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Calibration date:

Calibration procedure(s)

CALIBRATION CERTIFICATE

D2450V2 - SN: 748

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

February 11, 2013

Calibration Equipment used (M&TE critical for calibration)

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

Calibrated by:

Approved by:

Network Analyzer HP 8753E

US37390585 S4206

Name
Israe EI-Naouq

Katja Pokovic

18-Oct-01 (in house check Oct-12)

Function
Laboratory Technician

Technical Manager

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

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 01-Nov-12 (No. 217-01640) Oct-13

Power sensor HP 8481A US837292783 01-Nov-12 (No. 217-01640) Oct-13

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.3 / 06327 27-Mar-12 (No. 217-01533) Apr-13

Reference Probe ES3DV3 SN: 3205 28-Dec-12 (No. ES3-3205_Dec12) Dec-13

DAE4 SN: 601 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

Secondary Standards ID # Check Date (in house) Scheduled Check
Power sensor HP 8481A MY41092317 18-Oct-02 (in house check Oct-11) In house check: Oct-13
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13

In house check: Oct-13

Signature
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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 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

» 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.

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

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

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

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

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.8.5
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2) °C 37.9+6 % 1.85 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 13.5 W/kg

SAR for nominal Head TSL parameters normalized to 1W 52.9 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 6.22 W/kg

normalized to 1W

SAR for nominal Head TSL parameters 24.6 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 50.9+6 % 2.02 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 12.8 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.88 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2450V2-748_Feb13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 549Q0-20jQ
Return Loss -26.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 511 Q+0.6jQ
Return Loss -38.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.154 ns

Atfter 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 December 01, 2003
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DASY5 Validation Report for Head TSL

Date: 11.02.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 748

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.85 S/m; &; = 37.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.52, 4.52, 4.52); Calibrated: 28.12.2012;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001

DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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 = 99.180 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) =13.5 W/kg; SAR(10 g) = 6.22 W/kg

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

-4.80
-9.60
-14.40

-19.20

-24.00

0dB =17.0 W/kg =12.30 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 748

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 2.02 S/m; & = 50.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.42, 4.42, 4.42); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (back); Type: QDO00P50AA; Serial: 1002
DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Date: 11.02.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 94.009 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 26.9 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 5.88 W/kg
Maximum value of SAR (measured) = 16.9 W/kg

-4.80

-9.60

-14.40

-19.20

-24.00

0dB =16.9 W/kg = 12.28 dBW/kg
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Impedance Measurement Plot for Body TSL
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Apple
CALIBRATION CERTIFICATE

Accreditation No.: SCS 108

Client Certificate No: D2450V2-800_0Oct12

Object D2450V2 - SM: 900

Calibration procedure(s)

QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibration date: October 05, 2012

This calibration cenificate documents the traceability to national standards, which realize the physical unitz of measuremants (S1).
The measuremenis and the uncertainties with confidence probability are given on the following pages and are pan of the cerificata.

All calibrations have been conducted in the closed laboralory lacility, environment temperature (22 + 3)°C and humidity = 70%

Calipration Equipment used (MATE critical for calibration)

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

Power moter EPM-44324 GBAT4R0704 05-0Oct-11 (No. 217-01451) Dot12

Power sensor HP B481A US37208783 05-0ct-11 (Mo, 217-01451) Oct-12

Referanca 20 dB Attenuator SN, 5058 (20k) 27-Mar-12 (Mo, 217-01530) Apr-13

Type-N mismatch combination SN: 5047.2 / DB327 Z7-Mar-12 (No, 217-01533) Apr-13

Reference Probe ES30V3 SN 3206 30-Dec-11 (No. ES3-3205_Decl1) Dec-12

DAE4 SN; 801 27-Jun-12 (Mo. DAE4-G01_Jun12) Jun-13

Secondary Standards 1D # Chack Data (in housa) Scheduled Check

Power sensor HP 8481A MY41082317 18-0¢t-02 (in house check Oct-11) In house check: Oct-13

RF generator R&S SMT-06 100005 04-Aug-39 (in house check Oct-11) In house check: Oet-13

Matwark Analyzer HP 8753E 837390585 84206  18-Oct-01 {in house chack Oct-11) In house check: Ocl-12

Mame Function Elgnature

Calibrated by: Jaton Kastrab Laboratory Technician Cﬁ

Approved by. Katja Pokovic Tachnical Manager ¥ {jﬁ 2
..-;"'-'.cl.--""' o 5

g

This calibration cerificate shall not be reproduced axcent in full without written approval of the laboratory.

