FCC SAR Test Report

Appendix C. Calibration Certificate for Probe and Dipole

The SPEAG calibration certificates are shown as follows.
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

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

Client Auden

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

S
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Accreditation No.: SCS 0108

Certificate No: D750V3-1132_Jan15

|CALIBHATION CERTIFICATE I

D750V3 - SN: 1132

Object

Calibration procedure(s)

Calibration date:

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

January 06, 2015

Calibration Equipment used (MA&TE critical for calibration)

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

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

Primary Standards 1D # Cal Dale (Cerificate No.) Scheduled Calibration
Power meler EPM-4424 GB37480704 07-0ct-14 (Mo, 217-02020) Qet-15
Powear sensor HP 8481A Us3ayzoaevas 07-Oct-14 (No. 217-02020) Oct-15
Powear sensor HP B481A MY41082317 07-Oct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SM: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15
Type-N mismatch combination SN: 5047.2 1 DB327 03-Apr-14 (No. 217-01921) Apr-15
Reference Probe ES3DV3 SN: 3205 30-Dec-14 (Mo. ES3-3205_Deci4) Dec-15
DAE4 Sh: 601 18-Aug-14 (Mo. DAE4-801_Augid) Aug-15
Sacondary Standards D # 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
Natwork Analyzer HP 8753E US37380585 54206 18-Oct-01 (in house check Oct-14) In house check: Oct-15

Name Function Sdgnah']r&flbﬁ
Calibrated by: Claudio Leubler Laboralory Technician [ 1N

U
|

Approved by: Katja Pokovic Technical Manager

e

Issued: January 6, 2015

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

Cerificate No: D750V3-1132_Jan15
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

¢ 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.

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

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

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

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

Cenrificate No: D750V3-1132_Jan15 Page 2 of 8



Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

750 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m
Measured Head TSL parameters (22.0+0.2)°C 4146 % 0.89 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 1.99 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

SAR measured

250 mW input power

1.31 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

5.23 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 55.5 0.96 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 544 +6% 0.97 mho/m +6 %
Body TSL temperature change during test 2050
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.14 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

SAR measured

250 mW input power

1.42 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D750V3-1132_Jan15
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.3Q-32jQ

Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 491 Q-36Q

Return Loss -285dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.035 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 October 20, 2014

Certificate No: D750V3-1132_Jan15 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 06.01.2015

Test Laboratory: The name of your organization

DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1132

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; 6 = 0.89 S/m; &, = 41.4; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205:; ConvF(6.44, 6.44, 6.44); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.9L; Type: QDO0O0OP49AA; 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=Smm

Reference Value = 52.69 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 2.95 W/kg

SAR(1 g) = 1.99 W/kg; SAR(10 g) = 1.31 W/kg

Maximum value of SAR (measured) = 2.33 W/kg

.25

-8.33

-10.41

0dB =2.33 W/kg =3.67 dBW/kg

Cerlificate No: D750V3-1132_Jan15 Page 50f 8



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

Date: 06.01.2015

Test Laboratory: The name of your organization

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1132

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: = 750 MHz: 6 = 0.97 S/m: &, = 54.4; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.21, 6.21, 6.21): Calibrated: 30.12.2014:
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001

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

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

Reference Value = 52.31 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.12 W/kg

SAR(1 g) = 2.14 W/kg; SAR(10 g) = 1.42 W/kg

Maximum value of SAR (measured) = 2.48 W/kg

-B.0%

=807

-10.09

0 dB = 2.48 W/kg = 3.94 dBW/kg

Certificate No: D750V3-1132_Jan15 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

Accreditation No.: SCS 0108

Certificate No: D835V 2-4d092_Juni5

|CALiBRAT]0N CERTIFICATE I

DB35V2 - SN: 4d092

Object

Calibration procedural(s)

Calibration date:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

June 23, 2015

Calibration Equipment used (MATE critical for calibration)

