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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “/lEEE 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 o 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.

s Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms otiented
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 ensutes low
reflected power. No uncertainty required.

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

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

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

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

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: D835V2-4d119_Apri4 Page 2 of 8




Measurement Conditions

DASY system configuraticn, as far as nol given on page 1.

DASY Version DASY5 V52.8.7
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

835 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters (22.0£0.2) °C 4166% 0.94 mho/m =6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.38 Wikg

SAR for nominal Head TSL parameters

normatized to 1W

9.22 W/kg  17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.53 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

5.97 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 55.2 0.97 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 53.6+6% 1.02 mho/m £8 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.44 Wikg

SAR for nominal Body TSL parameters

normalized to W

9.34 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.59 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.15 Wikg + 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.2Q-16jQ
Return Loss -34.0dB
Antenna Parameters with Body TSL
Impedance, transformed 1o feed point 46.3Q-45jQ
Return Loss -24.4dB
General Antenna Parameters and Design
Electrical Delay (one direction) 1.386 ns J

After fong 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, smalt 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 stil

according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered conneclions near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

June 29, 2010
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CALIBRATION CERTIFICATE

Object D1765V2 - SN: 1008
Calibration procedure(s) QA CAL-05.v9 : ' o
P o
Callbratlon procedure for dlpole valldatlon klts above 700 MHz S {M{ja”
Calibration date: May 07, 2014
This calibration certificate documenis the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used {(M&TE critical for calibration}
Primary Standards D # Cal Date {Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 09-Oct-13 {No. 217-01827) Oct-14
Power sensor HP 8481A us372982783 09-Oct-13 {No. 217-01827} Oct-14
Power sensor HP 8481A MY41092317 08-Oct-13 {No. 217-01828) Oct-14
Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15
Type-N mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01921) Apr-15
Reference Probe ES3DV3 8N: 3205 30-Dec-13 {No. ES3-3205_Deci3} Dec-14
DAE4 SN: 601 30-Apr-14 (No. DAE4-601_Apr14) Apr-15
Secondary Standards 1D # Check Date (in houss} Scheduled Check
RF generator R&S SMT-06 100005 04-Aug-99 (in house chack Cct-13) In house check: Oct-16
Network Analyzer HP 8753E US37390685 854206 18-0ct-01 (in house check Oct-13} in house check: Oct-14
Name Function Signature
Calibrated by: Jeton Kastrati -~ Laboratory Techmman(i* ,{ 3 L ¢
Approved by: Katja Pokovic .~~~ Technical Manager /4’
Issued: May 12, 2014
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Schweizerischer Kalibrierdienst

o Measurement Conditions: Further details are availabie from the Validation Report at the end

of the certificate. All figures stated in the cettificate are valid at the frequency indicated.
e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.
e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.
e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

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

nominal SAR result.

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

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

DASY Version DASYS V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1750 MHz £ 1 MHz
Head TSL parameters

The following parameters and calcuiations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 39.0+86% 1.36 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 9.23 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

36.9 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.87 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0x0.2)°C 522+6% 1.48 mho/m +6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.41 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

37.6 Wikg + 17.0 % (k=2)

SAR averaged over 10 em® (10 g} of Body TSL condition

SAR measured

250 mW input power

5.02 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

20.1 Wikg = 16.5 % (k=2)

Certificate No: D1765V2-1008_May14
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 477 Q-6.1iQ

Return Loss -236dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 43.7G-684jQ

Return Loss -20.4 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.211 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 Qctober 08, 2005
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1765 MHz; Type: D1765V2; Serial: D1765V2 - SN: 1008

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

Medium parameters used: f = 1750 MHz; 6 = 1.36 S/m; g, = 39; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(5.23, 5.23, 5.23); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (front); Type: QDO00OP50AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 07.05.2014

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 96.06 V/m: Power Drift =0.01 dB
Peak SAR (extrapolated) = 16.7 W/kg

SAR(1 g} =9.23 W/kg; SAR(10 g) = 4.87 W/kg
Maximum value of SAR (measured) = 11.7 W/kg

0dB =11.7 W/kg = 10.68 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1765 MHz; Type: D1765V2; Serial: D1765V2 - SN: 1008

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

Medium parameters used: f = 1750 MHz; ¢ = 1.48 S/m; & = 52.2; p = 1000 kg/m®
Phantom section; Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.89, 4.89, 4.89); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 07.05.2014

