cedificale shall not be reproduced exgepl in tull without written approval of the laboralory

Cerfificate No: D1 750V2-1068_Jun12

Page 1 of8
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lssued: June 20, 2012




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, B004 Zurich, Switzeriand

Schwaelzerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swigs Calibration Service

Accredited by the Swiss Accraditation Service (SAS) Accreditation Ne.. 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

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 1528-2003, "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, "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:

s 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.

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.

¢ Electrical Defay: 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.

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

s« 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
muiltiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cenificate No: D1750V2-1068_Jun12 Page 2 of 8



Measurement Conditions

DASY Version DASYS v52.8.1
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1750 MHz « 1 MHz i
Head TSL parameters
The following parameters and calculations were applled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0+02)°C 401 6% 1.35mho/m &%
Head TSL temperature change during test <0.5°C e
SAR result with Head TSL
| SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power o4 miV /g

SAR for nominal Head TSL parameters

normalized to 1W

36.1 mW /g + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

479mW /g

SAR for nominal Head TSL parameters

normalized 1o TW

19.3 mW /g £ 16.5 % (k=2)

Body TSL parameters

The following parametars and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 53.4 1.49 mho/m
Measured Body TSL parameters (2202 0.2)°C 525+6% 1.47 mho/m = 6 %
Body TSL temperature change during test <05°C = i
SAR result with Body TSL

| SAR averaged over 1 cm” (1 g) of Body TSL Condition

| SAR measured 250 mW input power S168mW /g

| SAR for nominal Body TSL parameters normalized fo 1TW 36.8 MW / g = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measurad 250 mW input power 495 mW /g

SAR for nominal Body TSL parameters

normalized 10 1W

19.9 mW / g + 16.5 % (k=2)

Certificate No: D1750V2-1068_Jun12
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Appendix

Antenna Parameters with Head TSL

Impedancea, transformed 1o feed polnt 4980 +03 12

Retum Loss -47.7 dB
Antenna Parameters with Body TSL

Impedance, transformead to feed point 4580 +0.7 &

Retum Loss -272dB
General Antenna Parameters and Design

Electrical Delay (one direction} 1.220 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 shor-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not altected by this change, The overall dipole length 1s still

according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered cennections near the

feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Manutactured an

June 15, 2010

Certificate No: D1750V2-1068_Jun12
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1068

Communication System: CW. Frequency: 1750 MHz

Medium parameters used: { = 1750 MHz; o = 1.35 mho/m; &, = 40.1; p = 1000 kgfrn3

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/MEC/ANSI CA3.19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(5.22, 5.22, 5.22), Calibrated: 30.12.201 1;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.8.1(838); SEMCAD X 14.6.5(6469)

Date: 20.06.2012

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 93.456 V/m; Power Dnift = 0.02 dB
Peak SAR (extrapolated) = 15791 mW/g

SAR(1 g) = 8.94 mW/g; SAR(10 g) = 4.79 mW/g
Maximum value of SAR (measured) = 11.0 mW/g

-5.00

-10.00

-15.00

-20.00

-25.00

0dB = 11.0 mW/g = 20.83 dB mW/g

Certificate Na: D1750V2-10688_Jun12 Page Sof 8



Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 20.06.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1068

Communication System:; CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz; 6 = 1.47 mho/m; g, = 52.5; p = 1000 I-:gfm"
Phantom section: Flat Section

Measurement Standard: DASYS (FEEE/TEC/ANSI C63.19-2007)

DASYS52 Configuration:

« Probe: ES3DV3 - SN3205; ConvF(4.85, 4.85, 4.85); Calibrated: 30112201 ;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (back); Type: QDO0OPSOAA; Serial: 1002
« DASY52 52.8.1(838); SEMCAD X 14.6.5(6469)

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 = 92.697 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 15.691 mW/g

SAR(] g) =9.16 mW/g; SAR(10 g) =495 mW/g

Maximum value of SAR (measured) = 11.5 mW/g

160

-7.20

-14.40

0dB=11.5mW/g=21.21 dB mW/g

Certificate No: D1750V2-1088_Jun12 Page 7 of 8



Impedance Measurement Plot for Body TSL
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SPORTON LAB.

FCC Test Report

D1750V2, serial no. 1068 Extended Dipole Calibrations
Referring to KDB865664 D01v01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

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

calibration interval can be extended.

<Justification of the extended calibration>

D1750V2 — serial no. 1068

1750 Head 1750 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta| Return-Loss | Delta Delta Delta
Impedanc Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
e (ohm) (ohm) (ohm) (ohm)
06.20.2012 -47.657 49.816 29.486 -27.154 45.852 60.393
06.20.2013 -47.859 |-0.424%| 50.019 |[-0.203| 28.949 [0.537 -27.268 -0.42% | 45.592 0.26 60.120 0.273

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




seomron 1as.  FCC Test Report

<Dipole Verification Data> - D1750 V2, serial no. 1068 (Date of Measurement : 6.20.2013)
1750 MHz - Head

Log Mag 10.00de/ rRef -20.00dE [F1]

>1 1.7500000 GHz -47.859 dB

10.00

-10.00

1 Start 1.55 GHz TFBVW 70 kHz Stop 2 GHz |

P S11 smith (R+jx) sScale 1.000u [F1 Del]

1 1.7500000 GHz 50.019 Q -3.1416 28949 pF

1 Start 1.55 GHz IFBWY 70 kHz Stop 2 GHz [

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



seomron 1as.  FCC Test Report

1750 MHz - Body

>1 1.7500000 GHz -27.268 dB

10.00

-10. 00

-50.00

1 Start 1.55 GHz

IFBW 70 kHz

Stop 2 GHz [

P 511 smith (R+3jx) Scale 1.000U [F1 Del]

»>1 1.7500000 GHz 45.592 0 -1.5127 0 O-riiﬁ_i;lf_

1 Start 1.55 GHz

IFBW 70 kHz

stop 2 GHz [

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



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 Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 108

Client Sporton (Auden) Certificate No: D1900V2-5d041_Mar13

=TT

Object D1900V2 - SN: 5d041

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

Calibration procedure(s)

Calibration date;

March 20, 2013

Calibration Equipment used (M&TE critical for calibration)

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

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

Approved by:

Katjia Pokovic
L

Technical Manager

This calibration certificate shall nol be reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date (Ceriificate No.) Scheduled Calibration

Power meter EPM-442A GBA37480704 01-Nov-12 {No. 217-01840) Oct-13

Power sensor HP 8481A US37202783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.3/ 06327 27-Mar-12 (No. 217-01533) Apr-13

Reference Probe ES3DV3 SN: 3205 28-Dec-12 (No. ES3-3205_Dec12) Dec-13

DAE4 SN: 601 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

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

Power sensor HP 8481A MY41092317 18-Oct-02 {in house check Oct-11) In house check: Oct-13

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Octl-11) In house check: Oct-13

Network Analyzer HP 8753E US37390585 $4206 18-Oct-01 {in house check Oct-12) In house check: Oct-13
Name Funclion Signature

Calibrated by: Lait Klysner Laboratory Techinizian =9 a-";f"f

Y s~

tssued: March 20, 2013

Certificate No: D1900V2-5d041_Mar13
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurlch, Switzerland

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

Accredited by the Swiss Accraditation 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

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

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

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
paraile! to the body axis.

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

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

o SAR measured: SAR measured at the stated antenna 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.

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: D1300V2-5d041_Mari3 Page 2of 8




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

DASY Version

DASY5 V52.8.5

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0+0.2)°C 383+6% 1.38 mho/m + 6 %

Head TSL temperature change during test <0.5°C e -
SAR result with Head TSL

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

SAR measured 250 mW input power 10.1 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

40.6 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.29 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

21.2 W/kg x 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 mho/m
Measured Body TSL parameters (22.0%£0.2)°C 51.8x6% 1.53 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

10.3 Wkg

SAR for nominal Body TSL parameters

normalized to 1W

0.8 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.42 Wikg

SAR for nominal Body TSL parameters

normalized o 1W

21.5 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d041_Mar13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 507Q+57jQ

Return Loss -249dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4710 +55iQ

Return Loss -238dB

General Antenna Parameters and Design

Electrical Delay (one direction) : 1.202 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 according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on July 04, 2003

Certificate No: D1900V2-5d041_Mar13 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 20.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d041

Communication System: CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; ¢ = 1.38 S/m; & = 39.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASY52 Configuration:

« Probe: ES3DV3 - SN3205; ConvF(4.98, 4,98, 4.98); Calibrated: 28.12.2012;

» Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (front); Type: QDO00PS0AA; Serial: 1001

DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 96.599 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.29 W/kg

Maximum value of SAR (measured) = 12.6 W/kg

-3.60
-7.20
-10.80

-14.40

-18.00

0dB =12.6 W/kg=11.00 dBW/kg

Certificate No: D1900V2-5d041_Mar13 Page 50f 8



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

Date: 20.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d041

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.53 S/m; & = 51.8; p = 1000 kg,/m3
Phantom section: Flat Section

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

DASY52 Configuration:

s Probe: ES3DV3 - SN3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002

DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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 = 96.599 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) =10.3 W/kg; SAR(10 g) = 5.42 W/kg

Maximum value of SAR (measured) = [3.1 Wrkg

-3.60
-1.20
-10.80

-14.40

-18.00

0dB =13.1 W/kg =11.17 dBW/kg
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Impedance Measurement Plot for Body TSL

28 Mar 20813 11:25:53
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.. SCS 108
The Swiss Accreditation Service s one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Client Sporton (Auden) Certificate No: D2450V2-736_Jul11

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 736

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

Calibralion date: July 25, 2011

This ¢alibration cerificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncerlainties with confidence probability are given on the following pages and are par of the certificate.

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

Calibration Equipment used {M&TE critical for calibraticn)

Primary Standards D # Cal Date {Cenrlificate No.} Scheduled Calibration

Power meter EPM-442A GB37480704 08-Oct-10 (Ne. 217-012686) Oct-11

Power sensor HP 8481A US37292783 08-0c¢t-10 (No. 217-012886) Oct-11

Reference 20 dB Attenuator SN: §5086 (20b) 29-Mar-11 (No. 217-01367) Apr-12

Type-N mismatch combination SN: 5047.2 { 0B327 23-Mar-11 (No. 217-01371) Apr-12

Reference Probe ES3DV3 SN: 3205 29-Apr-11 {(No. ES3-3205_Apr11) Apr-12

DAE4 SN: 601 04-Jul-11 {No. DAE4-801_Jul11) Jul-12

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

Power sensor HP 8481A MY41092317 18-Ocl-02 (in house check Oct-03) n house ¢heck: Oct-11

RF generator R&S SMT-08 100005 04-Aug-29 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 54206 18-Oc¢t-01 {in house chack O¢t-10) In house check: Oc¢t-11
Name Function Sigrga'l.;:ne i

Calibrated by: Claudio Leubler Laboratory Technician s 1|,

\

Approved by: Katja Pokovic Technical Manager

Issued: July 25, 2011

This calibration cenificate shall not be reproduced except in full withoul written approval of the laboratory.

