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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

Accradited 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

Accreditation No.: SCS 108

cient ~ Sporion-CN (Auden) Certificate No: D835V2-4d091_Nov14

|GALIBRATION CERTIFICATE |

Object D835V2 - SN: 4d091

Callbration procedure(s)

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

Calibration date:

November 21, 2014

This callbration certificate documents the traceability to national standards, which realize the physical units 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 tacility: 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 |abaratory.

Primary Standards 1D # Cal Date (Certificate No.) Schaduled Calibration
Power meter EPM-442A GBar480704 07-Oct-14 (No, 217-02020) Oct-18

Power sensor HP 8481A Usar2a27a3 07-Oct-14 (No. 217-02020) Oct-15

Power sensar HP B481A MY41092317 07-0Oct-14 (No. 217-02021) Cet-15

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

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

Reference Probe ES30V3 SN: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

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

RF generator R&S SMT-06 100005 04-Aug-29 (in house check Oct-13) In house check: Oct-16
Network Analyzer HP 8753k US37390585 54206  18-Oct-01 (in house check Oct-14) in house check: Oct-15

Name Function Signature
Calibrated by: Michae! Weber Laberatory Technician l %@_
Approved by: Katja Pokovic Technical Manager

AT

|ssuad: November 21, 2014

Certificate No: D835V2-4d091_Novi4
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Schmid & Partner % C Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o, fﬁ\ W S  swiss Calibration Service
Al
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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

e 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: DB35V2-4d091_Nov14 Page2ci 8



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 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 0.90 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 41.2+6% 0.91 mho/m +6 %

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

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

SAR measured 250 mW input power 2.30 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.50 Wikg

SAR for nominal Head TSL parameters

normalized to 1\W

5.95 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 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 5456 % 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 2.48 W/ikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.62 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: DB35V2-4d091_Nov14
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point

51.7Q-18jQ

Return Loss -322dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 4867 02-42jQ

Return Loss -25.2dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.394 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 shert-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

Manufacturad by

SPEAG

Manufactured on

September 15, 2009

Certificate No: D835V2-4d091_Novi4d
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DASY5 Validation Report for Head TSL

Date: 19.11.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d091

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

Medium parameters used: f = 835 MHz; 6 =0.91 S/m; & =41.2; p= 1000 kgx’m3
Phantom section: Flat Section

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

DASY52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(6.22, 6.22, 6.22); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOO0P49AA; Serial: 1001
« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 56.46 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 3.43 W/kg

SAR(1 g) = 2.3 W/kg; SAR(10 g) = 1.5 W/kg

Maximum value of SAR (measured) = 2.69 W/kg

dB

-2.00
-4.00
-6.00

-8.00

-10.00

0 dB =2.69 W/kg =4.30 dBW/kg

Certificate No: DB35V2-4d091_Nov14 Page50f 8




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

Date: 21.11.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d091

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

Medium parameters used: f = 835 MHz; 6 = 1.01 S/m; & = 54.5. p = 1000 kg;’m“
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(6.09, 6.09, 6.09); Calibrated: 30.12.2013:
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=35mm, dy=3mm, dz=5mm

Reference Value = 55.36 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.64 W/kg

SAR(1 g) = 2.48 W/kg; SAR(10 g) = 1.62 W/kg

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

-2.40
-4.80
-71.20

-9.60

-12.00

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

Certificate No: DB35V2-4d091_Nov14 Page 7 of 8



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 suissa d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

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

Sporton-CN (Auden)

CALIBRATION CERTIFICATE

Accreditation No.: SCS 108

Client

Certificate No: D1900V2-5d118_Novi4d

TR

Object D1900V2 - SN: 5d118

Calibration procedure(s)

Callbration data:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

November 21, 2014

Calibration Equipment used (M&TE critical for calibration)

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

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

Approved by:

Katja Pokovic

Technical Manager

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

Power meter EPM-442A GB37480704 07-0Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A US37292783 07-Oct-14 (No. 217-02020) Oct-15

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

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

Type-N mismatch combination SN: 5047.2 / 08327 03-Apr-14 (No. 217-01821) Apr-15

Reference Frobe ES3DV3 Sh: 3205 30-Dec-13 (No. EB3-3205_Dec13) Dec-14

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Augi4) Aug-15

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

RF generator R&S SMT-06 100005 04-Aug-89 (in house check Oct-13) In house check: Oct-16

MNetwork Analyzer HP B753E LIS37390585 54206 18-0ct-01 (in house chack Oct-14) In house check: Oct-15
MName Function Signature

Calibrated by: Michael Websr Laboratory Technician

g

Issued: November 21, 2014

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

Certificate No: D1800V2-5d118_Nov14
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Calibration Laboratory of S,
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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.

¢ Flectrical 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: D1900V2-5d118_Novi4 Page 2 of 8



Measurement Conditions
DASY system configuration, as far as not

iven 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 1900 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

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

Measured Head TSL parameters (22.0 +0.2) °C 40126 % 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 9.97 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

SAR measured

250 mW input power

5.24 W/kg

SAR for nominal Head TSL parameters

normalized to 1TW

21.0 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 (22.0+02)°C 533+6% 1.52 mho/m £ 8 %
Body TSL temperature change during test <05°C —- e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.0 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

SAR measured

250 mW input power

5.34 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D1900V2-5d118_Novi4
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point

5230+ 680

Return Loss -23.1dB
Antenna Parameters with Body TSL

Impedance, transformed fo feed point 4750 +7.1Q

Return Loss -22.3dB
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 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, 2008

Certificate No: D1800V2-5d118_Nov14
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DASY5 Validation Report for Head TSL

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; ¢ = 1.39 S/m; &, = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOP5S0AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 21.11.2014

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=Smm
Reference Value = 98.04 V/m: Power Drift = 0.03 dB
Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) =9.97 W/kg: SAR(10 g) = 5.24 W/kg
Maximum value of SAR (measured) = 12.6 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