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 93.01 V/m; Power Drift = 0.00 dB
Peak SAR (extrapolated) = 16.3 W/kg

SAR(1 g) = 9.41 W/kg; SAR(10 g) = 5.02 Wikg
Maximum value of SAR (measured) = 11.8 W/kg

0dB =118 W/kg=10.72 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client PC Test Certificate No: D2450V2-797_Jan14

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 797 ¢

QA CAL-05.v9.
Callbratlon procedure for d]pole val:datlon klts above 700 MHz

Cailbration procedure(s)

Calibration date:

January 21, 2014

Ul v
il

This calibration certificate documents the traceability to national standards, which reafize the physical units of measurements (S51).
The measurements and the uncertainties with confidence probability are given cn the following pages and are parl of the certificate.

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

Caiibration Equipment used (M&TE critical for calibration)

Calibrated by:

Approved by:

Name

Israe EFNaouq

Katja Pokovic, .

Function
" “Laboratory Tec_:hnician

' . ‘Technical Manager - -

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

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

Power sensor HP 8481A Us37292783 09-Oct-13 (No. 217-01827) Cct-14

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

Refarence 20 dB Attenuator SN: 5058 (20k} 04-Apr-13 (No. 217-01736) Apr-14

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

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

DAE4 SN: 801 25-Apr-13 (No. DAE4-601_Apri3) Apr-14

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

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Network Analyzer HP 8753E US37390585 54208  18-Oct-01 (in house check Oct-13) In house check: Oct-14

Signature

Omu,/f»ﬁ@%

Issued: January 21, 2014
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b} IEC 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 GHZz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Schweizerischer Kalibrierdienst

* Measurement Condifions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.
e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.
e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.
e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized o an input power of 1 W at the antenna
connector.

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

nominal SAR result.

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

probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 Vv52.8.7
Extrapolation Advanced Exirapolation
Phantom Modular Fiat 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 387+6% 1.86 mho/m =6 %

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

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

SAR measured 250 mW input power 13.2 Wikg

SAR for nominal Head TSL parameters normalized to 1W 51.8 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 6.13 Wikg

SAR for nominal Head TSL parameters normatized to 1W 24.3 W/kg + 16.5 % (k=2)
Body TSL parameters

The following parameters and calcuiations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m

Measured Body TSL parameters {22.0+0.2) °C 513+6% 2.04 mho/m +6 %

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

SAR averaged over 1 cm® {1 g} of Body TSL Condition

SAR measured 250 mW inputi power 12.7 Wikg

SAR for nominal Body TSL parameters normalized to 1W 49.4 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.86 Wiy

SAR for nominal Body TSL parameters normalized to 1W 23.1 Wikg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.5Q+3.2|Q
Return Loss -26.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 500Q+49iQ
Return Loss -26.2dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.151 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoini 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 shori-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 January 24, 2006
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DASYS5 Validation Report for Head TSL

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; o = 1.86 S/m; g, = 38.7; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

@

Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30,12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDOO0P50AA; Serial: 1001
DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Date: 21.01.2014

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 99.151 V/m; Power Drift = 0.05 dB
Peak SAR (extrapolated) = 27.5 W/kg

SAR( g) = 13.2 W/kg; SAR(10 g) = 6.13 W/kg
Maximum value of SAR (measured) = 16.9 W/kg

8,60
B

02

0dB =169 W/kg =12.28 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 21.61.2014

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; o = 2,04 S/m; &, = 51.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

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

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

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

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

Reference Value = 93,709 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) =12.7 W/kg; SAR(10 g) = 5.86 W/kg

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

1440

| 11920

-24.00

0dB =168 Wikg =12.25 dBW/kg
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Impedance Measurement Plot for Body TSL
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Measurement Conditions

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

DASY Version DASY5S V52.8.7

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 (22.0x0.2) °C 39.1+6% 1.36 mho/m £ 86 %

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 9.91 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

40.1 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.17 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0x0.2)°C 524 x26% 1.52 mho/m + 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.2 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

40.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.41 W/kg

SAR for nominal Body TSL parameters

normalized 1o 1W

21.6 Wikg = 16.5 % (k=2)

Certificate No; D1900V2-5d141_Apri4
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5280 +5.5jQ

Return Loss -24,5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 488 O + 6.3iQ

Return Loss ~-23.7dB

General Antenna Parameters and Design

Electrical Pelay (one direction) 1.199 ns

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

The dipele 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 {o improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on March 11, 2011

Certificate No: D1900V2-5d141_Apri4 Page 4 of 8















APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system was configured and calibrated.