Issued: Oclober 10, 2012
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Accradited by the Swiss Accradilation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signatories to the EA
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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 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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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Accradited by the Swiss Accraditation Sanvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
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c Servizio svizzero di taratura
Swiss Calibration Sarvice

Accreditation No.: SCS 108

Gertificate No: D2450V2-900_0ct12

|CALIBRATION CERTIFICATE I

Object D2450V2 - SN: 900

Calibration procedura(s)

Calibration date:

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

October 05, 2012

Calibration Equipmant used (M&TE critical for calibration)

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertaintios with confidencs probability are given on the tollowing pages and are part of the canificate.

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

Primary Standards 1D o Cal Dam_fﬂer!i{icafa Mo} Schaduled Calibration
Powear meter EPM-142A GBIT480704 05-Cct-11 (MNo. 217-01451) D12
Power sensor HP 8481A LIS37252783 05-0et-11 (Mo, 217-01451) QOct-12
Relerence 20 dE Allenualor SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13
Type-N mismatch combination SN: 5047.2 f DE327 27-Mar-12 (No. 217-01533) Apr-13
Reference Probe ES3DV3 SN: 3205 30-Dec-11 (No. ES3-3205_Dec11) Dec-12
DAE4 SN: 601 27-Jun-12 (Mo, DAE4-601_Jun12) Jun-13
Secondary Standards IO & Check Date (in house) Scheduled Check
Power sensor HP B481A MY 41092317 18-0ct-02 (in housa check Oct-11) In housa chack: Oct-13
RF genarator R&S SMT-06 100005 04-Aug-99 (in house check Ocl-11) In house chack: Oct-13
MNotwork Analyzer HP 8753E LIS37380585 54206 18-Oct-01 (in house chack Oct-11) In house check: Qct-12
MName Funetion Signature

Calibrated by: Jelon Kastrati Laboratory Techniclan

. e e
Approved by. Katja Pokowvin Tachnical Managsr

This calibration cenificate shall not ba raproduced excapt in full without written approval of the laboratory.

Issued: Oclober 10, 2012
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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)

b)

IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

L]

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

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

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

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

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

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

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




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

DASY Version DASYS V5282

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5mm

Frequency 2450 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2)°C 399+6% 1.84 mho/m + 6 %

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

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

SAR measurad 250 mW input power 133mW /g

SAR for nominal Head TSL parameters normalized to 1W 52.9 mW /g £ 17.0 % (k=2)

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

SAR measured 250 mW input power 621 mW/g

normalized to 1W

SAR for nominal Head TSL parameters 24,8 mW /g = 16.5 % (k=2)

Body TSL parameters
The follawing parametars and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.85 mho/m
Measured Body TSL parameters (22.0+0.2) °C 51.0+6% 2.01 mho/m =& %
Body TSL temperature change during test <05° ——
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.2mW /g

SAR for nominal Body TSL parameters

normalized to 1W

51.7 mW /g =17.0 % (k=2)

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

condition

SAR measured

250 mW input power

B.13mW /g

SAR for nominal Body TSL parameters

normalized to 1W

24.2 mW / g = 16.5 % (k=2)




Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5538+ 08j

Return Loss -25.8dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point s200+29j0

Raturn Loss -29.2 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.158 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
"Measuremeant Conditions" paragraph. The SAR data are nol affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on June 18, 2012




DASYS Validation Report for Head TSL

Date: 05.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 900

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: ' = 2450 MHz; o = 1.84 mho/m; &, = 39.9; p = 1000 kghn"’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANS]T C63.19-2007)

DASYS52 Configuration:
« Probe: ES3IDV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2011;
s  Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 27.06.2012
¢ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
= DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

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

Reference Value = 100.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27.262 mW/g

