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[CALIBRATION CERTIFICATE |

Object D2450V2 - SN: 719
Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
L
Calibration date: August 20, 2015 a4 [ % | 49
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: envirenment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards D # Cal Date (Cerfificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A JS37292783 07-Oct-14 (No. 217-02020) Qct-15
Power sensor HP 84814 MY41092317 07-Oct-14 (No. 217-02021) Oct-15
Reference 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 ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14} Dec-15
DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug1s) Aug-16
Secondary Standards 1D & Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house ¢heck: Oct-16
Network Analyzer HP 8753E US37390585 S4206 18-0¢t-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Michael Weber Laboratory Technician f
Approved by: Katja Pokaovic Technical Manager G fﬁg‘fy’w
T e ‘ﬁj:f‘wfﬂww
Issued: August 21, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratary.
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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 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) 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.

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

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

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

connector.

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan 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 220°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2) °C 3926 % 1.87 mho/m + 6 %

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

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

SAR measured 250 mW input power 13.8 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.48 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

25.7 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calcufations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters PO et 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 532x6% 2.00 mho/m =6 %
Body TSL temperature change during test <0.5°C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.1 Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

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

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

condition

SAR measured

250 mW input power

6.11 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

24.3 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5450 +53jQ

Return Loss -23.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5010 +6.5jQ

Return Loss -23.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.149 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 dipale 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 he damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on September 10, 2002
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DASY5 Validation Report for Head TSL

Date: 20.08.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 719

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

Medium parameters used: f = 2450 MHz; ¢ = 1.87 S/m; & = 39.2; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASYS52 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: 17.08.2015

Phantom: Flat Phantom 5.0 (front); Type: QDO0OP50AA; 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 = 102.2 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 28.1 Wikg

SAR(1 g) = 13.8 W/kg; SAR(10 g) = 6.48 Wikg

Maximum value of SAR (measured) = 18.2 Wikg

0dB =18.2 W/kg = 12.60 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 19.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 719

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

Medium parameters used: f = 2450 MHz; 6 =2 S/m; & = 53.2; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASY35 (IEEE/IEC/ANSI €63.19-2011)

DASY52 Configuration:

« Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;

*

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back):; Type: QDO00P50AA: Serial: 1002

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

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

Reference Value = 95.73 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.9 W/kg

SAR(1 g) = 13.1 W/kg; SAR(10 g)=6.11 W/kg

Maximum value of SAR (measured) = 17.3 Wikg

0dB =17.3 W/kg = 12.38 dBW/ke
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S,

: KA /", S Schweizerischer Kalibrierdienst
Schmid & Partner iiaEE\\://m:é c Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland {f,, /ﬁ \\3 S Swiss Calibration Service
ko o
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Client  PCTest s Certificate No: D2600V2-1004_Apr15

CALIBRATION CERTIFICATE

Object D2600V2.- SN: 1004+

Cahbratlon procedure for dlpo!e valtdatlon klts above 700 MHz

Calibration date: Api’il'-‘|4, oifRiass s

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

Calibration procedure(s) QA CAL-05.v9 e _ P’\l v

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

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

Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) G1-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-18

Reference Prohe ES3DV3 SN: 3205 30-Dac-14 (No. ES3-3205_Dec14) Dec-15

DAE4 SN: 801 18-Aug-14 (No. DAE4-601_Augi4) Aug-15

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

RF generator R&S SMT-06 100005 04-Aug-98 (in house check Oct-13) In house check: Oct-16

Network Analyzer HP 8753E US37380585 54206 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function

Calibrated by: Claudiq'l_'eub__ler':" P _[;aboratbry-'.ljec':hn_igi_aﬁt s

Approved by: Katia Pokovie' _:-_3..-::"'.‘_I‘ecﬁrﬁ_i_i:él' Manager i :'- éﬁ?% i

Issued: April 14, 2015

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

$ \\_\—/// ’/,} S Schweizerischer Kalibrierdienst
Schmid & Pariner m c Service suisse d'étalonnage
Engineering AG ey Servizio svizzero di taratura
- . e S ; e 4
Zeughausstrasse 43, 8004 Zurich, Switzerland % f/-\\ e Swiss Calibration Service
Tl sy
Accredited by the Swiss Accreditation Service (SAS) Accreditation Mo.: 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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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.

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

« Electrical Delay: One-way delay between the SMA connecior and the antenna feed paint.
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 approximaitely 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2600 MHz =1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

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

Measured Head TSL parameters (22.0+0.2) °C 37.1+6% 1.99 mho/m =6 %

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

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

SAR measured 250 mW input power 14.2 W/ikg

SAR for nominal Head TSL parameters

normalized to 1W

55.8 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.37 W/kag

SAR for nominal Head TSL parameters

normalized to 1W

25.2 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 52.5 2.16 mho/m
Measured Body TSL parameters (22.0 £ 0.2) °C 50.2+6% 2.20 mho/m =86 %
Body TSL temperature change during test <05°C -—un -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.3 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.39 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2600V2-1004_Apri5
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4960-47jQ

Return Loss -26.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 465Q0-36jQ

Return Loss - 256 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.150 ns

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

The dipole is made of standard semirigid 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 o 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 December 23, 2006
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DASYS5 Validation Report for Head TSL

Date: 14.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

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

Medium parameters used: f = 2600 MHz; ¢ = 1.99 S/m; &, = 37.1; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.49, 4.49, 4.49); Calibrated: 30.12.2014;
« 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)

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

Reference Value = 99.70 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.37 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

0dB =17.9 W/kg = 12.53 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 14.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

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

Medium parameters used: f = 2600 MHz; o =2.2 S/m; &, = 50.2; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe: ES3DV3 - SN3205; ConvF(4.13, 4.13, 4.13); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDO00OP50AA; Serial: 1002

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

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

Reference Value = 95.83 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 29.6 W/kg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.39 W/kg

Maximum value of SAR (measured) = 18,3 W/kg

0 dB = 18.3 W/kg = 12.62 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 certificates

Client

Accreditation No.:

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

SCS 0108

Centioats fio: DEGH2V2-1120_Feb15 =

CALIBRATION CERTIFICATE

Object D5GHzV2 - SN:1120

Calibration procedure(s)

QA CAL-22. V2

Calibration date:

February 17,2015

Calibration Equipment used {M&TE critical for calibration}

Callbratlon procedure for dlpoie valtdahon klts between ;3

6 GHz

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

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

oy
- 3fefol

LY

Lahoratory Techmcian '

Approved by Katja _PékeV?c

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

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

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

Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) QOct-15

Power sensor HP 8481A MY41082317 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 / 06327 03-Apr-14 (No. 217-01921) Apr-15

Reference Probe EX3DV4 SN: 3503 30-Dec-14 {(No. EX3-3503_Decl4) Dec-15

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

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

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

MNetwork Analyzer HP 8763E 1537390585 54206 18-0Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function

Calibrated by: -_(:jlai.ldlei_Leu_ﬁl_e'r' o
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Calibration Laboratory of N

) S\ [ Schweizerischer Kalibrierdienst
Schmid & Partner M C Service suisse d'étalonnage
Engineering AG E /;-—__\—-\ 5 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 4»/,’ /ﬁ\\\\? S  Sswiss Calibration Service
NI
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

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) |EC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010
by KDB 865664, “SAR Measurement Requirements for 100 MHz o 6 GHZ”
c) 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

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

5200 MHz + 1 MHz
5300 MHz = 1 MHz
5500 MHz = 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 3B4+6% 4,54 mho/m+ 6 %
Head TSL iemperature change during test <05°C
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.81 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.24 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

