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Client Sporton-TW (Auden) Certificate No: D750V3-1012_May14

CALIBRATION CERTIFICATE |

Object D750V3 - SN: 1012

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

Calibration date: May 16, 2014

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

All calibrations have teen conducted 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.} Scheduleg Calibration
Power meter EPM-4424 GB37480704 09-Oct-13 (No. 217-01827) QOct-14
Power sensor HP 8481A US37292783 09-Oct-13 (No. 217-01827) Oct-14
Power sensor HP 8481A MY41092317 09-Oct-13 (No. 217-01828) Oct-14
Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15
Type-N mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01921) Apr-15
Reference Probe ES3DV3 SN: 3205 30-Dec-13 {No. ES3-3205_Dec13) Dec-14
DAE4 SN: 601 30-Apr-14 (No. DAE4-601_Apri4) Apr-15
Secondary Standards 1D # Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Network Analyzer HP 8753E U837350585 S4206 18-Oct-01 {in house check Oct-13) In house check: Oct-14
Narme Function .'S.igns?q‘:J '
Calibrated ty: Claudio Leubler Laboratory Technician I'l. L |
\

Approved by: Katja Pokovic Technical Manager / ,’:Z’ia:’:7/_ﬂ
e e e

Issued: May 20, 2014

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

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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.

o Antenna Parameters with TSL: The dipole is mounted with the spacer to positicon 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.

o 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.

e 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%.
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Measurement Conditions

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

DASY Version DASY5 Vv52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0+0.2)°C 404+6% 0.92 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

SAR measured 250 mW input power 2.10 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.36 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

5.30 W/kg + 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 56.8+6% 1.00 mho/m +6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.22 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

8.65 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.45 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D750V3-1012_May14
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Appendix

Antenna Parameters with Head TSL

impedance, transformed to feed point 541Q+08jQ
Return Loss -28.0dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 4820 -1.9jQ
Return Loss L -315dB

General Antenna Parameters and Design

Electrical Delay {cne direction) 1.035ns

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 toc improve matching when loaded according 1o 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: 16.05.2014

Test Laboratory: SPEAG, Zurich, 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; g, = 40.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.37, 6.37, 6.37); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

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

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 53.52 V/m; Power Drift = 0.0] dB

Peak SAR (extrapolated) = 3.18 W/kg

SAR(1 g) = 2.1 W/kg; SAR(10 g) = 1.36 W/kg

Maximum value of SAR (measured) = 2.46 W/kg

= -6.00

-3.00

-9.00

-12.00

-15.00

0dB =2.46 W/kg =3.91 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, 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; ¢ = 1 $/m; & = 56.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(6.13, 6.13, 6.13); Calibrated: 30.12.2013;
* Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantomn 4.9L; Type: QDO00P49AA; Serial: 1001

« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 15.05.2014

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 = 52.79 V/m; Power Drift = 0.00 dB
Peak SAR (extrapolated) = 3.30 W/kg

SAR(1 g) = 2.22 W/kg; SAR(10 g) = 1.45 W/kg
Maximum value of SAR (measured) = 2.60 W/kg

-4.80

-7.20

-12.00

0dB =2.60 W/kg =4.15 dBW/kg
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Impedance Measurement Plot for Body TSL
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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

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 Sporton-TW (Auden) Certificate No: D835V2-499_Mar14
|CALIBRATION CERTIFICATE |
Object D835V2 - SN: 499
Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Cafibration date: March 24, 2014

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

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

Calibration Equipment used {M&TE critical for calibration)

Primary Standards 1D 4 Cal Date {Ceriificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) Oct-14

Power sensar HP 8481A US37292783 09-Oc¢t-13 (No. 217-01827) Oct-14

Power sensor HP 8481A MY41092317 09-Oct-13 (No. 217-01828) Oct-14

Reference 20 dB Attenuator SN: 5058 (20Kk) 04-Apr-13 {No. 217-01736) Apr-14

Type-N mismatch combination SN: 5047.3 /06327 04-Apr-13 {No. 217-01739) Apr-14

Reference Probe ES3DV3 SN: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 25-Apr-13 (No. DAE4-801_Apri3) Apr-id

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) in house check: Oct-16

Network Analyzer HP 8753E LIS37390585 54206 18-Oct-01 (in house check Oct-13) In house chack: Oct-14
Name Function Signature

Calibrated by: Israe EI-Naougq Laboratory Technician T

b :/;_r
( e éj;’ﬂ;—’mmﬂ}f

Approved by: Katja Pokovic Technical Manager

Issued: Mareh 24, 2014

This caliration cenificate shall not be reproduced except in full without written approval of the laboratory.
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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

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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.

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 unceriainty 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.

e 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 unceriainty 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: D835V2-499_Mar14 Page2of 8



Measurement Conditions

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

DASY Version DASYS Vv52.8.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.80 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 40.5+6 % 0.94 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 2.37 W/kyg

SAR for nominal Head TSL parameters

normalized to TW

9.13 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.53 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0£0.2) °C 5506 % 1.01 mho/m +6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 2.44 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

9.46 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.58 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.17 W/kg = 16.5 % (k=2}

Certificate No: D835V2-499_Mar14
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 527Q-28iQ
Return Loss -28.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 472Q-56jQ
Return Loss -23.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.381 ns

After long term use with 100W radiated power, only a slight warming of the dipcle 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 sheri-circuited for DC-signals. On soeme 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
feedpeint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 10, 2003
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DASY5 Validation Report for Head TSL

Date: 24.03.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: DR35V2 - SN: 499

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.94 S/m; &, =40.5; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS5?2 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.22, 6.22, 6.22); Calibrated: 30.12.2013,
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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 = 56.333 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.60 W/kg

SAR(1 g) = 2.37 W/kg; SAR(10 g) = 1.53 W/kg

Maximum value of SAR (measured} = 2.80 W/kg

-2.40
-4.80
-7.20

9.60

12.00

0 dB = 2.80 W/kg = 4.47 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date:; 24.03.2014

Test Laboratory: SPEAG, Zurich, Switzerland

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

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; ¢ = 1.01 S/m; & = 55; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.09, 6.09, 6.09); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Snu601; Calibrated: 25.04.2013

Phantom: Flat Phantom 4.9L; Type: QDO00OP49AA; Serial: 1001

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

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 = 54.909 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.65 W/kg

SAR(1 g) = 2.44 W/kg; SAR(10 g) = 1.58 W/kg

Maximum value of SAR (measured) = 2.86 W/kg

-3.00

-9.00

-12.00

-15.00

0 dB =2.86 W/kg =4.56 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

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
Multilaterai Agreement for the recognition of calibration certificates

client  Sporton-TW (Auden) Certificate No: D1750V2-1068_Nov13
[CALIBRATION CERTIFICATE

Object D1750V2 - SN: 1068

Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: November 27, 2013

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) Oct-14 N
Power sensor HP 84B1A U837282783 09-Oct-13 (No. 217-01827) Oct-14
Power sensor HP 8481A MY41092317 09-Oct-13 (No. 217-01828) Oct-14
Reterence 20 dB Attenuator SN: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14
Type-N mismatch combination SN: 5047.3 /06327 04-Apr-13 {No. 217-01739) Apr-14
Reference Probe ES3DV3 SN: 3205 2B-0ec-12 (No. ES3-3205_Dec12) Dec-13
DAE4 SN: 601 25-Apr-13 (No. DAE4-801_Apri3) Apr-14
Secondary Standards ] D # Check Date (in house) Scheduled Check
RF generator R&S SMT-06 T 100005 04-Aug-99 {in house check Oct-13) In house check: Oct-15
Network Analyzer HP 8753E US37390585 84206 18-Oct-01 {in house check Oct-13) In house check: Oct-14
Name Function Signature
Caiibrated by: Jeton Kastrati Laboratory Technician _—— ( i/ iﬁ =
R V.
Ilu B JR
Approved by: Katja Pokovic Technical Manager e
ﬁ::;:ﬁf@._.-

Issued: November 27, 2013

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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. . Wy,
Calibration Laboratory of ~‘\\\\®ﬂ7’ Schweizerischer Kalibrierdienst

Schmid & Partner i‘ia“-é\?}/é Service suisse d'étalonnage
Engineering AG Ii:/,/i_\.-f'__‘\.._\\:: Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland A ///—_\\\‘\v‘ Swiss Calibration Service
vely )W
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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.

o 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.

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.

o 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%.
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Measurement Conditions

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

| DASY Version DASY5 V52.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz + 1 MHz |
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 430.1 1.37 mho/m
Measured Head TSL parameters (22.0£0.2)°C 40.0+6 % 1.37 mho/m +6 %
Head TSL temperature change during test <05°C L e -
SAR result with Head TSL
&AH averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.33 W/kg
SAR for nominal Head TSL parameters normalized to 1W 37.3 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL T condition T
SAR measured 250 mW input power 4.94 W/kg
SAR for nominal Head TSL parameters normalized to 1W 19.8 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 534 1.49 mho/m
Measured Body TSL parameters (22.0+0.2) °C 53.0x6% 1.48 mho/m £ 6 %
Body TSL temperature change during test L <0.5°C -—-- -
SAR result with Body TSL
EAH averaged over 1 cm® (1 g) of Body TSL Condition -

SAR measured

250 mW input power

9.34 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

37.5 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.02 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.1 Wikg = 16.5 % (k=2)

Certificate No: D1750V2-1068_Nov13
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Appendix

Antenna Parameters with Head TSL

rImpe:dance. transformed to feed point 4880-0.2i1Q
Return Loss -51.3dB
Antenna Parameters with Body TSL
rlmpedance, transformed to feed point 454 Q -0.3j0
Return Loss - 28.3dB
General Antenna Parameters and Design
Electrical Delay (one direction) 1.221ns

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 dipoie 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

June 15, 2010

Certificate No: D1750V2-1068_Nov13
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DASY5 Validation Report for Head TSL

Date: 27.11.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1068

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

Medium parameters used: f = 1750 MHz; ¢ = 1.37 S/m; & = 40; p = 1000 kgjm3
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(5.18, 5.18, 5.18); Calibrated: 28.12.2012;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
+ FElectronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 5.0 (front); Type: QDO00OP50AA; Serial: 1001
« DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 96.458 V/m; Power Drift =-0.17 dB

Peak SAR (extrapolated) = 16.9 W/kg

SAR(1 g) = 9.33 W/kg; SAR(10 g) = 4.94 W/kg

Maximum value of SAR (measured) = 11.6 W/kg

dB

-4.00

-8.00

-12.00

-16.00

-20.00

0dB =11.6 W/kg = 10.64 dBW/kg
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Impedance Measurement Plot for Head TSL

Z7¥ How 2813 18:17:37

EHT} 341 1 U Fs 1: 49,889 ¢ -194.41 me 475,14 pf 1 750080 288 MHz
L
el
s 1 _,-"'r— L

ff o —

i i

\

Ny /

L

Fing ¢ '\‘I
16"
Hld
CH2 511 LOG S dBE/REF -20 dB 11~51.318 dB 1 ¥58.000 864 HHz

= N I S S S =

| ) } B } H 4 4 4
N
Avg i i ; 4 L | : | A L

N Y 7 i S

START 1 S50.208 860 MHz STOP 1 950,000 PEa MHz

Certificate No: D1750V2-1068_Nov13 Page 6 of 8



DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Medium parameters used: f = 1750 MHz; o = 1.48 S/m; &, = 53; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.83, 4.83, 4.83); Calibrated: 28.12.2012;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Date:; 25.11.2013

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 = 92.538 V/m; Power Drift = 0.00 dB
Peak SAR (extrapolated) = 16.1 W/kg

SAR(1 g) =9.34 W/kg; SAR(10 g) = 5.02 W/kg
Maximum value of SAR (measured) = 11.7 W/kg

a8

3.60
7.20
10.80
14.40

-16.00

-

0dB = 11.7 W/kg = 10.68 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland Y W
4 MmN J

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

Client Sporton (Auden)

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

Accreditation No.: SCS 108

Certificate No: D1900V2-5d041_Mar14

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d041

QA CAL-05.v9

Calibration procedure(s)

March 21, 2014

Calibration date:

Callibration Equipment used (M&TE critical for calibration)

Calibration procedure for dipole validation kits above 700 MHz

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

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

Network Analyzer HP 8753E

Calibrated by:

Approved by:

LiS37390585 54206

Name
Claudio Leubler

Katja Pokovic

18-Oct-01 (in house check Qct-13)

Function
Laboratory Technician

Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the labaratory,

Primary Standards 1D # Cal Date (Cerlificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) Qct-14

Power sensor HP 8481A US37282783 09-Oc¢t-13 {No. 217-01827) Oct-14

Power sensor HP 8481A MY41082317 09-Oct-13 (No. 217-01828) Qct-14

Reference 20 B Attenuator SN: 5058 (20k) 04-Apr-13 (No. 217-01738) Apr-14

Type-N mismatch combination SN: 5047.3 /06327 04-Apr-13 (No. 217-01739) Apr-14

Reference Probe ES3DV3 SN: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 25-Apr-13 (No. DAE4-601_Apri3) Apr-14

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Octl-16

In house check: Oct-14

Issued: March 21, 2014

Certificate No: D1900V2-5d041_Mar14
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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
Muttilateral 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 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Schweizerischer Kalibrierdienst

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.

