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[CALIBRATION CERTIFICATE

Object

Calibration procedura(s)

Calibration dale:

D1750V2 - SN: 1069

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

November 23, 2015

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documenis the traceabllity to national standards, which realize the physlcal units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certilicate.

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

Primary Standards 1D # Cal Date (Cenificate No.) Scheduled Calibration

Power meter EFM-4424 GB37480704 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A US37292783 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-0ct-15 (No. 217-02223) Qct-16

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

Type-N mismatch combination SN: 5047 2/ 06327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe EX30DV4 SN: 7349 30-Dec-14 (No. EX3-7349 _Deci4) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

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

RF generator R&S SMT-06 100872 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzar HP 8753E US37390685 S4206 18-0¢t-01 (in house check Oct-15) In house check: Ocl-16
Name Function Signature

Calibrated by Michael Weber Laboratory Technician /q “‘ !

Appraved by: Katja Pokovic Technical Manager S

AL

Issued: November 24, 2015

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

Certificate No: D1750V2-1069_Novi5s
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Calibration Laboratory of S,

Schweizerischer Kalibrierdienst

. = z S
Schmid & Partner ;ﬁ C Service suisse d'éalonnage
Enginee ring AG e Servizio svizzero di taratura
Zeughousstrasse 43, 8004 Zurich, Switzerland “ ,{R“\,\v‘ S swiss Caliration Service
Wil
Aceredited by the Swiss Accreditation Senica (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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

Certificate No: D1750V2-1069_Nov15 Page 2618




Measurement Conditions

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

DASY Version DASYsS 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 1750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 401 1.37 mho/m

Measured Head TSL parameters (22,0 +0.2) °C 4086 % 1.35 mho/m + 6 %

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

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

SAR measured 250 mW input power 9.12 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

4.83 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 534 1.49 mho/m
Measured Body TSL parameters (22,0 £0.2) °C 542 +6 % 1.48 mho/m £ 6 %
Body TSL temperature change during test <0.5°C oo oy
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.92 Wikg
SAR for nominal Body TSL parameters normalized to 1W 35.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.76 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificale No: D1750V2-1068 Novi5
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4950-04 Q2

Return Loss -44 1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.6 2-0.4jQ

Return Loss -29.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.218 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 June 15, 2010

Certificate No: D1750V2-1069_Nov15 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 23.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1069

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

Medium parameters used: f = 1750 MHz; ¢ = 1.35 S/m; & = 40.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.38, 8.38, 8.38); Calibrated: 30.12.2014;
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 17.08.2015
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASY5252.8.8(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 = 103.2 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 16.9 W/kg

SAR(1 g) =9.12 W/kg; SAR(10 g) = 4.83 W/kg

Maximum value of SAR (measured) = 13.9 W/kg

-3,60
-7.20
-10.80

-14.40

-18.00

0dB = 13.9 W/kg = 11.43 dBW/kg

Certificate No: D1750V2-1069_Nov15 Page 5of 8



Impedance Measurement Plot for Head TSL

23 Howv 2815 13:15:53

ERT) s1a 1 U Fs 1t 49,528 & —M&E?_mﬁ 23399 pF 1750.0G06 688 MHz
"
Cel -
Ca [ %‘ it N a
| | T~ x|
:I -\ J- .. - - ‘
~ <4
Fiv )
16‘3 -
H1d =
CH2 S11  LOB S dB/REF -20 dB - 1:-44,109 dB 1 750,000 608 HHz
| | [ [
ke i . + - 1
|
. | . .
Del h\‘ﬁ“—‘-_ T t =t T 1
Ca r i ' - . B
i i ' . L '
| l | |
| L A | |
Avg ] | \ | J J
16 T I 1 !
\ [ | | |
e . = | 1 [! | |
|
Hld : o l H ?] T 4
1