Certificate No: D2450V2-736_Jul11 Page 1 of 8



Calibration Laboratory of S,

. SN T S Schweizerischer Kalibrierdienst
Schmid & Partner 5%'\::?%% Service suisse d'étalonnage
Enginee ring AG :!: ,.-;;-..;%'. C Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland é/,;/f//?\’——i‘\? S Swiss Calibration Service
Accredited by the Swiss Accreditation Sarvice (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

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 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:
s 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.

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.

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

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

e SAR measured: SAR measured at the stated antenna 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.

Certificate No: D2450V2-736_Jul11 Page 2 of 8



Measurement Conditions

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

DASY Version DASYS5 V52.6.2

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 389+6% 1.85 mho/m £6 %

Head TSL temperature change during test <0.5°C
SAR result with Head TSL

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

SAR measured 250 mW input power 139mW /g

SAR for nominal Head TSL parameters

normalized to 1W

54.8 mW /g + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.44mW /g

SAR for nominal Head TSL parameters

normalized to 1W

25,6 mW /g + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 51.7+6% 2.00 mho/m £ 6 %
Body TSL temperature change during test <0.5°C -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 133mW/g

SAR for nominal Body TSL parameters

normalized to 1W

52.3 mW /g + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

8.18 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

24.5 mW /g = 16.5 % (k=2)

Certificate No: D2450V2-736_Jul11
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 544Q+15jQ

Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 508Q+28iQ

Return Loss -30.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.159 ns

After long term use with 100W radiated power, enly 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 ling is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals.

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 August 26, 2003

Certificate No: D2450V2-736_Jul11 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 25.07.2011

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 736

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.85 mho/m; &, = 38.9; p = 1000 kg/’m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4,45), Calibrated: 29.04.201]
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics; DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (front}, Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 98.095 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 28.615 W/kg

SAR(1 g) = 13.9 mW/g; SAR(10 g) = 6.44 mW/g

Maximum value of SAR (measured) = 18.121 mW/g

48
— 0

=4 3. 63

13.88

18.50

2313

0dB = 18.120mW/g
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 25.07.2011

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial; D2450V2 - SN: 736

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 2 mho/m; g, = 51.7; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 29.04.2011]
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (back); Type: QDOO0OP50AA; Serial: 1002
DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

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 = 96.550 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.432 W/kg

SAR(1 g) = 13.3 mW/g; SAR(10 g) = 6.18 mW/g

Maximum value of SAR (measured) = 17.294 mW/g

- 4.43

13.28

12.70

22.13

0dB = 17.290mW/g
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Impedance Measurement Plot for Body TSL
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SPORTON LAB.

D2450V2, serial no. 736 Extended Dipole Calibrations
Referring to KDB 865664 D01v01r01, if dipoles are verified in return loss (<-20dB, within 20% of prior

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

the calibration interval can be extended.

<Justification Procedure of Extended Dipole Calibration>

1.

o > 0N

Setup a Network Analyzer (Agilent N5230A) and set the start frequency and stop frequency to Network

Analyzer according to the dipole frequency, at least +/- 200MHz around the calibration point.

Using calibration kit to perform Network Analyzer Open, Short and Load calibration.

Connect the dipole with the calibrated Network Analyzer.

Place the dipole underneath the phantom which is filled with head-simulating or body-simulating liquid.

Set the Network Analyzer frequency by the dipole calibration frequency. Monitor the return-loss and

impedance results with Log Magnitude format and Smith Chart, respectively.

Record the result and compare with the prior calibration. Please check the Appendix C for detail records.

<Justification of the extended calibration>

D2450V2 — serial no. 736

2450 Head 2450 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta | Return-Loss Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
7.25.2011 -27.042 54.398 1.4805 -30.696 50.812 2.8262
7.25.2012 -27.950 -3.365 52.541 1.857 | 0.77343 ]0.707 -31.781 -3.535 50.572 0.24 1.5953 1.2309

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456
FAX : 886-3-328-4978




SPORTON LAB.

<Dipole Verification Data> - D2450 V2, serial no. 736 (Date of Measurement : 7.25.2012)
2450 MHz - Head

File “iew Channel Sweep CaITbration 'I-'race Scale Marker System ‘Window Help

E >1: 2450000 GHz 525410
1.000U7 _ 50243 pH  77.343 mil
100U  Smith

Ch1: Stant 2.25000 GHz —— Stop 2.65000 GHz

Status CH 1: %2 | C 1-Port Delay LCL

File “iew Channel Sweep Caibration 'I-'race Scale Marker System ‘Window Help

5 50.00 - >1: 2450000 GHz -P7.950 dB
10.00dB/
0.00dB  Lagh ||, -

30.00

20.00

10.00

0.00 o

F10.00 ——

 20.00 .
\-\___\\“\\“—) /

-30.00

-40.00

-S0.00
Ch1: Stant 2.25000 GHz —— Stop 2.65000 GHz

Status CH 1: %2 | C 1-Port Delay LCL

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



SPORTON LAB.

2450 MHz — Body

File View Channel Sweep Calibration  Trace Gcale Marker System ‘Window Help

Trigger

50572 0
103.63 pH 1.5953 0

Ch1: Stant 2.25000 GHz ——

Stop 2.65000 GHz

Status

CH 1:

622

| C 1-Port

Delay

LCL

File View Channel Sweep Calibration  Trace Gcale Marker System ‘Window Help

Trigger

10.00dB/
0.00dE  LogM

5000 [Esen

=21

2450000 GHz -p1.781dB

140.00

[30.00

20.00

10.00

0.00

-10.00 (=

-20.00

-30.00

-40.00

-50.00

Ch1: Stant 2.25000 GHz ——

Stop 2.65000 GHz

Status

CH 1:

622

| C 1-Port

Delay

LCL

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978




Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeugheusstrasse 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 Sportan-TW (Auden) Certificate No: D2600V2-1008_Sep11

CALIBRATION CERTIFICATE

Object D2600V2 - SN: 1008

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

Calibration date: September 28, 2011

This calibration certificate documents the traceability 1o national standards, which realize he physical units of measurements (SI).
The measurements and the uncertainties with confidence prabability are given on the following pages and are part of the cedtificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Cerificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 06-0ct-10 (No. 217-01266) Oct-11

Power sensor HP 8481A U837292783 06-Ocl-10 (No. 217-01268) Qct-11

Reference 20 dB Attenuator SN: 55086 (20b) 28-Mar-11 (No. 217-01367) Apr-12

Type-N mismatch combination SN: 5047.2 /06327 29-Mar-11 {No. 217-01371) Apr-12

Reference Probe ES30V3 SN: 3205 29-Apr-11 (No. ES3-3205_Apri1) Apr-12

DAE4 SN: 601 04-Jul-11 (No. DAE4-601_Jul11) Jul-12

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

Power sensor HP 8481A MY41082317 18-Qct-02 (in house check Oct-09) In house check: Oct-11

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Ocl-09) In house check: Oct-11

Network Analyzer HP 8753E U837390585 54206 18-Oct-01 {in house check Oct-10) In house check: Oct-11
Name Function Sitnajure

Calibrated by: Claudio Leubler Laberatory Technician k Ve

\ [ W \

Approved by: Katja Pokovic Technical Manager -~

[4]

et

Issued: September 28, 2011

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certiticate No: D2600V2-1008_Sep11 Page 1 of 8



Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Glossary:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 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 Radicfrequency
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:

Schweizerischer Kalibrierdienst

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

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

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

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.

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

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

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

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

nominal SAR result.

Certilicate No: D2600V2-1008_Sep11 Page 2 of B



Measurement Conditions

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

DASY Version DASY5 V52.6.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2600 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.0 1.968 mho/m

Measured Head TSL parameters (22.0+0.2) °C 37.7+6 % 2.01 mho/m + 8 %

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

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

SAR measured 250 mW input power 149mW/g

SAR for nominal Head TSL parameters

normalized to 1W

58.5 mW /g = 17.0 % {(k=2)

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

condition

SAR measured

250 mW input power

6.61 MW / g

SAR for nominal Head TSL parameters

normalized to 1W

26.1 mW /g £ 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.5 2.16 mho/m
Measured Body TSL parameters {220+ 0.2)°C 51.2+6% 2.21 mho/m + 6 %
Body TSL temperature change during test <05°C e
SAR result with Body TSL
SAR averaged over 1 cm’ {1 g) of Body TSL Condition
SAR measured 250 mW input power 14.2mW/g

SAR for nominal Body TSL parameters

normalized to TW

55.9 mW / g = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.28mW /g

SAR for nominal Body TSL parameters

normalized t¢ 1W

24.9 MW / g + 16.5 % (k=2)

Certificate No; D2600V2-1008_Sep11
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 437 Q-29i0

Return Loss -30.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.50Q -1.8jQ
Return Loss -27.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.153 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.

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

Manufacturaed on December 23, 2006

Certificate No: D2600V2-1008 Sepii Page 4 of 8



DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1008

Communication System: CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; ¢ = 2.01 mho/m; & = 37.7; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS5 {(IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.39, 4.39, 4.39); Calibrated: 29.04.2011
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.201 1

Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001
DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

Date: 28.09.2011

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 99.458 V/m; Power Drift = 0.10 dB
Peak SAR (extrapolated) = 32.309 W/kg

SAR(1 g) = 14.9 mW/g; SAR(10 g) = 6.61 mW/g
Maximum value of SAR (measured) = 19.43]1 mW/g

15.04

20.06

25,07

0dB=19.430mW/g
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1008

Communication System: CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; 6 =2.21 mho/m; g, = 51.2; p = 1000 kg/m3

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.16, 4.16, 4.16); Calibrated: 29.04.2011
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.07.2011

Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
DASY52 52.6.2(482); SEMCAD X 14.4.5(3634)

Date: 27.09.2011

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 = 96.777 V/m; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 29.876 W/kg

SAR(1 g) = 14.2 mW/g; SAR(10 g) = 6.28 mW/g
Maximum value of SAR (measured) = 19.030 mW/g

- 12.00

18.00

24.00

30.00

0 dB = 19.030mW/g
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Impedance Measurement Plot for Body TSL

27 Sep 2811 d1@:26:0@2
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D2600V2, serial no. 1008 Extended Dipole Calibrations
Referring to KDB 865664 D01v01r01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration

interval can be extended.