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

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

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

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

e 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: D1900V2-5d041_Mari4 Page 2 of 8



Measurement Conditions

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

DASY Version DASYS V52.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5mm
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 (22,0x£0.2)°C 38.8+6% 1.37 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

10.2 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

41.0 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.32 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

21.4 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0x0.2)°C 525+86% 1.50 mho/m £ 6 %
Body TSL temperature change during test | <05°C -en- -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.2 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

41.0 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.40 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.7 W/kg £ 16.5 % (k=2)

Certificate No: D1900V2-5d041_Mari4
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 539Q0+66|Q
Return Loss -22.6dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 432 Q +64JQ
Return Loss -23.8dB
General Antenna Parameters and Design
[Electrical Delay {one direction) 1.201 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 direclly 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: D1900Vv2-5d041_Mar14
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DASYS5 Validation Report for Head TSL

Date: 21.03.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54041

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

Medium parameters used: f = 1900 MHz; ¢ = 1.37 §/m; &, = 38.8; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
Sensor-Surface: 3mm {Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantomn: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 98.04 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.6 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) =5.32 W/kg

Maximum value of SAR (measured) = 12.4 W/kg

-3.50

1.00

-10.51

-14.01

-17.51

0dB = 12.4 W/kg = 10.93 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 21.03.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d041

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

Medium parameters used: f = 1900 MHz; 6 = 1.5 S/m; g, =52.5; p = 1000 kg/’m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSIC63.19-2007)

DASY52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30.12.2013;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
¢ DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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 = 96.439 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 17.7 W/kg

SAR(1 g) =10.2 W/kg; SAR(10 g) = 5.4 W/kg

Maximum value of SAR (measured) = 12.9 Wikg

-6.56

-13.1

-16.39

0dB =129 W/kg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzerland

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

Client Auden

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

Accreditation No.: SCS 108

Certificate No: D2450V2-869 _Junt4

|CALIBRATION CERTIFICATE

Object D2450V2 - SN: 869

QA CAL-05.v9

Calibration procedure(s)

Calibration dale:

June 13, 2014

Calibration Equipment used (M&TE critical for calipration)

Primary Standards 1D #

Cal Date {Certificate No.)

Calibration procedure for dipole validation kits above 700 MHz

This calibration certificate docurnents the traceabilily t¢ national standards, which realize the physical unils of measurements (Sh).
The measurements and the uncertainties with confidence prebabilily are given on the following pages and are part ¢f the certificate,

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

Scheduled Calibration

Calibrated by:

Approved by:

Network Analyzer HP 8753E

US37390585 54206

Name
Israe El-Nacug

Katja Pokavic

18-Cet-01 (in house check Ocl1-13)

Function
Laboratory Technician

Technical Manager

This calibration cerificate shall not be repreduced except in full withoul wrilten approval of the laboratory.

Ve

Power meter EPM-442A GB37480704 08-Oct-13 (No. 217-01827) Oct-14

Power senscr HP 8481A US37292783 08-Oct-13 (No. 217-01827) Oct-14

Power sensor HP 8481A MY41092317 09-Oct-13 {No. 217-01828) Oct-14

Reference 20 dB Attenuator SN: 5068 (20Kk) 03-Apr-14 {(No. 217-01918) Apr-15

Type-N mismalch compination SN: 5047.2 /06327 03-Apr-14 (No. 217-01921) Apr-15

Reference Probe ES3DV3 SN: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 30-Apr-14 (No. DAE4-601_Apr14) Apr-15

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16

In house check: Oct-14

Signalure

L i
Ieoe.- € a.xc‘gau_mf

Issued: June 13, 2014

Centificate No: D2450v2-869_Jun14
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

e 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.

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

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

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

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

DASY Version DASY5 v52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resotution 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 384 +6% 1.84 mho/m £ 6 %

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

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

SAR measured 250 mW input power 13.4 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

52.8 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.25 Wikg

SAR for nominal Head TSL parameters

normatized to 1W

24.8 W/kg + 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 1.95 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 51.1+6 % 2.03 mho/m £ 6 %
Body TSL temperature change during test <0.5°C -
SAR resuit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.9 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

50.3 W/Kkg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL
9

condition

SAR measured

250 mW input power

6.00 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.6 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5340 +51iQ

Return Loss -245dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4950 +6.9Q

Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.160 ns

After long term use with 100W radiated power, only a slight warming of the dipcle 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 therefare short-circuited for DC-signals, On some of the dipoles, small end caps
are added tc 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 dipcle arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on August 18, 2010
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DASYS5 Validation Report for Head TSL

Date: 13.06.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 869

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

Medium parameters used: { = 2450 MHz; ¢ = 1.84 S/m; & = 38.4; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

e Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOO0P50AA; Serial: 1001

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 100.7 V/m; Power Drift = 0.03 dB

Peak SAR {extrapolated) = 27.6 W/kg

SAR(1 g) =13.4 W/kg; SAR(10 g) = 6.25 W/kg

Maximum value of SAR (measured) = 17.2 W/kg

-4.80

-9.60

-14.40

-19.20

-24.00

0dB =172 W/kg=12.36 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 13.06.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 869

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

Medium parameters used: f = 2450 MHz; o =2.03 S/m; &, =51.1; p = 1000 kg/nf1
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(4.35, 4.35, 4.35),; Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (back); Type: QDOO0PS0AA,; Serial: 1002
DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 93.93 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 26.7 W/kg

SAR(1 g} =12.9 W/kg; SAR(10 g) = 6 W/kg

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

-4.80

-9.60

-14.490

-19.20

-24.00

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

Accredited by the Swiss Accredilalion Service (SAS}
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

Accreditation No.: SCS 108

Client Auden Certificate No: D2600V2-1058_Jun14

CALIBRATION CERTIFICATE

Object D2600V2 - SN: 1058

Calibration procedure(s)

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

Calibration date:

June 23, 2014

This calibyration certificate docurnents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probabitity are given on the following pages and are part of lhe centificate.

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 Slandards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) QOct-14

Power sensor HP 8481A U837292783 03-Oct-13 (No. 217-01827) Oct-14

Power sensor HP 8481A MY 41092317 09-Oct-13 {No. 217-01828) Qct-14

Reference 20 dB Attenuator SN: 5058 (20k} 03-Apr-14 (No. 217-01918} Apr-15

Type-N mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01921) Apr-15

Reference Probe ES3DV3 SN 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 30-Apr-14 (No. DAE4-801_Apri4) Apr-15

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16

Calibrated by:

Approved by:

Network Analyzer HP 8753E

US37390585 54206

Name
Michael Weber

Katja Pokovic

18-Oc¢t-01 (in house check Oct-13)

Function
Laboratory Technician

Technical Manager

In house check: Oct-14

Signature

fh;’-:'k

P =

- e

lssued: June 23, 2014

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

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

DASY Version DASYS5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 2600 MHz = 1 MHz
Head TSL parameters

The foltowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m

Measured Head TSL parameters (22.0x0.2)°C 38.0+£6% 2.00 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 14.7 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

57.9 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.60 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

26.2 Wrkg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters {(22.0zx02)°C 50.8+6 % 2.19 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 14.4 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

56.8 W/kg + 17.0 % (k=2)

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

SAR measured

250 mW input power

6.37 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2600V2-1058_Jun14
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Impedance Measurement Plot for Head TSL
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'élalonnage
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:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the 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.

s 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.

e 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%.
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Appendix (Additional assessments outside the scope of SCS5108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.20-63iQ

Return Loss -24.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 457 Q-46jQ

Return Loss -23.7dB

General Antenna Parameters and Design

Electrical Delay (one direction} 1.150 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 coaxia! 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 14, 2012
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DASY5 Validation Report for Head TSL

Date: 18.06.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1058

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; ¢ = 2 $/m; g, = 38; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.46, 4 .46, 4 46}, Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOO0OP5S0AA; Serial: 1001
DASYS52 52.8.8(1222), SEMCAD X 14.6.10(7331)

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

Reference Value = 103.4 V/m; Power Drift = (3.04 dB

Peak SAR (extrapolated) = 30.9 W/kg

SAR(1 g) = 14.7 W/kg; SAR(10 g) = 6.6 W/kg

Maximum value of SAR (measured) = 19.6 W/kg

-5.00

-10.00

-15.00

-20.00

-25.00

0dB=19.6 W/kg = 12.92 dBW/kg
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DASY5 Validation Report for Body TSL

Date: 23.06.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V?2 - SN: 1058

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; ¢ = 2.19 $/m; & = 50.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (JEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(4.24, 4.24, 4,24y, Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (back): Type: QDOO0OP5S0AA; Serial: 1002
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 97.00 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 30.8 Wrkg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.37 W/kg

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

-5.00

-10.00

-15.00

-20.00

-25.00

0dB=19.2 Wrkg = 12.83 dBW/kg
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zpughausstrasse 43, 8004 Zurich, Switzerland

Acoredited by the Swiss Acereditation Service {SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Sporton-TW (Auden)

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

Accreditation No.: SCS 108

Certificate No: DBGHzV2-1128_Jul14

CALIBRATION CERTIFICATE

Chbjact

Calibration date:

Calibration procedure(s)

D5GHzV2 - SN: 1128

QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

July 22, 2014

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (5I).

Calibration Equipment used (M&TE critical for calibration)

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%.