SAR(1 g) = 13.3 mW/g; SAR(10 g) =6.21 mW/g

Maximum value of SAR (measured) = 17.1 W/ke

-5.00
-10.00
-15.00

-20.00

-25.00

0dB=17.1 W/kg = 24.66 dB W/kg




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

Date: 05.10,2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 90

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: [ = 2450 MHz; o = 2.01 mho/m; & =51; p = 1000 kg!'m]
Phantom scction; Flat Section

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

DASY352 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12.2011;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 27.06.2012
¢ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
»  DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

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 = 95.734 V/m; Power Drifl = 0.01 dB

Peak SAR (extrapolated) = 26.979 mW/g

SAR(1 g)=13.2 mW/g; SAR(10 g) = 6.13 mW/g

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

10.00
-15.00

20,00

-25.00

0dB=17.2 W/kg =24.71 dB W/kg




Impedance Measurement Plot for Body TSL
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Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzeriand

Schweizerischer Kalibrierdienst
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Servizio svizzaro di taratura
Swiss Calibration Service

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

Accreditation No.: SCS 108

Client Apple Certificata No: DEGHZzV2-1132 Octi2
|CALI BRATION CERTIFICATE I
Ohject D5GHzV2 - SN: 1139

Calibration procedurs(s) QA CAL-22.v1

Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date: October 09, 2012

Thiz callbration cardificate documents the traceability o national standards, which realize the physical units of measurements (S1)
The measurements and the uncertainties with confidence probabllity are given on the following pages and are parl of the cerificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificale Mo.) Scheduled Calibration
Powar matar EPM-4424 GB3T480704 05-0ct-11 (Mo, 217-01451) Oet-12
Power sensor HP 84814 LIS37T282783 05-0ct-11 (Mo, 217-01451) Oet-12
Reterence 20 dB Allenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr-13
Type-N mismatch combination SN: 5047.2 / 08327 27-Mar-12 (Mo, 217-01533) Apr-13
Referance Proba EX3DV4 SN: 3503 30-Dec-11 (No. EX3-3503 Dec11) Dec-12
DAES SM: 601 27-Jun-12 (No. DAE4-601_Jun1Z) Jun-13
| Secandary Standards 1D # Check Date (in housa) Scheduled Check
Power sensor HP 84814 MY41092317 18-0ct-02 (in house chack Oct-11) In house check: Oct-13
RF genarator A&S SMT-08 100005 04-Aug-99 {in house check Oct-11) In house check: Oct-13
Maotwork Analyzer HP BY53E US3T390585 54206 18-0ct-01 (in house check Oct-11) In house chack: Oct-12
Mame Function Signature
Calibrated by: Israa E-Naoug Laboratory Technician ( —
Nt @/ "hfff,(lu_ﬂl
—_
Approvad by: Kat|a Pokovic Technical Manager =

Issued: Octobar 8, 2012

This calibration certificate shall not be reproduced except in full without written approval of the laboratory,
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Accredited by the Swiss Accraditation Sarvica (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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

b) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mabile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

+ 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%.




Measurement Conditions

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

DASY Version DASYS V5282
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Hesolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz =1 MHz
5500 MHz = 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The fullowing parameters and caleulations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 35.1+6% 448 mho/m 6 %
Head TSL temperature change during test <05"C —-ee -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 ecm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power BOBEmMW /g

SAH for nominal Head TSL parameters

nomalized to 1W

80.1 mW /g = 19.9 % (k=2)

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

condition

SAR measured

100 mW inpul power

231mW/g

SAR for nominal Head TSL parameters

normalized to 1W

229 mW /g £ 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 356 4.96 mho/m
Measured Head TSL parameters (22.0+£0.2) °C M6+6% 4.76 mho/m = 6 9%
Head TSL temperature change during test <0.5°C aeen
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 850mW /g

SAR for nominal Head TSL parameters

normalized to 1W

84.3 mW /g = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

241 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

23.9mW / g £ 19.5 % (k=2)




Head TSL parameters at 5300 MHz

The following parameters and calculatlions ware applied.

Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 35.3 5.27 mhofm
Measured Head TSL parametars (22.0+£02)°C 342+6% 5.08 mho/m + & %
Head TSL temperature change during test «05"C — mees
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAH measured 100 mW input power 7THTMW /g

SAR for nominal Head TSL parameters

normalized to 1W

7.0 mW /g = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

227 mW /g

SAR for nominal Head TSL parameters

normalized o 1W

22.5 mW / g + 19.5 % (k=2)




Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0£02)°C 47.0+6% 530 mho/m £ 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 ecm® (1 g) of Bedy TSL Condition
SAR measured 100 mW input power 751 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

74.5 mW /g +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

210mW fg

SAR for nominal Body TSL parameters

normalized to 1W

208 mW /g = 19.5 % (k=2)

Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.6 5.65 mho/m
Measured Body TSL parameters (22.0+02)°C 464 + 6 % 5.80 mho/m + & %
Body TSL temperature change during test <05°C - -

SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAH measured 100 mW input power BOOmMW /g
SAR for nominal Body TSL parameters nermalized to 1W 793 mW /g =199 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 223mW/g

SAR for nominal Body TSL parameters

normalized o 1TW

22,1 mW /g =19.5 % (k=2)




Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0"C 48.2 8.00 mho/m
Measured Body TSL parameters {(22.0+0.2)°C 459 6% 6.20 mho/m + 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Bedy TSL Condition
SAR measured 100 mW input power 743 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

73.7 mW / g = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

206 MW /g

SAR for nominal Body TSL parameaters

normalized to 1W

20.4 mW /g = 19.5 % (k=2)




Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point

47.6 L) - 9.4 |2

Return Loss

-20.1 dB

Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point

5054 -5.8 j0

Return Loss

- 24.8 dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point

52E0-53)0

Heturn Loss

-24.7 dB

Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed lo feed point

48.3 L) - 7.8 02

Return Loss -22.1dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point F2101-36j0

Return Loss -278dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed paint 55.5(1-33j0

Heturn Loss -24.4dB
General Antenna Parameters and Design

Electrical Delay {one direction) 1.204 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. Tha 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.

Mo 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

May 07, 2012




DASYS5 Validation Report for Head TSL

Date: 09.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1139

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: = 5200 MHz; o = 4.48 mho/m; & = 35.1; p= 1000 kgfm" , Medium parameters
used: f = 5500 MHz; 6 = 4.76 mho/m; &, = 34.6; p = 1000 kga’m3 , Medium parameters used: f = 5800 MHz;
o = 5.06 mho/m; & = 34.2; p = 1000 Iucg,u’m3

Phantom section: Flat Section

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

DASY 32 Configuration:

= Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 30.12.2011, ConvF(4.91, 491,
4.91); Calibrated: 30.12.2011, ConvF(4.81, 481, 4.81); Calibrated: 30.12.2011;

= Sensor-Surface: |.4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 27.06.2012
e Phantom: Flat Phantom 5.0 (front); Type: QDO0OOPS0AA; Serial: 1001

o DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

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

Reference Value = 64.636 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.703 mW/g

SAR(1 g) = 8.06 mW/g; SAR(10 g) = 2.31 mW/g

Maximum value of SAR (measured) = 18.9 W/kg

Dipole Calibration for Head 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 = 64.353 V/m: Power Drift = 0.08 dB

Peak SAR (extrapolated) = 33.611 mW/g

SAR(1 g) = 8.5 mW/g; SAR(10 g) = 2.41 mW/g

Maximum value of SAR (measured) = 20.5 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 = 61,198 V/m; Power Drift = 0.07 dB

Pcak SAR (extrapolated) = 33.283 mW/g

SAR(1 ) = 7.97 mW/g; SAR(10 g) = 2.27 mW/g

Maximum value of SAR (measured) = 19.6 W/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 08.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1139

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: ['= 5200 MHz; 6 = 5.3 mho/m; g, = 47; p = 1000 kgz‘m“ , Medium parameters
used: f = 5500 MHz: ¢ = 5.8 mho/m; & = 46.4: p = 1000 kg/m’ , Medium parameters used: = 5800 MHz: o
= 6.2 mho/m; &, = 45.9; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY52 Configuration:

s Probe: EX3DV4 - SN3503; ConvF(4.91, 4.91, 4.91); Calibrated: 30.12.2011, ConvF(4.43, 4.43,
4.43); Calibrated: 30.12.2011, ConvF(4.38, 4.38, 4.38): Calibrated: 30.12.2011:

s Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn601; Calibrated: 27.06,2012