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

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

Primary Standards 1D # Cal Dale (Certilicate No.) Scheduled Calibration

Power meter EPM-4424 GB3rF480704 07-0ct-14 (Mo, 217-02020) Oct-15

Power sansor HP B481A 537282783 07-0Oct-14 (No. 217-02020) Oct-15

Power sensor HP 84814 MYA1082317 07-0ct-14 (No, 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (Mo, 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (Mo, 217-02134) Mar-16

Reference Probe ES30V3 SN: 3205 30-Dec-14 (No, ES3-3205_Dec14) Dec-15

DAE4 SN: 801 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

Secondary Standards |iD# Check Date (in house) Scheduled Check

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

Matwork Analyzer HP B753E LIS37380585 S4206 18-0ct-01 (in house check Oct-14) In house check: Ocl-15

Mame Function Signature

Calibrated by: Michael Weber Laboratory Technician /q

b=
gL P
Approved by: Katja Pokovic Technical Manager Jfﬁ{ﬁ A;-:ﬂ:’%?i .
- -

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

Issued: June 23, 2015

Certificate No: DB35V2-4d092_Jun15
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. SN Schweizerischer Kalibrierdienst
Schmid & Partner M —— i Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
. . T F ¥ i
Zeughausstrasse 43, 8004 Zurich, Switzerland “-{r‘],f;:\‘\v}\‘ Swiss Calibration Service
RIS
Accradited 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 Techniques”, June 2013

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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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.

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.

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

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

o 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%.

Cerificate No: DB35V2-4d082_Junis Page 2ot 8



Measurement Conditions

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

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 415 0.90 mho/m

Measured Head TSL parameters (22.0+0.2) °C 425+6 % 0.983 mho/m + 6 %

Head TSL temperature change during test < 0:5°C —een =
SAR result with Head TSL

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

SAR measured 250 mW input power 2.36 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

9.26 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.53 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

6.02 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 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 55.7+6 % 1.00 mho/m £ 6 %
Body TSL temperature change during test <0.5°C oo e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.40 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.58 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D835V2-4d092_Jun15
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Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5220-14ijQ

Return Loss -31.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 472Q-39jQ

Return Loss -26.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.389 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on September 15, 2009

Certificate No: D835V2-4d092_Jun15 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 23.06.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d092

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

Medium parameters used: f = 835 MHz; 6 = 0.93 S/m; &, = 42.5; p = 1000 kg/m"
Phantom section: Flat Section

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

DASY352 Configuration:

¢ Probe: ES3DV3 - SN3205: 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 = 56.24 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.52 W/kg

SAR(1 g) = 2.36 W/kg: SAR(10 g) = 1.53 W/kg

Maximum value of SAR (measured) = 2.76 W/kg

dB

-2.17
-4.34
-b.51
-8.68

-10.85

0dB =276 W/kg =441 dBW/kg

Certificate No: DB3sV2-4d092 _Jun15 Page 5of 8



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

Date: 19.06.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d092

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

Medium parameters used: f = 835 MHz; 6 = | S/m: & = 55.7: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« 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

Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA: Serial: 1001

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

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

Reference Value = 54.82 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.53 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.58 W/kg

Maximum value of SAR (measured) = 2.80 W/kg

-2.20
-4.40
-6.60

-8.80

-11.00

0 dB =2.80 W/kg =4.47 dBW/kg

Certificate No: DB35V2-4d082_Jun15 Page 7 of 8



Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of ealibration certificates
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Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.;: SCS 0108

Certificate No: D1750V2-1023_Jun1i5

Object

Calibration procedura(s)

Calibration date:

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

June 23, 2015

Calibration Equipment used (MATE critical for calibration)

This calibration cenificate documents the traceability to national standards, which realize the physical units of measurements (S},
The measurements and the uncertainties with conlidence probability are given on tha lollowing pages and are part of the cerificate.