<Justification Procedure of Extended Dipole Calibration>

1. Setup a Network Analyzer (Agilent N5230A) and set the start frequency and stop frequency to Network
Analyzer according to the dipole frequency, at least +/- 200MHz around the calibration point.

Using calibration kit to perform Network Analyzer Open, Short and Load calibration.

Connect the dipole with the calibrated Network Analyzer.

Place the dipole underneath the phantom which is filled with head-simulating or body-simulating liquid.

o > 0N

Set the Network Analyzer frequency by the dipole calibration frequency. Monitor the return-loss and
impedance results with Log Magnitude format and Smith Chart, respectively.

6. Record the result and compare with the prior calibration. Please check the Appendix C for detail records.

<Justification of the extended calibration>

D2600V2 — serial no. 1008
2600 Head 2600 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss| Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
09.28.2011 -30.810 49.693 -2.8555 -27.697 46.5 -1.8906
09.28.2012 -30.396 1.34 50.228 -0.535 | -2.1176 -0.738 -27.738 -0.148 46.983 -0.483 | -1.9257 0.0351

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

Therefore the verification result should support extended calibration.

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



<Dipole Verification Data> - D2600 V2, serial no. 1008 (Date of Measurement : 9.28.2012)
2600 MHz - Head

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978



2600 MHz — Body

SPORTON INTERNATIONAL INC.
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CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1006

QA CAL-22.v1
Calibration procedure for dipole validation kits between 3-6 GHz

Calibration procedure(s)

Calibralion date:

December 11, 2012

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

All calibrations have been conducled in the closed laboratory facility: environment temperature (22 + 3}°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 01-Nov-12 (No. 217-01640) Oct-13

Powar sensor HP 8481A US37292783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.3 /06327 27-Mar-12 (No. 217-01533) Apr-13

Reference Probe EX3DV4 SN: 3503 30-Dec-11 (No. EX3-3503_Dec11) Dec-12

DAEA4 SN: 601 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

Secondary Standards 1D # Check Date (in house) Scheduled Chack
Power sensor HP B481A MY41092317 18-0ct-02 (in house check Oct-11) In house check: O¢t-13
AF generator R&S SMT-06 100005 04-Aug-99 (In house check Oct-11) in house check: Oct-13
Network Analyzer HP 8753E US37330585 54206 18-Oct-01 (in house check Oct-12} In house check: Oct-13

Calibrated by:

Approved by;

Name
Israe El-Naoug

Katja Pokovic

Function
Laboratory Technician

Technical Managar

Thig calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Signature

Issued: December 11, 2012
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Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland
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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) |IEC 62208-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compiliance 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:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

s FElectrical Defay: 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.

o SAR 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 systemn configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.3
Extrapolation Advanced Extrapolation

Phantom Modular FI;';t Phantorn V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx,dy=4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz + 1 MHz
5300 MHz + 1 MHz
5600 MHz + 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (220=x02)°C 346+£6% 4.46 mho/m =6 %
Head TSL temperature change during test <0.5°C o -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Conditien
SAR measured 100 mW input power 8.05 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

79.8 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.31 Wikg

SAR tfor nominal Head TSL parameters

normalized to 1W

22.8 Wikg = 19.5 % (k=2)

Head TSL parameters at 5300 MHz

The following pararmeters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0+0.2)°C 34.4+6% 4.55 mho/m + 6 %
Head TSL temperature change during test <05°C - ----
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Conditicn
SAR measured 100 mW input power 8.34 Wrkyg

SAR for nominal Head TSL parameters

nermalized to 1W

82.6 W/ kg = 19.9 % (k=2)

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

SAR measured

100 mW input power

2.39 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

23.6 Wikg £ 19.5 % (k=2)
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (_é2.0 +02)°C 340+£6% 4.81 mho/m £ 6 %
Head TSL temperature change during test . <05°C e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.46 W/kyg

SAR for nominal Head TSL parameters

normalized to 1W

83.6 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.41 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wikg + 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters {(22.0£0.2) °C 338+6% 5.04 mho/m + 6 %
Head TSL temperature change during test <0.5°C == e
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.98 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

78.9 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.27 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.4 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominai Body TSL parameters 22.0°C 49.0 5.30 mha/m
Measured Body TSL parameters (éQ.O +02)°C 471 +6% 5.40 mho/m + 6 %
Body TSL temperature change during test - <05°C - -
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.20 W/kg

SAR for nominal Body TSL parameters

normalized to tW

71.4 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.02 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.0 W/kg + 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applisd.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 46.93+6 % 5.51 mho/m + 6 %
Body TSL temperature change during test <05°C e -—-
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 em® {1 g) of Body TSL Condition
SAR measured 100 mW input power 7.41 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

73.5 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.07 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.5 Wikg + 19.5 % (k=2)
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Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters - 220 °C 485 5.77 mho/m
Measured Body TSL parameters (é-2.0 +0.2)°C 46.4 +6 % 5.88 mho/m + 6 %
Body TSL temperature change during test - <0.5°C - e
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.74 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

76.8 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.15 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.3 Wikg + 19.5 % (k=2)

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 46.1+6% 6.17 mho/m + 6 %
Body TSL temperature change during test <05°C -a-n -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.23 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

71.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.00 W/kg

SAR for nominal Body TSL paramelers

normalized to 1W

19.8 W/kg + 19.5 % (k=2)

Certificate No: D5GHzV2-1006_Dec12

Page 6 of 14




Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed io feed peint 51.80-10.7jQ

Return Loss -18.5dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 5610-1.3jQ

Return Loss -246dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 561 0-68jQ

Return Loss -21.4dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed te feed point 5640 +39jQ

Return Loss -23.0dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 5190Q-96(Q

Return Loss - 20.4 dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 56.00+01jQ

Return Loss -24.9dB
Antenna Parameters with Body TSL at 5600 MHz

impedance, transformed to feed point 5690-45ijQ

Return Loss -22.3dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 5740+59iQ

Return Loss -21.1dB

Certificate No: D5GHzV2-1006_Dec12
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.199 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 according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on August 28, 2003
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DASY5 Validation Report for Head TSL

Date: 11.12.2012
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1006

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600 MHz,
Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 4.46 mho/m; &, = 34.6; p = 1000 kg/m” , Medium parameters
used: f=5300 MHz; 6 = 4.55 mho/m; & = 34.4; p = 1000 lcg/m3 , Medium parameters used: f = 5600 MHz,
6 =4.81 mho/m; & = 34; p = 1000 kg,/m3 , Medium parameters used: f= 5800 MHz, ¢ = 5.04 mho/m; & =
33.8; p = 1000 kg/m’

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

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 30.12.2011, ConvF(5.1, 5.1, 5.1);

Calibrated: 30.12.2011, ConvF(4.76, 4.76, 4.76), Calibrated: 30.12.2011, ConvF(4.81, 4.81, 4.81);
Calibrated: 30.12.2011;

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 27.06.2012

» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA,; Serial: 1001
« DASY52 52.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube : Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.579 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 29.6 W/kg

SAR(1 g) = 8.05 W/kg; SAR(10 g) =2.31 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.080 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.6 W/kg

SAR( g) = 8.34 W/kg; SAR(10 g) = 2.39 Wikg

Maximum value of SAR (measured) = 20.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.445 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR( g) = 8.46 W/kg; SAR(10 g) = 2.41 W/kg

Maximum value of SAR (measured) = 20.9 W/kg

Cenificate No: DBGHzV2-1006_Dec12 Page 9 of 14



Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.453 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 33.1 W/kg '

SAR(1 g) = 7.98 W/kg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 20.1 W/kg

-10.00
-20.00
-30.00

-40.00

-50.00

0dB =20.1 W/kg = 13.03 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 10.12.2012
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1006

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600 MHz,
Frequency: 5800 MHz

Medium parameters vsed: f = 5200 MHz; ¢ = 5.4 mho/m; g, = 47.1; p = 1000 kg/m3 , Medium parameters
used: f = 5300 MHz; 6 = 5.51 mho/m; & = 46.9; p = 1000 kg/m’ , Medium parameters used: f = S600 MHz;
o = 5.88 mho/m; g = 46.4; p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz; ¢ = 6.17 mho/m; g, =
46.1; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.91, 491, 4.91); Calibrated: 30.12.2011, ConvF(4.67, 4.67,
4.67); Calibrated: 30.12.2011, ConvF(4.22, 4.22, 4.22); Calibrated: 30.12.2011, ConvF(4.38, 4.38,
4.38); Calibrated: 30.12.2011;

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 27.06.2012

o Phantom: Flat Phantom 5.0 (back); Type: QDOCOPSCAA; Serial: 1002
« DASY52 52.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54.463 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 28.4 W/kg

SAR(1 g) = 7.2 W/kg; SAR(10 g) = 2.02 W/kg

Maximum value of SAR (measured) = 16.8 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 54.513 V/m; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 30.0 W/kg

SAR(1 g) = 7.41 W/kg; SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 17.5 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4min (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 53.974 V/m, Power Drift = -0.06 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) =7.74 W/kg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR (measured) = 19.1 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 50.912 V/m, Power Drift = -0.08 dB )

Peak SAR (extrapolated) = 33.7 W/kg

SAR(1 g) =7.23 W/kg; SAR(10 g) =2 W/kg

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

-10.00
-20.00
-30.00

-40.00

-50.00

0dB = 18.0 W/kg = 12.55 dBW/kg
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Impedance Measurement Plot for Body TSL
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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
« DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

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

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

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

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

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

s« AD Converter Values with inpuls 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.

+ Inpul Offset Current. Typical value for information; Maximum channe! input offset
current, not considering the input resistance.