START 1 550.000 668 MHz

| |
STOP 1 956,069 88 MHz

Certificate No: D1750V2-1069_Nov15

Page 6 of B



DASY5 Validation Report for Body TSL

Date: 23.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1069

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

Medium parameters used: f = 1750 MHz: 6 = 1.48 S/m; & = 54.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.25, 8.25, 8.25); Calibrated: 30.12.2014;
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0OAA; Serial: 1002
e DASY5252.8.8(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=5Smm

Reference Value = 99.44 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 15.8 W/kg

SAR(1 g) = 8.92 W/kg; SAR(10 g) =4.76 W/kg

Maximum value of SAR (measured) = 13.5 W/kg

-14.40

0dB=13.5 W/kg = 11.30 dBW/kg

Certificate No: D1750V2-1069_Nov15 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of .&“‘@?'ﬁc S Schweizerischer Kalibrierdienst

Schmid & Partner ﬁé Service suisse d'étalonnage
Engineering AG T3 C Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % //fﬂ_—\:\\\:‘\ S swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

client  Sporton-KS (Auden)

|CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d118

Centificate No: D1900V2-5d118_Nov15

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

Calibration procedure(s)

Calibration date: November 23, 2015

This calibration cerificate documents the traceability 1o 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 cerificale.

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

Calibration Equipment used (M&TE critical for calibration)

Approved by:

Katja Pokovic

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibralion

Power meter EPM-4424 GB37480704 07-0ct-15 (No, 217-02222) Oct-16

Power sensor HP 8481A UsS37202783 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41002317 07-Oct-15 (No. 217-02223) Oet-16

Reference 20 dB Attenualor SN: 5068 (20k) 01-Apr-15 (No. 217-02131) Mar-16

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

Reference Probe EX3DV4 SN: 7349 30-Dec-14 (No. EX3-7349_Deci4) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-801_Aug15) Aug-16

Secondary Standards D # Cneck Dale (in house) Scheduled Check

RF generator R&S SMT-06 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP B753E US37390685 S4206 18-001-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature

Calibrated by: Michael Weber Laboratory Technician

Technical Manager

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

Hkbes

issued: November 26, 2015

Certificate No: D1800V2-5d118_Nov15
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Calibration Laboratory of S,

. S/ Schwelzerischer Kallbrierdienst
Schmid & Partner ﬁ g Sorvice suisse d'étalonnage
Engineering AG o N Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand Y ;,ﬁ.w‘“ S Swiss Calibration Service
hccredited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o 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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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%.

Cenificate No: D1300V2-5d118_Nov15 Page20f B



Measurement Conditions

DASY system configuration, as far as nol 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 Resolution dx. dy. dz =5 mm

Frequency 1200 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

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

Measured Head TSL parameters (22.0+0.2)°C 39.4+6% 1.39 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 9.85 W/kg

SAR for nominal Head TSL parameters normalized to 1W 39.4 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.15 W/kg

SAR for nominal Head TSL parameters normalized to 1W 20.6 W/kg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 53.3 1.52 mha/m

Measured Body TSL parameters (220+0.2)°C 522+6% 1.52 mha/m =6 %

Body TSL temperature change during test <05°C — -
SAR result with Body TSL

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

SAR measured 250 mW input power 10.2 Wikg

SAR for nominal Body TSL parameters normalized to 1W 40.6 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.36 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.4 W/kg = 16.5 % (k=2)

Certificate No: D1900V2-5d118_Nov15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 518Q+72jQ

Return Loss -228dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780 +7.7iQ
Return Loss -21.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.200 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on August 21, 2009

Certificate No: D1900V2-5d118_Nov15 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 23.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118

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

Medium parameters used: f = 1900 MHz: o = 1.39 S/m; & = 39.4; p = 1000 kg/m?
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.14, 8.14, 8.14); Calibrated: 30.12.2014;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0OAA; 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=Smm, dy=5mm, dz=5mm

Reference Value = 107.5 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 18.5 W/kg

