SPORTON LAB. FCC SAR TeSt Report Report No. : FA732005

Appendix C. DASY Calibration Certificate

The DASY calibration certificates are shown as follows.
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Client Sporton-CN Certificate No:  Z16-97223

CALIBRATION CERTIFICATE

Object D835V2 - SN: 4d091

Calibration Procedure(s) FD-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: November 22, 2016
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 101547 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAG,N0.EX3-7433_Sep16) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG,N0.216-97011) Feb-17
Secondary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer E5071C | MY46110673  26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by. Zhao Jing SAR Test Engineer ﬁ 2/
Reviewed by: Qi Dianyuan SAR Project Leader

Approved by: Lu Bingsong Deputy Director of the laboratory E/jl ,M’(?ZF’Z
e

Issued: November 26, 2016
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 / NORMx,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 300MHz to 3GHz)”, February
2005

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

DASY Version DASY52 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
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 41.5 0.90 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 41.4+6% 0.92 mho/m +6 %
Head TSL temperature change during test <1.0°C e —--
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured

250 mW input power

2.36 MW /g

SAR for nominal Head TSL parameters

normalized to 1W

9.31 mW /g % 20.8 % (k=2)

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

SAR measured

250 mW input power

1.54 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

6.09 mW /g £ 20.4 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2) °C 542+6% 0.95 mho/m £ 6 %
Body TSL temperature change during test <1.0°C - e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition

Certificate No: Z16-97223

SAR measured

250 mW input power

240 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

9.68 mW /g % 20.8 % (k=2)

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

Condition

SAR measured

250 mW input power

1.60mW/g

SAR for nominal Body TSL parameters

normalized to 1W

6.45 mW /g % 20.4 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.0Q- 3.20jQ

Return Loss -29.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.80- 1.59jQ

Return Loss -28.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.282 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
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DASYS Validation Report for Head TSL Date: 11.21.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d091
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: £ =835 MHz; 6 = 0.916 S/m; & = 41.41; p= 1000 kg/m3
Phantom section: Center Section

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

e Probe: EX3DV4 - SN7433; ConvF(9.82, 9.82, 9.82); Calibrated: 9/26/2016;

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

e Electronics: DAE4 Sn771; Calibrated; 2/2/2016

o Phantom: Triple 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 (7372)

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

Reference Value = 58.29V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(1 g) =2.36 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) =3.01 W/kg

dB
0

-2.09

-4.19

-6.28

-8.38

-10.47

0 dB =3.01 W/kg = 4.79 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.22.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d091
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: =835 MHz; ¢ = 0.954 S/m; e, = 54.22; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASY5 Configuration:

» Probe: EX3DV4 - SN7433; ConvF(9.5,9.5, 9.5); Calibrated: 9/26/2016;
 Sensor-Surface: 2mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn771; Calibrated: 2/2/2016

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

e Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 55.98 V/m; Power Drift =-0.05 dB

Peak SAR (extrapolated) = 3.49 W/kg

SAR(1 g) =2.4 W/kg; SAR(10 g) = 1.6 W/kg

Maximum value of SAR (measured) =3.01 W/kg

dB
0

-1.98

-3.96

-5.94

“Te

-9.90

0 dB =3.01 W/kg =4.79 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client Sporton-CN Certificate No:  Z16-97229

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d118

Calibration Procedure(s) FD-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: November 24, 2016

This calibration Certificate documents the (raceability to national standards, which realize the physical unils of
measurements{Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cerificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAG,No.EX3-7433_Sep16) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAGN0.Z16-97011 ) Feb-17
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer ES071C | MY46110673 28-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by. Zhao Jing SAR Test Engineer ‘{;’zf
Relewed by, Qi Dianyuan SAR Project Leader
Approved by: Lu Bingsong Deputy Director of the laboratory ,lmgf’z

Issued: Nov rz? 2016
This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-97229 Page 1 of'8
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Glossary:
TSL tissue simulating liquid
ConvF 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, "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 300MHz to 3GHz)", February
2005

¢) IEC 62209-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
30MHz to BGHz)", March 2010

d) KDB865664, 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.

» 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 Retum 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.

» 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.