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

CALIBRATION CERTIFICATE '|

D1750V2 - SN:1023

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

Power meter EPM-4424, GBaT480704 07-Oct-14 (Mo, 217-02020) Ocl-15

Power sensor HP 84814 US37202783 07-0Oct-14 (Mo, 217-02020) Qct-15

Power sansor HP 84814 MY41082317 07-Oct-14 (No. 217-02021) Qct-15

Reference 20 d8 Attenuator SN 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 7 06327 01-Apr-15 (Mo, 217-02134) Mar-16

Aelerence Probe ES30V3 SN: 3205 30-Dec-14 (Mo, ES3-3205_Daci4) Dec-15

CAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

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

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

MNetwork Analyzer HP 8753E US37390685 54206 18-0ct-01 (in house check Oct-14) In house check: Oct-15
Mame Function Signature

Calibrated by: Michael Weber Laboratory Technician / ‘s

Approved by Katja Pokovic Tachnical Manager 3

This calibration cedificate shall not be reproduced except in full withaut written approval of the laboratony.

.
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Schmid & Partner i:IEHEI !E --u' Service suisse d'étalonnage
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Zeughausstrasse 43, 8004 Zurich, Switzerland % r":’?\?w\s Swiss Calibration Service
el bt
Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2013, “I[EEE 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) 1EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held

devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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%.

Certificate No: D1750V2-1023_Jun15 Page 2 of 8



Measurement Conditions

DASY system configuration, as far as not given on

page 1.

DASY Version

DASY5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0 £ 0.2) °C 39.0+6 % 1.37 mho/m +6 %
Head TSL temperature change during test <0.5°C ---- v
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.37 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.00 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0+0.2) °C 51326 % 1.49 mho/m =6 %
Body TSL temperature change during test =0.5°C — s
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.48 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.12 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D1750V2-1023_Jun15

Page 3 0of 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.8Q +0.6jQ

Return Loss -40.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.9 Q + 0.6 |2

Return Loss -29.7 dB

General Antenna Parameters and Design

Electrical Delay (cne direction) 1.218 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 20, 2009

Certificate No: D1750V2-1023_Juni5 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 23.06.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1023

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

Medium parameters used: f = 1750 MHz: 6 = 1.37 $/m; & = 39: p = 1000 ke/m’
Phantom section: Flat Section

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

DASY352 Configuration:

* Probe: ES3DV3 - SN3205; ConvF(5.2, 5.2, 5.2): Calibrated: 30.12.2014:

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

-

Phantom: Flat Phantom 5.0 (front); Type: QDO00OPS0AA: 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=3mm, dy=5mm, dz=5mm

Reference Value = 95.92 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) =9.37 W/kg: SAR(10 g) =5 W/kg

Maximum value of SAR (measured) = 11.9 Wikg

dB

-3.60
-7.20
-10.80
-14.40

-18.00

0dB = 11.9 W/kg = 10.76 dBW/kg

Certificate No: D1750V2-1023_Junis Page5of8



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

Date: 23.06.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1023

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

Medium parameters used: f = 1750 MHz; 6 = 1.49 S/m; &, = 51.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.88, 4.88. 4.88): Calibrated: 30. 12.2014;

e Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back): Type: QDO00PS0AA: Serial: 1002

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

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

Reference Value = 93.37 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 16.2 W/kg

SAR(1 g) =9.48 W/kg: SAR(10 g) =5.12 W/kg

Maximum value of SAR (measured) = 11.9 W/kg

dB

-3.60
-71.20
-10.80
-14.40

-18.00

0dB=11.9 W/kg =10.76 dBW/kg

Certificate No: D1750V2-1023_Junis Page 7of 8



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

B.V. ADT (Auden)

Client

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D1900V2-5d036_Jan15

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D1900V2 - SN: 5d036

QA CAL-05.v9

Calibration procedure for dipole vaiidation kits above 700 MHz

January 26, 2015

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 certificate.