SAR(1 g) = 9.85 W/kg: SAR(10 g) =5.15 W/kg

Maximum value of SAR (measured) = 15.1 W/kg

-3.80

-11.40

-15.20

-19.00

0dB=15.1 W/kg = 11.79 dBW/kg

Certificate No: D1900V2-5d118_Nov15 Page 5 of 8



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

Date: 23.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118

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

Medium parameters used: f = 1900 MHz; ¢ = 1.52 S/m; & = 52.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.9, 7.9, 7.9); Calibrated: 30.12.2014;
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 17.08.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
e DASYS5252.8.8(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 = 105.1 V/m: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.3 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) = 5.36 W/kg

Maximum value of SAR (measured) = 15.5 W/kg

-3.80

11,40

-15.20

-19.00

0dB =155 W/kg = 11.90 dBW/kg

Certificate No: D1300V2-5d118_Nov15 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, G Schweizerischer Kalibrierdienst

Schmid & Partner iﬁ Service suisse d'étalonnage
Engineering AG T C Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland AN S  swiss Calibration Service

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

cliemt  Sporton-KS (Auden)

Accreditation No.: SCS 0108

Certificate No: D2450V2-840_Nov15

|CALIBRATION CERTIFICATE |

Object D2450V2 - SN: 840

Calibration procedure(s)

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

Calibration date:

November 25, 2015

This calibration certificate documents the traceabllity to national standards, which realize the physical units of measurements (S).
The measurements and the uncertainties with confiderice prabability are given on the following pages and are part of the certificate.

All callbrations have been conducted in the closed laboratory facility: environment ternperature (22 = 3)°C and humidity < 70%.

Callbration Equipment used (M&TE critical for calibration)

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

Power meter EPM-4424 GB37480704 07-0Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A LUS37292783 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A MY41082317 07-Oct-15 (No. 217-02223) QOct-18

Reference 20 dB Attenualor BN: 5068 (20k) 01-Apr<15 (No. 217-02131) Mar-16

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

Reference Probe EX3DV4 SN: 7348 30-Dec-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

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

AF generator R&AS SMT-06 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP B753E USB7390585 54206 18-0ct-01 (in house check Oct-15) In house check: Oct-18
Name Function

Calibrated by: Michael Weber Laboratory Technician

Approvad by: Katja Pokovic Technical Manager

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

Issued: November 25, 2015

Certificate No: D2450V2-840_Nov15
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Calibl_’ation Laboratory of \‘::;;-“j/:’, G  Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland {"wﬁ\?} S swiss Calibration Service
LT T
Accradited by the Swiss Accraditation Senvice (SAS) Accreditation No.: SCS 0108

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» Electrical 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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Measurement Conditions

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

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx,. dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2)"C 382+6% 1.87 mho/m =6 %
Head TSL temperature change during test <05°C — e
SAR result with Head TSL
SAR averaged over 1 em?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 12.9 W/kg
SAR for nominal Head TSL parameters normalized to 1W 50.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.98 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.6 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 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 527 +6 % 2.02 mho/m =6 %
Body TSL temperature change during test <05°C - s
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured

250 mW input power

13.0 Wikg

normalized to 1W

SAR for nominal Body TSL parameters

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

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

condition

SAR measured

250 mW Iinput power

6.09 Wikg

SAR for nominal Body TSL parameters

normalized to 1TW

24.1 Wikg + 16.5 % (k=2)

Certificate No: D2450V2-840_Nov1s
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 555Q+44iQ
Return Loss -23.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 505Q+67jQ
Return Loss -23.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.161 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 20, 2009
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DASYS5 Validation Report for Head TSL

Date: 25.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz ; Type: D2450V2; Serial: D2450V2 - SN: 840

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

Medium parameters used: = 2450 MHz: ¢ = 1.87 S/m; & = 38.2; p = 1000 kg/m*
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.67, 7.67, 7.67); Calibrated: 30.12.2014;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; 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=3mm, dy=5mm, dz=5mm