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: Z16-97229 Page 20f'8
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS52 52.8.8.1258
Extrapolation Advanced Exirapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The follawing patameters and calculations ware applisd.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mha/m
Measured Head TSL parameters (220x02)"C 404 £ 6% 1.43 mho/m £ 68 %
Head TSL temperature change during test <10"C - e
SAR result with Head TSL
SAR averaged over1 ¢mi’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 102 mW 'g

SAR for nominal Head TSL parameters

normalized o 1W

40.4 mW /g + 20.8 % (k=2)

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

Condition

SAR measured

260 mW input power

520 mW/a

SAR for nominal Head TSL parameters

normalized to 1W

21.0 mW /g £ 20.4 % (k=2)

Body TSL parameters

The following parametérs and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C §3.3 1.62 mhotm
Measured Body TSL parameters (220202)"C 546+ 6% 1.53 mho/m £6 %
Body TSL temperature change during test =1.0°C —_ —

SAR result with Body TSL
SAR averaged over1 ¢m' (1 g) of Body TSL Condition
SAR measiired 250 mW input power 102mW /g
SAR for nominal Body TSL parameters normalized to 1W 40.8 mW /g £ 20.8 % (k=2)

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

Condition

SAR measured

250 mW input power

532 mW /g

SAR for nominal Body TSL parameters

narmalized to 1W

21.3 mW /g  20.4 % (k=2)

Cerlilicate No: Z16-97220
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to fesd paint 5040+ 8.22|0

Relurn Loss - 24.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.50+ 7.79i0
Retuim Loss -216dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.0B6 ns

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

The dipole Is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected 1o 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 te 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

Manufagiured by SPEAG

Certificate No: Z16-97229 Page 4 0f 8
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DDXASYS Validation Report for Head TSL Date: 11.24.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; o= 1.426 S/m; er = 40.35; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASY 3 Confliguration:

s Probe; EX3DV4 - SN7433; Convl(7.98, 7.98, 7.98); Calibrated: 9/26/2016:

« Sensor-surface: 2mm (Mechanical Surfice Detection)

« Electronics: DAE4 Sn771; Calibrated: 2/2/2016

o Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA; Serial: 1161/]

» Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=>mm, dy=5mm, dz=5mm

Reference Value = 103.5 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 18.9 W/kg

SAR(] g) = 10.2 Wikg; SAR(10 g) =5.29 W/kg

Maximum value of SAR (measured) = 14.7 Wikg

dB
0

-1.56

-1.11

-10.67

-14.22

-17.78

0dB=14.7T W/kg = 11.67 dBW/kg

Certificate No: Z16-97229 Page Sof &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date; 11.23.2016
Test Laboratory: C'TTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1900 MHz; o= 1.531 S/m; ¢, = 54.57; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

» Probe: EX3DV4 - SN7433; ConvF(7.7, 7.7, 7.7); Calibrated: 9/26/2016;

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

» Electronies: DALE4 Sn771; Calibrated: 2/2/2016

o Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

» Measurement SW: DASYS2, Version 52.8 (8): SEMCAD X Version 14.6.10 (7372)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement giid:
dx=5mm. dy=Smm, dz=5mm

Relerence Value = 98.23 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.5 Wikg

SAR(1 g) = 10.2 Wikg; SAR(10 g) =5.32 W/kg

Maximum value of SAR (measured) = 14.6 W/kg

dB
0

-3.52

-7.05

N ’al.- |
T

-14.10

Ar62 | -

0 dB = 14.6 W/kg = 11.64 dBW/kg

Certificate No: Z16-97229 Page 70l 8
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Impedance Measurement Plot for Body TSL
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China “hy, | \“\\\\\ CNAS L0570
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209 -
E-mail: cttl@chinattl.com Hutp://www.chinattl.cn

Client : sporton Certificate No: Z17-97060

CALIBRATION CERTIFICATE

Object DAE4 - SN: 1279

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: May 02, 2017

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

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 27-June-16 (CTTL, No:J16X04778) June-17
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer / \ A._’!Q -_/:
Reviewed by: Lin Hao SAR Test Engineer Tﬁﬁ,%
Approved by: Qi Dianyuan SAR Project Leader ﬁﬁgf’

Issued: May 03, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97060 Page 1 of 3
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CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl.com Http://www.chinattl.cn
Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

e DC Voltage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

« Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

o The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: Z17-97060 Page 2 of 3
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Add: No.51 Xueyuan Road. Haidian District, Beijing. 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl.com Http://www.chinattl.cn

DC Voltage Measurement

A/D - Converter Resolution nominal
High Range: 1LSB = 6.1V, full range = -100...+300 mV

Low Range: 1LSB = 61nV , full range = -1
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

X Y

Calibration Factors

z

High Range 403.899 + 0.15% (k=2) | 403.839 + 0.15% (k=2)

404.577 £ 0.15% (k=2)

Low Range 3.94739 % 0.7% (k=2) | 3.98890 + 0.7% (k=2)

3.98821 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

356°+1°

Certificate No: Z17-97060 Page 3 of 3
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Client - Sporton_CN Certificate No: Z16-87071