2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.
Trapped air bubbles beneath the flange were minimized by placing the probe at a slight
angle.

3) The complex admittance with respect to the probe aperture was measured

4) The complex relative permittivity € can be calculated from the below equation
(Pournaropoulos and Misra):

J2we, gy ¢bpbpn ,eXp[_ja)r(ﬂog;go)l/Z] do’
v - dg'dp'd
o af - o o0 s

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates
refer to source and observation points, respectively, r? = p°> + p'> —2pp'cos¢’ , wis the angular frequency,

and j:«/—_l.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450 2450
Tissue Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 01 0.1
DGBE 47 31 44.92 2944 26.7
HEC See page 1 1
See page 2 See page 4

NaCl 23 145 094 04 0.2 018 039 01
Sucrose 57 44.9
Water 40.45 53.06 52.6 68.8 54.9 70.17 732
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

H.O Water, 35 - 58%
Sucrose Sugar, white, refined, 40 — 60%
NaCl Sodium Chloride, 0 — 6%

Hydroxyethyl-cellulose  Medium Viscosity (CAS# 9004-62-0), <0.3%

Preventol-D7 Preservative: aqueous preparation, (CAS# 55965-84-9), containing
5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H}-isothiazolone,

0.1-07%

Relevant for safety; Refer to the respective Safety Data Sheet”.

Figure D-1

Composition of 750 MHz Head and Body Tissue Equivalent Matter

Measurement Certificate / Material Test

Note: 750MHz liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual
liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

ftem Name Body Tissue Simulating Liguid {(MSL750V2)
Product Mo. SL AAM 075 AA (Charge: 130313-1)
Manufaciurer SPEAG -

K

Measurement Method

|TSLdialactric parameters measured using calibrated OCP probe.

Setup Validation .
[Validation results ware within + 2.5% towards the target values of Mathanal_

Target Parameters

[Target parameters as defined in the [EEE 1528 and IEC 62208 compliance standards.

Test Condition

Ambient Environment temperatur (22 + 3)°C and humidity < 70%.,
TSL Temperature 22°C

Test Dale 13-Mar-13

Operator IEN

Additional Information

TSL Density 1.212 glem’®
TSL Heat-capacity 3.008 k){kg"K)

Measured [Target TDiff.to Target [%)] |
|1 [itz]| HP-¢* | HP-" |5l aps aigmal Aeps  A-sigma & i
600 | 57.5 (2466|082 | 66t 088 | 285 138 = |
625 | 572|243 | 0B84 | a0 oss | 29 114 ] |
BE0 570 | 2300 | 067 | 550 056 1.8 -8.2 £
675 | 567 |za60| 080 | 558 086 | 1s T L
700 | 564 |2a39) 091|557 08| 12 .51 B ’
725 | 662 |29.10f 063|556 008 ) 10 28 !‘;-g' T e
c7so | osss [20dv] ooe [ 555 wes | or o os e
TS BS.Y | 2278 E 854 007 0.4 17 g0 Es0 700 ?:roequ;l:;”f'io 500 850 1UDCIII
800 | 554 (2260|101 553 097 | 0 40 -

B2Z3 | 5h2 |Z2adf 103 | 552 008 | 02 53

036 | 550 lE2RS8| .04 | BB2 088 | 08 58

B850 | G459 |Z228| 105 | 852 000 | 04 86 10.0 7=
875 § BAF |22iG| 108 | 8651 102 | 07 R

A/b

SO0 | 545 |Z205| 10} 850 155 | 10 a1
%25 542 2103|113 860 106 | 1.3 5.2
60 | G40 JREE| 115 549 108 | 17 T2
475 538 [21.74| 118 | 543 108 | -0 a5

Dav. Gonductivity %
=
L=

1000 | 586 [2166) 121 548 10| 23 87 751 /
=100

Figure D-2
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750MHz Body Tissue Equivalent Matter
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Measurement Certificate / Material Test