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

Certificate No: D1900V2-5d118_Nov14 Page50f 8



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

Date: 21.11.2014
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; 6 = 1.52 S/m; & = 53.3; p= 1000 kgjm]
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30.12.2013;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOO0P5S0AA; 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 = 95.09 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5.34 W/kg

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

-4,00
-8.00
-12.00

-16.00

-20.00

0dB=12.7 W/kg=11.04 dBW/kg

Certificate No: D1900V2-5d118_Nov14 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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-SZ (Auden)

bl
TR

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

S
C
S

Accreditation No,; SCS 0108

Certificate No: D2450V2-926_Jul15

|GALIBFIATION CERTIFICATE I

D2450V2 - SN:926

Object

Calibration procedure(s)

Calibration date:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

July 24, 2015

Calibration Equipment used (M&TE gritical for calibration)

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

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

Primary Standards D 4 Cal Date (Cerificate No.) Scheduled Calibration
Power meter EPM-4424 GBAT480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP B481A US37282783 07-Oct-14 (No. 217-02020) Oct-15
FPower sensor HP B481A MY41092317 07-Ocl-14 (No. 217-02021) Ocl-15
Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No, 217-02131) Mar-16
Type-N mismatch combination SN: 5047.2 f 06327 01-Apr-15 (No. 217-02134) Mar-16
Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec1d) Dec-15
DAE4 S 601 18-Aug-14 (No. DAE4-601_Augi4d) Aug-15
Secondary Standards D # Check Dale (in house} Scheduled Check
RF generator R&S SMT-08 100005 04-Aug-99 (in house cheak Oct-13) In house check: Oct-16
MNetwork Analyzer HP 8753k US37380585 54206 18-0¢1-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Jeton Kastrati Laboratory Technician 1
< — ——tr—__?_-’ (_ —
Approved by: Kalja Pokovie Technical Manager e ’,?_: e

This calibration certificate shall not be reproduced excepl in full without written approval of the laboratory,

Issued: July 24, 2015
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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 0108
The Swiss Accreditation Service is ane 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) |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) |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

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:

» 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.

» 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.

« SAH 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%.

Certificale No: D2450V2-926_Jul15 Page2of 8



Measurement Conditions

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

DASY Version DASYS5 Vv52.8.8

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 379+6% 1.88 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 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

52,1 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.24 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.5 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 (22.0x+0.2)°C 524 +8% 2.03 mho/m +6 %
Body TSL temperature change during test <05°C .
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.2 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.10 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2450V2-926_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 547Q+23jQ
Return Loss -26.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.6 Q+4.1jQ
Return Loss -27.6dB

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 September 26, 2013
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DASYS5 Validation Report for Head TSL

Date; 24.07.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:926

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

Medium parameters used: = 2450 MHz; ¢ = 1.88 S/m; &, = 37.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

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

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom; Flat Phantom 5.0 (front); Type: QDOOOP50AA; 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=5mm, dz=5mm

Reference Value = 100.2 V/m: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.24 W/kg

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

dB8

-4.00
-8.00
-12.00

-16.00

-20.00

0dB = 17.6 W/kg = 12.46 dBW/kg
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Impedance Measurement Plot for Head TSL

23 Jul 2015 15:38:50
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DASY5 Validation Report for Body TSL

Date: 24.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:926

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

Medium parameters used: [ = 2450 MHz; o = 2.03 S/m; g, = 52.4; p = 1000 kg!m3
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA; Serial: 1002
o 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 = 94.95 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.4 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.1 W/kg

Maximum value of SAR (measured) = 17.4 W/kg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =174 W/kg = 12.41 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughausstrasse 43, 8004 Zurich, Switzerland

S Schwelzerischar Kalibrierdienat
c Service suisse d'étalonnage

Servizio svizzaro di taraturs
S Swiss Calibration Service

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

ciiens  Sporton Korea (Dymstec) Certificate No: DAE4-1338 Novi14
[CALIBRATION CERTIFICATE

Objout DAE4 - SD 000 D04 BM - SN: 1338

Calibration procadurs(s) QA CAL-06.v28
Calibration procedure for the data acquisition electronics (DAE)

Calitsration date: November 14, 2014

This calibration certificate documants he traceabliity o national standards. which realize he phwsical units of measuremants (sh.
The measuraments and the uncertainties with confidence: probabilty are given on the lallowitig pages and are part of he cenificale

All cilibrations have bean conducted in the closed labortory facility: envitorumant lemperaturs (22 < 31'C and huimidity < 70%

Cadlbranon Equiitnent used (METE arilical for calibration)

Frmary Standards 1D & Cul Date (Cenllicals Ne.) Scheduled Calibration

Kaithizy Mullimetar Type 2001 Sh: 0810278 03-0ct-14 (No15573) Oct-16

Sacontiary Stnndards 1D & Check Date (in housa) Sohaduled Cheak

Auto DAE Calibration Unit SE WS 053 AA 1001 07-Jiin-14 (in house check) In hesiso chach: Jan-15

Calibrator Box V2.1 SE UMS 006 AA 1002 O7-Jun-14 (in house chieck) I house oheck: Jun15
Neme Functiot Signalurs

Calinraned by Distnititpie Stetien Techaictan -

Approved by Fin Bamol Dleputy Technical Manager 1 ;V@ ULM

tssuad. November 14, 2014

This calibration carificate sl not bé regroducaed sxcapt in full without wnitan approval of the labimlory.
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Calibration Laboratory of

Schwelzerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland Swies Calibration Service
Accradited by ihe Swiss Acoreditation Service (SAS) Accroditation No.: SCS 108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilatesal Agreament for the recognition of calibration ceriificates

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 Vallage Measurement Linearity: Verification of the Lin earity 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 voltage

* Input Offset Measurement. Output voltage and stafistical 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 voitage, a battery
alarm signal is generated.