CALIBRATION CERTIFICATE

Object DAE4 - SN: 1210

Calibration Procedure(s) FD-Z11-2-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEx)

Calibration date: May 18, 2015

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

All calibrations have been conducted in the closed laboratory facility, environment temperature(22+3)'c and
humidity=70%,

Calibration Equipment used {M&TE critical for calibration)
I

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

Process Calibrator 753 | 1971018 06-July-15 (CTTL, No:J15X04257) July-18
Name Function

Calibrated by: Yu Zongying SAR Test Engineer

Reviewed by: Qi Dianyuan SAR Project Leader e

Approved by: Lu Bingsong Deputy Director of the laboratory ,_E 'iﬂa47 ?Z

Issued: May 19, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-97071 Page 1 of 3
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CALIBRATION LABORATORY

Add: No 81 Xueyuan Road, Haidian Disirfet, Befjing, 100191, China
Tel: +86-10-62304633-7218 Fus # Bb-10-62304655-2209
E-muil; ertli@ chinat].com Hitpawww.chinatt].en
Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

» Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: Z16-97071 Page 2 of 3
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CALIBRATION LABORATORY

Add: No.51 Xueyuan Road. Huidian District, Beijing. 100191, China
Tel: +Bo-10-62304633-2218 Fox: +Rn-10-62304633-2209
E-mmail: cttl @ chinuti] conm Hupwaww,chinattlen

DC Voltage Measurement
AJD - Converter Resolution nominal
High Range:  1LSB=  61uV,  fullrange=  -100..+300 mV
Low Range: 1LSB = &inV full range = <1 43mV

DOASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y rd

High Range 404.076 = 0.15% (k=2) | 404 897 + 0.15% (k=2) | 405.013 +0.15% (k=2)

Low Range 3.99810 = 0.7% (k=2) | 3.98220 + 0.7% (k=2) | 399828+ 07% (k=2)
Connector Angle

Connector Angle to be used in DASY system (1= R

Certificate No: Z16-9707] Page 1 of 3




Calibration Laboratory of Ry

S Schwalzerischer Kalibrierdienst

Schmid & Partner S = Service sulsse d'étalon
Engineering AG M € Servizio svizzero di taratura

Zeughsusstrasse 43, 8004 Zutich, Switzerdand ‘Eﬁﬁi“ S Swiss Callbration Service

Avoredited by the Swiss Accreditation Sarvice (SAS) Accroditation No: SCS 0108

The Swiss Accreditalion Service is one of the signateries to the EA

Multilatoral Agreement for the recognition of calibration cartificatas

client  Sporton-KS (Auden) Certificate No: EX3-3857_May16

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3857

Calibration procedurals) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5. QA CAL-25v6

Calibration procedure for dosimetric E-field probes

Calibeation dale) May 25, 2016

This calibration cerfificate documents. the traceabily o national standards, which reslize the physical units.of measuramants (81)
Thi misasuremants and the uncarainties with confidence probability. are given on the following peges and are part of the cenificate.

Al calibrations have besn conductsd in the closed laboratory facility: snvicanmen! temperaturs {22 +3)'C and humidity < T0%

Catitiration Equipment used (METE crilical fo cslibration)

Primiaty Standards 1] Cal Date (Certificate No ) Seheduted Calbration
Power meter MEF SN 104778 OB=Apc16 (No. 217-02258M02288) Apr-17
Powsr seasor NEP-751 SN 103244 Of-Ape-16 (Mo, 217-02288) Apr-AT
Power sensor NREP-Z81 SN 103245 OE:Apr-18 (No. 217-02263) Apr-17
| Referance 20 8 Attenustor | SN §5277 (20x) OB-Apr-16 (No. 217-02203} e
| Refarance Probs ES30V2 SN 3013 31-Dec-15 (No. ES3-3013_Dec15) - 18
| DAE4 SN 680 23:-Disc-15 [No. DAEA-BB0_Dés15) Dec:16
Sacondary Stancards o Chisgk Dite (In houze) Scheduled Chetk
Power mater E44168 SN: GRa12493874 06-Apr-16 (No, 217-02235/02264) In housa check: Jun-18
Poler seneor Ed4124 SN MY4148R087 Df-Apr-18 (Mo 217-02288) In houss check: Jur-16
Power sensor E4412A EN| (00110210 O6:Apr-16 (No. 217-02284) I housg chietk: Jun-18
RF generator HP-86480 EN) US3E42u0i7o0 ¢ (d-Aug-99 (in house check Apr-13) In houss check Jun-18
| MNetwork ﬁriﬂlyzﬂr HP 8753E SN IS37380585 18.0et-01 (i house check Oct-15) Ity house chack: Del-16
| Me&mie Furichion Signature