¢ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
e DASYS5252.8.2(969); SEMCAD X 14.6.6(6824)

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 = 58,948 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 29.478 mW/g

SAR(1 g) =7.51 mW/g; SAR(10 g) = 2.1 mW/g

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

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

Reference Value = 58.823 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 33.952 mW/g

SAR(1 g) =8 mW/g: SAR(10 g) =223 mW/g

Maximum value of SAR (measured) = 19.3 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 = 54.715 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 34.644 mW/g

SAR(]1 g) =7.43 mW/g; SAR(10 g) = 2.06 mW/g

Maximum value of SAR (measured) = 18.7 W/kg
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Impedance Measurement Plot for Body TSL
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Accradited by the Swiss Accreditation Service (SAS) Accreditation Ne.: SCS 108
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client  Apple Certificate No: DSGHzV2-1072_Feb13
|CALI BRATION CERTIFICATE |
Object D5GHzV2 - SN: 1072
Calibration procedure(s) QA CAL-22 y2

Calibration date:

Calibration procedure for dipole validation kits between 3-8 GHz

February 08, 2013

Calibration Equipment used (M&TE critical for calibration)

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

All calitrations have been conducted in the closed laboralory facility: environment temperatura (22 = 3)°C and humidity < 70%.

Primary Standards 1D # Cal Data (Cerificate No.) Schaduled Calibration
Fower meter EFM-4424 EBaT480704 01-Nov-12 (Mo. 217-01640) Ocl-13
Power sensor HP 84814 US37292783 D1-Nov-12 (Mo. 217-01640) Qct-13
Aafarance 20 dB Attanuator SN: 5058 (20k) 27-Mar-12 (Na. 217-01530) Apr-13
Type-N mismatch combination SM: 5047.3/ 06327 27-Mar-12 (No. 217-01533) Apr-13
Reference Probe EX30V4 SN 203 28-Dec-12 (No. EXS3-3503 Dec12) Dec-13
DAE4 SM: 601 27-Jun-12 (No. DAE4-801_Jun1Z2) Jun-13
Secondary Standards 1D # Check Date (in housa) Schaduled Chack
Power sansor HP B4814 MY41082317 18-0ct-02 (in housa chack Oct-11) In housae check: Oct-13
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13
Metwork Analyzer HP 8753E LS37300585 S4206 18-0¢t-01 (in house check Oct-12) In house check; Oct-13
Name Function Signatute _

Calibrated by: Claudio Laublar Laboratory Technician \ ]

: Katia Pokovi Technical M '- ”ﬂ
Approved by; atja [& echn anager ] -;, — {f' g-’ =

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

Issued: Febiuary 8, 2013
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
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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

b} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo unceriainty 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
multiphed by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.




Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.5
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
5500 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 (P20+0.2)°C 34.7+6% 4.47 mho/m £ 6 %
Head TSL temperature change during test «<0.5°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 7.77 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

77.0 Wikg = 19.9 % (k=2)

SAR averaged over 10 ecm” (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Head TSL parameters 220°C 35.6 4.96 mho/m
Measured Head TSL parameters (22.0+0.2)°C 342+6% 4.74 mho/m £ 6 %
Head TSL temperature change during test <05°C — -—
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.15 Wikg

SAR for nominal Head TSL parameters

nommalized to 1W

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

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

condition

SAR measured

100 mW input power

2.30 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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




Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0£0.2)°C 33.9+6% 5.05 mho/m + 6 %
Head TSL temperature change during test <0.5°C eee #mse
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 7.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 72.9 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 2.08 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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




Body TSL parameters at 5200 MHz

The following parametars and calculations were applied.