22.3 Wrkg = 19.5 % (k=2)

Ceriificate No: DEGHzV2-1120_Feb15
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Head TSL parameters at 5300 MHz

The following parameters and calculations were appiied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0£0.2)°C 35.2:+6% 4.64 mho/m =6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.15 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR averaged over 10 em® (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

23.2 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calcuiations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL. parameters 22.0°C 35.6 4.96 mho/m
Measured Head TSL parameters (22.0+0.2)°C 350x6% 4.83 mho/m = 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL at 5500 MHz
SAR averaged aver 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.21 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

81.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.32 W/kg

SAR for nominal Head TSL parameters

normalized to W

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

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.5 5.07 mhoe/m
Measured Head TSL parameters (22.0 +0.2) °C 34.8+8% 4.94 mho/m+6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.03 Wrkg

SAR for nominal Head TSL parameters

normalized to 1W

79.9 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.29 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22.8 Wikg + 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 345£6% 515 mho/m+6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.77 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

77.3 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.0 Wikg = 19.5 % (k=2)
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Body TSL parameters ai 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m
Mieasured Body TSL parameters (22.0+£0.2) °C 485 6% 5.46 mho/m +6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.44 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

74.3 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,08 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.8 Wikg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permiitivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0 1 0.2) °C 4836 % 559 mho/m =6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.53 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

75.2 Wikg = 12.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.11 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.1 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 48.6 5.65 mho/m
Measured Body TSL parameters (22.0 2 0.2) °C 47.926% 5.85 mho/m £ 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.96 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

79.5 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Whkg

SAR for nominal Body TSL parameters

normalized to 1W

22.1 Wikg + 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were appiied.

Temperature Permittivity Conductivity
Nominatl Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2)°C 47.7 6% 5.9 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 7.75 Wikg

SAR for nominal Body TSL parameters

normatized to 1W

77.4 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

215 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.4 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and ¢algulations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 474 +6% 6.28 mho/m =6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.64 W/kg

SAR for nominal Body TSI parameters

normalized to 1TW

76.3 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.10 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

20.9 W/kg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS01 08)

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 53.7Q-54iQ

Return Loss -24.0dB
Antenna Parameters with Head TSL at 5300 MHz

impedance, transformed to feed point 50,1 Q+2.0jQ

Return Loss -34.0dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 5090Q-25|Q

Return Loss -31.6dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 58.4 Q +0.2jQ

Return Loss -222dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 51.5Q +26jQ

Return Loss -30.5dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 528 Q-36Q

Return Loss -26.9dB
Antenna Parameters with Body TSL. at 5300 MHz

Impedance, transformed to feed point 439Q+28iQ

Return Loss -31.0dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 5140Q-14jQ

Return Loss -34.3dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5850 +1.9jQ
Return Loss -21.9dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 51.8Q+4.3jQ
Return Loss -26.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.207 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 iength is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 08, 2011
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DASYS5 Validation Report for Head TSL

Date: 17.02.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1120

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 4.54 S/m; g = 35.4; p = 1000 kg/m

Medium parameters used: f = 5300 MHz; o = 4.64 S/m; & = 35.2; p=1000 kg/m ,

Medium parameters used: f = 5500 MHz; o = 4.83 S/m; ¢, = 35; p = 1000 kg/m®,

Medium parameters used: £ = 5600 MHz; ¢ = 4.94 S/m; &, = 34.8; p = 1000 kg/m ,

Medium parameters used: f = 5800 MHz; 6 = 5.15 8/m; g, = 34.5; p = 1000 kg/m

Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Calibrated: 30.12.2014, ConvF(5.21, 5.21,
5.21): Calibrated: 30.12.2014, ConvF(5.12, 5.12, 5.12); Calibrated: 30.12.2014, ConvF(4.92, 4.92,
4.92); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014;

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

s Electronics: DAE4 Sn601; Calibrated: 18.08.2014

o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
o DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 64.11 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 28.3 W/kg

SAR(1 g) = 7.81 W/kg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

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

Reference Value = 64.53 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 30.4 W/kg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 18.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.02 V/m; Power Drift = 0,09 dB

Peak SAR (extrapolated) = 32.0 W/kg

SAR(1 g) = 8.21 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 19.2 W/kg
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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 = 63.14 V/m; Power Drifi = 0.07 dB

Peak SAR (extrapolated) = 31.3 W/kg

SAR(1 g) = 8.03 W/kg; SAR(10 g) = 2.29 W/kg

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

Reference Value = 60.76 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 31.8 W/kg

SAR(1 g) = 7.77 W/kg; SAR(10 g) = 2.21 W/kg

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

— -10.00

| -40.00

0dB = 17.8 Wrkg = 12.50 dBW/kg
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impedance Measurement Plot for Head TSL
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DASY5 Validation Repori for Body TSL
Date: 16.02.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1120

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.46 S/m; &, = 48.5; p = 1000 kg/m?’ ,

Medium parameters used: £ = 5300 MHz; 6 = 5.59 S/m; &, = 48.3; p = 1000 I{g/m3 ,

Medium parameters used: £ = 5500 MHz; 6 = 5.85 S/m; &, = 47.9; p = 1000 1<;,g/rn3 ,

Medium parameters used: { = 5600 MHz; ¢ = 5.99 S/m; & = 47.7; p = 1000 kg/m®

Medium parameters used: f = 5800 MHz; ¢ = 6.28 S/m; &, = 47.4; p = 1000 kg/rn3

Phantom section: Flat Section

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

DASYS52 Configuration:

o Probe: EX3DV4 - SN3503; ConvFE(4.95, 4.95, 4,95); Calibrated: 30.12.2014, ConvF(4.78, 4,78,
4.78); Calibrated: 30.12.2014, ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2014, ConvF(4.35, 4.35,
4.35); Calibrated: 30.{2.2014, ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;

e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 5.0 (back); Type: QDO0O0PS0AA,; Serial: 1002

o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 58.32 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.5 W/kg

SAR(1 g) =7.44 W/kg; SAR(10 g) = 2.08 W/kg

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

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

Reference Value = 57.81 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.5 W/kg

SAR( g) = 7.53 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.23 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 7.96 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.2 W/kg
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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 = 57.03 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 34.3 W/kg

SAR(1 g) =7.75 W/kg; SAR(10 g) =2.15 W/kg

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

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

Reference Value = 55.44 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 35.8 W/kg

SAR(1 g) = 7.64 W/kg; SAR(10 g) = 2.1 W/kg

0dB = 17.5 W/kg = 12.43 dBW/kg
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impedance Measurement Plot for Body TSL
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Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D1900V2-5d141_Apri15

Object

Calibration procedure{s)

Calibration date:

Primary Standards

CALIBRATION CERTIFICATE

D1900V2 - SN:5d141

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

PN v
4

April-14, 2015

Calibration Equipment used (M&TE critical for calibration}

1D #

Cal Date (Certificate No.)

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

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

Scheduled Calibration

Power meter EFPM-442A
Power sensor HP 8481A
Power sensor HP 8481A
Reference 20 ¢B Attenuator
Type-N mismatch combination
Reference Probe ES3DV3
DAE4

Secondary Standards

GB37480704
US37202783
MY41092317

SN: 5058 (20k)

SN: 5047.2 /06327
SN: 3205

SN: 601

1D #

07-Oct-14 (No. 217-02020)
07-Oct-14 {No. 217-02020)
07-Oct-14 {(No. 217-02021)
01-Apr-15 (No. 217-02131)
01-Apr-15 (No. 217-02134)
30-Dec-14 (No. ES3-3205_Dec14)
18-Aug-14 (No. DAE4-601_Aug14)

Check Date (in house)

Qct-15
Oct-15
QOct-15
Mar-16
Mar-16
Dec-15
Aug-15

Scheduled Check

RF generator R&S SMT-06
Network Analyzer HP 8753E

Calibrated by:

Approved by:

100005

US37390585 S4206

Name

Claudio Leubler -~ 0 o

Katja Pokovie

04-Aug-29 (in house check Oct-13)
18-Oct-01 (in house check Oct-14)

Function

/Laboratory Technician : .