Frimary Standards D # Cal Date {Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) Oct-14

Fower sensor HP B481A 537292783 09-Oct-13 (No. 217-01827) Oct-14

Power sensor HP 8481A MY41092317 09-Oct-13 (No. 217-01828) Oct-14

Heferance 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15

Type-M mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01821) Apr-15

Reference Probe EX3DV4 SN: 3503 30-Dec-13 (No. EX3-3503_Dec13) Dec-14

DAE4 SN: 601 30-Apr-14 (No. DAE4-601_Apri4) Apr-15
Secondary Standards iD# Check Date (in house) Scheduled Check

AF g=nerator R&S SMT-06 100005 04-Aug-99 (in house check Oci-13) In house check: Oct-16
Metwork Analyzer HP 8753E US37390585 S4206 18-0ct-01 (in house check Oct-13) In house check: Oct-14
Name Funclion Signature
Calibrated by: Israe El-Naoug Laboratory Technician F/’”"‘n
M. LbrJe aoud

Approved by: Katja Pokovic Technical Manager

f'F"'_' — *’” _— n,
ﬁ < //T:ﬁ/},—/——

Issued: July 23, 2014

This calibration certificate shall not be reproduced except in full without writter approval of the laboratory.
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Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

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

Glossary:

TSL tissue simulating liquid

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 62209-2, “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) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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 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.

e 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
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

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

' DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx,dy=4.0 mm, 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 220°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 3466 % 4.46 mho/m £ 6 %
Head TSL temperature change during test <05°C - -—-
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.05 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

79.8 W/kg + 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 for nominal Head TSL parameters

normalized to 1W

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

Centificate No: D5GHzV2-1128_Jul4
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSt parameters (22.0+£0.2)°C 34.4+6% 4,56 mho/m =6 %
Head TSL temperature change during test <05°C anem -
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.24 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.37 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.4 Wikg + 19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2) °C 34.0+86 % 4.84 mho/m +6 %
Head TSL temperature change during test <05°C ---- -
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 8.49 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.42 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.9 Wikg + 19.5 % (k=2)
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 353 5.27 mho/m
Measured Head TSL parameters (22.0x0.2)°C 338+6% 5.04 mho/m £ 6 %
Head TSL temperature change during test <0.5°C -=r- -
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 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.28 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.5 Wikg + 19.5 % (k=2)

Certificate No: DSGHzV2-1128_Jul14

Page 5 of 15




Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0+0.2) °C 477 6% 5.38 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 7.66 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

76.2 Wikg = 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

21.4 Wikg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0x0.2) °C 476 6 % 551 mho/m=6 %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.81 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

77.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.20 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.9 W/kg = 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 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2)°C 471+£6% 5.91 mho/m £6 %
Body TSL temperature change during test <0.5°C -umn -
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 8.19 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.28 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

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

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Bedy TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0=0.2)°C 467 £ 6 % 6.18 mho/m £ 6 %
Body TSL temperature change during test <0.5°C ---- -
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 7.63 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

75.9 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2 12 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.0 W/kg + 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 48.8Q-58jQ

Return Loss -245dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 497 Q-17Q

Return lLoss -35.3dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 555Q-25jQ

Return Loss -249dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 53.4Q-1.2jQ

Return LLoss -29.1dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 51.30Q-46jQ

Return Loss -26.6 dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transtormed to feed point 507Q+03jQ

Return Loss -42.1dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 568Q+1.7jQ

Return Loss -23.7dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 545Q+26iQ

Return Loss -26.1dB
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General Antenna Parameters and Design

Electrical Delay {one direction) 1.209 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 08, 2011
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DASYS5 Validation Report for Head TSL
Date: 21.07.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1128

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600
MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 6 = 4.46 S/m; g, = 34.6; p = 1000 kg/nf’ , Medium parameters
used: f = 5300 MHz; ¢ =4.56 S/m; &, = 34.4; p = 1000 kg/m3 , Medium parameters used: f = 5600 MHz; ¢ =
4.84 S/m; &, = 34; p = 1000 kg/m® , Medium parameters used: f = 5800 MHz; 6 = 5.04 S/m; e, =33.8;p =
1000 kg/m®

Phantom section: Flat Section

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

DASYS5?2 Configuration:

«  Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.2, 5.2, 5.2);
Calibrated: 30.12.2013, ConvF(4.86, 4.86, 4.86); Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.91);
Calibrated: 30.12.2013;

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

o Electronics: DAE4 Sn601; Calibrated: 30.04.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head 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 = 64.76 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 29.1 W/kg

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

Maximum value of SAR (measured) = 18.9 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 = 64.86 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.8 W/kg

SAR(1 g) = 8.24 W/kg; SAR(10 g) = 2.37 W/kg

Maximum value of SAR (measured) = 19.5 W/kg

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

Reference Value = 64.74 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 33.7 W/kg

SAR(1 g) = 8.49 W/kg; SAR(10 g) = 2.42 W/kg

Maximum value of SAR (measured) = 20.5 W/kg
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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 = 62.12 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.7 W/kg

SAR(1 g) = 7.98 W/kg; SAR(10 g) = 2.28 W/kg

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

\-5.00
42,00
-18.00

-24.00

-30.00

0dB =192 W/kg = 12.83 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 22.07.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1128

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5600
MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.38 S/m; & = 47.7; p = 1000 kg/m® , Medium parameters
used: f = 5300 MHz; 6 =5.51 S/m; g, =47.6; p = 1000 l{gf'm3 , Medium parameters used: f = 5600 MHz; ¢ =
5.91 S/m; g.=47.1; p = 1000 kg/m3 , Medium parameters used: f = 5800 MHz; 6 = 6.18 8/m; &, =46.7, p =
1000 kg/m”

Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.76, 4.76,
4.76); Calibrated: 30.12.2013, ConvF(4.3, 4.3, 4.3); Calibrated: 30.12.2013, ConvF(4.47, 4.47, 4.47);
Calibrated: 30.12.2013;

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

o FElectronics: DAE4 Sn601; Calibrated: 30.04.2014

+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 59.96 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR( g) =7.66 W/kg; SAR(10 g) =2.15 W/kg

Maximum value of SAR (measured) = 17.8 Wrkg

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=4dmm, dz=1.4mm

Reference Value = 59.52 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) =31.2 W/kg

SAR(1 g) = 7.81 W/kg; SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 18.2 W/kg

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

Reference Value = 59.28 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 35.8 W/kg

SAR(1 g) = 8.19 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 20.0 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 = 56.21 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 34.9 W/kg

SAR(1 g) =7.63 W/kg; SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 18.7 W/kg

<12.00
-18.00

F4.00

-30.00

0dB = 18.7 W/kg = 12.72 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.

e Connector angle: The angle of the connector is assessed measuring the angle

Schweizerischer Kalibrierdienst

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

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

input Offset Measurement. Qutput voltage and statistical results over a large number of
zero voltage measurements.

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

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

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.

Certificate No: DAE4-778_Aug14 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 810V,
Low Range: 1.8B = 81nV,

full range =
full range =

-100...+300 mV

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

Calibration Factors X Y z
High Range 404 660 + 0.02% (k=2) | 403.462 £ 0.02% (k=2) | 405.008 + 0.02% (k=2)
Low Range 3.98608 + 1.50% (k=2) | 3.96528 £ 1.50% {k=2} | 3.99925 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

283.5°+1°

Certificate No: DAE4-778_Aug14
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Appendix (Additional assessments outside the scope of SCS108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199995.84 -1.58 -0.00
Channel X + Input 20003.72 2.74 0.01
Channel X - Input -19999.08 1.97 -0.01
Channel Y + Input 1999986.07 -1.42 -0.00
Channel Y + Input 20001.31 0.31 0.00
Channel Y - Input -20000.87 0.11 -0.00
Channel Z + Input 199998.93 0.77 0.00
Channel Z + Input 19999.69 -1.30 -0.01
Channel Z - input -20003.57 -2.56 0.01
Low Range Reading (uV) Difference {(uV) Error (%)
Channel X + Input 2001.21 0.06 0.00
Channel X + Input 202.70 1.25 0.62
Channel X - Input -197.74 0.80 -0.40
Channel Y + Input 2001.16 012 0.01
Channel Y + Input 201.92 0.49 0.24
Channel Y - Input -200.16 -1.65 0.83
Channel Z + Input 2000.68 -0.34 -0.02
Channel Z + Input 200.74 -0.52 -0.26
Channel Z - Input -200.20 -1.64 0.82
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 (uV)
Channel X 200 -4.66 -5.89
-200 747 570
Channel Y 200 -2.41 -2.68
- 200 -1.01 -0.40
Channel Z 200 -9.89 -9.65
- 200 7.53 7.85

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

Input Voltage (mV) | Channel X (uV} | Channel Y (uV) Channel Z (uV)
Channel X 200 - -1.80 -2.22
Channel Y 200 9.60 - 0.93
Channel Z 200 3.92 6.62 -

Cerntificate No: DAE4-778_Aug14
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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 16054 16785
Channel Y 16177 16252
Channel Z 16434 15484

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

Input 10MQ
_ P
Average (V) min. Offset (LV) | max. Offset (LV) Std I?:\\;;a fon
Channel X 0.87 -0.07 1.83 0.47
Channel Y -0.91 -2.65 0.63 0.61
Channel Z -0.54 -1.74 0.70 0.54
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MObhm)
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 (- Vcc} -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 {- Vec) -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 is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

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

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the E-stop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environmient if not used for measurements.

Repair: Minor repairs are performned at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

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

TN_BR040315AD DAE4.doc 11.12.2009
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Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: DAE4-1 338_NOV1 3

Object

QA CAL-06.v28

Calibration procedure(s)

Caltbration date:

Calibration Equipment used (M&TE critical for calibration)

CALIBRATION CERTIFICATE

DAE4 - SD 000 D04 BM - SN: 1338

November 05, 2013

Calibration procedure for the data acquisition electronics (DAE)

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

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

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 01-Oct-13 {No:13976) Qct-14
Secondary Standards ID# Check Date (in house) Scheduled Check

Auto DAE Calibration Unit
Calibrator Box V2.1

SE UWS 053 AA 1001
SE UMS 008 AA 1002

Name
Calibrated by: Eric Hainfeld
Approved by: Fin Bomholt

07-Jan-13 (in house check)
07-Jan-13 (in house check)

Function
Technician

Deputy Technical Manager

In house check: Jan-14
In house check: Jan-14

Signature

ﬁ_g

"r_".-'

lssued: November 5, 2013

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

Certificate No: DAE4-1338_Noav13
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Schmid & Partner j&% Service suisse d'étaionnage
Engineering AG BN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand A //I’/-\\\\\\\* Swiss Calibration Service
I
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

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

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

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

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

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

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

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

o [nput Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

e [nput Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

e [nput 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 voltage, a battery
alarm signal is generated.

»  Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1338_Nov13 Page2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uv, full range = -100...+300 mV
Low Range: 1LSB = 81nv, fullrange = -1....... +3mv
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 403.588 + 0.02% {k=2) | 404.163 £ 0.02% (k=2) | 404.121 £ 0.02% (k=2)
Low Range 3.97535 + 1.50% (k=2) | 3.97840 + 1.50% (k=2) | 4.00168 £ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

615°%1°

Certificate No: DAE4-1338_Nov13
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199991.54 -2.49 -0.00
Channel X + Input 19998.72 -0.84 -0.00
Channel X - Input -20001.49 -0.25 0.00
Channel Y + Input 199992.13 -1.44 -0.00
Channel Y + Input 19998.12 -1.38 -0.01
Channel Y - input -20002.84 -1.85 0.01
Channel Z + Input 199991.31 -2.03 -0.00
Channel Z + Input 19996.81 -2.55 -0.01
Channel Z - Input -20003.07 -1.77 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.08 1.13 0.06
Channel X + Input 200.79 0.33 0.16
Channel X - Input -199.30 0.27 -0.14
Channel Y + Input 2000.90 1.18 0.06
Channel Y + Input 199.73 -0.49 -0.25
Channel Y - Input -200.57 -0.83 0.41
Channel Z + Input 2000.53 0.81 0.04
Channel Z + Input 199.26 -1.08 -0.52
Channel Z - Input -201.38 -1.66 0.83
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 (pV) Average Reading (V)
Channel X 200 7.85 6.28
- 200 -4.77 -6.78
Channel Y 200 -21.63 -20.91
- 200 18.72 18.81
Channel Z 200 -2.76 -2.99
- 200 0.47 0.46

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

Input Voltage (mV) | Channel X {uV) | Channel Y (uV) Channel Z (uV}
Channel X 200 - 3.56 -3.27
Channel Y 200 8.51 - 4.88
Channel Z 200 9.57 6.01 -

Certificate No: DAE4-1338_Nov13
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4. AD-Converter Values with inputs shorted

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

High Range (LLSB)

Low Range (LSB)
Channel X 16248 15963
Channel Y 16289 16472
Channel Z 16098 16221

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

Input 10MQ

Average (uV) min. Offset (uV) | max. Offset (uV) Std. E():\\;;ation
Channel X -0.93 -2.76 0.02 042
Channel Y -1.27 -2.49 -0.40 0.43
Channel Z -1.95 -3.07 -0.83 0.35

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 (+ Vcc)

+7.9

Supply (- Vcc)

-7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA)

Stand by (mA) Transmitting (mA)
Supply (+ Vcc) +0.01 +6B +14
Supply (- Vec) —-0.01 -8 -9

Certificate No: DAE4-1338_Nov13
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Object DAE3 - SN: 360"

Calibration Procedure(s) TMC-OS-E-D1-198

Calibration Procedure for the Data A
©aEgy .