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

o [ ow Battery Alarm Voitage: 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 = 6.1pV, fullrange = -100...+300 mV
Low Range: 1LSB = 61nvV , fullrange= -1...... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.663 +0.1% (k=2) | 403.465+0.1% (k=2) 405.010 + 0.1% (k=2)
Low Range 3.98578 +0.7% (k=2) | 3.96516 = 0.7% (k=2) 3.99894 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 283°+1°
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 200000.39 2.83 0.00
Channel X + Input 20001.58 1.36 0.01
Channel X - Input -19998.48 2.54 -0
Channel Y + Input 200000.90 334 0.00
Channel ¥ + Input 20000.55 0.30 0.00
Channel ¥ = Input -19999.91 1.23 -0.01
Channel Z + Input 199989.59 1.80 0.00
Channel Z + Input 19998.55 -1.57 -0.01
Channel Z = Input -20004.33 SN 0.02
Low Range Reading (uV) Differance (uV) Error (%)
Channel X + Input 2000.71 0.06 0.00
Channel X + Input 201.15 023 0.11
Channel X - Input -198.08 0.92 -0 46
Channel ¥ + Input 2000.36 013 0.
Channel Y + Input 199.81 -0.95 049
Channel ¥ = Input -200.22 -1.21 0.61
ChannelZ  +Input 2000.89 0.54 003 |
Channel Z + Input 200.06 .72 -0.36
Channel £ - Input -199.79 .68 0.34
2. Common mode sensitivity
DASY measurement parametars: Auto Zerc Time: 3 sec; Measuring time: 3 sec
Common mode High Range i Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 4,83 -5.89
- 200 7.67 5.93
Channel Y 200 -1.85 -2.63
_-200 -0.789 £.35
Channel £ 200 843 -9.27
-200 B.42 8.08
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channal X (V) | Channel ¥ (uV) Channel Z (V)
Channel X 200 -1.46 -2.45
Channel Y 200 9.44 - 0.28
Channel Z 200 4492 6.59 -
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4, AD-Converter Values with inputs shorted

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

High Range (LSB) Low Range (LSB)
Channel X 16053 168715
Channel ¥ 16161 14601
Channel 2 16434 15429

5. Input Offset Measurement

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

Input 10M0
Average (WV) | min, Offset (V) | max. Offset (wV) | ' ?:;:'“““
Channel X 1.04 034 1.84 0.34
Channel ¥ -1.10 -2.50 0.04 0.56
Channel £ -0.63 -1.70 1.29 047
6. Input Offset Current
Nominal Input circuitry offsel current on all channels: <2514
7. Input Resistance (Typical values for Information)
Zeroing (kOhm) Measuring (MOhm)
Channal X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (*+ Vec) +7.8
Supply (- Vee) -7.8
9. Power Consumption (Typical values for information)
Typical valuas Switched off (mA) | Stand by (mA) Transmitting {(mA)
Supply (+ Vec) +0.01 +8 +14
Suppiy (- Vec) 0.0 -8 -
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Glossary

DAE data acquisition electronics

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

coordinale 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.

« 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 Linearily: 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 sensilivity: Influence of a positive or negative common mode voltage on
the differential measurement.

* 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 intemal AD converter
corresponding to zero input voltage

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

* Input Offsel 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.

= 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 Volitage Measurement
A/D - Canverter Resolution nominal

High Range: 1LSB = 6.1V, fullrange = -100...+300 mV
Low Range: 1L8B = 61nV, fullrange = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X ) Y z
High Range 404 .352 + 0.02% (k=2} | 405.328 + 0.02% (k=2) | 405.665 + 0.02% (k=2)
Low Range 3.95207 £ 1.50% (k=2) | 3.99043 £ 1.50% (k=2) | 3.96554 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 780°t1°
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Appendix
1. DC Voltage Linearity

| High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 198989.76 4,83 -0.00
Channet X + Input 20001.54 1.3 0.01
Channel X = Input -199495.66 4.92 -0.02
Channel ¥ + Input 194959502 052 0.00
Channel ¥ + Input 19499.41 -0.85 £0.00
Channel ¥ - Input -12999.04 1.61 0.01
| Channe! Z + Input 199994 08 0.35 0.00
Channel 2 + Input 20002.32 210 0.01
ChannelZ - Input -18998 30 2.51 001
'Low Range Reading (uV} Difference (uV) Error (%)
| Channel X + Input 200120 0.48 0.02
f Channel X + Input 201.11 0.04 0.00
Channel X - Input 198,46 0.25 012
Channel ¥ + Input 2000.81 0.07 .00
Channel ¥ + Input 200,89 014 0,08
Channel Y - Input -188.51 0.20 0,10
Channel Z + Input 2000.568 012 -0.01
Channel Z + qu.'n_ut 188.55 -1.51 .75
Channel Z = Input -199.07 0.42 0.21
2. Common mode sensitivity
DASY measurement paramelers: Auto Zeto Time. J sec, Measuring ime: 3 sec
I Common mode High Range Low Range
Input Voltage (mV) Average Reading (V) Average Reading (uV)
 Channel X 200 321 2.08
- 200 -1 BO 279
Channel Y 200 0.1 -0.18
- 200 -1.32 -1.56
Channel Z 200 an 2.75
- 200 -4.98 4,85
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring ime: 3 sac
Input Voltage (mV) | Channel X (V) | Channel Y (uV) = Channel Z (uV)
Channel X -1.15 203
Channel ¥ 780 - -0.39
Channel Z 5.07 533
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec, Measuring lime: 3 sec

High Range (L58) Low Range (LSB)
Channel X 15807 16438
Channel Y 15756 16659
Channel Z 15883 15889
5. Input Offset Measurement
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec
Input 10MQ
| Average (V) | min. Offset (V) | max.Offset (V) | ' mm'“"
' Channel X -355 4.78 232 0.53
' Channel Y 0.18 -1.48 184 0.63
Channel Z 004 163 1.85 07
6. Input Offset Current
Mominal Input circullry offset current on all channels: <25fA
7. Input Resistance (Typical values for Information)
Zaroing (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) +79
Supply (- Vec) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vee) -0.01 ;! 9
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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
¢ DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

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

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

o 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.

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

¢« 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 intermal AD converter
corresponding to zero input voltage

o 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.

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

e Low Battery Alarm Voltage: Typical value for information. Below this voitage, 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 nominatl

High Range: 1LSB = 6.1uV, fullrange =  -100...+300 mV
Low Range: 1LSB = 61nV , fullrange= -1......+3mV
DASY measurement parameters: Autc Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 405.158 + 0.02% (k=2) | 404.952 + 0.02% (k=2) | 404.290 = 0.02% (k=2)
Low Range 3.98094 + 1.55% (k=2) | 3.97626 + 1.55% (k=2) | 4.00118 + 1.55% (k=2)

Connector Angle

Connector Angle to be used in DASY system 3335°+1°
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Appendix

1. DC Voltage Linearity

High Range Reading (pV) Difference (uV) Error {%)
Channel X + Input 199006 .47 1.09 0.00
Channel X+ Input 20003.76 2.93 0.01
Channel X - Input -19999.36 0.88 -0.00
Channel Y + Input 199994.58 -0.65 -0.00
Channel Y + Input 20001.07 0.39 0.00
Channel Y - Input -20001.20 -0.68 0.00
Channel Z + Input 199998.63 3.51 0.00
Channel Z + Input 20002.19 1.53 0.01
Channel Z - Input -20001.69 -1.19 0.01
Low Range Reading (pV) Difference {uV) Error (%)
Channel X + Input 2001.94 0.86 0.04
Channel X + Input 200.87 -0.55 0.27
Channel X - Input -198.32 0.30 -0.15
Channel Y + Input 2001.04 0.08 0.00
Channel Y + Input 201.54 0.20 010
Channel Y = Input -198.41 0.21 -0.10
Channel Z + Input 2000.79 -0.09 -0.00
Channel Z + Input 200.22 -0.99 -0.49
Channel Z - Input | -199.65 -0.88 0.44
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Tilme: 3 sec; Measuring time: 3 sec
Common motde I High Range | Low Range
Input Voltage (mV) Average Reading (uV) Average Reading {pV)
Channel X 200 18.03 16.81
- 200 -156.22 -17.01
Channel Y 200 8.11 8.20
- 200 -9.48 -9.57
Channel Z 200 -1.17 -1.31
-200 -0.74 -0.94

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

Input Voltage (mV)

Channel X {uV)

Channel Y (pV)

Channel Z (pV)

Channel X 200 - 2.26 -3.75
Channel Y 200 8.26 - 3.07
Channel Z 200 9.62 576 =

Certificate No: DAE4-1279_Jan13
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4. AD-Converter Values with inputs shorted
DASY measurement parameters; Auto Zero Time: 3 sec; Measuring time: 3 sec
T

B | High Range (LSB) Low Range (LSB)

‘ Channel X 15872 15869
Channel Y 16456 16271

| Channel Z | 15940 17304

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

Input 10MQ
Average (uV) min. Offset (V) | max. Offset (uV) e l?:‘\;;ation
Channel X 3.57 2.24 4.78 0.51
Channel Y -1.43 -3.30 0.43 0.71
Channel Z 0.74 ] -0.47 210 0.53
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MCOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information}
Typical values TAlarm Level (VDC)
Supply (+ Vcc) +7.9
I Supply {- Vcc) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mAr!
Supply (+ Vce) +0.01 +8 +14
Supply {- Vco) -0.01 -8 -9
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision Instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit s closed using a screw, over fightening the screw may
cause the threads Inside the DAE lo wear out,

Shipping of the DAE: Belore shipping the DAE to SPEAG for calibration, remove the batieries and pack the
DAE in an antistatic bag, This antistatic bag shall then be packed into a larger box or container which protecis the
DAE from impacts during transportation. The package shall be marked to Indicate that a fragile instrument is
Inside,

E-Stop Fallures Touch delection may be matfunctioning due 1o broken magnets in the E-stop Rough handling
of the E-stop may |lead o damage of these magnets. Touch and collision errors are ofien caused by dust and dint
accumulated in the Estop, To prevent Bstop fallure, the customer shall always mount the probe fo the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair. Minor repairs are performed al no extra cost during the annual calibration. However, SPEAG reserves
ine nght to chame for any repalr especally I rough unprafessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured durng the
calibration procedurs of a DAE unlt, are not used by the DASY software, a nominal value of 200 MOhm Is given
in e corresponding configuration fMe

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:
Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-

stop assembly is allowed by certified SPEAG personnel only and Is part of the annual
calibration procedure,

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TH_BRO40315AD DAE4.doc 11.12.2008
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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
« DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

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

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

+ 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.

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

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

o AD Converter Values with inputs shorted: Values on the intemal AD converter
corresponding to zero input voltage

* Input Offset Measurement: Qutput voltage and statistical results over a large number of
Zero voltage measurements.

+ [npuf Offset Current: Typical value for information, Maximum channel input offset
current, not considering the input resistance.

s Input resistance: Typical value for information; DAE input resistance at the connector,
during intemal auto-zeroing and during measurament.