Calibrated by Jelon Kastrati MT% ] L}'w-ﬁ
Approved by Katja Pokovie. Technical Manages /ﬂ g __.:‘

lesusd: May 31, 2016

This galibration certificate shall npt be reproduced excapt in full without wiillen approval of the sbosatory,

Cartificate No; EX3-3857_May16 Page 1.0of 11



Calibration Laboratory of

: Schwelrerischer Kalibrierdienst

Schmi_d & Earmer g Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zpughatssirasss 43, 8004 Zurich, Switzerland S Swies Calibratian Service

Accredited by the Swiss Actraditation Service (SAS) Accreditation Ne.: 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

NORM, .z sensitivity in free space

ConvF sensitivity in TSL / NORMx, y.2

Dee diode compression paint

EF ‘cres! factor (1/duty_cycle) of the RF signal

ABCD modulabion dependent lineanzation parameters

Folarization g i rotation around probe axis

Palarization & 9 ratation around an axis that is in the plane normal to probe axis (gt measurement center),

l.e., 8 =0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robol coordinate systam

Calibration is Performed According to the Following Standards:

a)

b}
c)

d}

IEEE Sid 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Spacific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

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

IEC 62208-2, "Procedure to determing the Specific Absorption Rate (SAR) for wirgless communicaticn devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KOB 865664, “SAR Measurement Reguirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

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

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

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

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

Ax.yiz; Bxy.z, Cx.yz, Dx.y,z: VRxy.z. A B, C. D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do nat depend on fraquan:::,r nar
media. VA is the maximum calibration range expressed in RMS voltage across the diode.

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

Sphereal isotropy (3D devialion fram isofropy); in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset: The sensar offset corresponds to the offset of virtua! measurement center from the probe tip
(on prabe axis). Mo tolerance required,

Connector Angle: The angle is assessed using the information gained by datermining the NORMx (no
uncertainty required),

Cerificata No: EX3-3857_May16 Page2of 11



EXiDVa - BN:3857 May 25, 20186

Probe EX3DV4

SN:3857

Manufactured:  January 23, 2012
Calibrated: May 25, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systam!)

Cerificala No: EX3-3857_May16 Fage 3 of 11



EX3DV4- SN:3857

May 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2}
Nerm (uViVimy)" 0.18 0.44 0.47 + 101 %
DCP (mv)® 57.6 87.5 98.3
Modulation Calibration Parameters
uip Communication System Name A B c D VR une"
dB dBvVuv dB mv (k=2)
0 cw X 0.0 0.0 1.0 000 | 1356 | +30%
Y | 00 00 | 10 1287
z 0.0 0.0 1.0 1286

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%.

" The uncartainties of Nom %.¥.Z do not affect the E™-field uncartainty insids T5L (38 Pages 5 and 6)

" Numerical fingsrization paremeter: uncenainly nol reglired

F Untertalnty is determined using the max. deviation from linear response applying rectangulsr distribution and is expressed for the-sguare of (he

figdd value:

Caortificate No. EX3-3857_May16

Page 4 of 11




EX3DV4- SN:3BST

May 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Head Tissue Simulating Media

Relative _ Conductivity Depth Une

f(MHz)® | Permittivity" (8im)" | ConvFX | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
750 419 0.89 9.68 9.68 .68 0.37 080 | +120%
835 a1.5 0.90 9.32 9,32 9.32 0.44 0.82 | £12.0%
900 415 0.97 9.08 9.08 9.08 043 0.80 +12.0%
1750 401 137 8.00 B.00 8.00 0.33 080 | £120%
1900 400 1.40 7.85 7.85° 7:85 0.32 080 | +120%
2000 40.0 1.40 7.83 7.83 7.83 0.27 0.80 | +120%
2300 39.5 1.67 7.44 7.44 7.44 0.19 103 | +120%
2450 39.2 1.80 7.18 7.19 7.19 0.36 0.80 | £12.0%
2600 39.0 1.96 7.08 7.08 7.08 0.30 120 | £12.0%
3500 379 291 687 6.87 6.87 0.30 130 | £131%
3700 377 3.12 6.42 6.42 6.42 0.25 130 | £134%
5250 359 471 5.15 5.15 5.16 0.30 1.80 | £131%
5600 35.5 5.07 4.70 4.70 470 0.40 180 | £1319%
5750 35.4 5.22 5.00 5.00 5.00 040 | 180 | #131%

" Eraquéncy validity abeve 300 MHz of = 100 MHz only-applids for DASY v4 4 and highir (see Page 2), sise |t is restricted fo = 50 MHz Tha
uncestainty 15 the RSS of the GonvF uncertainty at callbration frequenicy and the uncerainty for the indicatad frequency Band. Frequency validity
below 300 MHz is = 10, 25, 40, 50 and 70 MHz far ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively Abeve 5 GHz fraquency
validity can be exlerdad to £ 110 MHz ) ) )

AL Treguenties balow 3 GHz, the vahdity of tissue parametes (e and o) can be retazed 0.2 10% Fliguid compensathon fomuds leapglicd 1o
misasured SAR values: Al frequenicles above 3 (GHz, thevislidity of tesue parameters (vand o) i restricied 1o + 5% The uncortainty & the RSS of
the ConyF uncertainty for indicated target tissue perameters.