Calibration date: February 17, 2014

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Documenting
Process Calibrator 753 | 1971018 01-July-13 {TMC, No:JW13-049) July-14

Name Function Signature

\ Calibrated by: Zhao ng - SARTestEng; neer

T D GiDianyusn . SARProjectLeader

f Approved by Lu Bingséng - * . Dsputy Director of the laporata

Issued; February 18, 2014
This calibration certificate shall not be reproduced except in full without written approval of the laboratoty.
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TML

Add: No.52 Huayuanbei Road. Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-207% Fax: +86-10-62304633-2504
E-mail; Inlo eeemyite.com Hup:/fwww.cimeite.com

DC Voltage Measurement

A/D - Converter Resolution nominal

High Range: 1LSB = 8.1uV, full range = -100...+300 mV
Low Range: 1LSB = 81nV, full range = 1 +3mvV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404198 £ 0.15% (k=2) | 404.046 + 0.15% (k=2) | 404.074 + 0.15% (k=2)
Low Range 393670+ 0.7% (k=2) | 3.93807 £ 0.7% (k=2) | 3.97346 £ 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 223°+1°

Certificate No: 214-97006 Page 3 of 3
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' In Colisboration with
M
‘ CALIBRATION LABORATORY

Add: No.52 Huayuanbei Road. Haidian District, Beijing, 100191, China
Tel: - 86-10-62304633-2079 Fax: +86-10-62304633-2504

C-mail; intovremeile.com Hupiwww.emeile.com
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 report provide only calibration results for DAE, it does not contain other
performance test resuilts.

DT g ha L e

%
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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

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 Sporton-TW (Auden) Certificate No: DAE3-577_May14

CALIBRATION CERTIFICATE

Object DAE3 - SD 000 D03 AA - SN: 577

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

Calibration procedure(s)

Calibration date:

May 15, 2014

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

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

Calibration Equipmeant used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Cafibration
Keithley Multimeter Type 2001 SN: 0810278 01-Oct-13 (No:13976) Qct-14
Secondary Standards 1D # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit
Calibrator Box V2.1

Calibrated by:

Approved by:

SE UWS 053 AA 1001

SE UMS 008 AA 1002

Name
R.Mayoraz

Fin Bomholt

G7-Jan-14 (in house check)
07-Jan-14 (in house check)

Function
Technician

Deputy Technical Manager

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

In house check: Jan-15
In house check: Jan-15

Signature

T silipiisy”

Issued: May 15, 2014

Certiticate No: DAE3-577_May14
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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

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

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
o 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.

s 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.

e 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 internal AD converter
corresponding to zero input voltage

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

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

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

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

» Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE3-577_May14 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 6inv, full range =  -1....... +3mVy
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.502 + 0.02% (k=2) | 403.489 £ 0.02% (k=2} | 403.794 + 0.02% (k=2)
Low Range 3.91202 + 1.50% (k=2) | 3.94891 £ 1.50% (k=2) | 3.96437 * 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

153.0°+1°

Certificate No: DAE3-577_May14
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200035.63 -1.10 -0.00
Channel X + Input 20009.01 4.84 0.02
Channel X - Input -20000.99 4.76 -0.02
Channel Y + Input 200033.80 227 -0.00
Channel Y + input 20006.18 2.29 0.01
Channel Y - Input -20005.70 0.26 -0.00
Channel Z + Input 200034.44 -1.78 -0.00
Channel Z + Input 20005.23 1.27 0.01
Channel Z - Input -20006.26 -0.42 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.47 -0.05 -0.00
Channel X + Input 201.41 0.81 0.40
Channel X - Input -198.53 0.84 -0.42
Channel Y + Input 2000.24 0.05 0.00
Channel Y + Input 199.82 -0.43 -0.21
Channel Y - Input -200.38 -0.69 0.35
Channel Z + Input 2000.38 017 0.01
Channel Z + Input 199.82 -0.57 -0.28
Channel Z - Input -201.02 -1.42 0.71
2. Common mode sensitivity
DASY measurement parameters: Auto Zerg Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage {mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -2.31 -3.84
- 200 5.81 3.87
Channel Y 200 -13.72 -14.00
- 200 13.80 13.60
Channel Z 200 2.26 2.69
- 200 -5.76 -5.45

3. Channel separation
DASY measurement parameters: Autc Zerc Time: 3 sec; Measuring time: 3 sec

Input Voltage {mV) | Channel X (uV) | Channel Y {uV) Channel Z (uV)
Channel X 200 - 0.10 -2.92
Channel Y 200 9.53 - 1.00
Channel Z 200 6.85 6.81 -
Certificate No; DAE3-577_May14 Page 4 of 5




4. AD-Converter Values with inputs shorted

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

High Range (LSB)

Low Range (LSB)
Channel X 16132 15549
Channel Y 16099 15687
Channel Z 16128 12672

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

Input 10MQ

Average (V) min. Offset (uV) | max. Offset (uV) Std. ?S’l;ation
Channel X 0.10 -0.80 0.38
Channel Y 0.41 -0.69 0.51
Channel Z 0.49 -0.71 0.44

6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhmy} 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 (+ Vcc)

Supply (- Vcc)

9. Power Consumption (Typical values for information}

Typical values

Switched off (mA)

Stand by (mA) Transmitting (mA)
Supply (+ Vcc) +0.01 +14
Supply (- Vec) —0.01 -9

Certificate No: DAE3-577_May14
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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

Accreditad 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 Sporton-TW (Auden) Certificate No: DAE4-1279_Jul14
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1279

Calibration procedure(s) QA CAL-06.v26

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: July 23, 2014

Thiz calibration certificate documents the traceability to national standards, which realize the physical units of measurements {Sl).
Ihe 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%.

Calibraticn Equipment used (M&TE critical for calibration)

| Primary Standards 1D # Cal Date {Certificate No.) Scheduled Calibration
| Keithiey Multimeter Type 20071 SN: 0810278 01-Oct-13 (No:139786) Oct-14
i 5 ary Standards iD# Check Date (in house) Scheduled Check
| Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-14 (in house check) In house check: Jan-15
' Calibrator Box V2.1 SE UMS 008 AA 1002 07-Jan-14 (in house check} In house check: Jan-15
Name Function Signature
Calibratad by: Dominique Steffen Technician ey
) P T
Approved by: Fin Bomholt Deputy Technical Managsr . f% /
2V > ;'}%
& s

Issued: July 23, 2014

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

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 naticnal 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 nominal caltbration 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.

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

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

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

o [nput Offset Current: Typical value for information; Maximum channe! input offset
current, not considering the input resistance.

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

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

« Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1279_Jul14 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 8.1V, full range = -100...4300 mV
Low Range: 1LSB = 61nv , full range = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 405.154 £ 0.02% (k=2) | 404.952 + 0.02% (k=2) | 404.290 + 0.02% (k=2)
Low Range 3.96895 £ 1.50% (k=2) | 3.97337 £ 1.50% (k=2) | 3.99665 *+ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 233.0°+1°

Certificate No: DAE4-1279_Jul14 Page 3 of &



Appendix (Additional assessments outside the scope of SCS108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (LV) Error (%)
Channel X + Input 199996.28 -0.75 -0.00
Channel X + Input 20002.78 2.04 0.01
I Channel X - Input -20000.20 0.82 -0.00
| Channel Y + lnput 199997.56 0.25 0.00
| Channel Y + Input 20000.12 -0.56 -0.00
Channel Y - Input -20001.15 0.01 -0.00
Channel Z + Input 199998.60 1.26 0.00
Channel Z + Input 20000.98 0.35 0.00
" Channel 2 - Input -20000.67 0.58 -0.00
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 1999.93 -0.74 -0.04
Channel X + Input 20218 1.13 0.56
Channel X - Input ~198.59 0.25 -0.12
Channel Y + input 1999.39 -1.09 -0.05
Channel Y + Input 199.68 -1.31 -0.65
i Channel Y - Input -199.90 -1.07 0.54
| Channel Z + Input 2000.69 0.25 0.01
Channel Z + Input 200.64 -0.19 -0.09
Channel Z - Input -200.22 -1.14 0.57
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 (uV)
Channel! X 200 18.54 17.03
- 200 -15.78 ~17.00
Channel ¥ 200 8.16 8.41
- 200 -10.99 -11.31
Channel Z 200 -1.02 -1.23
-200 0.05 -0.13

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

Input Voltage {(mV)

Channel X (uV)

Channel Y (uV)

Channel Z (uV)

Channel X 200 - 1.69 -2.74
Channel Y 200 7.73 - 3.46
Channel 2 200 9.61 5.39 -

Certificate No: DAE4-1279_Jul14
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LS8B)

Low Range (LSB)

Channel X 15684 16014
Channel Y 16466 15878
. Channel Z 15939 15766

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

_In;}ut 10MQ
td. iati
Average (uV) min. Offset (uV} | max. Offset (uV) Std Ii):‘\;;a fon
Channel X 1.40 0.19 2.56 0.57
Channel Y -1.38 -3.08 1.77 Q.77
Channel Z 0.15 -1.11 1.52 0.50
6. Input Offset Current
Mominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typica! 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 (+ Vce) +7.9
Supply (- Vco) -7.6

9. Power Consumption (Typical values for information)

Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
‘ Supply (- Vce) -0.01 -8 -9

Certificate No: DAE4-1279_Jul4
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Calibration procedure for the data acquisition electronics (DAE)

This catibration centificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncerainties with confidence probability are given on the following pages and are part of the cenificate.
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Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
e DC Voliage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

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

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

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

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

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

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

e Input Offset Measurement: Qutput 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 [nput 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 voltage, a battery
alarm signal is generated.