* [ ow 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 =
Low Range: 1LSB =

6.10V
8inV

full mnge =
full range =

-100...+300 mv

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

Cazlibration Factors

X

Y

z

High Range

404 402 £ 0.02% (k=2)

404.353 £ 0.02% (k=2)

404.206 + 0.02% (k=2)

Low Range

3.99629 + 1.50% (k=2)

3.95703 = 1.50% (k=2)

3.96642  1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

2925°+1°

Certificate No: DAE4-1338_May13
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV} Error (%)
Channel X + Input 199996.69 1.27 0.00
Channel X + Input 20001.18 1.25 0.01
Channel X - Input -20000.12 1.31 -0.01
Channel Y + Input 199995.35 0.12 -0.00
Channel Y + Input 19998.48 -1.43 -0.01
Channel Y - Input -20004.69 -3.18 0.02
Channel 2 + [nput 199995.64 0.10 0.00
Channel 2 + Input 19997.74 -2.10 -0.01
Channel Z - Input -20002.35 -0.79 0.00
Low Range Reading (uV) Difference (uV) Error (%) |
Channel X +input 2000.67 0.32 0.02
Channel X + [nput 20113 0.3¢9 019
Channel X - Input -199.14 0.07 -0.03
Channel ¥ + Input 2000.65 0.33 0.02
Channeal ¥ + Input 200.09 -0.61 -0.30
Channel Y - Input -200.41 -1.20 0.60
Channel Z + Input 1999.85 -0.34 -0.02
Channel Z + Input 199.51 -1.13 -0.56
Channel Z - Input -200.24 -0.86 0.43
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 (pV)
Channel X 200 -2.98 433
- 200 5.70 4.14
Channel ¥ 200 -15.08 -15.09
-200 13.29 12.93
Channel 2 200 23.15 22.53
-200 -25.07 -25.47

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

Input Voltage (mV)

Channel X {1.V)

Channel Y {L.V)

Channe! Z (uV}

Channel X 200 - 310 -2.27

Channel Y 200 8.08 - 5.67

Channel Z 200 10.02 577 -
Certificate No: DAE4-1338_May13 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 16052 16583
Channel Y 15824 15108
Channel Z 15300 16958

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 (W) | o ?f";;at"’"
Channel X 0.43 -0.95 262 0.61
Channel Y -1.19 -2.54 0.39 050
Channel Z -1.10 272 0.15 0.50
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 (+ Vcc)

+0.01

+6

+14

Supply {- Vcc)

—0.01

4

-9

Certificate No: DAE4-1338_May13

Page 5 of §




Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughaussirasse 43, B0D4 Zurich, Switzerland

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

Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signatories ta the EA
Multilateral Agreement for the recognition of calibratior certificates

Client Sporton-CN (Auden) Certificate No: EX3-3697_Sepi2
|CALtERATION CERTIFICATE -

Object EX3DV4 - 5N:3697

Calibration procedure(s) QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAILL-25.v4

Calibration procedure for dosimetric E-fisld probes

Calibration date: Saptambear 28, 2012

This calibration certificale docurnents the traceability to naticnal standards, which realize the physical units of measurements (S1).
The measurements and the uncerainties with confidence probabilily are given on the foliowing pages and are part of the cerlificate.

All calibretions have been cenducted in the ¢losed laboratory facility: environment temperature (22 £ 3)°C and hurmidity < 70%.

Calibration Equipment used (M&TE critical for calibralion)

| Primary Standards : 10 Cal Date (Certificate No.) Scheduled Calibration
‘ Power mater E4419B | GB41293874 29-Mar-12 (No. 217-01508}) Apr-13
‘ Power sensor E4412A | MY41498087 29-Mar-12 (No. 217-01508) Apr-13
l Reference 3 dB Attenuator | SN: $5054 {3c) 27-Mar-12 (No. 217-01531) Apr-13
‘ Reference 20 dB Attenuator SN: 55086 {20b) 27-Mar-12 (No. 217-01520) Apr-13 -
| Reference 30 dB Attenuater SN: §5129 (30b} 27-Mar-12 {(No. 217-01532) Apr-13
Reference Probe ES3DVZ SN: 3013 29-Dec-11 {No. ES3-3013_Dec11) | Dec-12 -
DAE4 SN: 860 20-Jun-12 (No. DAE4-660 Jun12) Jun-13 s
I —
Secondary Standards 1 1D Check Date {in house) Scheduled Check
RF generator HP 8648C | Us3642U01700 4-Aug-99 (in house check Apr-11} In house check: Apr-13
J Network Analyzer HP 8753E E UE37350585 18-0¢t-01 (in house check Qel-11) In house check: Oct-12
Name Function ﬁgnat:’:re — 1
Calibrated by: Shinndio’ Lenitiar Laboratary Teohrécar ', '-L\
' e
Approved by: atis Poluavic Teehinizal Manarar ; 5
e
issued: September 28, 2012
This calibration oertiﬁc_gE she_l!n_ot Ee._rg_@d_uc_ej except in fuli \m'lhoutirit!en ap_proval @? laboratary.
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Calibration Laboratory of S,

' R A Schweizerischer Kalibrierdienst
Schmid & Partner §“\E\--‘ —==-% Service suisse d'étalonnage
Engineering AG e ‘:'___... : Servizio svizzero di laratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’r/,,’/'_ ol b Swiss Calibration Service
Ascredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108

The Swisa Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration centificates

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, C modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 8 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 3 =0 is normal to prabe axis

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 Human Head from Wireless Communications Devices: Measurement
Techniques”, December 2003

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) lor 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:
o NORMx,y, z: Assessed for E-field polarization § = 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,y,z does not affect the E2-field
uncertainty inside TSL (see below ConvF).

s  NORM(fx,y.z = NORMx.y,z * frequancy_response (see Frequency Respanse Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncentainty 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 s the Peak ta Average Ratio that is not calibrated but determined based an the signal
characteristics

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

«  ConvF and Boundary Effect Parameters; Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensalion (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 NORMXx.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.

s Spherical isotropy (3D deviation from isofropy): in a field of low gradients realized using a fiat 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.

Certificate No: EX3-3697_Sepi12 Page 2 of 11




EX3DV4 — SN:3697 Septembper 28, 2012

Probe EX3DV4

SN:3697

Manufactured:  April 22, 2009
Calibrated: September 28, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 sysiem!)
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EX30V4- SN:3697

September 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Basic Calibration Parameters

‘ Sensor X Sensor Y . Sensor Z Jrc (k=2)
LI\J_O@ uVA(VImyA 0.47 0.47 ] 082 +10.1 %
" DCP (mV) 99.1 99.9 | 98.4 -
Modulation Calibration Parameters
| uID Communication System Name PAR A B C VR T yunc® |
| dB dB dB mv. o k=2)
0 cwW 0.00 0.00 000 [ 100 | 1540 | #35%
0.00 0.00 1.00 | 1541 ]
0.00 000 | 1.00 157.5 |

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

f‘The uncertainties of NormX,Y,Z do not affect the E*-field uacertainty inside TSL (see Pages 5 and B).

® Numerical linearization parameter: unceriainty not required.

* Uncertainty is determined using the max. deviation from linear respanse applying rectangular distribution and is expressed for the sguare of the

fisld value.

Certificate No: EX3-3697_Sep12
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EX30V4- SN:3697 September 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Calibration Parameter Determined in Head Tissue Simulating Media

T Reilat.ive . ‘C(;nduct]Fvlty L | Depth —I Un_ct. |
_f (MHz) | Permittivity (Sfm)__‘ ConvF X | ConvFY ConvFZ | Alpha | (mm) | (k=2)
750 J; 419 ‘0.89 | 898 §.98 | 8.98 0.18 | 141 | £120%
835 41.5 0.80 B 8.64 B8.64 8.64 0.34 0.95 +120% |
900 | 41.5 0.97 ‘ B8.66 ‘ B66 | 866 0-534 0.69 " £12.0% |
| 1450 40.5 1.20 8.18 J 8.19 8.19 0.16 1.83 +12.0%
= =1 : —
1750 | 40.1 1.37 | 770 , 7.70 7.70 0.60 069 | £120%
1900 1| 40.0 1.40 743 . 7.43 7.43 0.51_‘ 0.74 +12.0%
. 2000 L 40.0 1.40 736 | 7.36 7.36 | 063 | 066 . +120%
2300 39.5 1.67 6.93 6.93 693 | 0.34 0.91 £120% |
l 2450 39.2 180 658 | 658 | 658 | 028 ‘_ 1.01 Jl_ +12.0 % |
! 2600 39.0 [ 1.96 ] 6.42 642 | 642 | 0.40 | o081 | +120% !
5200 36.0 . 466 4.86% 4.86 4.86 | 030 | 180 | #131%
5500 35.6 | 4.96 460 460 | 460 0.30 180 | £131%
5600 35.5 5.07 425 4.25 l: 4.25 035 ;| 1.80 +131% |
5800 35.3 5.27 | 4728 428 | 428 | 045 | 180 \l +13.1% _:

€ Frequency validity 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 tha ConvF uncentainty at calibration frequency and the uncerainty for the indicated frequency band.

At frequencies below 3 Gl4z, the validity of tissue parameters (r and o) can be relaxed to + 10% if liquid compensation farmula 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 uncerainty for indicated target lissue paramelers.

Certificate No: EX3-3627_Sepi2 Page 5 of 11




EX3DV4- SN:3697 September 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Calibration Parameter Determined in Body Tissue Simulating Media

f . l Relative _ 'Conguctirvily | " Depth | Un=ct. |
(MHz)~ | Permittivity (&/m) ConvFX | ConvFY | ConvFZ | Alpha {mm} | (k=2) _I‘
750 55.5 | 0.96 8.86 8.86 8.86 0.49 0.78 | +120% |
| 835 55.2 ‘ 0.97 B65 -~ 865 | 865 | 0.30 108 | $120%
900 ‘ 55.0 ‘ 1.05 B&7 | 857 857 033 ! 1.01 +12.0%
1450 54.0 1.30 780 780 7.80 0.19 1.80  +12.0%
1750 | 53.4 ‘ 1.49 . 7.26 | 7.26 7.26 0.46 0.79 +12.0 %
1900 ‘ 533 W 1.52 6.96 6.96 _ 698 | 0.40 0.83 ‘ +12.0%
2000 53.3 1.52 7.10 7.10 ‘ 710 | 0.33 080 | ¥120%
2300 | 52.9 1.81 6.76 6.76 676 054 0.72 _*12.0%
2450 827 185 6.57 657 |, 657 | 075 . 057 ' £120%
2600 52.5 2.16 6.40 6.40 6.40 1 080 056 +120%
5200 | 490 530 428 | 429 4.29 0.40 L ) 1.90_T_;1?if40__j|
5500 48.8 5.65 301 [ 3H 391 | 040 ; 190 *+131%
5600 48.5 5.77 3.75 3.75 375 | 040 } 1.90 £13.1 % ‘
5800 | 48.2 6.00 406 4.06 4.06 0.50 ] 1.90 +131 %

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2). else it is restricted to = 50 MHz. The uncerlainty is the RSS
of the ConvF uncertainty at catibration frequency and the uncertainty for the indicated frequency band.

