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| Calibration date: May 28,2015

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

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

Calibration Equipment used (M&TE critical for calibration}

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

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

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

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

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

Typa-N mismatch cambination SN: 5047.2 1 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 18-Aug-14 (No. DAE4-801_Aug14) Aug-15

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

RF generator R&S SMT-06 100005 04-Aug-99 {in houss chack Cct-13) In house check: Oct-16

Network Analyzer HP 8753E US37390585 84206  18-Oct-01 (in house check Oct-14}) In house check: Oct-16
Name Function o Signature

Calibrated by: e _ o g pa e

Approved by:

Issued: May 28, 2015

This calibration certificate shall not be reproduced except In full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Patrtner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Katibrierdienst
Service sulsse d'étalonnage
Servizio svizzero dl 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) |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 Technigues”, 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:

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 otiented
paralle| 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 Flectrical 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.

o SAH 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 reporied uncertainty of measurement is staied 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 Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 16 mm with Spacer
Zoom Scan Resolution dx, dy, dz =85 mm
Frequency 835 MHz + 1 MHz
Head TSL parameiers
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominat Head TSL parameters 22.0°C 415 0.20 mho/m
NMeasured Head TSL parameters {22.0+0.2) °C 421 +6% 0.92 mhofm + 6 %
Head TSL temperature change during test <05°C o .
SAR resuli with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
.SAR measured ' 250 mW input power 2.35 Wrkg

SAR for nominal Head TSL parameters

normalized to 1W

9.28 Wikg = 17.0 % {k=2)

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

condition

SAR measured

250 mW input power

1.54 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permiitivity Conductivity
Nominal Body TSL parameters 22,0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2) °C 552+6% 0.99 mho/m =6 %
Body TSL temperature change during test <05°C - -
SAR resuli with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

2.36 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

©.30 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.55 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.13 Wikg = 16.5 % (k=2)

Certificate No: DB35V2-4d104_May15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point _ 5210Q-29jQ
Return Loss -29.2dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 47.7Q-4.1iQ
Return Loss -26.4 dB

General Antenna Parameters and Design

Electrical Delay (one direction) ' 1.398 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 May 26, 2010
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DASYS5 Validation Report for Head TSL

Date: 27.05.72015
Test Laboratéry: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 44104

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

Medium parameters used; f = 835 MHz; 6 = 0.92 S/m; & = 42.1; p = 1000 icg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: ES3DV3 - SN32095; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12,2014;
° Sensor—Surface:_ 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
+  Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
¢ DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 56.42 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.48 W/kg .

SAR(1 g) = 2.35 W/kg; SAR(10 g) = 1.54 Wikg

Maximum value of SAR (measured) = 2.75 W/kg

-4.40
-6.60

-8.80

%= -11.00

0 dB =2.75 W/kg = 4.39 dBW/kg

Certificate No: D835V2-4d104_May15 : Page 5 of 8




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

Date: 28.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d104

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

Medium parameters used: f = 835 MHz; o = 0.99 S/m; g = 55.2; p = 1000 kg/m®
Phantom section: Fiat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

o

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Q@

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

Reference Value = 54.53 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.47 W/kg

SAR( g) =2.36 W/kg; SAR(19 g) = 1.55 W/kg

Maximum value of SAR (measured) = 2,75 W/kg

0dB =2.75 W/kg = 4.39 dBW/kg

Certificate No: DB35V2-4d104_Mayi5 ‘ . Page 7 of 8




Impedance Measurement Plot for Body TSL
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Callbi.‘atlon Laboratory of Q:\‘\\\\:://’z} Schweizerischer Kalibrierdienst
Schmid & Partner St

S
C Service sulsse d'étalonnage
S

Engineering AG S Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland s, /,//Q\\\\x‘ Swiss Calibration Service
il
Accredited by the Swiss Accreditation Service (SAS) Acereditation No.: SCS 0108

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

cient  VITEC. o Gertlficats No: D1900V2-5d129 May15 .