Reference Value = 111.9 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 27.1 W/kg

SAR(1 g) = 12.9 W/kg: SAR(10 g) = 5.98 W/kg

Maximum value of SAR (measured) = 21.6 W/kg

15,00

-20.00

-25.00

0dB=21.6 W/kg = 13.34 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 25.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 840

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

Medium parameters used: { = 2450 MHz; 6 = 2.02 S/m; & = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

e Probe: EX3DV4 - SN7349; ConvF(7.53, 7.53, 7.53); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; 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 = 107.0 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 26.0 W/kg

SAR(1 g) = 13 W/kg: SAR(10 g) = 6.09 W/kg
Maximum value of SAR (measured) = 21.2 W/kg

5.00

-10.00
-15.00
-20.00

-25.00

0dB =21.2 W/kg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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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 centificates

Sporton-KS (Auden)

Client

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D5GHzV2-1113_Nov15

|CALIBRATION CERTIFICATE I

Object D5GHzV2 - SN: 1113

Calibration procedurals)

Calibration date:

QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

November 26, 2015

Calibration Equipment used (M&TE critical for callbration)

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

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

Primary Standards 1D # Cal Dale (Cerilicate No.) Scheduled Callbration
Power meter EPM-442A (GB374B0704 07-0Oct-15 (No. 217-02222) Oct-16
Power sensor HP B481A US37292783 07-Oct-15 (No. 217-02222) Oct-18
Power sensar HP 8481A MY41092317 07-Oct-15 (No. 217-02223) Oct-18
Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16
Type-N mismalch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16
Reference Probe EX3DV4 SN: 3503 30-Dec-14 (No. EX3-3503_Dec14) Dec-15
DAE4 SN: 801 17-Aug-15 (No, DAE4-601_Aug15) Aug-16
Secondary Slandards 1D # ' Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100872 15-Jun-15 (in house check Jun-15) In house check: Jun-18
Network Analyzer HP 8753E US3r390585 S4206 18-0ct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature
Callbrated by: Jetan Kastrati Laboratory Technician [ -
T _‘{. - L' AN
e
Approvad by: Katja Pokovic Technical Manager S

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

Issued: November 26, 2015

Certificate No: D5GHzV2-1113_Nov15
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Calibration Laboratory of S,
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Schmid & Partner % G Service suisse détalonnage
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Zeughausstrasse 43, 8004 Zurich, Switzerland % ’/r;‘\“ﬁ? S Sswiss Calibration Service
bl
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral 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) |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 62209-2, *Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
d) DASY4/5 Systen Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

DASY system configuration, as far as not g

iven on page 1.

DASY Version DASY5 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

5250 MHz + 1 MHz
5600 MHz + 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0+0.2) °C 347 6% 4.52 mho/m +6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.14 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.33 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Certificate No: DEGHzV2-1113_Nov15
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0£0.2)°C M2+6% 4,87 mho/m =6 %
Head TSL temperature change during test <0.5°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 8.45 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.43 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.0 Wikg + 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

* Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (22.0+0.2)°C 340+6% 5.03 mho/m £ 6 %
Head TSL temperature change during test <0.5°C — -—
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.16 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.33 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.0 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1113_Nov15
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.36 mho/m
Measured Body TSL parameters (22.0+0.2)°C 47.0+6% 5.53 mho/m = 6 %
Body TSL temperature change during test <0570 — -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.71 Wikg
SAR for nominal Body TSL parameters normalized to 1W 76.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 2.17 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 W/kg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

' Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.5 §.77 mha/m
Measured Body TSL parameters (22.0+0.2) "C 46.3+6 % 6.01 mho/m £6 %
Body TSL temperature change during test <05°C = -
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 8.30 W/kg