«  Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1399_Novi3 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, fullrange = -100...4300 mV
Low Range: 1LSB = 61nV, fullrange= -1....... +3my
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.576 + 0.02% (k=2) | 403.837 £ 0.02% (k=2) | 403.694 + 0.02% (k=2)
Low Range 3.899338 £ 1.50% (k=2) | 3.98864 £ 1.50% (k=2) | 3.95341 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY systemn 303.0°x1°

Certificate No: DAE4-1388_Novi3 Page 3 of 5



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference {(uV) Error (%)
Channel X + Input 199997.26 -0.61 -0.00
Channel X + {nput 20001.91 1.03 0.01
Channel X - Input -19999.07 1.82 -0.01
Channel Y + Input 199998.80 1.10 0.00
Channel Y + Input 19999.34 -1.47 -0.01
Channel Y - Input -20001.19 -0.12 0.00
Channel Z + Input 199998.69 1.55 0.00
Channel Z + Input 19998.02 -2.80 -0.01
Channel Z - Input -20002.75 -1.69 0.01
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2002.09 1.09 0.05
Channel X + Input 201.25 -0.05 -0.02
Channel X - Input -198.06 0.36 -0.18
Channel Y + Input 2001.83 0.90 0.04
Channel Y + Input 200.93 -0.36 -0.18
Channel Y - Input -198.96 -0.48 0.24
Channel Z + Input 2001.86 1.03 0.05
Channel Z + Input 200.25 -0.93 -0.46
Channel Z - Input -199.87 -1.30 0.65
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 (uV)
Channel X 200 -4.61 -6.77
- 200 8.22 6.43
Channel Y 200 -5.41 -6.04
- 200 5.24 4.85
Channel Z 200 -7.82 -7.62
- 200 524 518

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

Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 - 5.08 -1.79
Channel Y 200 9.74 - €6.74
Channel Z 200 8.83 7.35 -

Certificate No: DAE4-1399_Nov13
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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)

Channet X 15808 15817
Channel Y 16090 15683
Channel Z 15894 15745

5. Input Offset Measurement

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

Input 10MQ
Average (V) T min. Offset (uV) | max. Offset (uV) Std. I?uelv;ation
Channel X 0.60 -0.24 1.27 0.29
Channel Y -0.27 -1.00 0.44 0.33
Channel Z -1.58 -2.64 -0.67 0.40
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 (+ Vcc) +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

-8

-9

Certificate No: DAE4-1399_Nov13
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CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

ES3DV3 - SN:3270

QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

September 24, 2013

Calibration Equipment used (M&TE critical for calibration)

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

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

Approved by:

Katja Pokovic

Technical Manager

This calibration cerlificate shall not be reproduced except in full without written aporoval of the laboratory.

Primary Standards D Cal Date {Certificate No.) Scheduled Calibration

Power meter E4419B GB41293874 04-Apr-13 (No. 217-01733) Apr-14

Power sensor E4412A MY 41498087 04-Apr-13 {(No. 217-01733) Apr-14

Reference 3 dB Attenuator SN: 55054 (3c) 04-Apr-13 (No. 217-01737) Apr-14

Reference 20 dB Attenuator SN: 85277 (20x) 04-Apr-13 (No. 217-01735) Apr-14

Reference 30 dB Attenuator SN: 55129 (30b) 04-Apr-13 (No. 217-01738) Apr-14

Reference Probe ES3DV2 SN: 3013 28-Dec-12 (No. ES3-3013_Dec12) Dec-13

DAE4 8N: 660 4-Sep-13 (No. DAE4-660 _Sept3) Apr-14

Secondary Standards D Check Date (in house) Scheduled Check

RF generator HP 8648C US36420U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-15

Network Analyzer HP 8753E US37390585 18-Cct-01 (in house check Oct-12) in house check: Oct-13
Name Function Signature

Calibrated by: Israe El-Naoug Laberatory Technician
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Issued: September 26, 2013
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Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B, C D modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

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

i.e., 8 = 0 is 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:
s  NORMx,y.z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMXx,y,z does not affect the E-field
uncertainty inside TSL (see betow ConvF).

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

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

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

»  Axyz Bxyz Cxy.z; Dxy,z; VRx,y,z: A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

s  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to 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 Sphencal isofropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

« Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.
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ES3DV3 — SN:3270 September 24, 2013

Probe ES3DV3

SN:3270

Manufactured:  February 25, 2010
Calibrated: September 24, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 systeml)
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ES3DV3— SN:3270 September 24, 2013

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

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2}
Norm (uV/(V/im)*)" 130 1.20 1.22 +101%
DCP (mV)® 99.9 102.5 100.4

Modulation Calibration Parameters

uib Communication System Name A B c D VR Unc
dB dBvVuv dB mv (k=2)
0 cw X 0.0 0.0 1.0 000 | 1946 | #27 %
Y 0.0 0.0 1.0 1531
Z 0.0 0.0 1.0 146.9

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

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

& Numerical linearization parameter: uncertainty not required.

& Uncartainty 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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ES3DV3— SN:3270 September 24, 2013

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHZ) ¢ | Permittivity (Sim)© ConvF X | ConvFY | ConvFZ | Alpha {mm) {k=2)
835 41.5 0.80 6.18 6.18 6.18 0.40 1.59 +12.0%
900 41.5 0.97 6.06 6.06 6.06 0.80 1.10 +12.0%
1750 4.1 1.37 5.26 5.26 5.26 (.80 1.08 +12.0%
1900 40.0 1.40 5.08 5.08 5.08 0.58 1.37 +12.0%
2000 40.0 1.40 5.06 5.06 5.06 0.59 1.35 +120%
2450 38.2 1.80 4.53 4.53 4.53 0.80 1.26 +120%

< 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (z 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 target tissue parameters.
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ES3DV3- SN:3270 September 24, 2013

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)® | Permittivity" (srm)F ConvFX | ConvFY | ConvFZ | Alpha | {mm) (k=2)
835 55.2 0.97 6.08 6.08 6.08 0.57 1.38 +12.0%
900 55.0 1.05 5.98 5.98 5.98 0.80 1.14 +12.0 %
1750 53.4 1.49 4.91 4.91 4.91 0.55 1.50 +12.0%
1900 53.3 1.52 4.71 4.71 4.71 0.57 1.50 +12.0 %
2000 53.3 1.52 4.78 4.78 4.78 0.60 1.46 +12.0%
2450 52.7 1.95 4.28 4.28 4.28 0.80 1.09 +12.0%

 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% if liguid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and &) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3270_Sep13 Page 6 of 11



ES3DV3— 8N:3270 September 24, 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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ES3DV3—- SN:3270 September 24, 2013

Receiving Pattern (¢), 3 = 0°

=600 MHz TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ES3DV3- SN:3270 September 24, 2013

Dynamic Range f(SARpead)
(TEM cell , =900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ES3DV3- SN:3270 September 24, 2013

Conversion Factor Assessment

f= 835 MHz, WGLS R9 (H_convF) f= 1750 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 3), f =900 MHz

Deviation

-0 -08 -068 -0.4 -02 0.0 0.2 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment:  2.6% {k=2)
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ES3DV3— 8N:3270

September 24, 2013

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -18.9
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mede disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm

Certificate No: ES3-3270_Sep13
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Add: No.32 Huavuanbei Road. Haidian District. Beijing, 180191, China

Tel: —86-10-62304633-2079 Fax: 1 86-10-62304633-2304
E-mail: Infoziemeite.com Http:fwww.emeite, com

Certificate No: Z14-97025 -

‘ Client ____Auden

' Opject ES3DV3 - SN:3296

. Caiibration Procedure(s)

TMC-0OS-E-02-195 .
Calibration Procedures for Dosimetric E-field Probes

Calibration date: April 30, 2014
This calibration Cerificate documents the traceability to national standards, which realize the physical units of
: measurements{Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

. Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Catibration
Power Meter NRP2 101919 01-Jul-13 {TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 | 101547 01-Jul-13 (TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 | 101548 01-Jui-13 (TMC, No.JW13-044) Jun-14
Reference10dBAttenuator | BT0520 12-Dec-12(TMC,No.JZ12-867) Dec-14
Reference20dBAttenuator | BT0267 12-Dec-12(TMC,No.JZ12-866) Dec-14
Reference Probe EX3DV4 | SN 3846 03-Sep-13(SPEAGN0.EX3-3846_8Sep13) Sep-14
DAE4 SN 1331 23-Jan-13 {(SPEAG, DAE4-1331_Jan14) Jan -15
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 01-Jul-13 (TMC, No.JW13-045) Jun-14
Network Analyzer ESQ71C | MY46110673 15-Feb-14 (TMC, No.JZ14-781) Feb-15
Name Functicn Signatur
Calibrated by: Yu Zongying - SAR Test Engin'eef \ .
Reviewed by: Qi Dianyuan SAR Project Leader it
| Approved by: Lu Bingsong Deputy Director of the faboratory /3 1 M"-r%

Issued: May 4, J 014
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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TML

Add: No.52 Huayuanbei Road. Haidian Districl. Beijing. 100191, China
Tel: +86-10-62304633-207% Fax: - 8B6-10-62304633-2504

E-mail: [nfodemeite.com Hrtpe/fwww.emeile.com
Glossary:
TSL tissue simulating liquid
NORMXx,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
ABCD 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

=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

e  NORMXx,y z: Assessed for E-field polarization 8=0 (f<900MHz in TEM-cell; > 1800MHz: waveguide}).

NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E* -field uncertainty inside TSL (see below ConvF).

o  NORM(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.

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

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

o Axyz Bxyz Cxyz VRxyzA 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=B0OMHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation {alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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.

o Connector Angle: The angle is assessed using the information gained by determining the NORMx
{no uncertainty required}.
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DASY — Parameters of Probe: ES3DV3 - SN: 3296

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k=2)
Norm{pV/(Vim)%)* 1.17 0.64 0.75 +10.8%
DCP(mV)® 104.3 100.2 105.3

Modulation Calibration Parameters

"uID Communication A B c D VR Unc*®
| System Name | dB BV dB mV (k=2)
0 cw h 'x 00 . |00 1.0 0.00 |270.8 |+2.8%
‘ Y 0.0 0.0 1.0 181.1
z 0.0 0.0 1.0 204.7

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

A The uncertainties of Norm X, Y, Z do not affect the E>-field uncertainty inside TSL {see Page % and Page 6).
B Numerical linearization parameter: uncertainty not required.

£ Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY — Parameters of Probe: ES3DV3 - SN: 3296

Calibration Parameter Determined in Head Tissue Simulating Media

e : - ’ S
f M Pef;'i:i'::t’yF C°"°:;f:‘)"fy ConvF X | ConvFY | ConvF Z | Alpha® D(;p;'; (L:::)
750 419 0.89 6.33 6.33 6.33 050 | 136 | +£12%
835 415 0.90 6.29 6.29 6.29 039 | 148 | +12%
1900 415 0.97 6.30 6.30 6.30 046 | 143 | £12%
1450 405 ~1.20 590 | 5.0 590 | 037 | 155 | £12%
1750 | 401 1.37 5.54 5.54 5.54 042 | 180 | +12%
1900 400 1.40 5.31 5.31 5.31 034 | 230 | +12%
1950 400 1.40 501 5.01 5.01 035 | 232 | £12%
2300 39.5 1.67 4.95 4.95 4.95 056 | 151 | +12%
2450 39.2 1.80 4.71 4.71 4.71 064 | 139 | +12%
2600 39.0 196 4.50 4.50 4.50 067 | 139 | +12%

¢ Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to +50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
" At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters {€ and o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
GAiphaiDepth are determined during calibration. SPEAG warrants that the remaining deviation due ¢ the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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DASY - Parameters of Probe: ES3DV3 - SN: 3296

Calibration Parameter Determined in Body Tissue Simulating Media

- i . G
f [MHz]° Pe:?::;:;:yp com:;f::;? ConvF X | ConvFY | ConvF Z | Alpha® E::]pr:‘) (L:(';;';
750 . 555 096 6.46 6.46 6.46 039 | 165 | £12%
835 552 0.97 6.23 623 | 623 036 | 166 | £12%
900 550 1.05 6.26 6.26 6.26 058 | 135 | +12%
1450 540 1.30 5.39 5.39 5.39 042 | 164 | £12%
1750 53 4 1.49 520 5.29 5.29 055 | 157 | £12%
1800 53.3 1.52 4.9 4.91 4.91 058 | 156 | +12%
1950 53.3 1.52 4.64 4.64 4.64 043 | 189 | £12%
2300 52.9 1.81 461 4.61 4.61 084 | 126 | +12%
2450 52.7 185 4.45 4.45 4.45 073 | 136 | +12%
2600 525 2.16 4.25 425 | 425 08 | 123 | +12%

© Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to £50MHz. The

uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (¢ and ) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters {¢ and g) is

restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary

effect after compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies

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

1.5

Frequency response (normalized)

T T T ]
0 500 1000 1500 2000 2500 3000

e f [MHz] .