" At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed o = 10% if liquid compensation formuia is applied to
measvred SAR values. At frequencies above 3 GHz, Lhe validity of tissue parameters (e and a) is restricted to + 5%. The uncertainly is the RSS of
the ConvF uncertainty for indicated target tissue parametars.

Certificate No: EX3-3697_Sep12 Paga 6 of 11



EX3DV4- SN:3697

Centificale No: EX3-3697_Sepi2

Frequency response (normalized)

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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EX30Vv4- SN:3897 September 28, 2012

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22

£ =
1 4 am
” a
3 B 5 i
s f
“ .«
T - 3 EY A, £ 2 1
Uz @ i v L EE TR (]
N - s
<
] .
o
- L ] ¥
27 s
i I

T

Tot X ¥ To X Y z

T8 IS ........... S e e R T T e

10

Error [dB]

i i f = 2 2 - 4 e g
-150 160 -50 ¢ 52 qs 150
=l & L
ol Az BOTM 1z 1500 H2 3500 Kbz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4— SN:3697

Seplember 28, 2012

Dynamic Range f(SARyeaq)
(TEM cell , f = 900 MHz)

Input Signal [uV]

I i T T e e
102 10 107 109 107 102
SAR [mW/cm3]
L8|
not compensated compensated
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k=B i e
e 0 | = i e
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103 102 501 100 100 107
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Certificaie No: EX3-3697_Sep12

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3Dv4- SN:35697 September 28, 2012

Conversion Factor Assessment

f = 835 MHz, WGLS R9 (H_convF) f = 1800 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

-10 -08 -06 -04 D2 00 02 04 08 0B 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3897

Seplember 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Other Probe Parameters

| Sensor Arrangement

T

Connector Angle (°)

riangular
911

' Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode “Jisabied |

| Probe Overall Length ) T 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 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 Point 1T mm
Recommended Measurement Distance from Surface T 2mm |

Certificate No: EX3-3697_8Sep12 Page 11 of 11



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasss 43, B004 Zurich, Switzerand

g  Schweizenscher Kalibrierdienst

c Service suisse d'#alonnage

s Servizlo svizzero di taratura
Swiss Colibration Service

Apcredited by the Swies Accraditalion Service (SAS) Accreditation No.. SCS 108
The Swiss Accreditation Sarvice Is one of the signatories to the EA
Multilateral Agreament for 1he recognition of calibration certificates

Calibration date:

Thie calibrabion cenificata documents The traceabity to netions standands, which reafize the physical unts of messurements (51)
The measunements and the uncartafilies wilh confidences probabilty ame ghven on this follewn( pages and mre pan of he cerfificate.

All calibrations have been conducted in the closed isboratory taciity: emaronment tempenture (22 = 3)°C and humidiny < T0%.

Calibration Equipmant psed (METE critical for calbration)

Primiary Standards (=] Cal Date (Cerlificate Mo ) Schaduled Calibration
Power meter E44 198 GB41293074 Da-Apr-13 (Mo, 217-01733) Apr-14
Power zensor E44124 MY4 1498087 04-Apr-13 (Mo, 217-01733) Apr-14
Reference 3 d8 Atenuator SN 85054 (3c) Od-Apr-13 (No, 217-01737) Apr-14
Reference 20 0B Atlenuance SN: 85277 (20x) 04-Apr-13 (No. 217-01735) Apr-14
| Reference 30 ¢8 Aftenuator | SN 55129 (30b) 04-Apr-13 {No. 217-01738) Apr-14
Reference Probe ES30V2 Sh 3013 28-Dec-12 (Mo ES3-3013_Decl) Crec-13
DAES SM- 860 31-Jan-13 (No. DAE4-680_Jan13) Jam-14
Secondary Stendards o Check Tiale {in house) Scheduled Check
RF generator HP BBLEC US 3642001700 4-Aug-56 [in house check Apr-13) in house check: Apr-15
Wetwork Anatyzer HP B753E LIS3TIN0585 18-0ck-01 (in housa check Do 18] in house chack: Oc-13
Catibrated by
Approved by

tasued: June 4, 2013

This cakration cerfificate shall not be meproduced except in full without written approval of the laboratary,
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Calibration Laboratory of

AP ‘
Py Bohwaeizersaher Kallbrierdienst

Schmid & Partner Sarvico sulsse d'étalonnage
Engineering AG Servizio svizzero ol taratura

Zeughausstrasse 43, B004 Zurich, Switzeriand s Swiss Callbration Service

Accradited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 108

The Swiss Accreditation Sefvice is ane 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, v,z

DCP diode comprassion polnt

CF crest factor (1/duty_cycle) of the RF signal

AB.CD madulation dependent linearization parameters

Polarization ¢ g rotation around probe axis

Polarizalion 8 3 rotation around an axis that is [n the plane normal to probe axis (al measurement center),

e, 8 =0 s normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

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

IEC 62209-1, "Procedure io measure the Specific Absamption 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:

NORMx,y,z; Assessed for E-field polarization & = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: RZ2 waveguﬂa]
NORMx,y.z are only Intermediate values, | .e., the uncertainties of NORMx,y.z does not affect the E-field
uncerfainty Inslde TSL (see below ConvF).

NORM(fx,y,z = NORMx,y.z * fraquency_response (see Frequenay 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 uncenainty of ConvF.

DCPx,y, 2 DCP are numerical linearization paramelers assessed based on the data of power sweep with CW
signal (no uncerainty 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
charactaristics

Axy.2 Bxy.z: Cxy.z; Dxy.z: VRx.y.z A, B, C, Dare numencal linearfzation parameters assessed based on
the data of power sweep for specific modulation signal. The paramalers do not depend on frequency nor
media. VR is the maximum calibration range expressed In RMS voltage across the diode.

ConvF and Boundary Efect Pareametfers: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for | < 800 MHz) and inside waveguide using analytical figid distnbutions based on power
measuremants 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 paramaeters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx, vz * ConvF whereby the uncentainty corresponds to that given for ConvE A frequency dependeant
ConvF is used in DASY version 4.4 and highar which allows extending the validity from + 50 MMz to £ 100
MHz

Sphercal isotropy (3D deviation from isotropy): in a fleld of low gradients reallzed using a flat phantom
axposed by a patch antenna.

Sensor Offset The sensor offset corresponds to the offset of virtual measuremeant centar fram the probe tip
{on probe mxis). No tolerance required,

Certificate No; EX3-3782_Jun13 Page 2 of 11



EX30V4 — SM3TE2 June 4, 2013

Probe EX3DV4

SN:3792

Manufactured:  April 5, 2011
Calibrated; June 4, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASYZ systaml)
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EX30Va- SN.3792 June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Basic Calibration Parameters

| Sensor X Sensor Y | Sensor Z | Unc (k=2)
Norm {uV.’aV.’mﬁ" 064 0.55 ! 0.54 £+10.1%
DCP (mV) 98.2 [ 100.1 . 100.1
Modulation Calibration Parameters
(1][a] Communication System Name | A B c o YR | Unct |
dB dBvVuV d8 mV (k=2)
0 oW X 0.0 0.0 1.0 0.00 1365 +313%
¥ 0.0 0.0 1.0 1749 |
z | oo 0.0 10 1773 ;

The reported uncertainty of measurement is slated 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 NomX.Y .2 de not @lfect the E™-fiski uncertainty ingide TSL (sed Pages 5 and )

® Mumerical lineanzation parsmedat. uncertainly nol reguiesd.

o Uncarainty i datemmined using the max devston from linesr responge apphying reclangulir dstribution and = expressed for the aguare of the
fizld value.

Cenificate No: EX3-3792_Jun13 Page 4 of 11



EX3DV4- 3N:3792 June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)® | Permittivity " (s/m)© ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
835 41.5 0.90 B.86 8.86 B.86 0.52 0.70 +120%
900 41.5 0.97 B.72 8.72 8.72 0.80 0.50 +12.0%
1750 40.1 1.37 7.78 7.78 7.78 0.64 0.64 +12.0%
1800 40.0 1.40 7.51 7.51 7.51 0.53 0.70 +120%
2000 40.0 1.40 7.45 7.45 7.45 0.43 0.79 *12.0%
2300 38.5 1.67 7.18 718 7.18 0.75 0.59 +12.0%
2450 39.2 1.80 6.87 6.87 6.87 0.46 0.76 +120%
2600 - 39.0 1.96 6.69 6.69 6.69 0.38 0.83 +12.0 %
3500 37.8 2.91 6.90 6.90 6.90 1.00 0.54 +131%
5200 36.0 4.66 4.83 4.83 4.83 .40 1.80 +13.1%
5300 359 4.76 4.63 4.63 4.63 0.40 1.80 +131%
5500 35.6 4.86 4.63 4.63 4.63 0.40 1.80 +131%
5600 35.5 5.07 4.54 4.54 4.54 0.35 1.80 £13.1%
5800 353 527 439 4.39 4.39 0.45 1.80 +13.1%

© Frequency validity 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 uncerainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (s 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 (s and &) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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EX3DV4— SN:3792 June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHZ)® | Permittivity " (s/my* ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
835 55.2 0.97 9.15 9.15 9.15 0.46 0.79 £12.0%
900 55.0 1.05 9.05 9.05 9.05 0.80 0.58 £12.0 %
1750 53.4 1.49 7.61 7.61 7.61 0.45 0.81 £120%
1900 53.3 1.52 7.26 7.26 7.26 0.31 0.95 +12.0 %
2000 53.3 1.52 7.37 7.37 7.37 0.29 1.03 +12.0 %
2300 52.9 1.81 7.07 7.07 7.07 0.34 0.86 +12.0 %
2450 52.7 1.95 6.94 .04 6.94 0.80 0.50 +12.0 %
2600 525 2.16 6.70 6.70 6.70 0.80 0.50 +12.0 %
3500 51.3 3.31 6.26 6.26 6.26 1.00 0.48 +13.1%
5200 49.0 5.30 4.27 4.27 4.27 0.45 1.80 +13.1 %
5300 48.9 5.42 4.12 4.12 412 0.45 1.90 +131%
5500 48.6 5.65 3.86 3.86 3.86 0.45 1.90 +13.1%
5600 48.5 5.77 3.81 3.81 3.81 0.40 1.90 +131%
5800 48.2 6.00 3.92 3.92 3.92 0.50 1.90 +13.1%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else it is restricted to + 50 MHz. The uncenainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency bang.