- Techical Manager .~ . ..

In house check: Cet-16
In house check: Oct-15

Signature -
. -;»f’”’/jf‘r . S

Issued: April 14, 2015

This calibration certificate shall not be reproduced except in full without writtens approval of the [aboratory.
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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 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 62209-1, "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

¢) KDB 865664, “SAR Measurement Requirements for 100 MMz to 6 GHz"

Additional Documentation:
d) DASY4/5 System HMandbook

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.

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

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

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

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

e SAR normalized: SAR as measured, nhormalized 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: D1800V2-5d141_Apri5 Page 2 of 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 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 386x6% 1.37 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 9.93 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.20 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20.9 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+£0.2) °C 528x6% 1.50 mho/m +6 %
Body TSL temperature change during test <0.5°C e mm
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.94 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

40.0 Wrkg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.29 Wikg

SAR for nominal Body TSL parameters

normalized to 1TW

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

Certificate No: D1900V2-5d141_Apri5

Page 3 of 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.0Q+46jQ

Return Loss -25.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4820 + 560

Retumn Loss -24.5 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.198 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 March 11, 2011

Ceriificate No: D1900V2-5d141_Apris Page 4 of 8




DASYS5 Validation Report for Head TSL

Date: 14.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d141

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

Medium parameters used: f = 1900 MHz; ¢ = 1.37 S/m; &, = 38.6; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

= Probe: ES3DV3 - SN3205; ConvF(5, 5, 5); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

L]

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOO00OP50AA; 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 = 98.18 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR( g) = 9.93 W/kg; SAR(10 g) = 5.2 W/kg

Maximum value of SAR (measured) = 12.5 Wikg

0dB =125 W/kg = 10.97 dBW/kg

Certificate No: D1900V2-5d141_Apr15 Page 5of 8



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

Date: 14.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V?2 - SN:5d141

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

Medium parameters used: f= 1900 MHz; ¢ = 1.5 S/m; g = 52.8; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1

DASYS52 Configuration:

 Probe: ES3DV3 - SN3205; ConvF(4.63, 4.65, 4.65); Calibrated: 30.12.2014-

2

L

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

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

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

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

Reference Value = 95.73 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 16.9 W/kg

SAR(1 g) = 9.94 W/kg; SAR(10 g) = 5.29 Wikg

Maximum value of SAR (measured) = 12.5 Wikg

0dB =12.5 W/kg = 10.97 dBW/kg

Certificate No: D1300V2-5d141_Apri5 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Sarvizlo shizzero d| taratura
Syriss Callbratien Servica

Agcreditation No.: SCS (108

Carllilcate No: D2450V2-797 Oeti15

CALIBRATION CERTIFICATE
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Calibration procedure for dipote validation kits abave 700 MiHz J

Qciober 21, 2015

Calibration Equipreni tsad (MATE crilical for calibyalion)

Bt
A

This calibration certilicals documents ihe Iraceablity to national standaids, which realiza the physical urits 8f measuretneants (51},
Tha measuieneants and e unceralnlles with confidancs probabiily are grem o he follawing pages and aré pad of ihe cerfiiicate.

Al caliprations have bean conducled in e cos e laboretory facilily: snviren ment temparaiune (22 30 and humidiny < 70%,

Calibraled by

Approved by

Metwark &natyzar HP 9753E

U EI7a406RE 54206

Mame:
Latf Klysnar

tealja Pokovic

1B-Cel-n {n house chack Oct15)

Funclion
Laboratony Techrician

Technical Managsr

This calibraticn carilicate hall not be rproduced sxcepl in iUl wiltioul wilten appraval of the labaralary

Priviery Standaids (v # Cal Date {Corlifigate Ma.) Schedulad Callbration
FPowal metar EFM-4424 GBEATIEOT04 GF0e-15 (Mo, 217-02222) Dot 18

Power sensor HP 84814 UBA7EH2 783 O7-0et-15 (Mo, 217-08228] Oot-16

Power senaor HP 84814 MYE1092317 07-Oct-15 (No. 247-02223) -6

Reiarance 20 08 Altenuator SN 5058 (204} H-Apr-18 (No, Z17-02151) War-16

Type-N mismatch combdtaion SN 047 2 05327 M-AprAE (No, 217-02134) tai-18

Raierante Probe EX30V4 Sh 7a45 dDec-14 (Mo, EXS7548 Deaci4) Dae-15

DAE4 SN BOF 17-Aug-15 (Mo, DAE4-B01_Aug] 5) Aug-16

Secontdary Slandars IC # Crhieck Date {in holsa) Sehaduled Check

RF ganaralor RES SMT-06 10872 15-Jun5 (in howse cheak Jun-15) In housa check: Jun-18

In howse check: Oot-16
Sfgnalure

Igs e Giotober 22, 2015

Carificats Mo: D2450V2-797_Ool1b

Page 1 of &




Calibration Laboratory of A

j PNy o S¢hweizerischer Kallbrierdienst
Schmid & Partner % Service suiswe d'étalonnage
Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzartand *ﬁb“ Swlgs Calibration Service
Pyl e
Accradited by the Swiss Accredilation Sarvice (SAS) Acereditation No.: SCS 0108

The Swfss Accredltation Servies la vne of tha sighatories to the EA
Multllateral Agreemant for tha recagnition of calibratlon cedificates

Glossary:

TSL tissua simulating liquid

GonvF sensitivity in TSL / NORM x,y,z

N/A nct applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, "IEEE Recommended Practica 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)",
Fabruary 2005

c} 1EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

d)

communication devices used in ¢lose proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:

&)

DASY4/5 Systam 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 centificate 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 phantorn 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 connegtor 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 anterna feed point.
No uncertainty required.

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

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

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

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

Certilicale No: D2450V2-797_Octls& Page 2 of 8




Measurement Conditions
DASY syslem eanfiguration, as far as not given on page 1.

DASY Vergion

DASYS Y52.4.8
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantam
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =S mm
Frequency 2450 MHz £1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Tamperature Parmittivity Conductivity
Maminal Head TSL parameters . 220°C ag2 1.80 mhofn
Measured Head TSL parameters (220202 "C 3B.0+6% 1.84 mho/m = 6 %
Head T3L temperature change during test =0.5°C —
SAR result with Head TSL
SAR averaged ovar 1 cm’ {1 g} of Head TSL Condition
5AR measurad 250 m¥W input power 12.4 Wikg

SAR for nominal Head TSL parameters

normalized lo 1W

52.7 Wikg  17.0 % {k=2)

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

5AR measured 250 mW Input power 6.17 Wrkg

SAR for nominal Head TSL parameters narmallzad to 1W 24.4 Wikg 2 16.5 % (k=2)
Body TSL parameters

The following parametsrs and caloulations were applisd.
Temperature Parmittivity Conduetivity

Nominal Body TSL parameters 22.0°C 527 1.95 mho/m

Measured Body TSL parameters (22008} °C S28+6% 1.98 mhofim =6 %

Body TSL temperature change during test Z=0.5°C - —--
SAR result with Body TSL

SAR averaged aver 1 e {1 g) of Body TSL Candition

SAH measurad '