Item Nama Head Tissue Simulating Liquid {(HSL750V2)
Product Mo. SL AAH 075 AA fCharge: 130212-4)
Marufacturer SPEAG -
Measurement Method
[TSL diglectric parameters measured using calibrated OCP probe. |
Selup Validation .
[Validation results ware within = 2.5% towards ihe target valuss of Methanal. |
Target Parameters
|Target parameters as defined in the IEEE 1528 and IEC 62208 compliance standards. |
Test Condition
Armient Environment tempearatur (22 + 3)°C and humidity < 70%,
TSL Temperature 22°C
Test Date 13-Mar-13
Operator IEN
Additional Information
TSL Density 1.284 glom”
TSL Heat-capacity 2.701 kJ/{kg*K)
Measurad [Target Diff. b0 Target %] .
1 [MHzj| HP-&'| HP-2" |sig Bps  sigma) A-eps  A-sigma "
G600 | 446 |2azs|ore| 427 omm | a3 Az -
625 | 442 |23.00| 060 | 425 o8B | 28 a5 £
650 | 438 |2276) 082 | 425 o0 | s2 T4 E
875 | 434 | 2250} 084 | 423 080 | 28 4.0 it
To0 | 430 | 2224 0AT7 | 422 080 | 24 2.8 &
Teh 427 | 2206 ) 089 | 421 0B 1.6 0.2 -
rso [ dbaformel et e e . a2 "
o L e | B0 B B0 850
¥Th 42,1 | 21.72) 084 | 418 D80 e 4.6 =0 7o ?:?Eqwn WHz 500 650 1|J'|:I|:I.
BOO [ #17 (21.55) 086 [ 417 o080 o1 69 4 —
825 | #1484 | 2140 008 | 418 001 | na 8.3
atet] 415 [ 2152 | 088 | 445 021 0.8 4.0
aa 411 | 224 100 [ 45 oo =0.9 9.6 1'3‘0!
875 | 408 |2101] 103 | 415 084 | 18 a0 # 75 /"V
900 | 40 | 2088 | 105|415 oo7 | 24 8.3 g 507
25 | 403 | 2087|107 ] 415 008 | 20 84 E g‘g} o
950 | 200 |20.78| 1.t0 | 414 008 | a5 10.3 5 a5
975 | ma7 (2066|142 ) 414 100 | 40 1186 S 504
1000 | 305 | 2057 144 413 1ot | 45 1wz i S:
{00 —
| G B50 YOO TSSO AOD 85D 800 S50 1000
| Frequency MHz
Figure D-3
750MHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients

The Item is composed of the following ingredients:
H20 Water, 52 — 75%

C8H1803 Diethylene glycol monobutyl ether (DGBE), 25 — 48%

NaCl

(CAS-No. 112-34-5, EC-No. 203-961-6, EC-index-No. 603-096-00-8)

Relevant for safety; Refer to the respective Safety Data Sheet*.

Sodium Chiloride, <1.0%
Figure D-4
Composition of 2.4 GHz Head Tissue Equivalent Matter

Note: 2.4 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Materlal Tast

Itam Mame
Product Mo.
Marulaciurer

Head Tisswe Simulating Liguid (HEL2450V2)
SL AAH 245 BA
SPEAG

';Charge: 130212-2)

Maasurement Method

[TEL dimlechic pammatars mesasured using calibrated DGR probe,

Setup Validation

Walidation results wese wilhin = 2 5% fowards the targel values of Methanol.

Targel Parameters

Targel payramatars as defined in the IEEE 1526 and IEC G204 compliance slandards.

Test Conditlon

Amiblent

Environmen| bempearatur (22 + 3 C and humidity < 70%.

15 /
-10:0

100 ¢ — —_— — — —_—
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50 ]
25 - |

an * |
28 |
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-1 -

1800 2000 2100 2200 2300 Fel0 2500 2E00 2
Fraguancy MiHz

100 — — —

754

50 |
FER|

00 |
25

54

1900 000 2100 00 00 2400 2S00 2e00 IO |
Friespuiarey kiHz

Figure D-5

TSL Temperature  23°C
Test Date 13-Fik-13
Dperator ]}
Additional Infi i
TSL Diensity 0,588 giom”
TSL Heat-capacity 3.680 kJikg K}