® Aipha/Depih are defermined during cafibration. SPEAG warrants that the ramaining dewaton due lo the boundary effect afier compansathon
always less than £ 1% for frequencies below 3 GHz and below + 2% for fraquancias betwesan 3-8 GHz at any distance lsrger than half the probe tip
diamater from ihe boundary. '

Cerlificate Mo: EX3-3857_May16 Page 5 of 11



EX3DVA— SN:3B57 May 25 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Body Tissue Simulating Media

Relafive {‘:undur.tlvlty Depth © Unc
 f(MHz}® | Permittivity" {sm) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 55.5 0.96 9.45 9.45 9.45 0.50 0.80 +12.0 %
835 552 0.97 9.25 9.25 925 | 034 099 | £120%
1750 53.4 1.49 7.81 7.81 7.81 | 0.36 080 | £120%
1800 53.3 152 | 755 7.55 7.55 0.35 080 | £120%
2300 529 1.81 7.31 7.3 7.31 0.38 087 | £120%
2450 52.7 1.95 7.23 7.23 7.23 0.33 080 | +120%
2600 52.5 2.16 7.13 7.13 713 0.28 0.80 +12.0 %
3500 51.3 3.31 641 .41 6.41 0.28 1.40 £131%
3700 51.0 155 6.26 6.26 6.26 030 | 140 | £131% |
5250 48.9 5.6 A27 4.27 4.27 0.50 1.90 +13,1 %
5600 485 577 3.76 3.78 376 0.55 1.90 +13.1 %
5750 48.3 5.94 387 3.97 3.87 0.60 1.90 +131 %

* Fraquengy validity above 300 MHz of + 100 MHz only appiles for DASY v4 4 and higher {ses Page 2), &lse i is restricted to + 50 MHz. The
unceftainty & the RES of the ConvE unceralnty at calibration frequancy and the uncerainty Tor the indicatsd frequency band. Frequenay validity
below 300 MHz is = 10, 25, 40,50 and 70 MHz for ConvF assassments al 30, 64, 128, 160 and 220 Mz !'H-E-'péchvﬁ[‘y' Above 5 GHz T‘rl'l!.‘l:lLliErvl'lv:j.r
valld:ryr can be extended 1o £ 110 MHz

Fat frequencies beiow 5 GHz, the validity of tiesue parameters [k and o) can be refared to + 10% I liguid compensation farmiula |5 apphed to
measured SAR values. At frequencies above 3 GHz, the vilidity of lissue perametars (¢ and o) i restricied lo = 5% Tha uncertainly ks the RSSaf
the ConvF uncetamiy Tor indicated targel Ysaue parameters.
= AlphaDepin are determined during calibration . SPEAG warmants that the remaining déaviaton dua lo the bounidary effed! sfler compensation is
alwiys less than + 1% for frequencies. below 3 GHz and below + 2% for frequencies betwesn 3-8 GHz at any distance larger thanh half the probe tip
diametarfram the boundary.

Cariificate No: EX3-3857_May16 Page 6.of 11



EX30DV4- SN:3B5T

Frequency response (normalized)

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

hMay 25, 2016
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Uncertainty of Frequency Response of E-field: +6.3% (k=2)

Cadificate No: EX3-3857_May18
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EX3DV4— SN:38567 May 25, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz ,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Garlificate No, EX3-3857_May16 Page 8 of 11



EX3DV4—SN:3857 May 25, 20116

Dynamic Range f(SARqaq)
(TEM cell , fo,5= 1900 MHz)

Input Signal [uV]

3

| 3
o
SAR [mWiem3]
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1 ! 1
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I i : e

1o

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificats No: EX3-3857_May16 Page 9of 11



EX3DV4-5N:3857 May 25, 2016

Conversion Factor Assessment

f= B35 MHz, WGLS R8 (H_convF) f = 1900 MHz WGLS R22 (H_comF)

g
B [

BRE [Wingl ey
5w

I = :
e ANt i =T

[LIn=]] =

Deviation from Isotropy in Liquid
Error (¢, 8), f=900 MHz

-0 -D& 06 -04 -02 00 02 04 0O06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Ceriificata Na: EX3-3857_May16 Page 10 of 11