TEM R22

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

f=600 MHz, TEM f=1800 MHz, R22

i t i i i i i T i 1 1 T i i

-150 -100 -50 0 50 100 150

e Roll[=]
i~+-1100MHz -+ -B600MHZz --- 1800MHz _—» - 2500MHz]

Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
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Conversion Factor Assessment

f=900 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)

400 [ e R 30.00 : ; -
350 ,'__
. 200 ot -
100 e
* 20.00
2L - - —— z
o °-.. g
‘é 2.00 - . v —— 215 Lili]
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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DASY - Parameters of Probe: ES3DV3 - SN: 3296

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 50.6
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tlp Length 10mm
Tip Diameter 4mm
Probe Tip to S;nsor X Calibration Point 2mm
'.\.I.I'-’robe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm
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Glossary:

TSL tissue simulating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL/ NORMx,y,z

DCP diode compression point

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

A BCD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization & $ rotation around an axis that is in the plane normal to probe axis {at measurement center),
i.e., 8 = 0 is normal to prabe axis

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
s  NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMNX,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(Mxy.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 CW
signal {(no uncertainty required). DCP does not depend on frequency nor media.

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

o Axyz; Bxyz Cxy.z Dxyz VRxyz 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 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 distibutions based on power
measurements far 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 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.

« 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.

s Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DVv4- SN:3935 November 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/HV/im)*)* 0.50 0.54 0.49 +10.1 %
DCP (mV)® 103.3 98.8 100.7

Modulation Calibration Parameters

uiD Communication System Name A B C D VR Unc
dB dBvVuv dB mv (k=2)
0 cw X 0.0 0.0 1.0 0.00 167.0 2.7 %
Y 0.0 0.0 1.0 1721
Z 0.0 0.0 1.0 171.9

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

* The uncertainties of NormX,Y.Z do ot affect the E*-field uncertainty inside TSL {see Pages 5 and 6).
8 Numerical linearization parameter: uncertainty not required.

Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4- 8N:33835 November 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MH2)® | Permittivity " (sim)* ConvF X | ConvF Y | ConvFZ | Alpha®| (mm) (k=2)
835 41.5 0.90 10.11 10.11 10.11 0.34 0.96 +12.0%
900 415 0.97 9.98 .08 9.98 0.39 0.85 +12.0 %
1750 40.1 1.37 8.54 8.54 8.54 0.78 0.62 £12.0%
1900 40.0 1.40 8.27 §.27 8.27 0.62 0.72 +12.0%
2000 40.0 1.40 8.25 8.25 8.25 0.42 0.83 +12.0 %
2300 39.5 1.67 7.81 7.81 7.81 0.40 0.81 +12.0%
2450 39.2 1.80 7.43 7.43 7.43 0.62 0.63 £12.0%
2600 39.0 1.96 7.27 7.27 7.27 0.37 0.85 +12.0 %
3500 37.9 2.91 6.99 6.99 6.99 0.41 1.00 +13.1%
5200 36.0 4.66 5.29 5.29 5.29 0.30 1.80 +13.1%
5300 35.9 4.76 5.03 5.03 5.03 0.30 1.80 +13.1%
5500 35.6 4.96 4.90 4.90 4.90 0.40 1.80 +13.1%
5600 35.5 5.07 4.62 4.62 4.62 0.40 1.80 +131%
5800 35.3 5.27 4.52 4.52 4,52 0.40 1.80 131 %

© Frequency validity of 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted 1o + 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 @) 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 resticted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and beiow £ 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4— SN:3935 November 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unct.

f(MHZ) ¢ | Permittivity " (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 0.97 10.09 10.09 10.09 0.38 0.89 +12.0%
200 55.0 1.05 9.86 9.86 9.86 0.43 0.87 +12.0%
1750 53.4 1.49 8.30 8.30 8.30 0.76 0.62 £12.0%
1900 53.3 1.52 7.85 7.85 7.85 0.58 0.68 +12.0 %
2000 53.3 1.52 7.95 7.95 7.95 0.51 0.71 +12.0%
2300 52.9 1.81 7.62 7.62 7.62 0.62 0.68 +12.0%
2450 52.7 1.95 7.32 7.32 7.32 0.78 0.59 +£12.0 %
2600 52.5 2.16 7.08 7.08 7.08 0.80 0.50 +12.0 %
3500 51.3 3.31 678 6.78 6.78 0.30 1.35 +13.1%
5200 49.0 5.30 4.61 4.61 4.61 0.40 1.90 +13.1%
5300 48.9 5.42 4.18 4.18 4.18 0.50 1.90 +13.1%
5500 486 5.65 3.83 3.83 3.83 0.55 1.90 +13.1%
5600 48.5 5.77 3.69 3.69 3.69 0.55 1.80 +13.1%
5800 48.2 6.00 4.09 4.09 4.09 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 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 (¢ and ) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values, At frequencies above 3 GHz, the validity of tissue parameters (¢ and o} is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

8 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
afways less than 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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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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Receiving Pattern (¢), 3 = 0°

=600 MHz,TEM =1800 MHz,R22

tra]

-
45 i3 45
0 - n 480 7 ¥ 2
[} 04 0O ng : oI D4 Du 03
]
225 318 e s 315
o : il
® . ® a . .
Tot X £ z Tot X Y Z
[ : ' ; :
L i i ; 5
05 :
T - : s
= e e T o e N : : e A - =, .
= OO—_ = = o = Bt s o = = = === i o g m—g=10
] B :
Y S N S — S
r : : : : :
11 I [ IO I L1 i I I i L1 1 1 N O S I N N | I L1
-150 -100 -50 a 50 109 150
Rolf [*]
[ ] J ® |
100 MHz 800 MHz 1800 MHz 2500 MHz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2}
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Input Signal [uV]

Dynamic Range f(SAR}eaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)

November 4, 2013
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Conversion Factor Assessment

f= 800 MHz, WGLS R9 (H_convF) f = 1750 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3935

November 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3935

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -142.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Procbe 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 1mm
Rececmmended Measurement Distance from Surface 2mm
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Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
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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 Sporton-TW (Auden) Certificate No: EX3-3931_Sep14

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3931

Calibration procedure(s)

QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Catibratton date:

September 25, 2014

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

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

Calibration Equipment used (M&TE critical for calibration})

Approved by:

Katja Pokovic

&

Technical Manager

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

Primary Standards ID Cal Date (Cerlificate No.) Scheduled Calibration

Power meter E4419B GB41293874 03-Apr-14 (No. 217-01911) Apr-15

Power sensor E4412A MY41498087 03-Apr-14 (No. 217-01911) Apr-15

Reference 3 dB Attenuator SN: 85054 (3¢) 03-Apr-14 (No. 217-01915) Apr-15

Reference 20 dB Attenuator SN: 55277 (20x) 03-Apr-14 (No. 217-01918) Apr-15

Reference 30 dB Attenuator SN: $5129 (30b) 03-Apr-14 (No. 217-01920) Apr-15

Reference Probe ES3DV2 SiN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Dec-14

DAE4 SN: 660 13-Dec-13 (No. DAE4-860_Dec13) Dec-14

Secondary Standards iD Check Date (in house) Scheduled Check

RF generator HP 8648C U83642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-0c¢t-01 (in house check Ogt-13) in house check: Oct-14
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory Technician

( bl

Issued: September 25, 2014
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Glossary:
TSL tissue simulating liquid
NORMX,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMX,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A BCD modulation dependent lineanzation parameters
Polarization ¢ o rotation around probe axis
Polarization 3 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0 is normal to probe axis
Connector Angle information used in DASY systemn to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)

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

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

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

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

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

Axy.z; Bx,y,z; Cx,v,z; Dx,v,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth} of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to 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 MHz to + 100
MHz.

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

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

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 — SN:3931 September 25, 2014

Probe EX3DV4

SN:3931

Manufactured:  July 24, 2013
Calibrated: September 25, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX30V4— SN:3931 September 25, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Basic Calibration Parameters

Sensor X Sensor Y Sensor 2 Unc {(k=2)
Norm {(uV/(Vimy)* 0.42 0.58 0.49 +10.1 %
DCP (mV)® 99.9 96.9 99.9
Modulation Calibration Parameters
uiD Communication System Name A B C D VR Unc®
dB dBVpv dB mv (k=2)
0 CW X 0.0 0.0 1.0 000 | 1491 | +38%
Y 0.0 0.0 1.0 132.9
z 0.0 0.0 10 1451

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 E2field uncertainty inside TSL (see Pages 5 and 6).

B Numerical linearization parameter: uncertainty not required.

E 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:3931 September 25, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ° Unct.

f{MHz)¢ | Permittivity (s/im)" ConvF X | ConvfY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.75 10.75 10.75 0.41 0.79 +12.0 %
835 41.5 0.90 10.32 10.32 10.32 0.20 1.13 +12.0%
900 415 0.97 10.07 10.07 10.07 0.52 0.72 £120 %
1450 40.5 1.20 8.74 8.74 8.74 0.20 1.48 +12.0%
1750 40.1 1.37 8.48 8.48 8.48 0.57 0.69 +12.0 %
1900 40.0 1.40 8.17 8.17 8.17 0.31 0.96 +12.0%
2000 40.0 1.40 8.10 8.10 8.10 0.43 0.77 +12.0%
2450 39.2 1.80 7.29 7.29 7.29 0.33 0.88 £120%
2600 39.0 1.96 7.08 7.09 7.09 0.37 0.86 +12.0%

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

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to = 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to £ 5%. The uncertainty is the RSS of
the ConvF uncentainty for indicaled target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below * 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4— SN:3931 Septembaer 25, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ® Unct.

f(MHz)© | Permittivity " (Sim) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {(k=2)
750 555 0.96 10.10 10.10 10.10 0.27 1.14 +12.0%
835 55.2 0.97 10.13 10.13 10.13 040 0.93 +12.0%
1450 54.0 1.30 8.72 8.72 8.72 0.24 1.22 +120 %
1750 53.4 1.49 8.26 8.26 8.26 0.48 0.80 +12.0%
1900 53.3 1.562 7.80 7.80 7.80 (.38 0.89 +12.0%
2450 52.7 1.95 7.36 7.36 7.36 0.80 0.56 *120%
2600 52.5 2.16 7.20 7.20 7.20 0.76 0.58 112.0 %

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

F At frequencies below 3 GHz, the validity of tissue parameters (e and ) can be relaxed to £ 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of lissue parameters (e and a) is restricted to * 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated targst lissue parameters.