Calibration procedure(s}

Calibration date: May28’2015 PR e

This calibration cerlificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncerlainties with corfidence probabifity 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 07-Oct-14 (No. 217-02020} QOct-15

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

Power sensor HP B481A MY41092317 07-Oct-14 {No. 217-02021) Oct-156

Reference 20 dB Attenuator 5N: 5058 (20k) 01-Apr-156 (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: 3208 30-Dec-14 {No. ES3-3205_Dec14} Dec-15

DAE4 SN: 501 18-Aug-14 (No. DAE4-601_Augi4) Aug-15

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 84208  18-Oct-01 {in house check Oct-14} In house check: Oct-15

Name Function o

e s Signature
Caliprated by: Jeton Kastrati . o o

Approved by:

Issued: May 29, 2015

This calibration certificate shall not be reproduced except in full withaut written approval of the laboratory.

Certificate No: D1900V2-5d129_May15 Page 10f 8




Calibration Laboratory of

: S Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o I N & S Swiss Calibration Service
KUT (A
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Acereditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration ceriificates

Glossary:

TSL tissue simulating liquid

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

Calibraiion is Performed According o the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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.

o Antenna Paramelers 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 uncettainty required.

e FElectrical 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.

s 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%.

Cettificate No: D1900V2-5d129_May15 Page 2 of 8




Measurement Conditions

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

DASY Version DASY5 Vv52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL. 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz & 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.0 1.40 mho/m

Measured Head TSL parameters {22.0+0.2) °C 389x68% 1.37 mho/m £ 6 %

Head TSL temperaiure change during test <0,5°C e -
SAR result with Head TSL

SAR averaged over 1 em® {1 g) of Heéd TSL Condition

SAR measured 250 mW input power 10.0 W/kg

SAR for nominal Head TSL parameters

normalized to W

40.3 Wikg = 17.6 % (k=2)

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

condition

SAR measured

250 mW input power

5.29 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

21.2 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calcutations 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 527 +6% 1.51 mho/m+6%
Body TSL. temperature change during test <05°C e e
SAR resuli with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.0 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

40.1 Wrkg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.35 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.4 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d128_May15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point - B2.3Q+7.3jQ
Return Loss -226dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point : 476 Q+7.1jQ
Return Loss -22.3dB

‘

General Antenna Parameters and Design

Electrical Delay (one direction) 1.205 ns

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, 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 4 SPEAG
Manufactured on April 14, 2010

Certificate No: D1900V2-6d129_May15 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 28.05.2015
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d129

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

Medium parameters vsed: f = 1900 MHz; ¢ = 1.37 S/m; &, = 38.9; p= 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(5, 5, 5); Calibrated: 30.12.2014;

(-]

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

L]

Phantom: Flat Phantom 5.0 (front); Type: QDOO0OP50AA; Serial: 1001

-3

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

L)

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 = 98.33 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 18.2 W/kg

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

Maximum value of SAR (measured) = 12.5 W/kg

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

Certificate No: D1800V2-5d129_Mayib Page 50f 8




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

Date: 28.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d129

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

Medium parameters used: f = 1900 MHz; ¢ = 1.51 S/m; &= 52.7; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ESBDVB - SN3205; ConvE(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phélmtom 5.0 (back); Type: QDOO0P50AA; Serial: 1002

@

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

2

Dipole Calibration for Body Tissue/Pin=25¢ mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 95.39 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.0 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5.35 W/kg

Maximum value of SAR (measured) = 12.5 W/kg

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

Certificate No: D1200V2-5d129_May15 Page 7 of 8



Impedance Measurementi Plot for Body TSL
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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

Accraditad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

cient  JQA (Vitec)

Coriaio N D24SOV2-714 - Novia

i10

CALIBRATION

Objsct

Calibration procedure(s)

alidation kits above 700 MHz.

Calipration date: November 13,2014 G

This calibration certificate documents the traceabiiity to national standards, which reafize 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 caliprations have been conducted in the closed laboraiory facility: environment temperaiure (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards iD# 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) Oct-15

Power sensar HP 8481A MY41092317 07-0ct-14 (No. 217-02021} Oet-15

Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 {Neo. 217-01918} Apr-15

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

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

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

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

RF generator R&S SMT-06 100065 04-Aug-99 {in house check Oct-13) tn house check: Oct-16
Network Analyzer HP 8753E US537390585 54206 18-Oct-01 {in house check Oct-14) In house check: Oct-15

Function =
“Laboratory Technician

Ségnaiure

Calibrated by:

e

B

Approved by: 7 echmcaEManager

Issued: November 14, 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 Foliowing Standards:

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

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

s  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.

