Test Report N° 210611-02.TR52

Annex E. Calibration Certificates

Rev. 01

. Serial Calibration
ID Device Type/Model Number Manufacturer Certificate
004-006 Dosimetric E-field EX3DV4 7604 SPEAG
Probe
) 5GHz System
084-000 Validation Dipole D5GHzV2 1259 SPEAG g

Dipole calibration

According to the KDB 865664 D01, a dipole must be calibrated using a fully validated SAR system according to the
tissue dielectric parameters and SAR probe calibration frequency required for device testing. However, instead of the
typical annual calibration recommended by measurement standards, longer calibration intervals of up to three years
may be considered when it is demonstrated that the SAR target, impedance and return loss of a dipole have remain

stable according to the following requirements.

1. When the most recent return-loss result, measured at least annually, deviates by less than 20% from the
previous measurement (i.e. value in dB x 0.2) or not meeting the required 20 dB minimum return-loss

requirement.

2. When the most recent measurement of the real or imaginary parts of the impedance, measured at least
annually, deviates by less than 5 Q from the previous measurement
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Calibration procedure(s)

Calibration date:

[D5GHZVZ - SN:1259 |

QA CAL-22.v4

Calibration Procedure for SAR Validation Sources between 3-6 GHz

{March 10, 2020

Calibration Equipment used (M&TE critical for calibration)

This calibration certificale documents the traceability to national standards, which raalize 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 cerlificate.

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

Network Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: US41080477

Primary Standards 1D # Cal Date (Certificate No,) Scheduled Calibration
Power meter NRP SN: 104778 03-Apr-19 {No. 217-02892/02833) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-19 {No. 217-02892) Apr-20

Power sensor NAP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-12 (No. 217-02895) Apr-20

Reference Probe EX3DV4 SN: 3503 31-Dec-19 (No. EX3-3503_Dac19) Dec-20

DAE4 SN: 601 27-Dec-19 (No. DAE4-601_Dec19) Dec-20

Secondary Standards ID# Check Date (In house) Schedulad Chack
Powar meter E4419B8 SN: GB39512475 30-Oct-14 (in house check Feb-19) In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Powaer sensor HP 8481A SN: MY41092317 07-0ct-15 (in house check Oct-18) In house check: QOct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

31-Mar-14 (in house check Oct-19) In house check: Oct-20

Name Function Signature

Jeton Kastrati Laboratory Technician d%_(/g
Y

Katja Pokovic Technical Manager

Pt -~

Issuead: March 11, 2020

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

Certificate No: D5GHzV2-1259_Mar20

Page 1 of 16






Calibration Laboratory of D

Schmid & Partner S
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdlenst
c Service suisse d'étalonnage
S

'/"
A

.

r,/’d

Servizio svizzero di taratura
Swiss Calibration Service

)

(A B
AN

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
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Multilaterat 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, “Measurement procedure for the assessment of Specific Absorption Rate
{SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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:

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

» 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

iven on page 1.

DASY Version

DASY5 V52,104
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy=4.0mm, 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+02)°C 35.0+6 % 4.44 mho/m 6 %
Head TSL temperature change during test <0.5°C — —
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 7.95 W/kg

SAR for nominal Head TSL parameters

nomrnalized to 1W

78.9 Wikg +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.25 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22,3 W/kg £ 19.5 % (k=2)

Certificate No; D5GHZV2-1259_Mar20
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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 359 4,76 mho/m
Measured Head TSL parameters {22.0 +0.2) °C 34.8+6% 4.54 mho/m £ 6 %
Head TSL temperature change during test <0,5°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 8.26 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

82.0 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

23.2 Wikg = 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 346+6% 4.74 mho/m+6 %
Head TSL temperature change during test <0.5°C —_ -
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 8.69 W/kg
SAR for nominal Head TSL parameters nomalized to W 86.2 W/ikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.45 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

24.3 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1259_Mar20
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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 344 +:6% 4.84 mho/m £ 6 %
Head TSL temperature change during test <0.5°C —_ -—
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 8.51 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

84.3 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.42 W/kg

SAR for nominal Head TSL parameters

nomalized to 1W

23.9 Wikg + 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 34.1 6% 5,05 mho/m 6 %
Head TSL temperature change during test <05°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 8.26 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.9 W/kg 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,30 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22.8 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22,0°C 49.0 5,30 mho/m
Measured Body TSL parameters (22.0x0.2)°C 471+£6% 5.41 mho/m 6 %
Body TSL temperature change during test <0.5°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 7.38 W/kg
SAR for nominal Body TSL parameters normalized to 1W 73.2 Wikg + 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 2.05 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.3 Wikg = 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 469+6% 5.54 mho/m + 6 %
Body TSL temperature change during test <0.5°C ——— —
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.57 Wikg