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

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 sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15
Type-N mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01921) Apr-15
Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15
DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15
| Secondary Standards D# Check Date (in housg) 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 S4206 18-O¢t-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Leif Klysner Laboratory Technician ’

Approved by:

Katja Pokovic

Technical Manager

This calibration certificate shall not be reproduced except in full without written appraval of the laboratory,

Y Y

Issued: January 27, 2015
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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 Techniques”, June 2013

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D1900V2-5d036_Jan15 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 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0+0.2) °C 39.4+6% 1.40 mho/m +£6 %

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

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

SAR measured 250 mW input power 10.2 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.34 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2)°C 53.0+6 % 1.51 mho/m =6 %
Body TSL temperature change during test <0.5°C -—--
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.1 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

40.5 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.34 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D1900V2-5d036_Jan15

Page 3 0of 8




Appendix (Additional assessments outside the scope of SCS0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.5Q+57jiQ
Return Loss -24.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.0Q +6.2jQ
Return Loss -23.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.196 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 08, 2003

Certificate No: D1900V2-5d036_Jan15 Page 4 of 8



DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d036

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

Medium parameters used: f = 1900 MHz; 6 = 1.4 S/m; &, = 39.4; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(5, 5, 5); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 26.01.2015

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 = 99.05 V/m; Power Drift =0.01 dB
Peak SAR (extrapolated) = 18.8 W/kg

SAR(1 g) =10.2 W/kg; SAR(10 g) = 5.34 W/kg
Maximum value of SAR (measured) = 13.0 W/kg

-3.60

-7.20

-10.80

-14.40

-18.00

0dB=13.0W/kg=11.14 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 26.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d036

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

Medium parameters used: f = 1900 MHz; 6 = 1.51 S/m; & = 53; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

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

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

Reference Value = 95.91 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 17.2 W/kg

SAR(1 g) =10.1 W/kg; SAR(10 g) = 5.34 W/kg

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

-3.40

-6.80

-10.20

-13.60

-17.00

0dB = 12.7 W/kg = 11.04 dBW/kg
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Impedance Measurement Plot for Body TSL
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Object D2450V2 - SN: 835

Calibration Procedure(s) FD-211-2-003-01

Calibration Procedures for dipole validation kits
Calibration date: March 30, 2015

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(SI). The measuremants and the uncerainties with confidence probabilty 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 (MATE critical for calibration)

Primary Standards D#s Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-14 (CTTL, No.J14XD2146) Jun-15
Power sensor NRP-Z91 | 101547 01-Jul-14 (CTTL, No.J14XD2148) Jun-15
Referance Probe EX3DV4 | SN 3846 24-Sep-14(SPEAG No.EX3-3846_Sep14) Sep-15
DAE4 SN 1331 20-Jan-15(CTTL-SPEAG, No, Z15-97011) Jan-16
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 02-Feb-15 (CTTL, No.J15X00729) Feb-16
Network Analyzer ES071C | MY46110673 03-Feb-15(CTTL, No.J15X00728) Feb-16
Name Functien Slgpalm
Calibrated by. Zhao Jdng SAR Test Engineer S ‘ii'
Raviewed by: Qi Dianyuan SAR Project Leader ‘;*%351]
Approved by: Lu Bingsong Deputy Director of the laboratory . PR ot

Issued: March 31,2015
This calibraton certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating hiquid
ComvfF sensitivity in TSL/ NORMx.y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) KDB865664, SAR Measurement Requirements for 100 MHz to 8 GHz

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 frequancy indicated.

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

= Feed Point Impedance and Return Loss: These parameters are measured with the dipola
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
refiected power. No uncertainty required.

« 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.

» SAR normalized: SAR as measured, normalized to an input power of 1 Wat 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 multipiied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 85%.

Centificate No: Z15-970535 Page2of &
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Measurement Conditions
DASY system configuration. as far as not gven on page 1
DASY Version DASY52 5288122
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 51C
Distance Dipoie Centor - TSL omm - with Spacer
Zoom Scan Resolution dx, dy, &2 = Smm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and caiculations were appied
Temporature Permittivity coudue!Mty
Nominal Head TSL parameters 220°C 382 1.80 mho'm
Meoasured Head TSL parametors (220+02)°C 402:26% 181 mhom+6%
Head TSL femperature change during lest <1.0°C — -
SAR rosult with Head TSL
SAR averagedover1 cm’ (1 g) of Head TSL Candition
SAR measured 250 mW input power 133mWig
SAR for nominal Head TSL parameters normaiized to TW 53.4mW /g £20.8 % (k=2)
SAR averagedover 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power B2TmWI/g
SAR for nominal Head TSL parameters nomalized to TW 251 mW /g £20.4 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied
Tempemture Permittivity Conductivity
Nominal Body TSL parameters 20°C 527 1.85 mha/m
Measured Body TSL parameters (220+02)°C 530£6% 196 mhoms 6%
Body TSL mmperature change during test <10°C - —
SAR result with Body TSL
SAR averagedover 1 cni’_ (1 g) of Body TSL Condition
SAR measured 250 mW input power 126mWig
SAR for nominal Body TSL parameters nomalized to TW 50.3mW /g £ 20.8 % (k=2)
SAR aweragedover 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 591mWI/ig
SAR for nominal Body TSL parameters nomalized to TW 23.6mW /g £ 20.4 % (k=2)