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

Certificate No: DAE4-1338_Novi4 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resoluticin nominal

High Range: 1LSB = 8.1uV, full mnge =  ~100...+300 mV
Low Range: 1LSB = &1nV . fullrange =  -1.....+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Calibration Factors X Y 4
High Range 403.634 = 0.02% (k=2) | 404.208 + 0.02% (k=2) | 404.172 = 0.02% (k=2)
Low Range 397543 + 1.50% (k=2) | 3.97822 4 1.50% (k=2) | 4.00173 + 1.50% (k=2}
Connector Angle
Connector Angle to be used in DASY system 61.5°+1°

Cenlficate No. DAE4-1338_Novid Page 30f5



Appendix (Additional assessments outside the scope of SCS108)

1. DC Voltage Linearity

High Range Reading (uV) Differance (uV) Error (%)
Channel X + Input 199896.21 -0.73 0,00
Channel X + Input 20001.80 0.52 0.00
Channel X = Input -20000.08 077 -0.00
Channel Y + Input 199866.23 -0.68 .00
Channel Y + Input 20000.19 -0.88 -0.00
Channel Y - Input -20001.85 (.83 0.00
Channel Z + Input 199997.87 1.3 0.00
Channel Z + Input 20000.05 -0.83 -0.00
Channel Z = Input -20002.72 147 0.01
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 200214 1.06 0.05
Channel X + Input 201,95 0.31 0.15
Channel X « Input -198.15 0.15 -0.08
Channel Y + Input 2001 .82 0.77 0.04
Channhel Y + Input 201.04 {45 -0.23
Channel ¥ - Input -189.05 OTT 0.35%
Channel Z + Input 2001.20 0.25 0.01
Channel Z + Input 200.22 124 -0.62
Channel Z - Input -199.89 -1.49 0.75
2. Common mode sensitivity
DASY measurement parameters: Aulo Zsro 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 7.41 6.20
=200 ~4.80 B.77
Channel ¥ 200 -20.96 -21.19
- 200 2029 20.05
Channel Z 200 3.22 -3.07
- 200 0.16 0,00
3. Channel separation
DASY measuremen parameters. Auto Zero Time: 3 sec; Measuring fime: 3 sec
Input Voitage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channal X 200 3.30 -3.73
Channel Y 200 840 . 4.10
Channel 2 200 983 5.84 -

Cenificate No: DAE4-1338_Nov14
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4. AD-Converter Values with inputs shorted

DASY measurement paramelers: Auto Zero Time: 3 sec: Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16235 14862
Channel Y 16281 15772
Channel Z 16104 172z

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec Measunng lime; 3 sec

Input 10ME2
Average (V) | min. Offset (4V) | max. Offset (uv) | ' "(:;’:““"“
Channel X -0.84 -2.57 1.05 0.62
Channel ¥ 018 -1.24 1.20 0.50
Channel Z -1.21 =220 0.00 0.48
6. Input Ofiset Current
Mominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zercing (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 (+ Vee) ¥7.89
Supply (- Vec) -7.6

9. Power Consumption (Typical values for Information)
Typical values Switched off (mA) | Stand by (mA) Transmitling (mA)
Supply (+ Vec) +.o1 +6 +14
Supply (- Vec) =0.01 -8

Cerlficate No: DAE4-1338_Novid
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Schmid & Partner Engineering AG S p e a g

Zaughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, htip:/www.speag.com

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 Estop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed 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 Ceonfiguration 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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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muiltilateral Agreement for the recognition of calibration certificates

Client Sporton-SZ (Auden)

Accreditation No.: SCS 108

Certificate No: DAE4-1303_Dec14

|CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1303

Calibration procedure(s)

QA CAL-06.v28
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: December 11, 2014

This calibration cerificate 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)

Name
Calibrated by: Dominique Steffen
Approved by: Fin Bomhoit

Function
Technician

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 03-Oct-14 (No:15573) Oct-15

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

Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-14 (in house check) In hause check: Jan-15
Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-14 (in house chack) In house check: Jan-15

Signature

A

Deputy Technical Manager ‘I V Q LL LLU-N

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

Issued: December 11, 2014

Certificate No: DAE4-1303_Dec14

Page 1 of 5




ag u o o,
Calibration Laborat_o"y.Of" o \c:‘\i\:/;" s, Schweizerischer Kalibrierdienst

- Schmid & Partner - -~ - = % ‘e - Service suisse d'étalonnage
Engineering AG- o ' gl Servizio svizzero di taratura
! . N . o . — .
Zeughausstrasse 43, 8004 Zurich, Switzerland - A /,//\“\\\\;.\‘_ Swiss Calibration Service
) C ’ LT TRV
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
C 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
~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.

e DC _Voltagé_ 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. '

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

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

.o Input Offée_t 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. o

~+  Power consumption: Typical value for information. Supply currents in various operating
~modes. ' ' o '

Certificate No: DAE4-1303 Dect4 | Page20f5




DC Voltage Measurement
A/D - Converter Resolution nominal

-HighRange: ~ - 1LSB= 8.1uV, fullrange = -100...+300 mV
 Low Range: 1LSB = 61nVv, fullrange=  -1....... 4+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
IfEigh Range . 405.582 £ 0.02% (k=2) | 403.473 £ 0.02% (k=2) | 404.923 + 0.02% (k=2)
Low Range ) 3.96551 + 1.50% (k=2) | 3.99166 + 1.50% (k=2) | 3.98776 + 1.50% (k=2)

Conn;ec_tor Angle

Connector Angle to be used in DASY system 186.0°+1°

Certificate No: DAE4-1303_Dec14 - : Page 3 of 5




: _Appertc_lix_ (_A_dditional_ assessments outside the scope of SCS108)
'E DC Voltage Lmearlty