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

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

iven on page 1.

DASY Version DASYS V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modutar 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

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

Measured Head TSL parameters {22.0+0.2) °C 38.0=6% 1.86 mho/m £6 %

Head TSL temperature change during test <0.5°C umma --e-
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

53.1 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.27 W/kg

SAR for nominal Head TSl parameters

normalized to 1W

24.8 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 52.7 1.95 mho/m
Measured Body TSL parameters (22.0£0.2)°C 509+£6% 2.03 mho/m +86 %
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 13.0 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

50.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.98 W/kg

SAR for nominal Bedy TSL parameters

normalized to 1W

23.6 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SC5108)

Anienna Parameters with Head TSI

Impedance, transformed to feed point 5280 +1.9Q
Retun Loss -296dB

Antenna Parameters with Body TSL

impedance, transformed to fead point 496 Q + 4.7 Q)
Return Loss -26.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.161 ns

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

The dipole is made of standard semirigid coaxial cable. The center conducter of the feading 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, smali end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"“Measursment Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on July 05, 2002
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DASYS5 Validation Report for Head TSL

Date: 13.11.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 714

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

Medium parameters used: f = 2450 MHz; ¢ = 1.86 S/m; & = 39; p = 1000 kg/nf’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
¢ Phantom: Flat Phantom 5.0 (front); Type: QDOO0OPS0AA; Serial: 1001
¢ DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 102.0 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.27 Wikg

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

0dB = 17.8 W/kg = 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: 13.11.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 714

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

Medium parameters used: f = 2450 MHz; ¢ = 2.03 S/m; & = 50.9; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

L4

Probe: ES3DV3 - SN3205; ConvF(4.35, 4.35, 4.35); Calibrated: 30.12,2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18,08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDOO0PS0AA; Serial: 1002
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=53mm

Reference Value = 94.63 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.1 W/kg

SAR(1 g) = 13 W/kg; SAR(10 g) =5.99 W/kg

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

0dB =172 W/kg = 12.36 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

9 Schwelzerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio gvizzero di taratura

S Swiss Callbration Service

Accredited by the Swiss Accreditation Saivice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service Is one of the signatories to ihe EA
Multitateral Agreement for the recognition of catibration certificates

Glossary:

TSI tissue simulating liquid

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

Calibration is Performed According 1o 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) KDB 865664, “SAR Measurement Requirements for 100 MHz to 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:

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

o 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 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.

o FElectrical 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,

o  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 resullt.

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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Measurementi Conditions

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

DASY Version DASYS V52.8.8
Extrapolation Advanced Exirapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 imm 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
5250 MHz + 1 MHz
5300 MMz + 1 MHz
5500 MHz &1 MHz
5600 MHz & 1 M-z
5750 MHz % 1 MHz
5800 MMz + 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 4,68 mho/m
Measured Head TSL parameters 22.0x0.2)°C 349+6% 4.59 mho/m £ 8 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5200 VHz
SAR averaged over 1 em® (1 ¢) of Hoad TSL Condition

SAR measured

100 mW input power

8.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.6 W/lg = 19.9 % (li=2)

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

condition

SAR measured

100 mW input power

2.32 W/kg

SAR for norinal Head TSL parameters

normalized to W

23.0 Wikg = 19.5 % (l=2)

Cerlificate No: DEGHzV2-1092_Novi4d
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Head TSL. parameters at 5250 MHz

The following parameters and calculations were applied:

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22,0°C 35.9 4.71 mho/m
Measured Head TSL-parameters {22.0 0.2)°C 34.8:6% 463 mho/m =6 %
Head TSL temperature change during test <0.5°C “-ee
SAR result with Head TSL at 5250 Milz
SAR averaged over 1 om® (1 g) of Head TSL Condition
SAR measured 100 mW inpul power 8.14 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.32 W/kg

SAR for nominal Head TSL. parameters

normalized to 1W

23.0 W/ig = 19,5 % (k=2)

Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0 £0.2)°C 347x6% 4.68 mho/m £ 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSI at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.62 Wikg