Certificate No: Z15-97055
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Appendix

Antenna Parameters with Head TSL

Impedance. transformed to feed point 5360+ 4.97|0
Return Loss - 24 548

Antenna Parameters with Body TSL

Impedance. transformed to feed point 50.90+ 5900
Return Loss - 24 6dB

General Antenna Parameters and Design

[ Etectrical Detay (one direction) | 1.039 ns

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

The dipole is made of standard semirigid coaxal 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 1o 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 ]

Certificate No; 215-97055 Page 4ol 8
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DASYS Validation Report for Head TSL Date: 03.30.2015
Test Labomtory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 835
Communication System: UID 0, CW: Frequency: 2450 MHzDuty Cycle: 111
Medium parameters used: £ = 2450 MHz; o = 1.811 §/m; er=40.22; p = 1000 kg/m3
Phantom section: Left Section

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

« Probe: EX3DV4 - SN3846; ConvF(6.56, 6.56, 6.56); Calibrated: 97242014
o Sensor-Surface: 2mm (Mechanical Surface Detection)

« FElkctronics: DAE4 Sni331; Calibrated: 2015-01-20

« Phanom; Tripk Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/1

«  Measurement SW: DASY52, Version 52.8 (8): SEMCAD X Version 14.6.10 (7331)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=Smm,
dy=3Smm, dz=5Smm

Reference Value = 107.2 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolted) = 26.2 Wikg

SAR(1 g) = 13.3 W/kg: SAR(10 g) = 6.27 Wikg

Maximum value of SAR (measwured) = 20.0 Wikg

-12.92

-17.23

21.54
0 dB = 20.0 Wikg = 13,01 dBW/kg

Certificate No: Z15-97055 Page Sof 8
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Impedance Measurement Plot for Head TSL

Tri Sil Log Mg 30.0008/ Aa¥ O,00008 (1]

R I W oY} [~ e P L
40.00

ic.ou
10,00
000
©. 000
-310.00
-10.0 |
-3, 00

40,00

~35. 00 A
DI 511 seith (sefx) Scale 1.0000 [F1 Del)
31 24100000 @ SLAT G 40810 e e

Cenificate No: Z15-97055 Page 6 of 8

. “\__/‘ 5




In Collsboration with

TTL s p e 3 9

Add No.S1 Xuoey uan Rowd, Haidian District, Begitng, 100191, China
Tel: « X6 10-6224633.2079 Fan: +86-10-62304633-2504
E-mail: cttdi@chimattl.com Hipwww, chimattl.on

DASYS Validation Report for Body TSL Date: 03.30.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 M Hz; Type: D2450V2; Serial: D2450V2 - SN: 835
Communication System: UID 0, CW; Frequency: 2450 MHzDuty Cycle: 1:1
Medium pamameters used: = 2450 MHz: o = 1.939 S/m; &, = 52.95; p = 1000 kg.fm1
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI €63, I‘) 2007)
DASYS Configuration:

o Probe: EX3DV4 - SN3846; ConvF(6.9, 6.9, 6.9); Calibrated: 9/72472014;

« Sensor-Surface: 2mm (Mechanical Surface Detection)

+ Electronics: DAE4 Snl331; Calbrated: 2015-01-20

¢ Phantom: Tripk Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/]

o  Measurement SW: DASYS2, Version52.8 (8): SEMCAD X Version 14.6.10 (7331)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=3mm,
dy=5mm, dz=5mm