SAR for nominal Body TSL parameters

normalized to 1TW

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

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

condition

SAR measured

100 mW input power

2.32 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D5GHzV2-1113_Nov15
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+0.2) °C 46.1 +6 % 6.22 mho/m £ 6 %
Body TSL temperature change during test <05°C e
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.72 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.15 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.3 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1113_Nov15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 504 1-6,5|Q

Return Loss -238dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 565Q-22iQ

Return Loss -238d8
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 5650 +0.1jQ

Return Loss -242dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 51.2Q-41jQ

Return Loss -275dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5650-02jQ

Return Loss -243dB

Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point

55.8Q+03jQ

Return Loss -25.3dB
General Antenna Parameters and Design
Electrical Delay (one direction) 1.185ns

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 coaxlal 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

March 11, 2011

Certificate No: D5GHzV2-1113_Novi15
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DASYS5 Validation Report for Head TSL

Date: 26.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1113

Communication System: UID 0 - CW: Frequency: 5250 MHz, Frequency: 5600 MH? Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 =4.52 §/m; ¢, = '44 7, p= 1000 l\gjm Medium parameters
used: f= 5600 MHz: o = 4.87 S!m & =34.2; p= 1000 kg/m’ , Medium parameters used: f = 5750 MHz; 6 =
5.03 S/m; g = 34; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503: ConvF(5.45, 5.45, 5.45); Calibrated: 30,12.2014, ConvF(4.92, 4.92,
4.92); Calibrated: 30.12,2014, ConvF(4.91,4.91, 4.91): Calibrated: 30.12.2014;

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

« Electronics: DAE4 Sn601; Calibrated: 17.08.2015

«  Phantom: Flat Phantom 5.0 (front); Type: QDOOOP5S0AA; Serial: 1001
o« DASYS525238.8(1222): SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 74.40 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 30.2 W/kg

SAR(1 g) = 8.14 W/kg: SAR(10 g) = 2.33 W/kg

Maximum valuc of SAR (measured) = 18.7 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 = 74.77 V/m: Power Drift = -0.03 dB

Peak SAR (extrapolated) = 33.6 W/kg

SAR(1 g) = 8.45 W/kg; SAR(10 g) = 2.43 W/kg

Maximum value of SAR (measured) = 20.3 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 73.18 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 33.6 W/kg

SAR(1 g) = 8.16 W/kg; SAR(10 g) = 2.33 W/kg

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

Certificate No: DEGHzV2-1113_Nov1s Page 8 of 13



—-7.01

-14.01

-21.02

-28.02

-35.03

0dB =18.7 W/kg = 12.72 dBW/kg
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Impedance Measurement Plot for Head TSL
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[CHI] S11 4 U FS 1: 50,375 @ —£.4551 0 46363 pF

Av g

Hld

CH2 Si11 LOG 5 dB/REF -28 dB

Ca

1:-23.844 dB

5 256,000 808 MHz

S 250.088 B0 MHzZ

Av
16°

START S 656,600 666 MHz

STOP 5 950,000 G0A MHz

CHA Markers

2: SB.482 4

CH2 Markers

2:-23.821 dB
5.68880 GHz

3i-24,245 dB
5.75888 GHz

Certificate No: D5GHzV2-1113_Nov15 Page 10 of 13



DASY5 Validation Report for Body TSL

Date: 26.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1113

Communication System: UID 0 - CW: Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.53 S/m; & =47; p = 1000 kg/m" , Medium parameters used: f
= 5600 MHz; 6 = 6.01 S/m; & =46.3; p= 1000 kg/m" , Medium parameters used: f = 5750 MHz: o = 6.22
S/m; & =46.1; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

s Probe: EX3DV4 - SN3503: ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014. ConvF(4.35, 4.35, 4.35):
Calibrated: 30.12.2014;

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

« Electronics: DAE4 Sn601; Calibrated: 17.08.2015

« Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0OAA; Serial: 1002
o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.05 V/m: Power Drift = -0.04 dB

Peak SAR (extrapolated) = 31.0 W/kg

SAR(1 g) =7.71 W/kg; SAR(10 g) = 2.17 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 = 67.60 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 36.7 W/kg