250 i input power

13.0 Wikg

SAR for naminal Body TSL parameters

normalized to 1W

51.5 Wikg + 17.0 % (k=2)

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

conditicn

S8R measurad

250 mWW Input power

6.08 Wikg

SAR for nominal Body TSL paramaters

narrmalized 1o W

24.2 Wikg z 16.5 % (k=2)

Cerfificale No: D2450V2-797_Octis
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Appendix {Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedancs, transtormed o feed paint 5410 +B.0H2

RBeturn Loss -213dB

Antennha Parameters with Body TSL

Impadanoe, transfarmed to feed point 4880 +83i0

Haturn Loss -20.7 dB

General Antenna Parameters and Design

Electrical Dalay {one direction) 1.152 ns

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

The dipola is made of standard semirigid coaxial cable. The center condurtar of the feeding tine is directly connecled to the
second arm of the dipole. The anlenna is tharefore short-circuited for DC-signals. On same of the dipoles, small end caps
are added to the dipols atms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditians™ paragraph. The SAR dalta are not affected by this changs. The overall dipole length is still
according to the Slandard.

Mo excessive force must be applied lo the dipels arms, because they might bend or the soldered connections near the
teedpoint may he damaged.

Additional EUT Data

hanufaciured by SPEAG

ianufactured on January 24, 2006

Certificate Na: D245V2-797_Qct15 Page 4 of 8



DASYS Validation Report for Head TSL

Date: 21.10.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz ; Type: D2450V2; Serial: D2450V2 - SN: 797

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

Medium parameters used: f = 2450 MHz; 6 = 1.84 S/m; & = 38; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY 52 Configuration:

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

Electronics: DAE4 Sné01; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (froat); Type: QDODOPSOAA; Serial: 1001

DASYS2 52.8.8(1222);, SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7xTyCube 0:
Measurement grid: dx=5mm, dy=5mm, Jz=5mm

Reference Value = 114,6 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.17 Wikg

Maximum value of SAR (measured) = 22,3 W/kg

-8.20

3,80

-168.40

=230

0dB = 22.3 Wikg = 13.48 dBWrke

Centilicate No: D2450V2-797_0Oct15 Page & of B




Impedance Measurement Plot for Head T5L
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz ; Type: D2450V2; Sexrlal: D2450V2 - 8N: 797

Commuaication System: UTD 0 - CW: Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1.99 $/m; 2, = 52.8: p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI €63.19-201 13

DASYS2 Configuration:

»

[ ]

Frobe: EX3DV4 - SN7349; ConvF(7.53, 7.53, 7.53); Calibrated: 30.12.2014,
sSenser-Surface: 1.4mm (Mechanical Smfacg:'Déteclian}

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOO0PS0AA; Serisl: 1002

DASYS2 52,8.8(1222); SEMCAD X 14.6.10(7331)

Date: 21.10.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 108.1 Vim; Fower Drift = 0.02 dB
Peak SAR (extrapolated) = 25 .8 W/ikg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.08 W/iky
Maximum value of SAR (measured) = 21.2 Wrke

-13.20

-17.60

-22.00

0 dB = 21.2 Wikg = 13.26 dBWrkg
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Impedance Measurement Piot 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)

\\|\||||r',,,

"'l'uln\“\

S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

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

Cient  PC Test

-Cel_'_fifi_'c:a_te_f?_'glo: '-ZES3-'3022_Aug1 5:

CALIBRATION CERTIFICATE

Object ES3DV2-SN:3022

Calibration procedure(s)

QA CAL-01.v9, QA CAL-23.v5; QA CAL-25v6
Callbratlon -procedure for. 'dOSimetnc E-fi eld_ probes

Calibration date;

August 26, 2015

This cafibration certificate documents the fraceability to national standards, which realize the physical units of measurements (Sl). £7\
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 2 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

“QOV

\ i
5

Calibrated by:

Approved by:

Michael Weber <.

boratory Techriician

'-']fech:nl‘c"a:]_Man'a_'g'e:lf_ i

This calibration certficate shail not be reproduced except in full without written approval of the laboratory.

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

Power meter E4419B GB41293874 01-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41428087 01-Apr-15 (No. 217-02128) Mar-16

Reference 3 dB Attenuator SN: 55054 (3c) G1-Apr-15 (No. 217-02129} Mar-16

Reference 20 dB Attenuator SN: 85277 (20x%) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator SN: 55129 (30h) 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15

DAE4 SN: 660 14-Jan-15 {(No. DAE4-660_Jan15) Jan-16

Secondary Standards [1n] Check Date (in house) Scheduled Check

RF generator HP 8648C US36842U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
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Calibration Laboratory of S,

3 3 Schweizerischer Kalibrierdienst

Schmid & Partner i%m& g Service suisse d'étalonnage

Engineering AG BTN S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘—/,'4”//,:\—‘?\‘\“\3 S Swiss Galibration 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
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
CaonvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization § 9 rotation around an axis that is in the plane normai to probe axis {at measurement center),

I.e.. 8 = 0 is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system
Calibration is Performed According to the Following Standards:

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

b} |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) 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 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarization § = 0 (f <900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMzx,y,z does not affect the E>-field
uncertainty inside TSL (see below ConvF).

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

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

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

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

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

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

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

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY?2 system!)
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ES3DV2- SN:3022

August 26, 2015

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/im)*)A 1.00 1.03 0.95 +10.1 %
DCP (mV)® 99.9 99.7 100.9
Modulation Calibration Parameters
UID Communication System Name A B C D VR Unch—‘
dB dBvVpv dB my {(k=2)

0 cw X 0.0 0.0 1.0 0.00 179.6 +3.3 %

W 0.0 0.0 1.0 183.9

z 0.0 0.0 1.0 179.0
10010- SAR Validation (Square, 100ms, 10ms) X 3.60 65.9 14.2 10.00 43.5 £2.2%
CAA

Y 2.84 83.5 13.0 43.3

Z 2.76 63.7 12.7 417
10011- UMTS-FDD (WCDMA) X 3.32 67.0 18.7 2.91 144 .4 07 %
CAB

Y 3.24 66.3 18.0 147.3

Z 3.19 66.3 18.0 1435
10012- [EEE 802.11b WiFi 2.4 GHz (DSSS, 1 % 3.15 89.9 19.5 1.87 148.1 0.7 %
CAB Mbps)

¥ 2.88 87.7 18.0 147 .9

Z 278 67.4 17.8 145.6
10013- IEEE 802.11g WiFi 2.4 GHz (DSSS- X 11.40 71.3 23.8 9.46 144.9 +3.3%
CAB OFDM, 6 Mbps)

Y 11.15 70.5 23.1 146.9

Z 10.95 70.5 23.3 140.3
10021- GSM-FDD (TDMA, GMSK) X | 2066 99.8 292 9.39 132.6 +2.2 %
DAB

Y 14.36 93.3 26.6 145.3

7 17.17 97.2 27.8 145.4
10023- GPRS-FDD (TDMA, GMSK, TN 0) X 17.92 96.5 28.2 9.57 125.4 +1.9 %
DAB

Y | 1108 88.6 25.0 136.0

Z 8.71 £84.6 23.4 130.7
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X | 3105 99.5 25.0 6.56 1352 *2.2 %
DAB

Y | 2528 97.4 25.0 132.5

Z | 2158 95.7 24.5 144.4
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 4288 99.9 24.0 4.80 1295 +1.9 %
DAB

Y | 40.80 99.6 237 124 9

Z | 3842 99.7 23.7 137.8
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 44.48 100.0 232 3.55 138.2 +1.9 %
DAB