3. Channel separation’
' DASY rneaswement parameters Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range Reading (uV) . | Difference {xv) Error (%)
Channel X  +Input 200032.42 0.17 0.00
Channelx +inpui © 20006.44 2.48 0.01
Channel X ** - - Input -20003.75 1.42 -0.01
Channel Y’ + Input 200033.90 1.88 0.00
Channel Y " +Input 20003.42 -0.41 -0.00
Channel Y -Input -20004.48 0.84 -0.00
ChannelZ  +Input 1200035.95 4,02 0.00
ChannelZ = +input 20001.57 2.14 -0.01
ChannelZ " -Input -20006.48 -1.03 0.01
Low Range' o Reading (V) Difference (uV) Error (%)
Channel X " +Input 2000.63 0.09 0.00
Channel X +input 201.55 0.94 0.47
- | Channel X' - Input- -199.12 0.32 0.18
{Channel Y +Input 2000.86 0.46 0.02
ChannelY ~  +Input 200.23 -0.19 -0.10
|ChannelY - Input -199.83 -0.23 0.11
ChannelZ  +Input 1999.80 -0.49 -0.02
Channel Z + Input 199,09 -1.38 -0.69
ChannelZ - Input -200.32 0.71 0.35
2. Common ‘mode sensitivity
DASY measurement parameters Auto Zero Tlme 3 5ec; Measunng time: 3$ec
' " | common mode o .. High Range Low Range
_ Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X | 200 - " ger 7.40
- - 200" . -5.53 -7.23
Channel Y’ 200 6.03 5.93
_ o - 200 -7.02 -6.90
| channelz’ 200 -4.66 -4.55
| B ©-200 1.56 1.76

Input Voltage (mV) Channel X (uV): | - Channel Y (uV) Channel Z (uV)
Channel X 200 - 1.77 -4.82
Channel Y 200 8.18 - 1.73
Channel Z 200 9.79 5.56 -

Certificate No: DAE4-1303_Dec14
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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 (L.SB) Low Range (LSB)
Channel X 15917 16559
Cﬁannei Y 15625 16454
Channel Z ~ 18118 130895

5. Input Offset Measurement

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

Input 10MQ -
. Average (uV) | min. Offset (uV) | max. Offset (V) Std. l?:\\;;atlon

Channel X 080 -1.98 0.43 0.53
Channel Y -0.05 -2.62 1.86 0.61
Channel Z -0.54 2,21 1.34 0.55

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)
Su'pply (+ Vee) . ' +7.9
. { Supply (- Vec) - . 7.6

9. Power Consumption (Typical values for information)

Typical values Switched off {mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vee) - ' ' +0.01 +6 +14
Supply (- Vce) ~0.01 -8 -9

Certificate No: DAE4-1303_Dec14 - o Page 5.0f 5




Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughnusstrasse 43, 8004 Zurich, Switzerland

Aceresind by the Swiss Accreditation Service (SAS)
MMHMMBWHIE&WENEA

Catibrmlion procedure{s)

Calitiration dalie:

R e o e

o

sy

L

s

Calltralion Equipment used (MATE ctiticil for calibration)

Al eslitirations hove ben conductid in the closed iaboratory factity environmaent temperature (22 4 3)'C and himidity < 70%

— T _Hi 1 |
This cafibration carfificale documants ihe fracsabiily I nuticedl standards, which realize the physical units of measuremsnis (S1)
Thie masisuremonts and ihe uncartaimtios with confidence probabiiity are given an the follcwing pages 8nd are pen of the cerificaty

Primaty, Stantards 2] ‘Cail Date (Ceriificate No | Stheiduled Calitation
Powes metir £44198 | aB41293874 03-Apt-14 (No, 217-01811) Apr-15
Fower sensor E4412A MY 414050867 D3.Apr-14 {No, 217-01811) Apr-15
Ruterence 3 dB Attenuator SN: 55054 (3¢) 03-Apr- 14 (Mo, 217.01815) | Apr-15
Rulerenca 20 d8 Atlriaior SN S5277/(20%) 03-Ape-14 (No. 217-01519) Apr-15
Raflurance A0 o8 Altenunior SNL 25120 (300) 03-Apr-14 (No. 217-01820) Apr-15
Rsfprance Probe ES30V2 Sh: 3013 30-Duc-13 (No. ES3-3013 Dect3) | Dec-14
[IAES SN 680 13-Dec-113 {No, DAE4-6A0 Dectd) | Dect4
Secondiy Standands i Check Dato (in house)

RF gengrator HP B648C USIBaZU01700 4-Aug 99 (in house cheok Ap-13)

Natwory, Analyzer WP §753E | 1US37300585 | 18-0ct-01 (in house check Dat-14)

Calibrmiad by

Approevat by

This galibraton cadificate shall nol b reproduced seespl In (ull withaut writtan approvil of ihe labomiony

Cerificate No: EX3-3935_Novid

Page 1ol 11




Calibration Laboratory of P

g i Schwelzetischer Kailbrierdisnst

Schmid & Partner SN Sarvice suisse d'atalonnage

Engineering AG T ‘Sarvizio svizzero i taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland *x,_,'ﬁ\,é“ Swiss Callbration Service

Bl AT T,
Actrediterd by he Swiss Acoreditatinn Servce (SAS) Aceroditution Ne.: SCS 108
The Swiss Accroditation Service (s one of the signatories 1o the EA
Multifatoral Agreament for the recognition of callbration certificatos
Glossary:
TSL tissua simulating liquid
NORMx.y.z sensilivity in free space
ConvF sensitivity in TSL 7 NORMx,y.z
(o]0l diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB C.D modulation dependent lingarization paramelers
Polarization ¢ w rotation around probe axis
Polarization § & rotation around an axis that is in the plane normal to probe axis (at measurement cahter),
lLe. 8 = 0is nommal o probe axis