EX3DV4- SN:3857

May 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 140
Mechanical Surface Detection Mode anabled
Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm
Frobe Body Diamater 10 mm
Tip Length 9 mm
Tip Diameter 25 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Paint 1 mm
Probe Tip to Sensor Z Calibralion Point 1 mm

Recommended Measurement Distance from Surface

1.4@

Cerificate Mo, EX3-3857_May16
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Schmid & Parther
Engineering AG

Zsughausstrasse 43, 8004 Zurich, Switzeriand

Acoredited by the Swiss Accreditation Sarvice {SA5)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemaont for the recognition of calibration cortificates

Cllant

Sporton-KS (Auden)
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Schweizerischor Kallbrordlonst
Service suisse d'@talonnagoe
Servizlo svizzero di taratura
Swizss Callbration Sarvice

Accreditation No.: SCS 0108

Cartificate No: EX3-3954_Nov16

|CALIBRAT_ION- CERTIFICATE

Oibject

Ealibration proceduies)

Calibeation date;

EX30VA - SN:3954

QA CAL-01.9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

November 28, 2016

Calibration Equiprmant usad (MATE ertical for callbration)

This calinmtion cadificate documents the traceabifity Lo national slandards, whieh reallze thi phiysical units af mepsuwarients (1),
The meastrements gnd the uncertainiios with confidences probabillty are given o the Tollowing pages snd are pant ol the cerlificats

All ealibralions have bosn condusted In the olosed laboratory facifty: ehvioniment lemperatiie (224 3Y'C an humbdiy < 7o,

Primary Standanis’ L&) Cal Date {Canificata No.) Scheduled Caltiation
Poiwet migter MEF SN 104778 0E-Apr-10 (No. 217-02288/12280) Ape 17

Power sansar NRF-291 SN 103744 0F-Apr-18 (Mo, 217-02288) Ape17

Power sansar NRP-291 SN: 103245 06-Apr-18 (No. 217-02288) Api-17 _
Refarance 20 ¢B Attenuator SN: 35277 (20} 05-Apr-16 (No. 217-62293) Ape-1T

Hefersnie Probe ESI0VE Sh: 3013 -Dee-15 (No, E53-3013 Deets) Die-16

DAE4 SN: B0 23-Dec-15 (No. DAE4-680_Dec15) Dac-16

Secondary Standmrds 18] Chesk Dats {in house). Scheduled Chedk
Fowsr mater E44188 5N ZB41293874 O6-Apr-16 (in nouse check bun-16) In house chack. Jun-18
Powis sansor 44124 5N MY 1488087 0G-Apr-16 {in house check Jun-18) in house check Juri-18
Powet sensor E44128 EN: 000110210 06-Apr-16 (in howse check Jun-16) i houso check: Jun-18

RF ganetalor HF 88480

| SN LIS3642001 700

04-Aug-99 {in house check Jun- 16}

In house chech: Jun-18

Netwark Aralyzer HF 8753 SN LS37300586 18-Gict-01 [in house check Oot-16) in house checl: Oct 17
flama F!.n'nct_lq1 _ EIn_naium

Caliprted by, Leif Kiysnec Lushoratary Technician ﬁ% / -

Approvid |y Katja Pokovin

ek

This calitration caililicate shall nol be reproduced excapt o Bl withtul writtan aparoval of the laboralony,

jssuad: Navember 28, 2016
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Calibration Laboratory of §  Schwelzetischer Kallbriardienst
Schmid & Partner C Service suisse d'étalonnage
Engineering AG s Sarvizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

s hooradited . by the Swiss:Acoreditation Service (SA5) Accraditation Ne.: SCS 0108
The Swiss Acoreditation Service is one of the signatories to the EA

Multilatera] Agrooment for the recognition of callbration cerlficates

Glossary:

TSL lissue simulating liguid

NORMx, Y,z sansitivity in free space

ConvF sensitivity In TSL / NORMx,y,z

DCP. dinde compression poin

CF crest factor (1/duty_cycle) of the RF signal

A, B, C.D modulation dependent linsarization parameters

Polarizalion g o rotation around probe axis
“Polarization'§ # rotation arolnd an axis hat isn'the plarie normal o probe axis (at measurement center),

Le., 8 = 0 is normal to probe axis
Conneclar Angle Infirmation used in DASY systam to align probe sensor X to the robot coortinate system

Calibration is Performed According to the Following Standards:

al

b)
o)

d)