Y | 4403 99.7 22.8 133.0

Z | 4138 99.8 22.8 147.5
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 16.08 99.5 233 1.16 127.5 +1.4 %
CAA

Y | 79.69 99.6 19.3 146.2

Z | 4581 99.9 20.4 138.2
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.43 674 19.8 5.67 1387 | 214%
CAB MHz, QPSK)

Y 6.27 66.8 19.2 134.9

s 6.18 66.6 19.2 127.6

Certificate No: ES3-3022_Aug15
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ES3DV2- SN:3022 August 26, 2015

10103- LTE-TDD (SC-FDMA, 100% RB, 20 X | 1013 75.0 259 9.29 1294 | 3.3 %
CAB MHz, QPSK)

Y 9.46 73.0 245 131.8

Z 9.52 74.0 25.4 137.0
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X &% 66.9 19.7 5.80 137.0 | +1.7%
CAC MHz, QPSK)

T 6.24 66.7 19.3 140.0

Z 6.06 66.3 19.2 1271
10117- | IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 10.16 68.7 21.3 8.07 [ 1277 | +22%
CAB BPSK)

Y 0,99 68.2 20.9 131.5

Z | 1022 69.1 214 141.6
10151~ LTE-TDD (SC-FDMA, 50% RE, 20 MHz, | X 9.34 73.4 252 9.28 125.0 +3.3 %
CAB QPSK)

i 8.92 72.2 24.3 127.2

Z 8.95 73.1 25.1 131.9
10154- | LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X | 5.95 66.4 19.4 575 | 1344 | 14 %
CAC QPSK)

Y 5.92 66.2 19.1 137.0

s 5.98 66.7 19.5 146.8
10160- | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X 6.39 66.9 19.6 5.82 | 1399 | #1.7%
CAB QPSK)

Y 6.35 66.7 19.3 141.9

Z 8.15 66.2 19.2 128.4
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.98 66.6 19.8 5.73 1373 | #14%
CAB QPSK)

Y 4.85 66.1 19.3 139.8

Z 4.35 66.6 19.7 146.7
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 8.75 787 28.3 9.21 1389 | #3.0%
CAB QPSK)

¥ 7.69 75.1 26.1 1401

z 7.80 76.6 27.2 1440
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, W 4.88 66.2 19.6 572 132.0 1.4 %
CAC QPSK)

Y 4.77 65.8 19.1 132.6

p 4.83 66.5 19.6 146.0
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 4.9 B6.3 197 572 131.7 +1.4 %
CAB QPSK)

B 482 66.0 19.2 1384

z 4.86 66.7 19.7 145.7
10196~ IEEE 802.11n (HT Mixed, 6.5 Mbps, i 10.04 89.1 217 8.10 140.9 *22%
CAB BPSK)

¥ 9.62 67.9 20.8 125.2

Z 974 68.6 21.3 133.3
é(j\zszs- UMTS-FDD (HSPA+) X 7.01 67.1 19.6 5.97 1437 | +14 %

Y .78 6.2 19.0 1293

z 6.80 B66.7 19.3 136.5
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 8.55 78.0 27.9 9.21 1346 | #30%
CAB QPSK)

Y 7.79 75.6 26.3 141.6

2 7.89 76.9 27.4 1452
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 9.30 74.8 26.1 9.24 1348 [ #33%
CAB QPSK)

Y 8.65 72.5 245 136.4

Fis 8.33 72.3 24.8 126.6
10267- LTE-TDD (SC-FDMA, 100% RB. 10 X | 1020 76.2 26.8 9.30 1448 | #33%
CAB MHz, QPSK)

W 9.41 737 251 145.9

2 9.18 73.9 25.6 138.6
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10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 445 66.7 189 3.96 147.0 +0.9%
CAB Rel.4)

b 4.21 85.5 17.9 126.5

z 4,36 66.5 18.5 148.0
10291- CDMA2000, RC3, 3055, Full Rate X 3.57 66.3 18.5 3.46 134.3 +0.7 %
AAB

Y 3.48 65.6 17.8 136.8

Zz 3.51 66.2 18.3 136.4
:&292- CDMA2000, RC3, S032, Full Rate X 3.53 66.4 18.6 3.39 1358 0.7 %

B

Y 3.45 65.8 17.9 140.4

Z 3.50 66.5 18.5 137.0
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, X 6.18 66.5 195 5.81 1294 1.4 %
AAA QPSK)

Y 6.15 66.3 19.1 133.6

z 6.13 66.5 19.3 131.2
10311- LTE-FDD (SC-FDMA, 100% RE, 15 X 68.77 67.2 19.9 6.06 134.8 1.7 %
AAA MHz, QPSK)

Y 6.81 67.3 19.7 144.8

Z 6.68 67.1 197 136.7
10400- IEEE 802.11ac WiFi (20MHz, 64-QAM. X 10.30 69.4 22.0 8.37 142.0 25 %
AAC 99pc duty cycle)

e 9.90 68.2 211 126.8

Z 10.15 69.3 21.9 142.6
;3\403— CDMAZ000 (1xEV-DO, Rev. 0) X 472 68.1 189 3.76 147.8 +0.7 %

B

Y 4.56 67.5 18.2 133.6

Z 4.61 68.2 18.7 147.4
10404- CDMA2000 (1xEV-DO, Rav, A) X 4.57 87.8 18.8 3.77 1443 +0.7 %
AAB

¥ 443 67.3 18.1 139.9

Z 4.57 68.3 18.8 145.0
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 ¥ 264 67.9 18.7 1.54 142.1 +0.5 %
AAA Mbps, 99pc duty cycle)

A 2.36 65.4 16.8 130.3

Z 2.50 66.7 177 145.0
10416~ IEEE 802.11g WiFi 2.4 GHz {(ERP- X 10.04 69.0 217 8:23 138.8 +2.2 %
AAA OFDM, 6 Mbps, 99pc duty cycle)

¥ 9.71 68.0 20.9 125.6

Z 9.94 69.0 216 140.4

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

A The uncertainties of Nom X.¥,Z do not affect the E>field unc
Numerical linearization parameter: uncertainty not required.
Uncertainty is determined usin

£
field value.

ertainty inside TSL (see Pages 7 and 8),

g the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity " {Sim) " ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 41.9 0.89 6.33 6.33 6.33 0.46 1.43 +12.0%
835 41.5 0.90 6.11 6.11 6.11 0.24 2.08 £12.0%
1750 40.1 1.37 5.08 5.08 5.08 0.45 1.47 +12.0 %
1900 40.0 1.40 4.93 4.93 4.93 0.59 1.25 +12.0 %
2300 39.5 1.67 4.63 4.63 4.63 0.55 1.39 +12.0%
2450 39.2 1.80 4.30 4.30 4.30 0.51 1.47 +12.0 %
2600 39.0 1.96 4.12 4.12 4.42 0.57 1.48 +12.0 %

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

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

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

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

Certificate No: ES3-3022_Aug15 Page 7 of 13
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity" (Sm) " ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 55.5 0.96 6.16 6.16 6.16 0.50 1.34 +12.0 %
835 55.2 0.97 6.13 6.13 6.13 0.25 2.16 +12.0 %
1750 53.4 1.49 4.79 4.79 4.79 0.61 1.33 +12.0%
1900 53.3 1.52 4.56 4.56 4.56 0.31 2.02 +12.0 %
2300 52.9 1.81 4.32 4.32 4.32 0.79 1.19 +12.0%
2450 52.7 1.95 4.08 4.08 4.08 0.80 142 +12.0%
2600 52.5 2.16 3.96 3.96 3.96 0.80 1.10 +12.0 %

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

FAt frequencies below 3 GHz, the validity of tissue parameters (2 and @) ¢an be relaxed to + 10% if liquid compensation formulz is applied to
measired SAR values. At frequencies above 3 GHz, the validity of tissue parameters (z and o) is restricted to = 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

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

always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

..............................................................