Connector Angle information used in DASY system ta align probe senser X to thie robul coprdinale system

Calibration is Performed According to the Following Standards:

a) |EEE Swd 1528-2013, "IEEE Recommended Practice for Detarmining the Peak Spalial-Averaged Specific
Absorplion Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques™, June 2013

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

Methods Applied and Interpretation of Parameters:
= NORMx.y.z Assessed for E-field polarization § = 0 (f < 800 MHz in TEM-cell; > 1800 MHz: R22 waveguide)
NORMz,y.z are only intermediate values, Le., the uncertainties of NORMx.y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

«  NORM(fx.y.z= NORMy.y,z * frequency _response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4 2. The uncartainty of the frequency response is inciuded
in the stated unceriainty of Convi,

s  DCPx.y.z: DCP are numerical linearization parameters assessed based dn the data of power swaap with CW
signal (ho uncertainty required). DCP does not depend on frequency nor media.

» PAR;PAR s the Peak to Average Ralio thal is not calibraled but determined basad on the signal
characteristics

s Axyz Bryz Cxy.z Dry.z. VRxy.r A, B, C. D are numerical linearizalion parametars assessed based an
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 sama setups are used for assessment of the paramelers applied for
boundary coimpensalion (alpha, depth) of which typical uncerainty values are given. These paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivily in TSL oorresponds
10 NORMy. .z * ConvF whereby the uncertainty comesponds 10 thal given for ConvF. A frequency dapendent
ConvF is used In DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz

= Spherical isctropy (3D deviation from isolropy). in a field of low gradients realizad using a flat phantom
axposad by a patch antenna.

« Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe lip
(on prabe axis). Nololerance required.

» Connector Angle: The angle is assessed using the Informalion gained by determining the NORMs (na
uncertainly requirad).

Certificale No: EX3-3535_Novid Page 2 of 11




EX30DV4 — SN 3935 Novambaer 18, 2014

Probe EX3DV4

SN:3935

Manufactured:  July 24, 2013
Calibrated: November 18, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ2 system!)
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EX3DV4— SN:3935 MNovember 18, 2014

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

Basic Calibration Parameters

Sensor X Sensar Y Sensor Z Une (k=2)
Norm (u\VAVIm)*Y" 0.50 0.53 0.49 +10.1%
DGP (mV)" 101.0 100.8 104.5
Modulation Calibration Parameters
up Communication System Name A B c D VR Unc®
dB dBYVuv dB8 my (=2)
o ow X 0.0 0o 1.0 0.0D 1379 | 27%
Y 0.0 0.0 1.0 1447
Z 0o 0.0 1.0 140.3

The rercrted 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 uncadainties 6f NomX.Y Z do not difest the £7higkd incenainty inside TSL (see Pages 5 arid 6)

* Mumérical linesirization parameter uncertaiiily not requine,

Y Unperainty s detenmined wming the mae. deviption from linest respons applyihg restangilind distribution and s sxpresset lor (e squnre of the
Lisded woligi

Carfificata No: EX3-3835_Novid Page 4 of 11




EX3DV4- 5N:3935 Navember 18. 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © ﬁu::liaﬂtli:;f cm;g'un-;syny ConvF X | ConvFY | ConvFZ | Alpha® n(mu m
750 419 0.89 10.88 10.88 1088 | 039 | 088 | £120%
835 41.5 0.90 1036 | 1036 | 1036 | 018 | 145 | £120%
900 415 0.87 1014 | 1014 1014 | 031 103 | $120%
1450 405 1.20 8.78 8.78 878 048 | 071 | +120%
1750 401 1.37 845 B.45 8.45 060 | DB6 | 120%
1810 400 1.40 8.31 8.31 8.31 0.31 087 | 2120%
1800 40.0 1.40 8.18 8.18 8.18 046 | 079 | £120%
2000 40.0 140 8.15 8.15 8.15 076 | 056 | +120%
2300 395 1.67 7.77 7.77 777 | 057 | 088 | £120%
2450 39.2 1.80 742 742 7.42 048 | 073 | £120%
2600 39.0 1.96 7.18 7.18 7.18 0.34 085 | £120%
3500 aze 291 7.1 7.1 711 0.39 1,00 | £131%
5200 36.0 4.66 5.16 5.16 5.16 0.35 180 | +131%
5300 35.0 476 4.96 4.96 4.96 035 | 180 | £131%
5500 356 4.96 4.81 4.81 4.81 0.40 180 | #131%
5600 355 5.07 4.61 4.61 461 | 040 | 180 | +131%
5800 353 527 4.44 4.44 4.44 040 | 180 | £131%

© Frequenay vilidity above 300 MHz of £ 100 MHz oniy apphas for DASY vi.4 and higher (see Page 2), else il is resincted o = 50 MHz. The
uncastanty is the RSS of the CorvF uncertimnty o calibration frequency and the uncarnainty for thi intlicaten fresjuency band. Fraquency vaildity
Gl 3K MMz & £ 10, 25, 40, 50 and 70 MHz for ConvE assessments at 30, 54, 128, 150 and 220 MHz respecinaly. Atiove 5 GiHz trequency
varirilfy can be extended o = 110 MHz
'mmmmawmmﬂmmkmuimmmhmmmnmun_mlmnmmammmn
messued SAR values. Al heguencies above 3 Gz, the validity of Ussue parometers (cand o) is resiricied (o « 5% The uncenamiy is the RSS of
Ihe CorvE uncedtamty Tor indieatest target lissue peramesterns.