SAR(1 g) = 8.3 W/kg: SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 20.3 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.67 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.7 W/kg

SAR(1 g) = 7.72 W/kg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

Certificate No: D5GHzV2-1113_Nov15 Page 11 of 13
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Impedance Measurement Plot for Body TSL
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= '3 CALIBRATION
Add: No.51 Xueyuun Road, Haidian Distriel, Beijing. 100191, Ching ":,;‘f":""\;.,o'“ v CHAS LOSTO
Tel:+Ra-10-62304633-2218 Fos: +86-10- mamm 2209 £iid

E-mmiuil: il chinan] com Hitirfwwomclinal. ¢
Client - Sporton_CN Certificate No: Z16-97071
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1210

Calibration Procedure(s) FD-Z11-2-002-01

Calibration Procedure for the Dala Acquisition Electronics
(DAEXx)

Calibration date: May 18, 2018
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measuremenis(S|), The measurements and the uncertainties with confidence prabability 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 caliration)

Primary Standards ‘ D # Cal Date(Calibrated by, Cerfificate No ) Scheduled Calibration
Frocess Calibrator 753 ‘ 1871018 O&-July-15 (CTTL, No:J15X04257) July-18

|

i

Name Function fnature

Calibrated by: Yu Zongying SAR Test Engineer g
Reviewed by: Qi Dianyuan SAR Project Leader =
Approved by Lu Bingsong Deputy Director of the laboratory I "H’lp J/}?

Issued: May 18, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: Z16-97071 Page 1.of 3
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CALIBRATION LABORATORY

Add: No 51 Xueyuan Road, Haidian Distriet, Befjing, 100191, China
Tel: +86-10-62304633-2218 Fux: +Bb-10-623046553-2200
E-muil: ertli@chinatt].com Hitp:/fwww.chinatil.en
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 results.

Certificate No: Z16-97071 Page 2 aof 3
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CALIBRATION LABORATORY

Add: Noo51 Xueyuan Road, Haidian Dhistrict, Beijimg. 100191, China
Tel: +86-10-62304633-7218 Fox: +86-10-62304633-2209
E-mmail: ettl @ ehinutt], com Hup/www,chinuttLen

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1V, full range = -100...+300 mV
Low Range: 1LSB = G1inV full range = S A +amV

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

Calibration Factors X Y Z

High Range 404,076 + 0.15% (k=2) | 404.897 + 0.15% (k=2) | 405.013 +0.15% (k=2)

Low Range 3.99810 = 0.7% (k=2) | 3.98220 +0.7% (k=2) | 3.89829 + 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system 58741 ¢

Certificate No: Z216-9707] Page 3 of 3




Sehmid & Partner Engifesring AG
Zmighausstrassa 43, BO04 Zunch, Switzerland
Fhone «41 A2 245 5700, Fax +41 44246 9779
info@sEpess. ciom, M- fwww, speag corm

1279
IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a deficate, high presision instrument and requires careful treatment by the user. Thers 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 lightening the screw may
cause the threads inside the DAE to wear out

Shipping of the DAE: Before shipping the DAE to SPEAG for callbration, remave the batteries and pack the
DAE In an antistatic bag. This antistatic bag shall then be packed Into a larger box or container which profects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile Instrument is
ingside.

E-Stop Fallures Touch detection may be malfunctioning due to broken magnsts in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errars are oflen caused by dust and dir
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in & non-dusty environment if not used for measurements.