Frecuency response {hormalized)

.......................................................

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

Cerlificate No: ES3-3022_Aug15 Page S of 13



E33DV2- SN:3022 August 26, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% {k=2)
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Dynamic Range f(SAR}c.4)

(TEM cell , foyo= 1900 MHz)

1065+

10¢

input Signal [uV]

10° =

1021

.i o a O o | iy P .i o &b H Ji . T b : oals E l_‘
102 102 161 108 10 102 108
SAR [mWicm3]
| &
not compensated compensated

Error [dB]

] ' [ R e
10-3 i0=2 10-1 100 101 f02 108
SAR [mW/em3]

net compensated compehsated

Uncertainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment
f= 835 MHz, WGLS R9 (H_convF) f= 1800 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

Deviation

10 -08 -06 -04 -02 00 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV?2 - SN:3022

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 98.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Prabe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3 mm
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Aceradited by the Swiss Accraditation Sents (SAS) dcoreditation No.: SCS 0108
The Swiss Accreditation Service s gne of the slgnalorfes fo the EA
Multilaleral Agreement for the recagniflan of callbrailon cerfiflcates

Client 'PGTest o IET { Cortificate No: E53-3333_Oct1§ !

CALIBRATION CERTIFICATE

Chjext {ES3DW3A - SN:3333 °

W

Calbralon procadurals] /QA CAL.01v8, QA CAL-2355, QACAL-25%6 . gQ K
 Callbration precedure for dosimetric E-field probes ' \ §

H

Calloration date: [U_Gtt!bl_ar 29, 2015

This callpratlan carlificate documents the trageabilily bo national standards, which reafize the physical units of measurements (51},
The measurarnants and the uncedtaintiea wilh confidence prabability aie given on the lallowing pages and are part of the cerlificala.

Al eafibrations have been conductad In tha closed |aboratory facilily: efvironment lampadature (22 + 3)°C and humidity = 7.

Calibrafion Equlprent usad {METE critical for calibeation)

Primary Standards [ al Date (Certificate Ne.) Soneduled Calibvation

Power maler E44198 GRA1INIRT4 DM-Apr-14 {Mo. #17-03 28} Mar- 164

Prevrar sensor Eddd2a WMY4i498087 1-Apr-16 (N 217-02128) Mar-16

Referenca 3 d& Aftenualor B, G605 {3c) 01-Apr-15 (Mo, 21 7-02124) Mrr-14

Refarence 20 dB Allenualar SM: §H277 (202} 01-Agr-16 {Mo. 217-02132) Mar-16

Reference M dB Sitanualor SN: §5125 (30h) 01-Apr-15 (Mo, 297-02133) Mar-16

Referenca Proba EZ30V2 BM: 3013 30-Deg-14 (Mo, E253-3013_Decid) Dec-15

DAC4 BN 6E0 14-Jan-1% (Mo, DAEA-BBD_Janis) Jan-16

Secondary Standerds =] Check Dale {in houge) Sonedulsd Sheck

RF genefabgr HP 86480 USEB42001 704} 4-4up-89 (In hauss check Apr-13) In house check Apr-16

Metwork Anahyzer HP 8753E LIS3T 0585 18-0et-01 {in house sheck Oci-15) In heuse check: Oct-16
Marng Funatlomn Sl'grlature

Calibratad by | Lelf Khy=ner Laboratery Tenhnﬂnlaln %/L‘v‘
Apgroved by: ‘Katla Pakewic . . Techrical Manager % g

|zsued; Colaber 28, 2016

This calibration cerlificate shall not be reprodused exaspt In Jull without witien approval of he laboralary,
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] 5 Schwelzerischer Kalibrierdienst

Schmid & Partner C Service suizae d'ételonnage
Engiheering AG g Servizie syizzern di taratura

Feughavsstragea 43, 8004 Zurlch, Switzerland Swiss Calibralion Servlce

Acoredited by Iha Swdss Accraditation Service (SAS) Accreditalion No.; SCS Q108

The &wles Aceraditallon Sarvice 15 one of the signetoties lo the EA

Multifateral Agrasment for the recognition of calibration centificatas

Glossary:

TSL tizsue simulating liguid

NORMzx v,z sensitivily in free space

ConvF sensitivity in TSL f NORMxy,z

oCcp dicde compression poink

CF crast factor (1/duty_cyole) of the RF signal

ABCD modulation depandent ingarizalion parameters

Polarization ¢ o rolalion around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis {at measurernent centar),

i.e., & = 0is normal ko probe axis

Connector Angle infarmation used in DASY systemn to allgn probe sensor X to the robat coordinate system

Calibration is Performed According fo the Followlng Standards:

8) |EEE Std 1528-2043, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Tachnigues®, June 2013

by |EC §2208-1, "Pracedure to measure lhe Specific Absorption Rate (SAR) for hand-held devices used in close
proximily to lhe ear (frequency range of 300 MHz ke 3 GHz)", February 2005

¢} |EC 62208-2, "Procedure to delermine the Specilic Absorption Rale (SAR) for wireless cormmunication devicas
used in close proximity to the human bady (fre quency range of 30 MHz to 6 GHz)", March 2010

d] KDB 885684, “SAR Measurement Reguirements far 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx,v.z: Assessed for E-field polarization 8 = 0 {f = 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMz,y,z are only intermediale values, i.e., the uncertainlies of NORMsx,y,z does not affect the E*-field
uncertainty inside TSL (see below ComeL).

NORM{Nx.y.Z = NORMx, v,z * freguency_response (sea Frequency Response Ghart). This linearization fs
implemenled in DASY4 softwara versions later than 4.2, The uncertainty of the frequency résponse is included
in the statad uncartainty of ComeF, .

DCPx,y,z: DCP ate numerical linearization parameters assessed based on the dala of power sweep with C\W
signal (no uncertainty required). DCP does not depand an frequency nor madia.

PAR: PAR is the Peak lo Average Ratio that is not calibratad hut determined based on the signal
characteristics

Avy.z; Bry.z Cuy.z Dxy.z; VRxy,z: A, B, C, D are numerical linearization parameters assesszed based on
lhe data of power sweep for specific modulation signal. The parameters do not depend an frequancy nor
media. VA is the maximum calibration range expressed in RS voltage across the diede.

ConvE and Boundary Effect Parameters: Assessed In fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz} and inside waveguide using analyfical field distributions based on power
measuremenls far f = 800 WHz. The same setups are usad for aszessment of the parameters epplied for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These parameters are
used in DASY4 software to improve proba accuracy close to the boundary. The sensitivily in TSL correspands
to MORMx, v,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvE is used in DASY version 4.4 and highaer which allows extending the validily from = 50 MHz to + 100
MHz.

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

Sensor Offsaf. The sensor offsel correspands o the offsel of virtual measurement cenler from the probe lip
fan probe axis). Mo tolerance required.