F At frequencies below 3 GHz, the validity of tissue parameters (r ang o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the valigity of tissue parameters (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for ingicated target tissue parameters.
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EX30V4- SN:3792 June 4, 2013

Frequency Response of E-Field
(TEM-Cell:Ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Respanse of E-field: £ 6.3% (k=2)
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EX3DVa- SN 3792 June 4, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz. TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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June 4, 2013

EX3DV4- 5N:3TH2

Dynamic Range f(SARpeaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX30V4- SN:AT92

June 4, 2013
Conversion Factor Assessment
=900 MHz, WGLS RS (H_comF) 1= 1750 MHz WGLS R22 {H_conmvF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz
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Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3792

June 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Other Probe Parameters

Sensor Arrangement Triangular ‘
Connector Angle (°) 298
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe QOverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 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 Point 1 mm
Recommended Measurement Distance from Surface 2mm

Certificate No: EX3-3792_Jun13
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Accradited by the Swiss Accreditaton Service (345)
The Swiss Accreditation Sarvice is one of the signatores to tha FA
Multilateral Agreement for the recognition of callbration cenificates

Accreditation No.! SCS 108

Calibration

Calibration procegure(s) QA CAL-01.v8, QA ~3, QA CAL-23.v4, QA CAL-25v4
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Coaliraton dete:

June 12, 2013

This calibration cartificate documents the traceabliity 10 nationa) sienderts, wheh realizs the physacal units of messuremen (51)
The measurements. and the uncedaimties with confidence probablity are given on the foliowing pages and e part of the cestificale,

All calinrations heve been conducted i the closed taboratory teciify. environment termpamaiure {22 £ 3;°C and humidity < T0%

Calibration Equipment used (MATE ortical for calibration)

Primary Standards iD Cal Dats (Cerificate No.) Scheduled Caltbration
Piower meter E44198 GB4 1283874 Od.Apr-13 (No. 217.01733) Apr-14
Power sansor E44124, Y 1 4BH0OBT 0d-Apr-13 (Mo, 217-01733) Apr-14
Beference 3 dB Attenuator Sh: SB0Sd (3c) Dd-Apr-13 (Mo 217-01737) Apr-id
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| Metwirk Anabvoer HP 87536 USI7T 300585 15-Oct-01 fin howse check Oct-12) i house chock: Oct-13
MName Functon
Calibrated by: Chiuicdes L pubier i mharatery Tachmscan
Approved by Katje Pokowic. Tecnnical Manager
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Calibration Laboratory of U,

;i & Ry s, Schweizerischer Kaiibrierdienst
Schmid & Pariner — Service suisse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland i/,ﬁf Swiss Calibration Service
LT T
Accredited by the Swigs Accreditation Service (SAS) Accreditation Ne.: 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.v.2

oCcr diode compression point

CF crest factor (1/duty_cycle) of the RF signal

ABCD madulation dependent linearization parameters

Polarization o o rotation around probe axis

Polarization & 5 rotation around an axis that is in the plane normal to probe axis (at measurement cenler),

i.e., 8 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

|EEE Std 1528-2003, "IEEE Recommended Practice for Daetermining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, December 2003

[EC 622089-1, *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

Methods Applied and Interpretation of Parameters:

NORMx,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, |.e., the uncertainties of NORMx,y,z does not affect the E*field
uncerainty inside TSL (see below CornvF).

NOEMTx, v,z = NORMx, v,z * frequency_response (see Freguency Response Chart). This linearization is
implemeanted in DASY4 software versions later than 4.2, The uncentainty of the frequency response s included
in the stated uncerainty of ConvF.

DCPy,yz: BCP 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 Ralio that is not calibrated but determined based on the signal
characteristics

Axy.z: Bxyz Cxy.z Dxyz VRxy.z. A B, C, Dare 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 calibrafion range expressed in RMS voltage across the diode.

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

Spherical isofropy (30 deviation from rsotropy): in a field of low gradients realized using a flat phantom
gxposed by a patch antenna.

Sensor Offset. The sensor offset corresponds to the offset of viriual measurement center from the probe tip
{on probe axis). No tolerance required

Cerificate No: EX3-3925_Jun13 Page 2 of 11



EXIDV4 - SN:3825 Juna 12, 2013

Probe EX3DV4

SN:3925

Manufactured:  March 8, 2013
Calibrated: June 12, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX30V4- SN:3825

June 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Basic Calibration Parameters

Sensor X Sensor’Y SensorZ Unc (k=2)
Norm (uV/(Vim)*)* 0.59 0.52 0.50 +10.1 %
DCP (mV)® 98.2 98.5 98.1
Modulation Calibraticn Parameters
UID Communication System Name A B c D VR Unct
dB dBvpV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 134.8 +3.5%
Y 0.0 0.0 1.0 175.7
z 0.0 0.0 1.0 169.4 ]

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%.

* The uncertainties of NormX.Y.Z do not atfect the FXfield uncertainty inside TSL (see Pages 5 and ).

® Numerical linearization parameter: uncertainty not required.

Uncertainty is determined using the max. deviation from linear response applying rectangular gistribution and is expressed for the square of the

field value.

Certificate No: EX3-3925_Jun13
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EX3DVd4- SN 3925 June 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © Punu:hiu}i:i:y' m[s;:rm ConvF X I ConvFY | ConvEZ _ Alpha _m }'Ikg'}
750 419 0.89 10.34 __' 1034 | 1034 | 044 l 080 | $+120%
B35 415 0.90 987 | 987 9.87 029 | 099 | +120%

| 1750 40.1 | 137 B.36 8.36 8.36 056 | 072 | +120%
1900 40.0 1.40 8.13 B.13 8.13 037 | 0.1 | £120%
2150 39.7 1.53 7.89 7.89 7.83 054 | 074 | £120%
2450 39.2 1.80 7.25 7.25 7.25 D59 | 072 | 2120%
5200 36.0 4.66 5.25 5.25 5.25 030 | 180 | +131% |
5300 35,9 476 5.01 5.01 5.01 030 | 180 | +131% |
6500 35,6 4.96 489 4.89 4.89 | 030 | 180 | 2131%
5800 35.5 5.07 473 | 473 a2 | 030 | 1m0 | s131%
5800 253 527 448 | a8 | 448 | 040 | 180 | 2131%

£ Frequency validty of = 100 Miiz only spples for DASY v 4 and higher {see Page 2), eise || s restricted o + 50 MHz The uncerainty is the RSS
of the ConyF unceriainly ol calibration frequency end tha uncertainty for the Indicatod frequency band

F & frequencies below 1 Giz, [he valbety of lissue parameters (& antd a) can be relaced 1o & 10% IF bguid compensation formula is applled to
mezsured SAR values Al frequencies above 3 GHz. the validity of tisaus parasmeten (v and o) is restricted to £ 5%. Tha uncertamty is the RSS of
the Comf uncertainty for mdicaled target fssue paramstsrs

Cerificate No: EX3-3925_Jun13 Page 5 of 11



EX3DV4— SN:3925 June 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHZ) ¢ | Permittivity" (sim)* ConvF X | ConvFY | GonvFZ | Alpha {(mm) {(k=2)
750 55.5 0.96 10.24 10.24 10.24 0.34 0.99 +12.0%
835 55.2 0.97 10.02 10.02 10.02 0.47 0.84 +12.0%
1750 53.4 1.49 8.31 8.31 8.31 0.79 0.81 +12.0%
1900 53.3 1.52 7.91 7.91 7.91 0.36 0.91 £12.0%
2150 53.1 1.66 7.80 7.80 7.80 0.64 0.66 +12.0%
2450 §2.7 1.95 7.44 7.44 7.44 0.80 0.57 +12.0%
5200 49.0 5.30 441 4.41 4.41 0.40 1.90 +13.1%
5300 48.9 542 4.26 4.26 4.28 0.40 1.90 +13.1 %
5500 48.6 5.65 3.98 3.08 3.98 0.45 1,90 £131%
5600 48.5 5.77 3.78 3.78 3.78 0.50 1.90 +13.1%
5800 48.2 6.00 4.00 4.00 4.00 0.50 1.90 +131 %

® Frequency validity 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 ConvE uncertainty at calibration lrequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (e 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 (e and o) is restricted to *+ 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated targel tissue parameters.
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EX30Vi4- SN:3825 June 12, 2013

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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EX3DVd- SN:3925 Jung 12, 2013

Receiving Pattern (¢), 3 =0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment; £ 0.5% (k=2)
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June 12, 2013

EX30V4- SN:2825

(TEM cell , f = 900 MHz)

Dynamic Range f(SARjeaq)
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Uncertainty of Linearity Assessment
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EX30V4i- SN:3525

June 12, 2013
Conversion Factor Assessment
f = 835 MHz WGLS RS (H_canvF) f = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

Deviation

LpbsbooD

comas

<10 -08 -06 -04 -02 0.0 0.2 0.4 0.6 048 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate Mo: EX3.3825_Jun13 Fage 10of 11



BEX3DVa— SN3825 Jung 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3925

Other Probe Parameters

| Sensor Arrangemeant Triangular
Connector Angle () 934
Mechanical Surface Detection Mode i anabled |
Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm

" Probe Body Diameter 10mm
Tip Length gmm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor Z Callbration Point 1 mm
Recommended Measuremant Distance from Surface 2mm
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This calibration cenificate documents the receabdity to nationa! standards, which reakze Ihe physical unils of measwemenis (S1)
The measurements and tha uncanaintes with confidence probability are given on 1he foliowng pages and are pan of Me cenificate.

AN calibrations have been conducted in the closed laboratory facikty: envinonment lemparddues (22 £ 31°C and humidity < 7.