IEEE Std 1528-2013, "IFEE Recommended Praclice for Determining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, Jurie 2013

|EC 62208-1, "Procedure lo 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

IEC 62209-2, "Procedure 1o 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

KDB 865664, "SAR Measuremen! Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

-

NORMy.y.z- Assessed for E-field polarization 8 =0 (f < 900 MHz in TEM-cell; f > 1800 MHz R22 waveguide).
NORMx,y.z are enly intermediate values, |.&., the uncertainties of NORMzx.y,z does ot affect the E™-field

uncertainty inside TSL {see below ConvF). _
\NORM(fIx,y.z = NORMx.y.z * frequency._response (see Frequency Response Chart), This linearization s

implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response Is included
in the stated uncertainty of GonvF. '

DCPy,y,2: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does nol depend on frequency nor media.

PAR; PAR Is the Peak to Average Ralio that s hol calibrated but determined based on the signal

‘charactenstics

Ax .z Bryz Cay.z Dxyz VRx .z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
media. VR is the maximurm calibration range expressed in RMS voltage across the diode.

ConvE and Boundary Effect Paramelers: Assessed in fial phantom using E-field (or Temperature Transfer

Staridard for { < BOD MHz) and inside waveguide using analytical field distributions based en power
measuraments for [ > B0O MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe aceuracy close te the boundary. The sensifivity in TSL eorresponds
to NORMx, .z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequancy dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the valldity fram £ 50 MHz lo £ 100
MHz.

Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a fial phantom:
exposed by a patch anlenna. '

Sensor Offset: The sensor offsel cormesponds to the offset of virdual measuremenl center from the probe lip
(on probe axis). No tolerance required.

Connector Angle: The angle Is assessed Using the information gained by determining the NORMx (no
uncartainty required),

Cartificate No: EX3-3954 Nay1h Page 2 of 11



Ex3Dvd — BN:3u54 Movember 28, 2016

Probe EX3DV4

SN:3954

Manufactured:  August 6, 2013
Repaired: November 21, 2016
Calibrated: November 28, 2016

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EXanvd4— SN an54 Navambar 28, 20168

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Basic Calibration Parameters

Sensor X Senszor Y Sensor Z Une (k=2)
Narm (pVi(Vim)“)" 0.54 0.43 0.52 01 %
DCP (m\W)" 99.5 1014 97.0
Modulation Calibration Parameters
Ui Communication System Nama A B C ) VR Unc'
dB dBVuV dB myv" (k=2)
D CW x 0.0 0.0 1.0 000 | 1480 | +33%
Y 0.0 0.0 1.0 149.,6
z 0.0 0.0 1.0 139.8

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

A e drcenaintios of Mo XY, 7 do ol affect the E-fiald uhcsertainly inside TSL (sés Pabes S and B).

" Numarical fineanzation paramater) uncedainty nol requised

" Uncertainty & determningd using e mes, devialion fom (e leepanse apgplying rectangilar distribution and = expressed Tor the sguare of the
figld valua '

Certificate Mo: EX3-3964 Nevi6- Paige 4 611



EXabVd— Shags4 Nivambet 28, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth * Unc

I(MHz)" | Permittivity” (stm)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.98 10.98 1098 | 037 0.82 £12.0%
835 41.5 0.80 10.52 10.52 10.52 0.18 142 | #120%
400, 41.5 0.97 10.35 10.35 10.35 036 | 083 +12.0 %
1750 401 1.37 B.58 8.58 8.58 0.31 '0.81 £12.0 %
1300 40.0 1.40 8.32 8.32 8.32 0.17 1.27 +12.0 %
2000 40.0 1.40 8.23 8.23 8.23 0.22 1.41 +12.0 %,
2300 39.5 1.67 7.88 7.88 7.88 0.21 115 | #12.0%
2450 49.2 1.80 7.44 7.44 7.44 0.30 0.94 +12.0 %
2600 39.0 1.96 7.27 127 7.27 0.27 113 | +120%
3500 a7 2.91 7.10 7.10 7.10 0.30 1.20 +13.1 %
5250 35.9 4.1 5.08 5.08 5.08 (.35 1.80 413.1%
5600 355 5.07 470 4.70 4.70 0.40 1.80 £13.1 %
5750 354 522 4.69 4.68 4.69 (145 1.80 +13.1 %

5 Froguuncy validity abovis 300 MHz of + 100 MHz anly appiss far DASY vl 4 and higher (s6k Page 2, slsa i 5 feslictsd -t 50 MHz. The
uiagrtainty i the RSS of the ConvF unconainty &t calivalion freguency and the uncertanty for the indicatad fraquandy band, Fregqueney validity
below 200 MHz ks + 10, 25, 40, 50 and 70 MHz for ConvF assessmenis &l 30, 64, 128, 150 and 220 MHz respectively. Abbvie 5 GHz fraquency
walldity can be axlondad tod- 110 MHz