Connecior Angla: The angle is assessed using the information gained by determining the MORMXx {no
uncertalnty required).
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Probe ES3DV3

SN:3333

Manufactured:  January 24, 2012
Calibrated: October 29, 2015

Calibrated for DASY/EASY Systems

{Note: non-compaltible wilh DASY2 system!)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Basic Calibration Paramefers

Sansor X Sangar Y Sonsor 2 Uneg {k=2}
Narm (W vmy ) 1.07 0,90 0.8 +10.1 %
DEP imviE 106.8 108.5 106.9

Modulation Calibration Parameters

W] Communlcation System Nama A B c i) VR Une™
dB dBvVuY dB mv k=2]
o Y b 0.0 0.0 1.0 noo | 2010 | 3.5%
¥ 0.0 0.0 .0 1871
z 0.0 0.0 1.0 184 8
éﬁﬂ' SAR Valigation {Square, 108ms, 10msy | x 2.43 BO.T 11.4 1000 | 41.6 427 %
¥ | 435 674 13,2 35.5
7 1.46 B7.0 a7 36.2
‘1&21- UMTS-FDD (WODMA) X | 333 67.9 19.1 281 | 1262 | #0E%
¥ 3.48 686 19.2 127.5
Z 3,37 67.5 18.6 1490
10042- |EEE 802.11b WiFi 2.4 GHz (D35S, 1 X .60 728 205 187 | 1410 | 207 %
CAB Mbps)
¥ 988 733 20.8 128.0
Z 3.01 60,3 18.8 1282
10013- IEEE 802 11q WiFi 2.4 GHz [DS55- X | 1152 1.7 299 46 | 1393 | [B0%
CAB OFDM, & Mbps)
¥ | 10,94 70.4 239 147 1
Z | 185 70.8 234 1445
E} ?;1- GEM-FDD {TOMA, GMSK) ¥ | 2145 052 265 039 | 1398 | #25%
Y 8,12 BE29 21.8 1420
zZ | 1147 £3.1 23.9 127 6
1D{f§3— GPRS-FOD {TD#MA, GMSHK, TH D} W a0 B 056 aro a&7 135.8 2.2 %
Y 9.78 B4 2.7 1353
z 912 835 221 144.6
;IJT;#- GPRS-FDD {TOMA, GMSK, T 0-1) ¥ | 3984 996 252 6.56 140.9 0%
¥ | 3507 100.0 250 1784
Z | 23520 FEY: 24.7 131.9
:]i?qaaz?- GPRSE-FOD (TDMA, GMEK, TN 0-1-2) ® | 4718 a4 H 239 4.80 1249 | t25%
¥ | 4975 au A 728 1454
Z | 4837 99.9 231 148.5
E&'CEB- GPRS-FDD (TDMA, GMEBK, TN 0-1-23) | X | 5624 89,5 226 ass | 1404 | 27%
¥ | 56.95 997 21.9 1251
Z | 4845 B4 & 224 133.2
éﬁz |EEE BO2.15.1 Blustooth (GFSIK, DHE) % | 18.03 58,1 22,8 146 | 12765 | 218%
¥ | 3517 99.6 20,7 1411
Z | 2108 09.9 21,9 127 5
0100- LTE-FOD [SC-FDMA, 100% RB, 20 X | 536 B7.6 'EX: BET | 1375 | #Ii%
AR MHz, QFSK)
¥ 6,20 B7.4 19 4 1208.9
z £.36 57.5 19,7 1395
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10103- | LTE-TOD (SC-FOMA, 100% BB, 20
CAB Mt QF‘S(KJ X | 1085 | 766 | 264 | 920 | 1808 | 227 %
v | Dsa 73.7 24.8 143.0
10108- | LTE-FDD (SC-FOMA, 10 B — 2 Lk
- - - 1 B
CAC Mibia, Qpém  100% RB, 10 X | 8.2 67.0 197 | 580 | 1268 | 2%
v | 6.18 RE.9 19.5 129.2
— S - z | g2 §7.0 19.7 138.0
- A1n (HT Mixed, 13.5 Mbps
i, BRSK) ( ps, X | 1005 | e87 | 212 | 807 | 1261 | 225%
Y 141,13 69.0 21.3 148.1
- —_— Z | oo 68.7 21,1 126.2
- E -FDMA, z
CAB QPSK) ¢ A 50%RB,20MHz, | X | 1011 | 756 | Z60 | 9.28 | 1258 | 3.3 %
¥ | 9.8 73.2 4.7 1382
r 9.3z 74.8 26.0 143.1
1(184- | LTE-FDD {SC-FDMA, 50% RB, 10MHz, | % | 547 5.8 186 575 | 1334 | +1.2%
GCAG QPSK)
Yy | 5az 66.7 18,5 1270
Zz | 50 6.7 15.5 134.2
1H160- LTE-FDD {SC-FOMA, 50% RB, 15 MHz, x 6.40 R7.3 1094 R.82 137.68 1.7 %
GAB QPSK)
vy | 631 67 1 184 130.7
— - z | sa3z 671 185 139.9
169- | LTE-FDD {SC-FD#A, 1 RB, 20 MHz, i
onb et it X | 505 67.3 20.4 573 | 1388 | H1.2%
¥ | 488 67.0 1899 131.1
Z | 49z 7.2 204 1374
10472- LTE-TDD {SC-FPMA, § BB, 20 MHz, X 10.74 KR 0.3 9.1 1358 2.7 %
CAB QPSK
rEET 74.3 255 1258
Z 7.74 76.6 271 1312
10173- | LTE-FDD (SC-FDMBA, 1 RB, 10 MHz, X | 407 560 19.9 572 | 1308 | £1.2%
CAD (PSK]
¥ | 486 5.9 1948 128.5
z 447 67.3 20.1 1470
10181- | LTE-FDO (5G-FOMA, 1 RB, 15 MHZ, % | 400 B7.0 199 §72 | 1304 | 1.2 %
CAB QPSK)
Y | 488 B7.0 19.9 127.8
z | 485 7.2 20,0 136,2
10186- | IEEE ADZ.11n (HT hixed, 6.5 Mbps, X | 1000 RG.2 217 810 | 1879 | 222%
CAH BFSK)
vy | wrs 687 212 137.5
z 9,94 U4 217 145.3
::EEBE'E— UMTS-FDD (HEPA+) x 7.08 57.5 198 5.97 1471 1.4 %
v | 706 7.7 19.8 142.3
z 7.04 BT.7 1949 148.8
10237- | LTE-TDD (SC-FDMA, 1 RE, 10 MHz, X | 1066 83.5 30,1 8.2 144.0 | 23.0%
CAE QPSK]
¥ | 7aa 74.7 57 127.6
z | 788 77.1 27.4 1223
10252- | LTE-TDD (SGC-FDMA, 50% RB, 10 MHz, | X | 1081 78.7 779 8,24 | 1387 | 230 %
CAR GQPSK)
Y B.458 724 24 4 130.1
Z | em 74.1 25.8 135.2
10267- | LTE-TPD [SC-FDMA, 100% RB, 10 ¥ | 11,73 79.9 28.3 330 | 14B6 | 33%
CAB MHz, GPSK)
¥ | an 73.2 24.8 139.0
Z .38 749 261 1427
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1027 5- UMTE-FDD (HEUPA, Sublest 5, 3GPP b4 452 67.6 19.3 1.96 144 .5 0.7 %
CAH Reli.4)

b 4,67 68.3 14.6 146.0

7 4 41 G7.0 18.59 1300
;&2891- COMAZDOG, RC3, 50565, Full Rale X KT B7.2 19.0 3,46 134.5 3.5 %

i 3.91 GB.5 186 1332

Z 3.86 66,5 18.6 146.9
10262- CDMAZ000, RC3, 5032, Full Rate W 363 67 .5 19,1 3.39 134.8 0.5 %
AL