8 Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below * 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:3931 September 25, 2014

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:3931
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DV4- SN:3931

Input Signal [uV]

Dynamic Range f(SARcad)
(TEM cell , foya= 1900 MHz)

September 25, 2014
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Uncertainty of Linearity Assessment: + 0.6% (k=2})
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EX3DV4— SN:3931 September 25, 2014

Conversion Factor Assessment

f= 835 MHz,WGLS R9 (H_convF) f = 1900 MHz, WGLS R22 (H_comvF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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EX3DV4-- SN:3931

September 25, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3931

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -11.5
Mechanica! Surface Detection Mode enahled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-3931_Sep14
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzeriand

Schweizerischer Kalibrierdienst
Service suisse d'étatonnage
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 B.V. ADT (Auden) Centificate No: EX3-3873_Aug14

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3873

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration procedure(s)

Calibration date:

August 26, 2014

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

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

Calibration Equipment used (M&TE critical for calibration)

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

L
Primary Standards D Cal Date (Certificate No.) [ Scheduled Calibration
Power meter E4419B GB41293874 03-Apr-14 (No. 217-01311) Apr-15
Power sensor E4412A MY41498087 03-Apr-14 (No. 217-01911) Apr-15
Reference 3 dB Attenuator SN: 85054 (3c) 03-Apr-14 (No. 217-01915) Apr-15
Reference 20 dB Attenuator SN: §5277 {20x) 03-Apr-14 (No. 217-01919) Apr-15
Reference 30 dB Attenuator SN: 85129 (30b) 03-Apr-14 (No. 217-01920) Apr-15
Reference Probe ES3DV2 SN: 3013 30-0Oec-13 (No. ES3-3013_Dec13) Dec-14
DAE4 SN: 660 13-Dec-13 (No. DAE4-660_Dec13) Dec-14
Secondary Standards ID Check Date (in house) Scheduled Check
RF generator HP 8648C US3642U01700 4-Aug-98 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E US37380585 18-0Oct-01 (in house check Oct-13) In house check: Oct-14
f Name Function Signature
Calibrated by: lsrag Et-Naoug Laboratory Technician Om g j
Approved by: Katja Pokovic Technical Manager e ’:

Issued: August 26, 2014

Certificate No: EX3-3873_Aug14
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Calibration Laboratory of

[ Schweizerischer Kafibrierdienst
Schmid & Partner C  Service suisse d'étalonnage
Engineering AG g Servizio svizzero ditaratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accrediation 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
NORMxX,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢  rotation around probe axis
Polarization 3 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 9 =0 is normat to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
e NORMX,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMY,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).

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

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

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

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

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL comresponds
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 MHz to + 100
MHz.

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

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

o Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 — SN:3873 August 26, 2014

Probe EX3DV4

SN:3873

Manufactured: March 13, 2012
Calibrated: August 26, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: EX3-3873_Aug14 Page 3 of 11



EX3DV4-- SN:3873 August 26, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3873

Basic Calibration Parameters

Sensor X SensorY SensorZ Unc {k=2) —|
Norm (uVAVIm))" 0.37 0.46 0.49 £101% |
DCP (mV)® 97.4 97.8 97.0 ]

Modulation Calibration Parameters

UID Communication System Name A B (5 D VR Unc
dB dBVpv dB mV (k=2)
0 W X[ 00 0.0 1.0 000 [ 1332 [ #38%
Y 0.0 0.0 1.0 1491
z 0.0 0.0 1.0 131.6

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%.

f’fThe uncertainties of NormX,Y,Z do 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 linsar response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4-- SN:3873 Augusl 26, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3873

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ® Unet.

f(MHz)€ | Permittivity " (sm)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.11 10.11 10.11 0.80 0.61 +12.0%

| 835 41.5 0.90 9.77 9.77 8.77 0.70 0.64 £120% |

900 415 0.97 9.62 0.62 9.62 0.52 0.74 +120%
1450 40.5 1.20 8.46 8.46 8.46 0.80 0.50 +12.0%
1750 40.1 1.37 8.06 8.08 8.06 0.60 0.61 +12.0%
1900 40.0 1.40 7.82 7.82 7.82 0.55 0.87 +12.0 %
2300 39.5 1.67 7.50 7.50 7.50 0.32 0.82 +12.0%
2450 39.2 1.80 7.18 7.18 7.18 0.47 0.68 +12.0%
2600 390 1.96 7.05 7.05 7.05 0.43 0.79 £12.0%
5200 36.0 4.66 5.13 5.13 5.13 0.30 1.80 +13.1%
5300 35.9 4.76 4.84 4.84 4.84 0.30 1.80 +13.1%
5500 35.6 4.96 4.78 4.78 4.78 0.35 1.80 +13.1%
5600 35.5 5.07 4.60 4.60 4.60 0.35 1.80 +13.1 %
5800 35.3 527 4.54 454 | 454 0.40 1.80 +13.1 %

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

F At frequencies below 3 GHz, the valigity of tissue parameters (¢ and o) can be relaxed to £ 10% If liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (= and a) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below x 2% for frequencies between 3-6 GHz at any distance larger than half the probe hp
diameter from the boundary.
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EX3DV4-—- SN:3873 August 26, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3873

Calibration Parameter Determined in Body Tissue Simulating Media

[ b . l Relative | Canductivity . | Depth & Unct.

f (MHz) Permittivity (Sfm) ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 55.5 0.96 9.54 9.54 9.54 0.38 0.85 +12.0%
| 835 55.2 0.97 9.50 9.50 8.50 0.34 1.00 +12.0%
900 55.0 1.05 9.26 9.26 9.26 0.80 0.60 +12.0%
1450 54.0 1.30 8.11 8.11 8.11 0.53 0.67 +12.0%
1750 53.4 1.49 7.72 7.72 7.72 0.41 0.81 +120%
1900 53.3 1.52 7.44 7.44 7.44 0.38 0.85 +12.0%
2300 52.9 1.81 7.31 7.31 7.31 0.41 0.82 +12.0 %
2450 52.7 1.95 7.13 7.13 713 0.80 0.50 +12.0%
2600 52.5 2.16 6.94 6.94 6.94 0.80 0.50 +120%
5200 490 5.30 4.44 4.44 4.44 0.45 1.90 +13.1%
5300 48.9 542 4.27 4.27 4.27 0.45 1.90 +13.1%
5500 48.6 5.65 3.92 3.92 3.92 0.50 1.90 +13.1%
5600 48.5 5.77 3.83 3.83 3.83 0.50 1.90 +13.1 %
5800 48.2 6.00 4.00 4.00 4.00 0.50 1.0 x13.1%

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

¥ At frequencies below 3 GHz, the valigity of tissue parameters (c and o) can be refaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue paramelers (= and o) is restricted to £ 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

S Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than = 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4— SN:3873

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

August 26, 2014
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EX3DV4—- SN:3873

August 28, 2014

Receiving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3873 August 26, 2014

Dynamic Range f(SARcaa)
(TEM cell, fova= 1900 MHz)

105+
3 10
©
c
2
73]
=
o
= ‘
T
10%
102 10° 10!
. SAR [mW/cm3]
@
not compensated compensated
o
=
S
{0
2 A RRE| EREE - i i i)
10-2 101 100 101 102 1038
SAR (mW/cm3)
not compensated compensated

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4~ SN:3873 August 26, 2014

Conversion Factor Assessment

f= 835 MHz WGLS RS9 (H_comwf) f = 1900 MHz WGLS R22 (H_convF}
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Uncertainty of Spherical Isotropy Assessment: % 2.6% {k=2)
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EX3DV4-- SN:3873

August 26, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3873

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 204
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
" Probe Body Diameter 10 mm
“ﬁb_ Length 9 mm
Tip Diameter 2.5 mm
Prabe 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 1.4 mm

Certificate No: EX3-3873_Aug14
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Calibration Laboratory of \&‘\\@73’, Schweizerischer Kalibrierdienst

Schmid & Partner ;EE-/M/EE Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland e Swiss Calibration Service

“iely ™
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA

Muitilateral Agreement for the recognition of calibration certificates

Cliet  Sporton-TW (Auden) Certificate No: EX3-3955_Nov13

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3955

Calibration procedure(s)

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date:

November 12, 2013

This calibration certificate documents the traceability to national standards, which realize the physical unils of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Approved by:

Katja Pokovic

Technical Manager

-

Primary Standards D Cal Date (Certificate No.} Scheduled Calibration

Power meter E4419B (GB41293874 04-Apr-13 {No. 217-01733) Apr-14

Power sensor E4412A MY41498087 04-Apr-13 (No. 217-01733) Apr-14

Reference 3 dB Attenuator SN: 85054 (3c) 04-Apr-13 (No. 217-01737) Apr-14

Reference 20 dB Attenuator SN: 85277 (20x) 04-Apr-13 (Ne. 217-01735) Apr-14

Reference 30 dB Attenuator SN: $5129 {30b) 04-Apr-13 (No. 217-01738) Apr-14

Reference Probe ES3DV2 SN: 3013 28-Dec-12 (No. ES3-3013_Dec12) Dec-13

DAE4 SN: 660 4-Sep-13 (No. DAE4-660_Sep13) Sep-14

Secondary Standards D Check Date (in house) Scheduled Check

RF generator HP 8648C US83642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-15

Network Analyzer HP B753E US37390585 18-Oct-01 (in house check Oct-13) In house check: Oct-14
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory Technician e

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

Issued: November 12, 2013

Certificate No: EX3-3955_Nov13
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Calibration Laboratory of \\\“\‘@7”‘, § Schweizerischer Kalibrierdienst

Schmid & Partner iE“\\-\——/—/! HE}’_ C  Service suisse détalonnage
Engineering AG BNt S Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzertand {'/J%ﬁ\\:\} Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL/ NORMx,y,z

DCP diode compression point

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

A B CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

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

i.e., 8 = 0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)

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

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

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).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

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

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

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

Ax,y.z; Bx,y,z; Cx,y.z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to 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.

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

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

Connector Angle; The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-3955_Novi3 Page 2 of 11



EX3DV4 — SN:3955 November 12, 2013

Probe EX3DV4

SN:3955

Manufactured:  August 6, 2013
Calibrated: November 12, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3955 November 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3955

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uV/(Vim)*)* 0.35 0.41 0.32 +10.1%
DCP (mV)°® 99.7 103.0 102.1

Modulation Calibration Parameters

uiD Communication System Name A B C o) VR Unct
dB dBVpV dB mv (k=2)
0 cw X | 00 0.0 1.0 0.00 | 1345 | 27%
Y 0.0 0.0 1.0 1441
Z 0.0 0.0 1.0 161.3

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 do not affect the E%-field uncertainty inside TSL (see Pages 5 and B).
& Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.

Certificate No: EX3-3955_Nov13 Page 4 of 11




EX3DV4- SN:3955

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3955

Calibration Parameter Determined in Head Tissue Simulating Media

November 12, 2013

Relative Conductivity Depth ® Unct.

f(MHZ) ¢ | Permittivity" (s/m)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.9 0.89 10.24 10.24 10.24 0.29 1.08 £12.0%
2450 39.2 1.80 7.29 7.29 7.29 0.34 0.81 +12.0 %
5200 36.0 4.66 5.14 5.14 5.14 0.40 1.80 +131 %
5300 35.9 4.76 4.86 4.86 4.86 0.40 1.80 +131%
5500 35.6 4.96 4.83 483 4.83 0.40 1.80 +13.1%
5600 35.5 5.07 4.64 4.64 4.64 0.40 1.80 +13.1%
5800 35.3 5.27 4.61 461 4.61 0.40 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 uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F AL frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied to

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and &) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

S Alpha/Depth are determined during calibration. SPEAG warranls that the remaining deviation due to the boundary effect after compensation is

always less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip

diameter from the boundary.