SAR for nominal Head TSL parametats

notmalized to 1W

85.6 Wilkg & 19.9 % (k=2)

SAR averaged over 10 ecm® (10 g) of Head TS\,

condition

SAR measured

100 mW input power

2,45 Wikg

SAR for nominal Head TSL paramsters

normalized to W

24,3 Wikg = 195 % (l=2)
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Head TSL parameters at 5500 Mz

The following parameters and calculations ware applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameiers 22.0°C 35.6 4.96 mho/m
Measured Head TSL parameters {(22.0 % 0.2) °C 34.4+6% 4.88 mho/m £ 6 %
Head TSL temperature change during test <05°C
SAR resuli with Head TSL. at 5500 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measured

100 mW input power

8.78 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

871 Wity = 19.9 % {Ik=2)

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

condition

SAR measured

100 mW input power

2.48 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24,7 Wikg + 19.5 % {l=2)

Head TSL parameters at 5600 MHz_

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSk parameters 22.0°C 35.5 ~ 5.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 343x6% 498 mho/m+6 %
Head TSL temperature change during test <0.5°C o
SAR result with Head TSL at 5600 MHz
Condition

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

SAR measured

100 mW input power

8.56 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

84.9 W/leg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,43 W/kg

SAR for nominat Head TSL paramoters

normatized to TW

24,1 Wiy = 19.5 % (k=2)

Cortificate No: D5GHZzV2-1092_Novid
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Head TSL parameters at 5750 Mz

The following paramsters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.4 5.22 mho/m
Measured Head TSL parameters {22.0:0,2)°C 34.126% 5.14 mho/m + 6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSI at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.24 Wikg

SAR for nominal Head TSL paramelers

normalized Ito 1w

81.7 Wikg + 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSI.

condition

SAR measured

100 mW Input power

2.34 Wikg

SAR for nominal Head TSL paramelers

normalized to 1W

23,2 Wkg = 19.5 % (k=2)

Head TSL parameters at 5800 MiHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured lMead TSL parameters (22.0£0.2) °C 340+6% 5.19 mho/m £ 6 % :
Head TSL temperature change during test <05°C v
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 8.08 Wikg

SAR for nominat Head TSL parameters

normalized to 1W

80.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.29 Wikg

SAR for nominal Head TSL pararﬁeters

normalized to 1W

22.7 W/lkg 4 19.5 % (i=2)
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Body TSL parameters at 5200 iHz

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£0.2)°C 47126 % 545 mho/m+ 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 em® (1 ¢) of Body TSL. Condition
SAR measured 100 mW input power 7.70 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

76.4 Wiy 2 19.9 % (l=2)

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

condition

SAR measured

100 mW input power

2.15 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21,3 Wikg  19.5 % (I=2)

Body TSI. parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Notinal Body TSL parameters 22.0°C 489 5.36 mho/m
Measured Body TSL parameters (22.0x0.2)°C 47016 % 5.51 mho/m 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5250 Mtz
SAR averaged over 1 cm® (1 g) of Body TSL Conditlon
SAR measured 100 mW input power 7.92 Wikg

SAR for nominal Body TSL parameters

normatized to TW

78.6 Wikg % 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Body TSI parameters

normalized to TW

2.9 Wiy 2 19.5 % (k=2)
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Body TSI parameters ai 5300 MHz

The following parameters and calculations were applied.

. Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.42 mho/m
Measured Body-TSL parameters {22.0+0.2) °C 486.9 6 % 5,58 mho/m =6 %
Body TSL temperature change during test <0.5°C .
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® {1 ©) of Body TSL Condition
SAR measured 100 mW input power 7.89 W/kg

SAR for nominal Bedy TSL parameters

normalized to 1W

78.3 Wikg 2 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21,9 Wikg 2 19.5 % (k=2)

Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Naominal Body TSL parameters 22.0°C 48.6 . 8,65 mho/m
Measured Body TSL parameters (22.0 £ 0.2)"’0 46526 % 5.83 mho/m 6 %
Body TSL temperature change during test <0.5°C
SAR resuli with Body TSL. at 5500 Mtz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW Input power 8.18 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

81.2 Wikg x: 190.9 % (k=2)

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

condition

SAH measured

100 mW input power

2.27 Wikg

normalized to 1W

22.5 W/kg = 19.5 % (lt=2)

SAR for nominal Body TSL parametlers

Cetlificate No: D5GHzV2-1092_Novi4
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Body TSL parameiers at 5600 M-z

The following parameters and calculations were applied. .