Reference Value = 99.92 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.0 Wkg

SAR(1 )= 12.6 W/kg: SAR(10 g)=5.91 W/kg

Maximum value of SAR (measured) = 19.2 Wikg

d8
0

-4.25

-8.49

~12.74

-16.98

L

-21.23

0. dB = 19.2 Wikg = 12.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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Acceptable Conditions for SAR Measurements Using Probes and Dipoles
Calibrated under the SPEAG-CTTL Dual-Logo Calibration Program to
Support FCC Equipment Certification

The acceptuble conditions for SAR measurements using probes, dipoles and DAEs
calibrated by CTTL (China Telecommunication Technology Labs), under the Dual-Logo
Calibration Certificate program and quality assurance (QA) protocols established
between SPEAG (Schmid & Partner Engineering AG, Switzerland) and CTTL, to support

FCC (U.S. Federal Ci fcations C ion) equipment certification are defined
and described in the following, The conditions in this KDB are valid until December 31,
2015.

)

2)

3)

The sgreement established between SPEAG and CTTL is only applicable to
calibration services performed by CTTL where its clients (companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong. CTTL shall inform the FCC of any changes or early termination ©
the agreement.

Only a subset of the calibration services specified in the SPEAG-CTTL agreement,
while it remains valid, are applicable to SAR measurements perfermed using such
equipment for supporting FCC equipment centification. These are identified in the
following.

a) Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ES3DVx

i) Free-space E-field and H-field probes, including those used for HAC (hearing
aid compatibility) evaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by CTTL, are excluded and
cannot be used for measurements to support FCC equipment certification.

ii) Signal specific and bundled probe calibrations based on PMR (probe
modulation response) characteristics or probe sensor model based
linearization methods that are not fully described in SAR standards are
excluded and cannot be used for measurements to support FCC equipment
certification.

b) Calibration of SAR system validation dipoles, excluding HAC dipoles.

¢) Calibration of data acquisition clectronics DAE3VX, DAE4Vx and DAEasyVx.

d) For FCC equipment certification purposes, the frequency range of SAR probe and
dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the CTTL QA protocol (a separate attachment to this
document).

¢) The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibration and QA protocols, including the
format of calibration certificates and reports used by SPEAG shall be applied by

CTTL. Equivalent test equipment and measurement configurations may be

considered only when agreed by both SPEAG and the FCC.

f) The calibrated items are only applicable to SPEAG DASY 4 and DASY §
systems or higher version systems that satisfy the requirements of this KDB,
The SPEAG-CTTL agreement includes specific protocols identified in the following

10 ensure the quality of calibration services provided by CTTL under this SPEAG-




February 24, 2015

CTTL Dual-Logo calibration agreement are equivalent to the calibration services
provided by SPEAG. CTTL shall apply the required protocols without modification
and, upon request, provide copies of documentation to the FCC to substantiate
program implementation.

a) The Inter-laboratory Calibration Evaluation (ILCE) stated in the CTTL QA

protocol shall be performed between SPEAG and CTTL at least once every 12

months. The ILCE acceptance criteria defined in the CTTL QA protocol shall be

satisfied for the CTTL, SPEAG and FCC agreements to remain valid.

Check of Calibration Certificate (CCC) shall be performed by SPEAG for all

calibrations performed by CTTL. Written confirmation from SPEAG is required

for CTTL to issue calibration certificates under the SPEAG-CTTL Dual-Logo
calibration program. Quarterly reports for all calibrations performed by CTTL
under the program are also issued by SPEAG.

¢) The calibration equipment and measurement system used by CTTL shall be
verified before cach calibration service according to the specific reference SAR
probes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
and within the defined scceptance criteria specified in the CTTL QA protocol
before each actual calibration can commence. CTTL shall maintain records of the
measurement and calibration system verification results for all calibrations.

d) Quality Check of Calibration (QCC) certificates shall be performed by SPEAG at
Jeast once every 12 months. SPEAG shall visit CTTL facilities to verify the
laboratory, equipment, applied procedures and plausibility of randomly selected
certificates.