Certificate No: EX3-3955_Nov13
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EX3DV4-- SN:3955

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3955

Calibration Parameter Determined in Body Tissue Simulating Media

November 12, 2013

Relative Conductivity Depth® Unct.

f(MH2)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 55.5 0.96 9.89 9.89 9.89 0.37 0.93 +12.0 %
2450 52.7 1.95 7.42 7.42 7.42 0.76 0.58 £12.0%
5200 49.0 5.30 4.64 4.64 4.64 0.40 1.90 +13.1 %
5300 48.9 542 4.36 4.36 4.36 0.45 1.90 £13.1%
5500 48.6 5.65 4.32 4.32 4.32 0.40 1.90 +13.1%
5600 48.5 577 4.27 4.27 4.27 0.30 1.90 +13.1%
5800 48.2 8.00 4.25 4.25 4.25 0.45 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 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. At frequencies above 3 GHz, the validity of tissue parameters {c and a) is restricted to + 5%. The uncertainty is the R3S of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than + 1% for frequencies below 3 GHz and below 2% for frequencies betwesn 3-8 GHz at any distance larger than half the probe tip

diameter from the boundary.

Certificate No: EX3-3955_Nov13
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EX3DV4— SN:3955 November 12, 2013

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

Frequency response (hormalized)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4— SN:3955 November 12, 2013

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DV4— SN:3955 November 12, 2013

Dynamic Range f(SARcaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4— SN:3955
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November 12, 2013
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Deviation from Isotropy in Liquid
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EX3DV4- SN:3955

Novemnber 12, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3955

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) -54.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm

Certificate No: EX3-3955_Nov13 Page 11 of 11
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TV

CALIBRATION LABORATORY i [\ Bl s
Add: No.52 Huayuanbei Road, Haidian District. Beijing, 100191, China T S
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504 14//;_::\50 oo
E-mail: Info@emecite.com Hitp://www.emcite.com LY AT T CHNAS L0442
Client Sporton-TW Certificate No: J13-2-3185

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3955

Calibration Procedure(s) TMC-OS-E-02-195

Calibration Procedures for Dosimetric E-field Probes

Calibration date: December 23, 2013

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S(). 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<709%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards (D # Cal Date(Ca[ibrated by, Certificate No.) Scheduied Calibration
Power Meter NRP2 101919 01-Jul-13 (TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 | 101547 01-Jul-13 (TMC, No.JW13-044) Jun-14
Power sensor NRP-Z91 101548 01-Jul-13 (TMC, No.JW13-044) Jun-14
Reference10dBAttenuator | BT0520 12-Dec-12{TMC ,No.JZ12-867) Dec-14
Reference20dBAttenuator | BT0267 12-Dec-12(TMC,No.JZ12-866) Dec-14
Reference Probe EX3DV4 | SN 3846 03-Sep-13(SPEAG N0.EX3-3846_Sep13) Sep-14
DAE4 SN 777 22-Feb-13 (SPEAG, DAE4-777_Feb13) Feb-14
Secondary Standards iD# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 01-Jul-13 (TMC, No.JW13-045) Jun-14
Network Analyzer EE071C | MY46110673 15-Feb-13 (TMC, No.JZ13-781) Feb-14
Name Function Signature

Calibrated by:

Yu Zongying SAR Test Engineer %
Reviewed by: Qi Dianyuan SAR Project Leader %

Approved by: Lu Bingsong Deputy Director of the laberatory P W (?71

Issued; December 25, 2013
This calibration certificate shalt not be reproduced except in full without written approval of the laboratory.
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In Collaboration with
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CALIBRATION LABORATORY

TV

Add: No.52 Huayuanbei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax; +86-10-62304633-2504

E-mail: Info@emcite.com Http://www.emcite.com
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression peint
CF crest factor {1/duty_cycle) of the RF signal
ABCD 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

©=0 is normal to probe axis

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

e NORMx,y z: Assessed for E-field polarization 8=0 (f<800MHz in TEM-cell; f>>1800MHz: waveguide).

NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E’ field uncertainty inside TSL (see below ConvF)

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

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

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

o Axyz Bx.yz Cxyz VRxyz:AB,C are numencal 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.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<B0O0OMHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

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

o Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).
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Add: No.52 Huayuanbei Road, Haidian District, Beijing, 100191, China
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E-mail: Info@emcite.com Http://www.emcite.com

Probe EX3DV4

SN: 3955

Calibrated: December 23, 2013
Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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Add: No.52 Huayuanbei Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail; Info@emeite.com Hitp://www.emeite.com

DASY — Parameters of Probe: EX3DV4 - SN: 3955

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(uV/(Vim)3)* 0.35 | 0.40 0.30 +10.8%
DCP(mV)® 110.8 104.5 101.4

Modulation Calibration Parameters

uID Communication A B C D VR Unc®
System Name dB dBuVv dB mV (k=2)
0 CcCwW X 0.0 0.0 1.0 0.00 112.8 +4.8%
Y 0.0 0.0 1.0 123.6
Z 0.0 0.0 1.0 100.5

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 Norm X, Y, Z do not affect the E%field uncertainty inside TSL (see Page 5 and Page 6).
® Numerical linearization parameter: uncertainty not required.

. Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.
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DASY - Parameters of Probe: EX3DV4 - SN: 3955

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz]° Pe'::i::i"‘:;y ; C°"‘:;7r:‘)":y ConvF X | ConvF Y | ConvFZ | Alpha ?:1:;' ::(':;t)
850 415 0.92 9.86 9.86 986 | 012 | 153 | +12%
900 415 0.97 9.98 9.98 9.98 | 013 | 153 | 112%
1810 40.0 1.40 8.23 8.23 823 | 013 | 230 | £12%
1900 40.0 1.40 8.31 8.31 831 | 015 | 1.81 | £12%
2600 39.0 1.96 7.55 7.55 755 | 0.48 | 082 | L12%

- Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is resfricted to +50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (€ and &) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
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DASY ~ Parameters of Probe: EX3DV4 - SN: 3955

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz]® P;:"::;:;y,, C°"°:;f{:‘)"fy ConvF X | ConvFY | ConvF Z | Alpha ?ri':;' (L::;t)
850 55.2 0.99 9.81 9.81 9.81 017 | 1.46 | +12%
900 55.0 105 | 986 9.86 9.86 027 | 1.09 | £12%
1810 53.3 1.52 8.17 8.17 8.17 014 | 2.85 | +12%
1900 53.3 1.52 7.84 7.84 784 | 0.16 | 264 | £12%
2600 52.5 2.16 7.58 7.58 758 | 050 | 0.85 | £12%

© Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to £50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequency below 3 GHz, the validity of tissue parameters (€ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.5% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22

ErrofdB]j

1.0 L+

Rolll*]
[F=—100MHz -~ 600MHz _—+— 1800MHz — - — 2500MHz]

Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
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Conversion Factor Assessment
=900 MHz, WGLS R9(H_convF)  f=2600 MHz, WGLS R26(H_convF)

400 - - 70,00
i
3.50 1
3.00 ]
L 50,00
§2.50 % '
=] K 40,00
§2.oo - ]
x i 10.00 -
- 3
[ 20,00
1.00
050 10.00
0.00 Lo o o o e . 000 b Lot N i
0 20 40 60 80 100 0 5 10 i5 20 25 30 35
z[mm] Z[mmj
[ —#-measured ——analytical | | ——messured ——analytical |

Deviation from Isotropy in Liquid

-------------------

1.0

0.8
18]
0.4

0.2
0.0
-0.2
0.4
-08
-0.8

-1

7 Pxis

10 080 -0680 040 020 O 020 040 060 080 1.0
Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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DASY - Parameters of Probe: EX3DV4 - SN: 3955

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 128
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 2mm
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June 26, 2013

Acceptable Conditions for SAR Measurements Using Probes and Dipoles
Calibrated under the SPEAG-TMC Dual-Lego Calibration Program to
Support FCC Equipment Certification

The acceptable conditions for SAR measurements wsing probes, dipoles and DAEs
calibrated by TMC (Telecommunication Metrology Center of MITT in Beijing, China),
under the Dual-Logo Calibration Certificate program and guality assurance (QA)
protocols established between SPEAG (Schmid & Partner Engineering AG, Switzerland)
and TMC, to support FCC (U.S. Federal Communications Commission) equipment
certification are defined and described in the following.

1) The agreement established between SPEAG and TMC is only applicable to
calibration services performed by TMC where its clients (companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong. This agreement is subject to renewal at the end of each calendar
year between SPEAG and TMC. TMC shall inform the FCC of any changes or early
termination to the agreement.

2) Only a subset of the calibration services specified in the SPEAG-TMC agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment for supporting FCC equipment certification. These are identified in the
following.

a) Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ES3DVx.

1) Free-space E-field and H-field probes, including those used for HAC (hearing
aid compatibility) evaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by TMC, are excluded and
cannot be used for measurements to support FCC equipment certification.

ii) Signal specific and bundied probe calibrations based on PMR (probe
modulation response) characteristics are handled according to the
requirements of KDB 865664; that is, “Until standardized procedures are
available to make such determination, the applicability of a signal specific
probe calibration for testing specific wireless modes and technologies is
determined on a case-by-case basis through KDB inquiries, including SAR
system verification requirements.”

b) Calibration of SAR system validation dipoles, excluding HAC dipoles.

¢) Calibration of data acquisition electronics DAE3Vx, DAE4Vx and DAEasyVx.

d) For FCC equipment certification purposes, the frequency range of SAR probe and
dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the TMC QA protocol (a separate attachment to this
document).

e) The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibration and QA protocols, including the
format of calibration certificates and reports used by SPEAG shall be applied by

TMC.
f} The calibrated items are only applicable to SPEAG DASY 4 and DASY 5 o

higher version systems. ‘
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3) The SPEAG-TMC agreement includes specific protocols identified in the following
to ensure the quality of calibration services provided by TMC under this SPEAG-
TMC Dual-Logo calibration agreement are equivalent to the calibration services
provided by SPEAG. TMC shall, upon request, provide copies of documentation to
the FCC to substantiate program implementation.

4)

5)

a)

b)

d)

The Inter-laboratory Calibration Evaluation (ILCE) stated in the TMC QA
protocol shall be performed between SPEAG and TMC at least once every 12
months. The ILCE acceptance criteria defined in the TMC QA protocol shall be
satisfied for the TMC, SPEAG and FCC agreements to remain valid.

Check of Calibration Certificate (CCC) shall be performed by SPEAG for all
calibrations performed by TMC. Written confirmation from SPEAG is required
for TMC to issue calibration certificates under the SPEAG-TMC Dual-Logo
calibration program. Quarterly reports for all calibrations performed by TMC
under the program are also issued by SPEAG.

The calibration equipment and measurement system used by TMC shall be
verified before each calibration service according to the specific reference SAR
probes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
and within the defined acceptance criteria specified in the TMC QA protocol
before each actual calibration can commence. TMC shall maintain records of the
measurement and calibration system verification results for ail calibrations,
Quality Check of Calibration (QCC) certificates shall be performed by SPEAG at
least once every 12 months. SPEAG shall visit TMC facilities to verify the
laboratory, equipment, applied procedures and plausibility of randomly selected
certificates.

A copy of this document, to be updated annually, shall be provided to TMC clients
that accept calibration services according to the SPEAG-TMC Dual-Logo calibration
program, which should be presented to a TCB (Telecommunication Certification

Body), to facilitate FCC equipment approval.
TMC shall address any questions raised by its clients or TCBs relating to the SPEAG-

TMC Dual-Logo calibration program and inform the FCC and SPEAG of any critical
issues.

Change Note: Revised on June 26 to clarify the applicability of PMR and Bundled probe calibrations
according to the requirements of KDB 865664.
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