Repair: Minor repairs are perfarmed 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 Flles: 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 softwara, a nominal value of 200 MOhm is given
in the corresponding configuration file

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

Important Note:

Never attempt to grease or oll 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_BRO40315AD DAE4 doc 11.12.2008



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kallbrierdienst
Service suisse d'étalonnoge
Servizio svizzero di taratura
Swiss Calibration Service

Acerediled by the Swiss Accreditation Senvice (SAS)
The Swiss Accraditation Service = one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration cartificates

ciient  Sporton-TW (Auden) Certificate No: DAE4-1279_Apri6

|CALIBRATION CERTIFICATE I

Objact DAE4 - SD 000 D04 BM - SN: 1279

Accreditation No.: SCS 0108

Calibration protedurs(s)

QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: April 04, 2016

This calibration cartificate documents the traceability to national standards, which raalize the physical uniis of measuremants (1)
The meaguraments and the uncarainlies with confidance probability are glven on the following pages and & pan of tha cerfificate

Al cafibraticns have been conducted in the closed laboratary tacility: ervironment temperature (22 + 3)°C and humidity < 70%,

Calibration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Dats (Carfificate Mo ) Schaduled Calibratkan
Kaithiey Multimeter Typs 2001 SM; 0B0278 09-Sep-16 (No:17153) Sap-16
| Secondary Stendards D # Check Date {in houss) Scheduled Chesi

| Auto DAE Callbration Linit
Calibrator Box V2.1

Calibrated by;

Approved by

SEUWS 053 AA 1001

SE UMS 008 AA 1002

Name

Dominigua Steffan

Fin Bamhall

05-Jen-16 {in hoosa chaok)
05=Jan-16 (in house chaak)

Function
Technician

Beputy Technical Manager

Thiz calibration cenificala shall not ba reproduced excepl in full withoul written approval of the laboratony.

In house chaci: Jan-17
In house check: Jan-17

Signature

ez
WV g LUL.U.L-"

Issuad. Aprl 4, 2018

Certiticate No: DAE4-1272_Apri6
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. A
Calibration Laboratory of N Schwelzerischer Kalibrierdienst

Schmid & Partner %‘ — E Service sulsse d'étalonnage
Engineering AG e Sarvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand ‘E,;ff:“-\\'":b? Swiss Calibration Service
il
Avcredited by Ihe Swiss Acoreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration cartificates

Glossary

DAE data acquisition electronics

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

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

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

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

» DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the 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: \falues 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.

* 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.

Cenrificale MNo: DAE4-1279_Apri6 Page 2 ol5



DC Voltage Measurement
A/D - Converter Rasolution nominal

High Range: 1LSB = GRS full range = -100...+300 mV
Low Range: LS8 = 61nv lul range = -1....... +3my
DASY measurement parameters: Auta Zero Time: 3 gec; Measuring time: 3 sec
Calibration Factors X Y Fd
High Range 403.905 + 0.02% (k=2) | 408.857 £ 0.02% (k=2) | 404.596 +0.02% (k=2)
Low Range 3.84768 + 1.50% (k=2) | 3.98798 + 1.50% (k=2) | 3.98844 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 353.0%£1°

Cariificate No: DAE4-1279_Apri6 Page3of5



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 20003421 0.64 0.00
Channel X + Input 20007 .04 271 0.01
Channe! X - Input -20003.84 1.81 -0.01
Channel ¥ + Input 200033.55 0.14 0.00
Channel ¥ + Input 20008,53 -0.81 -0.00
Channel ¥ - Input -20006.93 -1.15 0.01
Channel Z + Input 200035.84 2249 0.00
Channei Z + Input 20004.20 0.1 -0.00
Channel Z - Input -20007.71 -1.89 0.01
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 2000.35 -0.21 -0.01
Channel X + Input 201.21 0.64 .32
Channe! X = Input -188.81 0.54 027
Channel ¥ + Input 2000.44 0.15 -0.07
Channel ¥ + Input 200.00 044 -0.21
Channel ¥ - Input -183.44 -0.00 0.00
Channel Z + Input 1939.73 -0.78 -0.04
Channel Z + Input 188.17 -1.28 -0.64
Channel 2 - Input -200.05 -0.52 0.24