A copy of this document shall be provided to CTTL clients that accept calibration

services according to the SPEAG-CTTL Dual-Logo calibration program, which

should be presented 1o a TCB (Telecommunication Ceriification Body), to facilitate

FCC equipment approval,

3) CTTL shall address any questions raised by its clients or TCBs relating 1o the
SPEAG-CTTL Dual-Logo calibration program and inform the FCC and SPEAG of
any critical issues.

b
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Fifiglyalst
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

client  Auden Certificate No: D2600V2-1058_Jun15
|CALIBRATION CERTIFICATE I
Object D2600V2 - SN: 1058
Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: June 19, 2015

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncerainties with confidence probability are given on the following pages and are par of the cerificate.

All calibrations have bean conductad 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-4424 GB3T480704 07-Cct-14 (No. 217-02020) Dat-15

Power sensor HP 8481A US3v292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 84814 MY410592317 07-Oct-14 (No. 217-02021) Oct-15

Reterence 20 dB Attenuator | 5N: 5058 (20K} 01-Apr-15 (Mo, 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 /06327  01-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (Mo. ES3-3205_Deci4) Dec-15

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

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

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

MNetwork Analyzer HP 8753E LIS37380585 54206 18-0ct-01 {in house check Oct-14) In house chack: Oct-15

MName Function Signature

Calibrated by; Leit Kiysner Laboratory Technician W gé

Approved by: Katja Pokovic Technical Manager P
AL

¥

Issued: June 22, 2015

This calibration cerificate shall not be reproduced except in full withou! written approval of the laboratory.

Cerificate No: D2600V2-1058_Junis Page 10of8
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held

devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the 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.

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%.

Certificate No: D2600V2-1058_Jun15 Page 2 of 8



Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2600 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

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

Measured Head TSL parameters (22.0+0.2)°C 37.6+6 % 2.05 mho/m =6 %

Head TSL temperature change during test £0.5°0 - —een
SAR result with Head TSL

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

SAR measured 250 mW input power 14.7 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

57.2 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.57 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Neminal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters (22.0£0.2)°C 504 £6 % 2.22 mho/m + 6 %
Body TSL temperature change during test <0.5°C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.5 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.45 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2600V2-1058_Jun15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 505Q-6.3jQ
Return Loss -24.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.7Q-52jQ
Return Loss -24.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.151 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 14, 2012

Certificate No: D2600V2-1058 Jun15 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 19.06.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1058

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

Medium parameters used: f = 2600 MHz; o = 2.05 S/m; & = 37.6: p = 1000 kgﬂ’m"
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4.49, 4.49, 4.49); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 15.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOO0OP5S0AA: Serial: 1001
o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 102.6 V/m: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 30.9 W/kg

SAR(1 g) = 14.7 W/kg; SAR(10 g) = 6.57 W/kg

Maximum value of SAR (measured) = 19.6 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB=19.6 W/kg=1292dBW/kg

Certificate No: D2800V2-1058_Jun1s Page 5of 8



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

Date: 19.06.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1058

Communication System: UID 0 - CW; Frequency: 2600 MHz .
Medium parameters used: f = 2600 MHz; ¢ = 2.22 S/m; & = 50.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4.13, 4.13, 4.13); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 5n601; Calibrated: 18.08.2014
+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOP5S0AA; Serial: 1002

« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 97.96 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 30.1 W/kg

SAR(1 g) = 14.5 W/kg: SAR(10 g) = 6.45 W/kg

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

dB

-4.80
-3.60
-14.40

-19.20

-24.00

0dB=19.5 W/kg = 12.90 dBW/kg

Certificate No: D2600V2-1058_Jun15 Page 7 of 8



Impedance Measurement Plot for Body TSL

19 Jun 2015 @8:47:354
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Accredited by the Swiss Accraditation Service [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
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|CALIBRATION CERTIFICATE I

Object D5GHzV?Z2 - SN: 1040

Calibration procedure{s)

Calibration date:

QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

June 22, 2015

Calibration Equipment used (M&TE critical for calibration)

This calibration cenificate documents the traceability to national standards, which realize the physical units of measurements (31).
The measurements and the uncertainties with confidence prebability are given on the following pages and are part of the cerlificate.