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 8,77 mho/m
Measured Body TSL parameters (2.0 20.2)°C 46.4x£6% 5.98 mho/m 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 om® (1 ¢) of Body TSL Condition
SAR measured 100 mW input power 8.42 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

83.6 W/lg x: 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.34 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

93,2 Wiky = 19.5 % (=2}

Body TSL. parameters at 5750 Mz

The following parameters and calculations were applied.

Temperature Perimittivity Conductivity
Nomiral Body TSL parameters 22.0°C 483 5.94 mho/m
Measured Body TSL parameters (22,0 £0.2)°C 46.1£6% 8.19 mho/m £ 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSl at 5750 MHz
SAR averaged over 1 om® {1 g) of Body TSL Condition
SAR measured 100 mW input power 7.89 Wikg

SAR for nominal Body TSL paramaeters

normalized to 1W

78.3 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.19 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.7 Whkg 2 19.5 % (k=2)
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Body TSL parameters at 5800 WiHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivily
Nominal Body TSL parameters 22.0°C 482 6.00 mho/m
Measured Body TSl parameters (22.0 £ 0.2)°C 46.0+£6 % 8.25 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 7.78 Wiky

SAR for nominal Body TSL parameters

normalized to 1W

77.2 Wikg = 19.8 % (le=2)

SAR averaged over 10 cm® (10 g) of Body TSI,

condition

SAR measured

100 mW input power

215 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21,3 Wikg % 19.5 % (l¢=2)
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Appendix (Additional assessmenis outside the scope of SC5108)

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 48.00-9.9jQ

Return Loss -20.0 dB
Antenna Parameters with Head TSL at 5250 Mz

Impedance, transformed to feed point 4920 -8.2jQ

Return Loss -21.6dB
Antenna Parameters with Head TSL at 5300 MMz

Impedance, transformed to feed point 50.20-72j0

Return Loss -22.9dB
Anienna Parameters with Head TSL at 55600 MHz

tmpadance, transformed to feed point 53.00-5.1jQ

Return Loss -24.8dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point  55.40-45iQ

Return Loss -235dB
Antenna Parameters with Head TSL at 5750 Mz

Impedance, transformed to feed point 56.0Q-4.3jQ

Return Loss -232dB

Antenna Parameters with Head TSL at 5800 MHz

Impedancs, transformed to feed point

§5.7 Q- 6.0 Q)

Relurn Loss -22.2dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 4960 -9.0jQ

Return Loss -20.9¢dB
Antenna Parameters with Body TSL. ai 5250 Mz

Impedance, transformed to feed point 49.6 Q- 8.1jQ

Return Loss ~-21.8dB

Certificate No: D5GHzV2-1092_Novid
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Antenna Parameters with Body TSL ai 5300 ViHz

Impedance, transformed to feed point 5020 -7.0jQ

Return Loss -23.1dB
Anienna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 5360 -52i0Q

Return Loss -24.3dB
Antenna Parameters with Body TSL at 5600 Witz

impedance, transformed to feed point 5590-35i0

Return Loss -23.8dB
Antenna Parameters with Body TSL at 5750 Mz

Impedance, transformed to fead point 5490-48Q

Return Loss -23.7dB
Antenna Parameiers with Body TSL. at 5800 MHz

Impadance, transformed to feed point 55.1Q-6.6Q

Return Loss -22.0dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.206ns

Adter long term use with 100W radiated power, onEy 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 s therefore short-circuited for DC-signats. On some of the dipoles, small end caps
are added to the dipole arms in order to improve maiching when loaded accerding to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overal! 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 Datia

Manufactured by

SPEAG

Manufactured on

December 21, 2009

Cartificale No: D5GHzV2-1092_Novid
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DASY5 Validation Report for Head TSL
Date: 11,11.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1092

_Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5250 MHz, Frequency: 5300
MHz, Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz, Flequency 5800 MHz
Medium parameters used: f = 5200 MHz; 6 = 4.59 §/m; & = 34 9; p= 1000 kg/'m Medium parameters
used: f = 5250 MHz; ¢ = 4.63 S/m; s, = 34.8; p = 1000 kg/m , Medium parameters used: f = 5300 MHz; o=
4.68 S/my; g = 34.7; p = 1000 kg/m® , Medium parameters used: f = 5500 MHz; o = 4.88 S/m; & = 344, p=
1000 kg/m® , Medium parameters used: f = 5600 MHz; ¢ = 4.98 S/m; i = 34.3; p= 1000 kg/m® , Medium
parameters used: £ = 5750 MHz; 6 = 5.14 S/in; 8,-— 34.1; p = 1000 kg/m® , Medium paramelers used: [ =
5800 MHz; ¢ = 5.19 8/m,; &, = 34.0; p = 1000 kg/m

Phantom section: Flat Section

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

DASYS52 Configuration:

o Probe; EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30,12.2013, ConvF(5.36, 5.36,
5.36); Calibrated: 30,12,2013, ConvF(5.2, 5.2, 5.2); Calibrated: 30.12.2013, ConvF(5.01, 5.01, 5.01);
Calibrated: 30.12.2013, ConvF(4.86, 4.86, 4.86); Calibrated: 30.12.2013, Convli(4.88, 4.88, 4.88);
Calibrated: 30.12.2013, ConvE(4.91, 4,91, 4,91); Calibrated: 30.12.2013;

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

o 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, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.74 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 30.1 Wikg |

SAR(I g) = 8.11 W/kg; SAR(10 g) = 2.32 W/kg

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

Dipole Calibration for Head Tissue/Pin=100mW, dist==10mm, £=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mrn

Reference Value = 65.32 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 30.7 W/kg

SAR(1 g) = 8.14 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR {measured) = 19.0 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MIz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.94 V/m; Power Diift = 0.04 (dB

Peak SAR (extrapolated) = 33.2 W/kg

SAR(1 g) = 8.62 W/kg; SAR(10 g) = 2.45 W/kg

Maximum value of SAR (measured) = 20.7 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5500 MHz/Zoom Scan,
dist=1.4mm (8%8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.86 V/my; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 35.2 W/kg

SAR(1 g) = 8.78 W/kg; SAR(10 g) = 2.49 W/kg

Maximum value of SAR (measured) = 21,1 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4dmm (8x8x7)/Cube 0: Measurement grid; dx=4mm, dy=4dmm, dz=1.4mm

Reference Value = 65.39 V/mm; Power Drift = 0.06 B

Peak SAR (extrapolated) = 34.5 W/kg '

SAR(1 g) =8.50 W/kg; SAR(10 g) = 2,43 W/kg

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

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

- Reference Value = 63.19 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 8.24 W/kg; SAR10 g} = 2.34 W/kg

Maximum value of SAR (measured) = 19.9 W/kg

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

Reference Value = 62.27 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 34.1 Wikg

SAR(1 g) = 8,08 W/kg; SAR(10 g) = 2.29 W/kg

Maximuin value of SAR (measured) = 19.7 W/kg

0dB = 18.7 W/kg = 12.72 dBW/kg
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Impedance Measurement Plot for Head TSL (5200, 5500, 5800)

i1 Mov 2014 13:45100
[HE] 811 4 U FS 149,020 6 98585 6 34067 oF % 706,066 900 Mtz

",,» - ;

_,EL-. 2 GHz ' . 7 ! o ‘\ CHL Markers
£ T I TR 21 53,849 o
/ 4 c . R ~5.068208 0
E R 550000 GHz

: 395,684 0
~9R03 O
5,20900 GHz

CHZ 841 LOG B dB/REF -20 dB 41-20,042 dB 3 200,800 806 HHz

b - USSR S CH? Harlters

T e e T B0 TR U R I N 24,514 dB
Ruee | 322,192 dB
= — 1 5,20000 GHz

l;‘

{

L

y

|

iI|

[

{

'
iz

fiv P

" START 5 BOG.O00 008 MH2 ST ST0P € 600,608 070 HHz

Gertificate No: DEGHzV2-1092_Novid Page 15 of 20



Impedance Measurement Plot for Head TSL (5250, 5300, 5600, 5750)
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DASYS5 Validatlon Repori for Body TSL
Date: 12.11.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1092