Y 3.33 BE.3 20.0 136.0

e 3481 G4.5 196 148.6
10257- LTE-FDD {SC-FOMA, 50% RE, 20 MHz, ® 6.20 G671 10.7 581 1260 12 Y,
AbA QPSK)

Y 6.20 G67.0 19.6 128.0

Z2 .32 67.5 10.0 1427
10311~ LTE-FDD {SC-FDMA, 100% RB. 15 ¥ | E78 676 20.0 606 | 1M7 | #14%
AdA MHz, QPSK)

hi 675 G670 19.9 1335

Z 600 B8.1 2.3 14872
10400- IEEE &02.11ac WiFi (20MHz, G4-0140, X 10,30 9.7 21 B2y 1401 +2.5 %
AAC B9nc duty cyola)

ki 1005 86.0 21.5 141.2

£ .84 69,0 21.7 126.3
10403- COMAZO00 (1xEV-DO, Rev. 0) X 4.80 BR.5 19.0 376 | 1203 | 05%
AAB

Y 530 11 20.2 148.4

Z 5.4 704 19.9 135.2
10404~ COMAZ000 [1xEV-DC Rev, A) X 477 688 19.2 377 1275 0.7 %
AAB

Y 5.35 717 208 1486 .4

Z 503 T0.6 201 1333
10415- IEEE 802Z.11h WiFi 2.4 GHz (D535, 1 X 277 §9.7 19.7 164 | 1470 | 0.7 %
AL WMbps, 98pc duly cycle]

L A73 a4 2.2 1437

Z .25 722 207 1339
10416- |EEE 802.11g WiFi 2.4 GHz (ERP- X 10011 Ba.4 218 823 144.7 2.5 %
Al OFDCM, B Mbps, 89pc duty cycls)

i 9.56 68.8 214 1393

Z 8.7z 6 £ 21.3 126.0

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

* The uncerlainties of Mom X, ¥,2 do not affect ine E-Niek uncertsinty insie T2L (see Pages 7 and 8),

8 Mumerical linearization parameter: uncartainty not required.

E Unerality is determined using the mex. deviation from |Inear response applying rectanguler distvibufion and is expressed fer the squara of the
fiedd walus.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Callbration Parameter Determined In Head Tissue Simulating Medla

Cctober 20, 2018

Relatlve Canduckivity Depth © Unc

F{MHz)® | Pormittivity” (S © ConvFX | ConvFY | ConvFZ | Alpha® |  {mm) {k=2}
750 41.9 0.89 5.46 6.46 B.4B 0.75 1.22 £12.0%
835 41.5 0.90 B.16 B.16 B.16 0.26 1.67 +12.0%
1750 40,1 137 5.21 5.21 5.21 0.80 1.19 $120%
1900 40.0 1.40 5.03 5.03 5.03 0.73 1.25 +12.0%
2300 39.5 167 4.73 473 4.73 0.60 142 & 12.0 %
2450 39.2 1.80 4.53 4.53 4.53 .80 128 +12.0 %
2600 39.0 1.06 4.39 4.39 4.38 0.80 1.29 +12.0%

© Frequancy validily above 300 MHz of £ 104 MHz enly applies for DASY vd.4 and higher {se= Page 2, et it i5 reclicted to + 50 MHZ. The
uncerlainty i the RSS of the ConvF uncedainly al ealibrallon frequency and the uocanalnly for the indicated frequancy band. Frequency valldity
balow 300 MHz 5 £ 10, 25, 40, 5 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respechively. Atave 5 GHz frequency

validily can be extended to £ 710 MHz

F Al fraquencies below 3 GHz, the validity of issue parametets (e and o) can be retaxed to  10% If llguid compensation fomula |s applied 1o

measurad SAR values, Al lrequantiss above 3 GHz, ihe validity of lissue parameters (e and o) ks rastricted to £ 5%. The uncartalnty is the RSS of

lhe Corm® uncanainly for indicaled largel lissue paramelers. )
¥ plphalDepin are determined during celibration. SPEAG warrants thal Ihe remalning davialion dug to Ihe boundary effect sfter compensallon is

always iees than & 1% for fiequencies below 3 GHz and balaw = 2% for frequencies belween 3-8 GHe at any distanee larger ihan hell tha probe bp

digmater rom the boundany,

Carificate No: E23-3332_0a1%
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Calibration Parameter Determihed in Body TIssue Simulating Media

Relativa Conductivity Depth© unc

fiMHz)* | Pormiitivity" (Simy * convFX | ConvF ¥ | ComEZ | Alpha® |  fmmy} {k=2)
750 655 .96 §.31 6.31 8.31 .70 1.26 +12.0 %
335 55.2 0.97 6.25 65,256 6.25 0.47 1.54 £12.0 %
1750 53.4 149 4.90 4.90 4.90 0.49 1.63 +12.0 %
1900 53.3 1.52 470 470 4.70 0.54 1.49 £12.0%
2300 52.9 .81 451 4.51 4.51 0.80 1.15 120 %
2450 52.7 1.95 4.34 4.34 4.534 0.80 115 £12.0%
2600 52.5 216 4.23 4.23 4.23 0.80 1.03 +12.0 %

€ Frequancy validity atave 200 MH2 of 2 100 MHz only applies lor DASY v4.4 and higher (3ee Page 2), else it is resticted 1o+ 50 MHz. The
uncertainty is fhe RS5 of he ConvF uncanalnly a1 calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 00 BHz s + 10, 25, 40_ 50 and 760 MHz for ConwF assessments al 30, G4, 128, 180 and 220 MHz respeclively. Abuvae § GHz frequency
walidily can be extendad 1o + 110 MHz.
F Al frequencles batow 5 GHz, the validily of tissue paramelais (e and o) can be relaxed to £ 10% i liguid compensatien formula |5 applisd o
measured SAR valuas. At Irequencies above 3 GHz, the walidity of tissue parameters (e and o) is raskicled to £ 5%, The uncanainly Is ihe RSS of
the ConyE uncerainly fof indicated largel lissue parematers.

Alpha'Depih are determined during calibration. SPEAG warranis thal tha ramaining devialion dus o the brundary effect afer compengallon |g
Alwiys l68% than + 1% for [requencies below 3 GHz and below + 2% for frequencies between 3-§ GHz at any dislanca barger than hell the probe lp
diameter kngm the baundary.

Cerilicate Mo ES2-3233_0cl1b Page 8 of 12
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Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uneertainty of Frequency Response of E-flald: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz,TEM =1800 MHz,R22
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Uncertainty of Axlal lsotropy Assessment: £ 0.5% [(k=2)
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Dynamic Range f(SAR}..4)
(TEM cell , fora= 1900 MHz)

Input Signal [uv]

103+

10? Fzz

I f |
A0® 10r2 1]Cr‘ yloll 10f 108 Ky
BAR [mWiem3]
>
ot compensated campensated

Error [dB]

H HEH H I l H HEH
1071 100 101 10z 103
SAR [minffema]

Tiak compensated ooimpensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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=235 MHz, WGLS R3 {H_comd)

Conversion Factor Assessment

f= 1500 MHz WGELS R22 (H_convF)

Qalober 29, 2015
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Unecertainty of Spherical Isotropy Assessment: 1 2.6% (k=2)
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Qclober 29, 20113

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Other Probe Parameters

Sansor Arrangement Triangular
Connector Angle 7) <32.8
Mechanical Surface Delection Mode ehahled
Oplical Surface Detection Mode disabled
Probe Overall Length 337
Probe Body Diametar 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Frobe Tip to Sensor X Calibration Polnt 2
Probe Tip to Sensor Y Galibratlan Foint 2 mm
Proba Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm
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