Temperature Permittivity Conductivity

Mominal Body TSL parametars 220°C 49.0 5.30 mho/m

Measured Body TSL parameters (22.0 £ 0.2) "C 46.9 + 6 % 536 mho/m +6 %

Body TSL temperature change during test <0.5°C wees wens
SAR result with Body TSL at 5200 MHz

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

SAR measured 100 mW inpul power 7.58 Wikg

SAR for nominal Body TSL parameters normalized to TW 75.1 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2.12 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.0 W/kg = 18.5 % (k=2)
Body TSL parameters at 5500 MHz

The following parametars and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0%C 48.6 5.65 mho/m

Measured Body TSL parameters (22.0£02)°C 46.3x6% 5.71 mho/m £ 6 %

Body TSL temperature change during test < 0.5°C - ==
SAR result with Body TSL at 5500 MHz

SAR averaged over 1 em” {1 g) of Body TSL Condition

SAR measured 100 mW input power 8.02 Wikg

SAR for nominal Body TSL parameters normalized to 1W 79.4 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 223 Wikg

SAR for nominal Body TSL parameters normalized to 1W 22.0 W/kg = 19.5 % (k=2)




Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+02)°C 459 +6% 6.12 mho/m =6 %
Body TSL temperature change during test <05"C == =
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.40 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input powear 2.05 W/kg
SAR for nominal Body TSL parameters normalized to 1W 20.3 W/kg = 19.5 % (k=2)




Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point

50.8 {2 - 9.8 0

Retum Loss

-20.3 dB

Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to fead paint

557 0)-2.8)0

Return Loss -244dB
Antenna Parameters with Head TSL at 5800 MHz

impedance, transformed to feed point 57.7Q-69]Q

Retumn Loss -20.4 dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to teed point 4860 -7.90

Return Loss -22.0dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 5540-37Q

Return Loss -24.2 dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transtormed to feed point 5680 -6.6)Q

Return Loss -21.1 dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.204 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 ot 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.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

September 26, 2008




DASYS Validation Report for Head TSL

Date: 08.02.2013
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1072

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; 6 =447 S/m; £, =34.7; p= 1000 k ,c:r,:’nijL :

Medium parameters used: f = 5500 MHz; 0 =4.74 §/m; . =34.2; p = 1000 Icga"m1 X

Medium parameters used: [ = 5800 MHz; o = 5.05 $/m; & = 33.9; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY 52 Configuration:

¢ Probe: EX3DV4 - SN3303; ConvF(5.41, 541, 5.41); Calibrated: 28.12.2012, ConvF(4.91,4.91,
4.91); Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81); Calibrated: 28.12.2012;

= Sensor-Surface: |.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 27.06.2012

¢ Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
o DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 63.748 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 29.4 W/kg

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

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

Dipole Calibration for Head 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 = 63.652 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 33.0 W/kg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.3 W/kg

Maximum value of SAR (measured) = 19.1 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 = 58.825 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) =31.9 W/kg

SAR(1 g) = 7.36 W/kg; SAR(10 g) = 2.08 W/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 01.02.2013
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1072

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: [ = 5200 MHz; ¢ = 5.36 S/m; & =46.9; p = 1000 kg;"m"' 4

Medium parameters used: f = 5500 MHz; 6 =5.71 S/m; &, = 46.3; p = 1000 ke/m’ .

Medium parameters used: [ = 5800 MHz; 6 = 6.12 S/m; &, = 45.9; p = 1000 kg.u"m"’

Phantom section: Flat Section

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

DASYS2 Configuration:

= Probe: EX3DV4 - SN3503; ConvF(4.91, 491, 4.91); Calibrated: 28.12.2012, ConvF(4.43, 4,43,
4.43); Calibrated: 28.12.2012, ConvF(4.38, 4.38, 4.38); Calibrated: 28.12.2012;

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

¢ Elcctronics: DAE4 Sn601; Calibrated: 27.06.2012

e Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
o DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 59.679 V/m: Power Drifi = -0.00 dB

Peak SAR (extrapolated) = 30.6 W/kg

SAR(1 g) =7.58 W/kg; SAR(10 g) = 2.12 W/kg

Maximum value of SAR (mecasured) = 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 = 59.723 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 34.9 W/kg

SAR(1 g) = 8.02 W/kg; SAR(10 g) = 2.23 W/kg

Maximum value of SAR (measured) = 19.3 W/kg

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

Relerence Value = 55.932 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 35.1 W/kg

SAR(1 g) = 7.4 W/kg; SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 18.5 W/kg
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Impedance Measurement Plot for Body TSL
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