“ AlptaDepth are determined during caliorafion, SPEAG warants that the remaiming daviation dus to the baumdary effect after compannation ia
miways less thim = 1% for frequancies below 3 GHz and below = 2% for frequengies between 3-6 GHz at any ditance kmger han hall the probae fip
diarmised from e boundaiy

Cadificale No: EX3-3836_Nov1d Page 5of 11




EX3DV4a- SN:3935 Nevember 18, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | _ _ | Depth® | Unct
f(MH2)® | Permittivity” (Sfm)” ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 10.35 10.35 10.35 0.31 1.03 +12.0%
835 55.2 087 10.18 10.19 1019 0.23 1.30 +120%
1750 534 1.49 8.18 8.18 8.18 0.48 0.81 £12.0%
1900 53.3 1.52 7.81 7.81 7.81 053 0.75 +12.0 %
2450 527 1.95 7.34 7.34 7.34 0.52 0.1 +12.0 %
2600 525 216 715 7.15 7.15 0.80 0.50 £120%
5200 49.0 5.30 4.49 4.49 4.49 0.45 1.80 £13.1%
5300 489 5.42 4.34 4.34 4.34 045 1.90 +131%
5500 486 5.65 397 397 397 0.50 1.90 £13.1%
5600 48.5 5.77 3.82 3.82 3.8z 0.50 1.90 +13.1 %
5800 48.2 .00 397 3.97 3.97 0.50 190 | #2131 %

" Frivpunicy validity above 300 MHz of 2 100 Mz only applies for DASY va.4 amd higher (s=s Page 2|, ohse 1l s restdted to & 50 Mz The
ureertanity s (he RSS of the CorwF uncertainty at calibration fequenty and the uncertamty for the mdicisd requancy mmmqvmn
bt 300 MMz 5 210, 25, 40, 50 and 70 MMz for CorvE assessmtnts af 30, 64, 128, 150 and 220 MHz respsctively. Aliove 5 Gz freguancy
mmmmwwm:num

" At froqusiices balow 3 GHz, ihe valldily of (Hssus parampter (; amd o) can b rivlioesd fo = 10% d kiquld compansation formula |s appiied to
measured SAR values At frequencies above 3 GHz. fthe validity of tissue prrametans (v and o) s restncted to 5% The uncerainty in the 7SS of
rlmevFunoMmﬂy lor inidicated target parmmetars.

" Aflphal/Capth are determined during calibration, SPEAG warrants thal the remaliing deviation die 1o the boundary affect atter compenstion is
mwummmmscmmm wINWMMMMQWMWWMnhﬁthmW
gt e this bounilary

Cartilicale No: EX3-3835 Navi14 Page 6 of 11




EX30V4- SN30935

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

Newvamber 18, 2014
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Curtificate No: EX3-3835 Novi4
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EX3DV4- SN.3935 November 18. 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22

m > - * ‘E_ - = I
- N Ll * Ly
- ) L] v L]
= B - L
& v '. . L
= ez oe oetan "r - - us " an
e . . O N - gl W X e e :
- i - " dh
] 1 1
-
=oa . s & : -
b | - {11 i S e
oy o B
. . . . .
Tol x ¥ £ Tk X Y
gl = 3 i i L SR
g | |
—_ - g ; . i 3
Ig_ L i M—o—-&ar_v:l_tl—ﬁ-#--h_; C = Dol St 8 S e S n -23—4-,g==-;-_: o1
. ! ] :
15+ -_- - dod 4 - ————i
E S | i i N — 3 ] - = | i i | =0
~140 i 40 4 30 o i

Ro# ']

|Dﬁ'-_nL: Bﬂggt: Mﬁ-T,-H.'. ﬁ@!dh:

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DVa- SN;3935 November 1B, 2014

Dynamic Range f(SAR.q)
(TEM cell , fova= 1900 MHz)
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Uncertainty of Linearity Assessment: 4 0.6% (k=2)

Cerllificate No: EX3-3935_Nov14 Page 9of 11




EX3DV4— SN:3935 November 18, 2014

Conversion Factor Assessment

=835 MHz WGLS RS (H_comF) f= 1800 MHz WGLS R22 (H_convF)

Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

08

Deviation
.- oG
1es0025%5

oo™

10 08 06 -04 -02 00 D2 04 ﬁ,s 08 10
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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EX3DV4- SN;3835

November 18, 2014

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

Other Probe Parameters
Sensor Arrangement: Triangular
Canneclor Angle (%) 1388
Mechanical Surface Detection Mode ‘anabled

' Oplical Surface Detection Mode disabled
Proba Overall Langth 337 mm
Probe Body Diameter 10 mm
Tip Length amm
Tip Diameter 2.5 mm

"Proba Tip to Sensor X Calibtation Paint 1mm
Proba Tip 1o Sensor ¥ Calibration Paint Tmm
Probe Tip 1o Sensor Z Calibration Paint 1 mm
Recommendsd Measurement Distance from Surface 14 mm

Cantificate No: EX3-3835_Nov14 Page 110l 11




Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughousstrasss 42, 28004 Zurich, Switzeriand

Arcredited by the Swiss Andreditation Service [SAS)
The Swiss Aocreditation Service is ong of the signataries to the EA
Wultilateral Agreement for the recognition of calibration cortificates

Clignt

Sporton-SZ (Auden)

Schweizrerischer Kalibrierdienst
Servipe suisse d'stalonnage
Sarvizio svizzern ditzratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: EX3-3819_Novid

CALIBRATION CERTIFICATE

Ohject

Callbration procedure|s)

Calibration date:

QA CAL-01.3v8; QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.16
Calibration procedure for dosimetric E-field probes

November 13, 2014

Calibragion Eguiprment used (M&TE critical for calibratian)

This callbration cettifizate documents the fracesbility to national standards, which realize ihe physizal uniss of measuremants ()
The messuraments and thi unceraintes with cotfidence probabilty dre givan on the fallowing pages and are part of the cerifizate..