' At frequencies balow 3 GHz, the validity of tissue parameters (s i o] can be relaxed 1o £ 0% if lquid compensation formula is apffied to
measured SAR valuss, AL frequenclies apcdve 3 GHz, the validily of tissue parametars (v and o) is mestricted (o + 5% The uncertainty i= lhe RSS of
tha ConvE uncertainty for indicated terget fissue patamates

" Mpha/Depth arm delermined during calibratioh. SPEAG wairants tha! the remalning devsalion doe to the-boondary effect alter tompepsation 15
always [ass than + 1% lor frequencies below 3 GHz and below £ 2% for frequenties batwsen 3-8 GHe ol any distance |arger than pealf the e tip
digmidar from (he boundary. ’

Cerificale No: EX3-3954 Novi6 Page 5of 11



EX3DWV4- SN 3054

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Calibration Parameter Determined in Body Tissue Simulating Media

MNovember 28, 2016

Raelative Conductivity Depth ™ Une
f(MHz)® | Permittivity" (Sim) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 10.54 10.54 10.54 0.41 0,80 +12.0%
835 55.2 0.97 10.32 1032 10.32 0.24 1.08 +12.0 %
1750 534 1,48 8.32 8.32 8.32 0.34 0.80 £12.0%
1800 53.3 1.52 8.01 801 8.01 0.40 0.80 | *12.0% |
2300 52.9 1.81 7.80 7.80 7.80 0.43 084 | £120%
2450 52.7 1.95 7.55 7.55 7.55 0.47 0.80 £12.0 %
2600 52,5 2.18 7.05 7.05 7.05 0.40 0.91 +12.0 %
3500 51.3 3.31 6.75 6.75 6.75 0.30 120 | 2131 %
5250 48.9 5.36 4.50 4,50 4,50 0.45 190 | £131%
5600 48,5 577 3.92 3.92 3.92 0:50 1.80 £13.1 %
5750 48.3 5.04 4.05 4.05 4,05 0.55 1.80 £13.1%

" Fraguoncy vafidiy Bbove 300 MHz of £ 100 MHz only applies for SY v4.4 and highsr (see Page 2, elsa i s restncled to + 50 Mtz Tha
uncestainty is the RSS of the CanvF uncertamiy at calibration frequenicy and the uncenainty for the indicaled frequency Band. Frequency validily
Bekow 300 Mhizis = 10, 25, 40, 50 and 70 MHZ for ConwF gssessments at 30, 64, 128, 150and 220 MHz respectivaty. Above b GHz regquency

validity pan be exendad fo = 110 MH2

" At frequencies below 3 GHE, the validity of fssde paramaers (¢ and of can be felaxed 16 £ 10% 1 liquid compensation farmula is agglisd to

igasuied SAR valuae, At regoencies abave 3 GHz, the validity of issye parameters (x and o) iarestrivted to £ 8% Th ngertainty & the RES af
the CorF uncenainty for indicaled trget fissus parametins )
& AlphalDepth aie detarmined doring calibrtion. SEEAG warants that the remaining deviation due o the boundary ettect afier compenaation i
dllwinys Hesi bhan 4 188 for frequencles below 3 GHz and bejnw £ 2% lor flegueencies between 3-0 GHz atany distance larger han Hall tha probe tip
dimmeler from the Boundary,

Cerlificate Mo EX3-3954 Novib
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(EXIDVA- SN.3954

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

MNovembear 28, 2016
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DVd4— SM:3054 Movember 28, 2018

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)
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EX3DVA-—SN:3954 November 28, 2018

Dynamic Range f(SARead)
(TEM cell , foyz= 1900 MHz)
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Uncertainty of Linearity Assessment: £0.6% (k=2)
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EX3DV4— SM: 3054 Movamber 28, 2016

Conversion Factor Assessment

=835 MHz WGLS R8 (H convF) f= 1800 MHzWGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (j, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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EX3DV4- ShN:A854

Nevember 26, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Other Probe Parameters

Sansar Arrangement Triangular
Connector Angle () 737
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode ~ disabled
Probe Overall Length B 337 mm
Probe Body Diameter 10 mm
"Tip Length g9mm
Tip Diameler 25 mm
Probe Tip to Sensar X Calibratioh Point 1 mm
Probie Tip to Sensor ¥ Calibration Point 1 mm
“Probe Tip to Sensor Z Calibration Point 1 mm
| Recommended Measurement Distance fram Surface 1.4 mm

Carfilicata No: EX3-3064_Nov1G Page 11 of 11
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