All calibrations have been conducied in the closed laboratory facility: environment temperatura (22 = 3)°C and humidity < 70%.

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

Power meter EPM-2424 GB37480704 07-0ct-14 (No. 217-02020) Det-15

FPower sensor HF 84814 LS3r2e278a 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B4B1A MY41092317 07-0ct-14 (No. 217-02021) Oct-15

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

Type-M mismatch combination SN: 5047.2 / 06327 01-Apr-15 (Mo, 217-02134) Mar-16

Referance Probe EX3DV4 SN: 3503 30-Dec-14 (Mo. EX3-3503_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (Mo. DAE4-601_Aug14) 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 chack: Oct-16

Network Analyzer HP 8753E US37390585 S4206 18-0¢t-01 (in house check Oct-14) In house check: Oct-15
Mame Function Signgture

Calibrated by: Michael Weber Laboratory Technician i ‘E

i
Approved by: Kalja Pokavic Technical Manager ==

i
{.f,

Issued: June 22, 2015

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

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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:

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

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

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

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

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

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

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

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

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

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

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2) °C 35.6+6 % 4.56 mho/m =6 %
Head TSL temperature change during test <05°C é5r
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.85 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

SAR measured

100 mW input power

2.26 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22.5 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1040_Jun15
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0+0.2) °C 35.5+6 % 4,67 mho/m £6 %
Head TSL temperature change during test <0.5°C —-- ==c=
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.40 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.41 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.0 W/kg + 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.6 4.96 mho/m
Measured Head TSL parameters (22.0+0.2)°C 352+6 % 4.87 mho/m + 6 %
Head TSL temperature change during test <0.5°C ---- 2=y
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 8.39 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.40 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.9 W/kg + 19.5 % (k=2)

Certificate No: D5GHzV2-1040_Jun15
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22:0°C 355 5.07 mho/m
Measured Head TSL parameters (22.0+0.2) °C 35.0+6 % 4.98 mho/m + 6 %
Head TSL temperature change during test <0.5°C - i
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.24 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.35 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.4 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 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+0.2) °C 34.7+6 % 5.19 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - ===
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.09 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.6 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 Wrkg

SAR for nominal Head TSL parameters

normalized to 1W

22.9 W/kg + 19.5 % (k=2)

Certificate No: D5GHzV2-1040_Jun15

Page 5 of 16




Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°% 49.0 5.30 mho/m
Measured Body TSL parameters (22.0+0.2) °C 474 + 8 % 5.44 mho/m = 6 %
Body TSL temperature change during test <05 °C ---- —
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.42 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

73.7 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.08 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 W/kg = 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 48.9 5.42 mho/m
Measured Body TSL parameters (22.0 +0.2) °C 47.3+6 % 5.57 mho/m £ 6 %
Body TSL temperature change during test <0.5°C ---- e
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.56 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.13 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D5GHzV2-1040_Junis
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Body TSL parameters at 5500 MHz

The following parameters 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+0.2) °C 469+6% 5.83 mho/m =6 %
Body TSL temperature change during test <0.5°C A =
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 100 mW input power 8.07 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.25 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

22.3 W/kg + 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0£0.2) °C 46.7 +6 % 5.98 mho/m =6 %
Body TSL temperature change during test <0.5°C - A
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.95 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.21 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D5GHzV2-1040_Jun15
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+02)°C 46.4 £6 % 6.26 mho/m + 6 %
Body TSL temperature change during test < i5°G - e
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 7.71 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input pawer

2.13 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.1 W/kg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 505Q0-74jQ

Return Loss -22.7dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 491 Q-3.0Q

Return Loss -29.9dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 50.0Q2-4.6jQ

Return Loss -26.7dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.7 Q-3.7jQ

Return Loss -229dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 545Q-1.2jQ

Return Loss -271dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 494 Q-6.5|Q

Return Loss -23.7 dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 495Q-22jQ

Return Loss -33.1dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 50.60Q-38jQ

Return Loss -28.4 dB
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