All zalibrations hava been canducied in the closed aboratory faciity: envirenment temperaturs (22 = S Crand hurmidite = T0%

Frimary Standards [ Gal Date (Certificate No.) | Seheduled Callaration

Fower méler E44198 ZEA1293874 O2-Apr=14 {No. 21701931 Apr-15

Foveer serscs E44124, WY 4 1495087 D3-Agr14 (Mo, 217-01911) | Aprs;

Fiefarenoe 3 4B Attengatir SN: 5054 i3 02-Anr-14 (Mo, 217-01918) Apr-15

Referones 20 68 AttEnuator Shl: SEETY (208} [3-Agr=14 {No. 217-0751 5 Apr-15

Retarence 30 dE Atenustar SN 55725 (30b) D3-Aar-14 (Mo, 21 7-01920) Hipr-15

Refuranse Probe ES20VE SH: 3013 30-Des-13 (Mo ES33013 Dee1d) Dec-14:

AR Sh; GED TDee-13 (N, DAE4-860_Dectd Dge=14

Secondary Standards {x] Cheek Date in house) Echadulad Chedk

RF gensrator P 86480 J536420a1700 W-Aug-28 fin house check Apr-13) In house chiesk: AoelE

Metwork Analyzer HP 8F6EE S3TEE0585 TB-0501 in house check Cet-141 I hisige chissk: Ogt-15
“Narmeg _ Functicn ] 4 nl_dﬁ\ -

Calibratad by: Claidio Laubler Labaratary Technican i

Apsroved by: Katja Pokevic: Technicat Manager 7=

This galibration certificate shall not b reprodused @acept in full without written approval of the laboratary.

1Esued! Movambar 14, 2074

Ceriflcate Mo EX3-38519 Movld
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Calibration Laboratory of *\",l,;"

5 Schweizenscher Kalibrierdienst

Schmid & Partner ;ﬁ — fliE Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura

Zoaughausstrasse 43, 3004 Zurich, Switzerland q’:ﬁm}? & Swiss Calibration Service

Wil

Actrediter by the Swiss Accraditation Serviee (SAS) Accreditation No.: SC5 108

The Swiss Acoredlitation Service is one of the signatories o the EA-

Multilateral Agreement for the recognition of calibrstion certificates

Glossary:

TaL tissue simulating liguid

NORME v,z sensitivity in free space

ConvE sensitivity in TSL/ NORMx.y.z

oCcR diode comprasgsion point

CFE crestfactor (1/duty_cycle) of the RF signal

AB CD madulation dependent linsarization parameters

Polanzation ¢ ip rotation around probe-axis

Polarization & S rotation around an axis that'is in the plane normal to prabe axis (at measurement center);

l.e., & =0 is narmal to probe axis '
Connector Angle information used in DASY system 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

&) 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
Technigues™, June 2013 _

b) 1EC 822081, "Protedure 10 measure the Spedific Absarpiion Rate (SAR) for hand-hald devices used in close
proximity ta the ear {frequency range of 300 MHz ta 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
= NORMxy,z Assessed for E-field polarization %= 0 (f < 800 MHz in TEM-cell; T> 1800 MHz: R22 waveguide).
NORMx.y.z are anly intermiediate values, |.e., the uncertainties of NORMx, v,z does not affect the E*-field
uncerainty inside TSL (see belaw ConvF),
= NORM(Tlx vz = NORMxy,z * frequency. response (see Frequenicy 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 uncerainty of ConvF,

s DCPxy.z: DCP are numerical linearization parameters gssessed based on the data of power sweep with CW
signal {no uncertainty requiesd). DCP does not depend on frequency nor media.

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

= Axyz Boyz Cxyz Dxy.z VRxy .z A B, C. D are numerical linearization parameters assessed bhased on
the data of power aweep for specific modulation signal. The parameters do not depend on freguency nor
media. VK is the maximum calibration range expressed in RMS voltage across the diode.

= ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temparature Transfer
Standard for f = 800 MHz) and Inside waveauide using analytics! field distibutions based on power
meagyrements for f= 800 MHz. The same setups are used for assessment af the parametsrs applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to Improve probe aceuracy close to the boundary, The sensitivity In TSL correspands
o NORMzx, v,z * ConvF whereby the uncertainty comesponds to that given for CenvE. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to =100
MHz.

s Spherical isotrapy (3D deviation from isotropy): in & field of low gradients réalized usinga flat phaniom
exposed by a patch antenna.

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

e Connector Angle: The angle is assessed using the Information gained by detemmining the NORMyx (no
uncertainty required).

Cedilicate No: EX3-3819 Movld Pags 2ot 19



EX30W4 — 5N:3818 Mewvember 13, 2014

Probe EX3DV4

SN:3819

Manufactured:  September 2, 2011
Repaired: November 4, 2014
Calibrated: November 13, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Certificate No: EX3-3819_ Nav14 Page 3of 11



EXI0NVA- SN:3818

Movember 13, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Basic Calibration Parameters

Sensor X Sensor Y Sensor £ Unc {k=2)
Norm (uMiVim)5)" 0.47 0.41 0.47 +10.1%
DCP (m\)" 100.5 101.6 100.9
Modulation Calibration Parameters
Uit Communication System Name A E o D VR Une™
dE dBypy dB my {k=2)
o CW X 0.0 0.0 1.0 000 | 1540 | £38%
Y 0.0 0.0 1.0 1468
z 0.0 0.0 1.0 155.0

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 25%.

* The unoertainties of Nommi,¥.2 da not affect the Eield uncertainty inside TSL {ses Pages 5 and &),

Mumerical linearization parameater; unsertainty not requined.

Uncesainty is detemmined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate Ma: EX3-3819_MNow14d
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EX3ld- SNi38 18 Novembar 13, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Head Tissue Simulating Media

Ralative Conductivity Depth © Unct.