Calibration Equipment used (M&TE critical lor caibration)

| Frimary Standards [[n] Cal Dote (Conificate Mo,) Scheduled Calibration
| Powsr meler E44 158 (3841283874 28-Mar-12 (Mo, 217-01508) Apr-13
Powar sansor E44128 Ny 1488087 28-Mar-12 {MNo. 217-01508} Apr-13
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_Rafarence 20 dB Atlenuato SM: S5086 (20b) 27-Mar-12 {No. 217401529) Apr-13
Reference 30 dB Atienuator SN: 85138 (308) 47-Mar-12 (Ho. 21701532} Apr13
Relemnce Probe ESI0V2 SN 3013 28-Dee-12 (No. ES3-3013_Dec12) [ec-13
DAEa SN 660 20-Jum-12 {No. DAE4-860_Jun12) Jun-13
Secondary Siandasms [a] Check Date (in housa) Schaduled Chack
| RF geneealor HP BS4RC US342004700 4-Aig-20 (in house ofeck Ap-11) In houss check: Apr-13
Metwodk Analyrse HP B753E USI7390565 18-0ct-01 (i house chack Oa-12) in house chedk: Oct-13
Calibraied by
Approved by.

Issusd. January 15, 2013

This calibration cenificate shall nol be reproduced excepl In full withou! written approval of the Iaboratory.
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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 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMXx,y,z sensifivity in free space

ConvF sensifivity in TSL / NORMx,y,z

DCP diode compression point

GiF crest factor (1/duty_cycle) of the RF signal

A B,C,D modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

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

i.e., 8 = 0is normal to probe axis

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 Human Head from Wireless Communications Devices: Measurement
Techniques", December 2003

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

Methods Applied and Interpretation of Parameters:
*  NORMx,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 EZ-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.

s  DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with C\W
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

o Axy,z, Bxy.z; Cx.y.z; Dxy,z; VRxy,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.

«  ConvfF and Boundary Effect Paramelers: 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, v,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.

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

s Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.
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EX3DV4 — SN:3661 January 15, 2013

Probe EX3DV4

SN:3661

Manufactured: October 20, 2008
Calibrated: January 15, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3661 January 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3661

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (uV/(Vim)>)* 0.49 0.51 0.46 +10.1 %
DCP (mV)°® 96.2 97.5 99.3

Modulation Calibration Parameters

uD Communication System Name A B C D VR Unc™
dB dBvVuv dB mvV (k=2)
0 Ccw X 0.0 0.0 1.0 0.00 147 .6 +3.3%
Y 0.0 0.0 1.0 171.7
Z 0.0 0.0 1.0 152.3

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 da not affect the E*-field uncertainty inside TSL (see Pages 5 and 6).
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.3661 January 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3661

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth Unct.
f(MHz)C | Permittivity " (8im) F ConvFX | ConvFY | ConvFZ | Alpha {mm) (k=2)
750 41.9 0.89 10.06 10.06 10.06 0.59 0.68 +12.0 %
835 415 0.90 9.81 0.81 9.81 0.19 1.15 +12.0%
1750 40.1 1.37 8.33 8.33 8.33 0.66 0.62 +12.0 %
1900 40.0 1.40 8.10 8.10 8.10 0.57 0.69 +120%
2450 39.2 1.80 7.45 7.45 7.45 0.32 0.88 +12.0%
5200 36.0 4.66 5.11 5.11 5.11 0.30 1.80 +13.1%
5300 35.9 4.76 4.93 4.93 4.93 0.30 1.80 +13.1%
5500 35.6 496 4.65 4.65 4.65 0.40 1.80 £13.1 %
5600 35.5 5.07 4.27 4.27 4.27 0.45 1.80 +131%
5800 35.3 5.27 4.40 4.40 4.40 045 1.80 +131 %

¢ Frequency validity of + 100 MHz only applies fcr DASY v4.4 and higher (see Page 2), else it is restricied to = 50 MHz. The uncerainly is the RSS
of the ConvF uncertainty at calibration frequency and the unceriainty for the indicated frequency band.

F A frecuencies below 3 GHz, the validity of tissue paramelers (£ and o) ¢an be relaxed lo = 10% if liquid compensation formula is applied 1o
measured SAR values. Al frequencies above 3 GHz, the validity of lissue paramelers (¢ and o) is restricted 16 + 5%. The uncerainly is the RSS of
the ConvF uncerainty for indicated target lissue parameters.

Cenrlificate No: EX3-3661_Jan13 Page 5 of 11



EX3DV4- SN:3661 January 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3661

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MH2)® | Permittivity (s/m)*f ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 55.5 0.96 9.83 9.83 9.83 0.48 0.84 +12.0%
835 55.2 0.97 9.64 9.64 9.64 0.42 0.88 +12.0%
1750 53.4 1.49 8.15 8.15 8.15 0.28 1.03 +12.0%
1900 53.3 1.52 7.72 7.72 7.72 0.32 0.94 +12.0%
2450 52.7 1.95 7.35 7.35 7.35 0.76 0.55 +12.0%
5200 49.0 5.30 4.46 4.46 4.46 0.50 1.90 +13.1 %
5300 48.9 5.42 4.29 4.29 4.29 0.50 1.90 +13.1%
5500 48.6 5.65 4.16 4.16 4.18 0.50 1.90 131 %
5600 48.5 5.77 4.13 4.13 4.13 0.45 1.90 +13.1 %
5800 48.2 6.00 3.97 3.97 3.97 0.60 1.90 +131%

¢ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted ta £ 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

f At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validily of tissue parameters (e and a) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue paramelers.
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EX3DVa- SN:3681 January 15, 2013

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 3661 January 15, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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January 15, 2013

EX30V4- SN 3661

Dynamic Range f(SAR}caq)

(TEM cell , f = 900 MHz)
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Uneertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30Va- SN3861 Jdangary 15, 2013

Conversion Factor Assessment

f= 835 MHz, WELS R9 {H_conw) f= 1800 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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EX3DV4- SN:3661 January 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3661

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 18.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disableo
Probe Overali Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diarmeter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Praobe Tip to Sensor Y Calibration Point 1 mm
| Probe Tip fo Sensor Z Calibration Point 1 mm
‘ Recommended Measurement Distance from Surface 2 mm
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland
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Glossary:

TSL lissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMXx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A B C modulation dependent linearization parameters

Polarization ¢  rotation around probe axis

Polarization 8§ 9 rotation around an axis that is in the plane normal to probe axis {al measurement center),

i.e., 8 =0is normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Sid 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

by IEC 62208-1, "Procedure to measure the Specific Absorpiion 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:

s NORMx,y z. Assessed for E-field potarization & = 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).

s NORM(xy,z=NORMxy.z * frequency_response (see Frequency Response Chari). This linearization is
implemented in DASY4 software versions {ater 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 dala of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

s  Axyz Bxyz Cxyz VRxyz A B Care 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.

o  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < B00 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 NORMx, y,z ™ ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent

ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MMz to £ 100
MHz.

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

s Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.
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ES3DV3 — SN:3270 September 28, 2012

Probe ES3DV3

SN:3270

Manufactured:  f~ebruary 25, 2010
Caibrated: September 28, 2612

Calibrated for DASY/=ASY Systems

{Note: non-compatible with DASY2 system!)
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ES3D0V3— SN:3270 September 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor Z | Unc (k=2)
| Norm (uVi(vim)*Y* | 1.11 1.21 122 | +101%
. DCP (mV)® | 101.7 100.7 99.1 ‘

Modulation Calibration Parameters

uiD | Communicafion System Name PAR | A | B ¢ | VR | unc
dB dB B | ™V | (k=2)
Lo JE 000 | X | 000 | 000 | 100 | 1430 | +30%
il vy [ 000 | 000 | 100 | 1145 |
| [z 060 | o000 | 100 | 1497 |

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%.

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

® Numerical linearization parameler: uncertainty not required.

£ Uncentainty is determined using the max. deviaticn from linear response applying reclanguiar distribution and is expressed for the square of the
field value.
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ES3DV3-SN:3270 September 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Calibration Parameter Determined in Head Tissue Simulating Media

[ Relative | Conductivity ‘ 1 Depth Unct. |

‘__f (MHz)¢ | Permittivity" " (8im)" ConvF X ! ConvFY | ConvFZ Wl Alpha (mm) (k=2) !

( 835 | 415 0.90 6.20 | 6.20 6.20 | 0.41 1.63 +12.0% |

;1 900 —! 415 0.97 6.12 612 | 612 0.24 2.13 +12.0 %

| 1?50_\! 40.1 1.37 5.20 520 | 520 W 0.58 1.35 ‘ +12.0 %
1900 ] 40.0 1.40 5.05 5.05 505 } 0.74 1.20 +12.0%
2000 ‘ 40.0 1.40 5.02 L 5.02 ’ 5.02 J 0.76 L1.2o +12.0% !
2450 l 392 1.80 445 | 445 ( 4.45 | 077 |‘ 1.3o_|[_1~12.0 % /

© Frequency validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is resiricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty al calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and «) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted 1o £ 5%. The uncertainly is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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ES3DV3— SN:3270 September 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Calibration Parameter Determined in Body Tissue Simulating Media

' i Relative Conductivity Depth Unct. |

\ f(MHZ) ¢ | Permittivity" {Sim)*© ConvF X MConvFY‘ ConvFZ | Alpha (mm) (ks2)

| 835 | 55.2 | 097 \ 6.16 | 6.16 616 | 036 173 | £120% |
200 55.0 1 1.05 6.10 6.10 610 | 048 1.51 +12.0 % |

1750 53.4 1.49 4.98 498 | 498 D.m 1.79 +12.0%

L 1900 53.3 1.52 4.67 i 467 | 487 | 080 1.18 +12.0%

| 2000 - 53.3 1.82 469 | 4869 4.69 0.76 1.28 +£12.0 %

‘ 2450 52.7 1.95 4.17 417 | 417 075 1.08 .‘ +12.0%

€ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else il is restricted 10 + 50 MHz. The unceriainty is the R$S
of the ConvF uncenainty at calibration frequency and the uncerainty for the indicated frequency band.

F Al frequencies below 3 GHz, the validity of tissue paramelers (£ and a) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al 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 indicaled larget fissue parameters.
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ES3DV3- SN:3270

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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ES3DV3— 8SN:3270 September 28, 2012

Receiving Pattern (¢), 9 =0°
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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ES3DWV3- SN:3270 Seplember 28, 2012

Dynamic Range f(SAReaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: 1 0.6% (k=2)
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ES3DV3— SN:3270 September 28, 2012

Conversion Factor Assessment

f = 835 MHz. WGLS R9 (H_convF) f = 1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)

Certificate No: ES3-3270_Sep12 Page 10 of 11




ES3DV3- SN:3270

September 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -19.3
Mechanical Surface Detection Mode. enabled |
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length 10 mm |
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm |
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3mm |
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