Measured Targa D1 Targel %]
|1 [uHz]| HP- | P [aigme) app sigmal d-eps  A-sigma #
1000 | 04 [vrsa | vse [ son ra0| 10 09 =
e | a0 | ezce | ves | son 140 o7 &1 £
vesn | Ao | Eae | 63 | son 140 oS A3 5
1876 | 40 | 92| o4 | son 140| 02 -3
o0l | 4000 | 1225 | 197 | san 140 a1 21 .i
0S| 200 [ 125|180 | 400 142 | 02 Y-
2050 | 0.8 | 1245 | 142 | 388 144 oA 14
275 6 | 125 | a8 | dee 147 05 4.1
oo | EE | eS| ves | gen 148 | 07 v
EIECH TR REEC) R TR T I T 04
ot | wa | vzee| Bl | Ber 183 | d0 oo
2is | e |1z | 066 | BaT 158 | q2 03
2200 | @20 |1ze7| 068 | Bee 1s8| a3 a8 &
225 | ma0 | 1304 | 981 [ 808 180 | 4% 04 £
2260 | 380 | 1349 [ 64 [ ae8 182 | ax 12 2
Z2T5 | 3BA | 13.20| 167 | A0S 184 | 18 16 g
3300 | 387 |1azs| 70| 38 1e7| a0 za b
25 | aBR |28 v 3| ama mm| 20 23 3
w0 | ann | 1aaz| wrs | oea o | ea 28
s | ama |vasof vre | ses oma| o ee 28
zann | apa |1ase| ver | ses ere | es RES
2dan | 38z |1365) 180 | a0z are | ey 3.8
za60 | 3n.0 | 1378|187 | 982 1m0 | .2a a0
2476 | 3p [137e| 180 [ 28z dm3 | Ao a0
=00 | a75 | 1385|183 [ 299 185 | .aa 3.0
2525 | a7@ |1304) 196 [ 394 188 | a4 40
2550 | 377 |1402f 190 [ 394 401 | ;e A2
2575 | ave |1400f 200 | 90 104 | -an 4.3
A IO ETETET T
s | avA [d2al 200 | ®ma 198 | -az 4.4
pean | ara [vazefen [ me zoe| a3 4.4
2676 | 370 [1ea6| 2ad | aan Eos | as A5
270 | 370 [1e43) 47| as0 207 | a8 L6

24

GHz Head Tissue Equivalent Matter
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APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB 865664 D02v01, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in FCC KDB 865664 D01 v01 and IEEE 1528-2013.
Since SAR probe calibrations are frequency dependent, each probe calibration point was validated at a
frequency within the valid frequency range of the probe calibration point, using the system that normally
operates with the probe for routine SAR measurements and according to the required tissue-equivalent
media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

Table E-I
SAR System Validation Summary
PR COND. PERM. CW VALIDATION MOD. VALIDATION
SISIEN IEI\R/III%S] R F’F\'SOI\IBE PTRY(I):’?EE FIROIE1E (CAL [POIRT SENSI- PROBE PROBE DUTY
# © &) TIVITY LINEARITY ISOTROPY eID), TS FACTOR A
K 750 10/10/2014 3288 ES3DV3 750 Head 0.889 40.21 PASS PASS PASS N/A N/A N/A
E 835 11/10/2014 3332 ES3DV3 835 Head 0.922 41.53 PASS PASS PASS GMSK PASS N/A
J 1750 9/23/2014 3022 ES3DV2 1750 Head 1.345 39.15 PASS PASS PASS N/A N/A N/A
D 1900 9/30/2014 3263 ES3DV3 1900 Head 1.421 39.44 PASS PASS PASS GMSK PASS N/A
G 2450 3/6/2014 3258 ES3DV3 2450 Head 1.736 38.36 PASS PASS PASS OFDM/TDD PASS PASS
G 750 6/24/2014 3258 ES3DV3 750 Body 0.963 53.51 PASS PASS PASS N/A N/A N/A
| 835 6/25/2014 3209 ES3DV3 835 Body 1.018 54.51 PASS PASS PASS GMSK PASS N/A
K 835 10/13/2014 3288 ES3DV3 835 Body 0.998 52.95 PASS PASS PASS GMSK PASS N/A
J 1750 9/26/2014 3022 ES3DV2 1750 Body 1.471 51.49 PASS PASS PASS N/A N/A N/A
G 1900 6/25/2014 3258 ES3DV3 1900 Body 1.534 51.23 PASS PASS PASS GMSK PASS N/A
H 2450 6/12/2014 3319 ES3DV3 2450 Body 1.981 51.57 PASS PASS PASS OFDM N/A PASS

NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01 for scenarios when CW probe calibrations are used with other signal types.
SAR systems were validated for modulated signals with a periodic duty cycle, such as GMSK, or with a
high peak to average ratio (>5 dB), such as OFDM according to KDB 865664.
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