E(MH2)® | Permittivity" (Sim)* ConvFX [ ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.8 .88 0.04 8.94 B.04 0.28 1.20 +12:0 %
835 41.5 (.90 0.48 9.48 9.48 f.58 (.80 +12.0 %
900 41.5 0.97 0,24 9.24 9,24 0.39 0.95 +12.0 %
1750 40.1 137 8.01 8.01 8.01 0.80 058 | £12.0%
1800 40.0 140 7.86 7.66 7.66 0.23 0.91 +12.0 %
2000 4D.0 1.40 7.73 7.73 7.73 0.39 0.81 + 12,0 %
2300 30.5. 1.67 7.30 7.30 7.30 0.35 0.85 +12.0%
2450 39.2 1.80 7.01 7.07 7.01 043 0.73 £12.0%
2600 39.0 | 196 5.92 g.92 6.82 0.50 | (.74 £12.0 %
5200 36.0 | 4.66 5.25 525 5.25 0.30 1,50 +13.1 %
5300 3548 4,76 501 | 501 5.01 0.30 1.80 £13.1 %
5600 255 5.07 4.52 4,52 4,52 0.40 1.80 £13.1 %
5500 35.3 527 4.50 4,50 4.50 0,40 180 | £13.1%

= Fridquency validity above 300 MHz of © 100 MHz anly applies for DASY wd.4 and higher (see Page 2 else if i restricted to = 50 MHz The
ancedtainty isthe RS2 of the ConvE unoetainty at calibration iresuency and theunasrainty for the indicated frequaricy biand, Frequency validity
beeloa 300 MHz s = 10, 25 23, 50 and 77 MHz for CanvF assessments ar30, B4, 128, 150 and 230 MHz respactively, Above 5 GHz freguensy
walidity can be extendad tox 140 MHz ) '

" At recuencies below 3 Gz, the validity of tissue pammeters (e and o) can be relaxed ta e 10% Hilgquld compensation formula is appled o
reasured SAR values, At frequencies above 3 GHz. the validity of tissus parameters (¢ and &) 15 restricted to = 5%. The uncerlainy s the RS af’
e ConvE uncettainty for indicatad targel tssue pammelers, - )

& Alpha/Denth are determingd during calibration. SPEAG warants that the remairing deviation due (o the bourdary @fect after compensatisn is
always less than + 1% far fraquencies below 3 GHz and below = 2% for frequencies between 2.5 GHz 2t any distanceJarger than nalf the probe fip
diamesar fram thi baundary.

Centificats Mo: EX3-3879 Novid Fage Sof 11



EX3DVA- SN:4818

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Body Tissue Simulating Media

MNovember 13, 2614

Relative Conductivity Depth © Unct.

f{MHz) ¢ | Permitiviey" {Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.55 9.55 8.55 0.26 128 | *12.0%
835 55.2 0.97 5,49 9.49 949 0.52 0.78 +12.0 %
900 55.0 1.05 9,24 9.24 9,24 0.70 0.58 +12.0 %
1750 53.4 1.49 7.74 7.74 7.74 0.78 0.63 +12.0 %
1860 53.3 1.52 739 7.39 7.30 0.45 (.80 +12.0%
2000 53.3 1.52 746 7.46 7.46: 0.39 0.93 £ 12,0 %
! 2300 52.4 1.61 721 7.21 7.21 0.67 0.69 +120%
: 2450 52.7 1,85 .95 6.95 £.95 0.80 0.60 £12.0 %
2600 52.5 2.18 5.80 f.80 6.80 080 | 057 | #£12.0%
5200 49.0 5,30 4.52 4,52 4.5 0.40 1.90 £13.1 %
5300 48.9 5.42 4.37 457 4,37 0.40 180 | £13.1%
5600 485 7T 3.85 3.86 3.85 0.45 1.90 £131 %
5800 48.2 .00 4.07 4.07 4.07 .50 I 1.90 £13.1 %

" Fremuency validity abave 300 MHz of + 1800 MHz only applies for DASY v 4 and higher (see Page 2, elge it = resfrigted 10 = 50 MHz Tha
uncartainty is the RE5 of the ConvF uncertainte at calibration frequancy and the uncerainty for the indicated fragueney band. Frequency vaidity

Eiow 300 MHz iz 2 10, 2540, 50 apd 74 MHZ
validity can be extendad o 110 Mz

fiar CanvF agspsEments 8t 30, B4, 123: 750 und 220 MHz respectively, Above 5 GHz frequenicy

F At requeneies below 3 Gz the validity l;iffls'_sue.p_aramﬂ-fers_ ieand o) an be relaved to+ 10% if liquid comprnssation fommula 4s-applhed o

mgasured SAR valies. At frequencies above 3 GHz, the vasidity ¢f tisque parameters (@ 2nd o) & restricted 15 = 5% The unceraity is the RSS of
the Conv Lnicertainty for Indicated target tlasue paramatoss. )

" AephalDepth are detemiined during Ealibration. SPEAS warrants that the remaining deviatlon due ts the Boundary efecs sfler compensation is

always less than &% for frequenales below 3 Gz and below & 2% for tecuencies betwaen 3-6 GHiz 2t ny distance faner than half the prabe tp

digrigter from the baundany,

Certificate Mo, EX3-3812 Novi4
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EX30DV4- SN:3819 MNovember 13, 2014

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

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Certificate Mo: EX3-3818_Mov14 Page 7 of 11



EX3DV4— SN:3818 Movemnber 13, 2014

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:3818 Novemnber 13, 2014

Dynamic Range f{SAR}c.q)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate Mo: EX3-3812 Novid Page §of 11



EX3DV4- SN:3818

Movember 13, 2014

Conversion Factor Assessment

=835 MHz WGLS RS (H_convF)

f= 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 3), f = 900 MHz
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Uncertainty of Spherical Isctropy Assessment: % 2.6% {k=2)
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Certificate No: EX3-3813. Novi4

Page 10 of 11



EX30NW4- SM3E1S

Movember 13, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (7) -67.4
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 8 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mim
Probe Tip to Sensor Y Callbration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-3818_Novid
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