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

Common made High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -18.84 «20.08
- 200 22 54 20.58
Channel ¥ 200 . 456 4.07
- 200 -5.40 -5.53
Channel £ 200 577 539
- 200 -7.62 -7.80

3. Channel separation
DASY measurement parameters: Auto Zem Time: 3 sec: Measuring tims: 3 sec

Input Valtage (mV) | Channel X (V) | Channel ¥ (uV) | Channel Z (uV)

Channel X 200 . 3.57 -3.56
Channel ¥ 200 B26 - 4.72
Channel £ 200 10.27 583 -

Certificate No: DAE4-1278_Apri6 Page 4ol 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 15947 15488
Channel ¥ 15956 16142
Channal 2 15706 15616
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10042
Average (uV) min. Offset (uV) | max. Ofiset (uV) Std, ?::;ahnn
Channel X 029 -1.03 1.13 0.38
Channel Y 0.16 -0.88 1.41 0.42
Channel Z -1.85 -3.80 -0.11 (.58
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 ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.8
Supply (- Vcc) 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

Certilicate MNo: DAE4-1278_Aprie
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zouphoussirasse 43, 8004 Zurich, Switzerand

Agcredited by ths Swiss Accreditation Service {SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamant for the recognition of calibration cedificates
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Schwelzorscher Kalibrierdienst

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accreditation No,; SCS 0108

Cortifizate No: EX3-3857_May16

CALIBRATION CERTIFICATE

Oliect

Calibration pracedutas)

Calibralion cals|

EX30V4 - SN:3857

QA CAL-01.v8, QA CAL-14.v4, QA CAL-23.v5. QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

May 25, 2016

Catibration Equipment used (METE critical for eslibration)

This ealibration cerificate doouments the traceabilty @ national standerds, which reslize the physical units of measuremenis [S1)
The rressurenients and the uncartainties with confidence probabllity ars given on the following peges and are part of the cariificate.

Al calibratimn: bave been conductsd in the ciosed laboratory facility: snvironment lempearaturs (22 +£3)"'C snd humidity < 70%

Prirmary Standards |0 Cal Date |Cadtiligatn No.j Soheduted Cahboanon
Power meter NRP SN 1047TE OB-Ape-16 (Mo, 277-02FRRMZZED Apr-17

| Power senaor NRP-Z01 SN 103244 O0B-Am-16 (No. 217-02288) Apr-17

: Fowar senaor MNRP-Z251 8N 1032456 OB-Ap-16 (No. 217-02265] Apr-1T

| Feference 20 ¢ Atenuaton SN 5577 [20x) O5-Apr-16 (Mo, 217-022935) Apr17T
Raferance Probe ES30V2 SN, 3013 31-Dec-15' (Mo, ES3-3013_Dsc15) D18
DAL BN 660 23-Dect5 (Mo, DAE4-BGD Dec15) Dec-18
Saecondary Standards 10 Chegl Date (in housal Scheduled Check
Power migter 44188 SN EB412093874 (E-Apr-16 (Mo 217-022R5/T2F84) In hoiss check, Jun-18

Powier sonecr E44128

SN MY4148808 7

0f-Apr-16{No. 217-02288)

I houss check, Jun-18

Power sensor E44124

SN 000110210

06-Apr 16 (No_ 217-02284)

I house chetk: Jun-16

! RF generator HP B548C

SMI LS3EA2U0 700 °

Od-Aug-5 (in house check Apr-13)

In housa chack: Jun-16

| MNetwork Armlyaer HF 8753E SN US37380585 18-0cl-01 {In hiousa ook Oct-15) Irt b chock: Oel-16
Name FI-.II'II:IiIEI'F Signature
Calibrated by. Jaton Kastratl mdgg:;i/—. L},,,-ﬁ
Apprrved by Katja Pakovie Tathnical M f anager

P

fesumd: May 312016

This zalibratian certificale =hsll nl by reproduced excapt in full without wisen approval of the laboralary,

Cartificate Mo EX3-3857_May 16
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