Communication System: UID 0 - CW; Frequency: 5200 Mz, Frequency: 5250 MHz, Frequency: 5300
MHz, Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz, Fiequency 5800 MHz
‘Medium parameters used: f = 5200 MHz; ¢ = 5,45 S/m; & = 471 p= 1000 kg/m Medium parameters
used: f = 5250 MHz; 6= 5.51 S/m; Er = 47.0; p = 1000 kg/m® , Medium palameteisused f=25300 MHz; ¢ =
5.58 Shmn; fr = 46.9; p = 1000 kg/m® , Medium parameters usecl f = 5500 MHz; o = 5.83 S/m; &= 46.5;, p =
1000 kg/m® , Medium parameters used: f = 5600 MHz; ¢ = 5.98 8/m; & =46.4; p = 1000 kg/m® , Medium
parameters used: £ = 5750 MHz; 6 = 6,19 S/m; g = 461 p = 1000 kg/m® , Medium parameters used: f =
5800 MHz; ¢ = 6.25 S/m; & = 46.0; p = 1000 kg/m’

Phantom scction: Flat Section

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

DASY52 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.89, 4,89,
4.,89); Calibrated: 30.12.2013, ConvF(4.76, 4.76, 4.76); Calibrated: 30.12,2013, ConvF(4.52, 4.52,
4.52); Calibrated: 30.12.2013, ConvF(4.3, 4.3, 4.3); Calibrated: 30.12,2013, ConvF(4.39, 4.39, 4.39);
Calibrated; 30.12.2013, ConvF(4.47, 4.47, 4.47); Calibrated: 30.12.2013;

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

o Electronics: DAE4 Sn601; Calibrated: 18.08.2014

o Phantom: Flat Phantom 5.0 (back); Type: QDO0OPS0AA,; Serial: 1002
o  DASY52 52.8.8(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: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.79 V/m; Power Drift = 0.01 dB

Pealt SAR (extrapolated) = 30.3 W/kg

SAR(T g) = 7.7 W/kg; SAR(10 g) = 2,15 W/kg

Maximum value of SAR (measured) = 18.1 W/kg

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

Reference Value = 60.62 V/m; Power Drift = 0.01 dB

Peak SAR {extrapolated) = 31.4 Wikg

SAR( g) =7.92 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 18.7 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,

dist=1.4dmm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 59.94 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 31.8 W/kg

SAR( g) = 7.89 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 18.7 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 = 59.83 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 35.1 W/kg

SAR(1 g) = 8,18 W/kg; SAR(10 g) = 2.27 W/kg

Maximum value of SAR (measured) = 19.8 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4dmm, dy=4mm, dz=1.4mm
Reference Value = 60.24 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 37.0 W/kg

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 20.6 Wikg

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

Reference Value = 56,99 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 36.0 W/kg

SAR(1 g) = 7.89 W/kg: SAR(10 g) = 2.19 W/kg

Maximum value of SAR (measured) = 19.5 W/kg

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

Reference Value = 56.61 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 36.0 Wrkg

SAR(1 g) =7.78 W/kg; SAR(10 g) =2.15 W/kg

Maximum vaiue of SAR (measured) = 19.4 W/kg

0dB =194 W/kg = 12.88 dBW/kg
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Impedance Measurement Plot for Body TSL (5200, 5500, 5800)

12 Mov 2844 42:47:29

GHI S 1 U F& 143537 0 —9.3?34{) 23918 pF 5 200,890 098 MHx
» { L ’, .
# - T AN
e Ny
f( L . .. ‘:E'
Cop l" ! i '.f‘

R

\\ N . v - . ';:
?Eﬂ \\‘*‘ ‘ ; co % . [):.’"
; T
Hid 3
eHz Sfd Los 5 dBZREF 26 dB ) At-26.881 B 5 200.0800 089 Mz
Cor ] o
[ 3 ——
e i? P el R .
I N N s P
fw <
7 S N I R SR WU, SR SR
wa - R T o
" START 5 909,008 680 HHz ' ' BTOP & G0N, 000 068 HHz

OHY, Markers
2t 53,6000

35587240
~63977F &
3,50840 GHz

CHZ Harkers

2t~24,324 dB
3.50008 GHz

3:-22,0842 dB
5.886008 GHz

Certificate No: DEGHzV2-1092_Novi4 Page 19 of 20



Inmpedance Measurement Ploi for Body TSL (5250, 5300, 5600, 5750)
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