SAR for nominal Body TSL parameters

normmalized to 1W

75.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,10 Wikg

SAR for nominal Body TSL parameters

nomalized to 1W

20.8 Wikg = 19.5 % (k=2)
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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 46.5+6 % 5.81 mho/m+6 %
Body TSL temperature change during test <0.5°C — —_
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 8.06 W/kg
SAR faor nominal Body TSL parameters nomalized to 1W 80.0 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

nomalized to 1W

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

Body TSL parameters at 5600 MHz

The following parametets and calculations were applied.

Temperature Permittivity Conductivity

Nominal Bady TSL parameters 22,0°C 485 5.77 mho/m

Measured Body TSL parameters (22.0+0.2)°C 464 +6 % 5.94 mho/m+6 %

Body TSL temperature change during test <0.5°C — —_—
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 7.90 W/kg

SAR for nominal Body TSL parameters normalized to 1W 78.4 Wikg + 19.9 % (k=2)

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

SAR measured 100 mW input power 217 W/kg

SAR for nominal Body TSL parameters normalized to 1W 21.5 Wikg % 19.5 % (k=2)

Certificate No: D5GHzV2-1259_Mar20
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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+0.2) °C 46.0+6% 6.22 mho/m+6 %
Body TSL temperature change during test <0.5°C - -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

100 mW input power

7.55 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

74.9 Wikg +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.06 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.4 Wikg = 19.5 % (k=2)

Certificate No: DsGHzV2-1259_Mar20
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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 48.00Q-8.9jQ

Return Loss -20.7dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 483Q-24iQ

Retum Loss -30.7 dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 473Q-0.11Q

Retumn Loss -31.3dB
Antenna Parameters with Head TSL at 5600 MHz

Impedancs, transformed to feed point 529Q+03jQ

Return Loss -30.8dB
Antenna Parameters with Head TSL at 5800 MHz

Impedancs, transformed to feed point 5410 +3.2jQ

Retum Loss -26.1dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 49.9Q-87jQ

Return Loss -21.3dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 504 Q-23jQ

Retum Loss -32.7dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 47.8Q-05iQ

Retum Loss -327dB

Certificate No: D5GHzV2-1259_Mar20
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 53.0Q-08j0

Return Loss -30.5dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 520Q+20jQ
Retumn Loss -31.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.193 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 amms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 10.03.2020
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1259

Communication System: UID 0 - CW, Frequency: 5200 MHz, Frequency: 5300 MHz,
Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 4.44 S/m; ¢.=35; p= 1000 kglm3 .
Medium parameters used: f = 5300 MHz; ¢ = 4.54 S/m; &= 34.8; p = 1000 kglm3 ,
Medium parameters used: f = 5500 MHz; ¢ = 4.74 S/m; &, = 34.6; p = 1000 kg/m? ,
Medium parameters used: f = 5600 MHz; 6 = 4.84 S/m; &, = 34.4; p = 1000 kg/m° ,
Medium parameters used: f = 5800 MHz; o = 5.05 S/m; .= 34.1; p = 1000 kglm3
Phantom section: Flat Section

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

DASY52 Configuration:

o Probe: EX3DV4 - SN3503; ConvE(5.8, 5.8, 5.8) @ 5200 MHz,
ConvF(5.49, 5.49, 5.49) @ 5300 MHz, ConvF(5.25, 5.25, 5.25) @ 5500 MHz,
ConvF(5.1, 5.1, 5.1) @ 5600 MHz, ConvF(5.01, 5.01, 5.01) @ 5800 MHz; Calibrated: 31.12.2019

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

o Electronics: DAE4 Sn601; Calibrated: 27.12.2019

« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 76.39 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 28.5 W/kg

SAR( g) =7.95 W/kg; SAR(10 g) = 2.25 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 68.9%

Maximum value of SAR (measured) = 18.0 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 78.69 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.6 W/kg

SAR(1 g) = 8.26 W/kg; SAR(10 g) = 2.35 W/kg

Smallest distance from peaks to all points 3 dB below =74 mm

Ratio of SAR at M2 to SAR at M1 = 69.4%

Maximum value of SAR (measured) = 18.8 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 78.29 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 33.8 W/kg

SAR(1 g) = 8.69 W/kg; SAR(10 g) =2.45 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 =66.7%

Maximum value of SAR (measured) = 20.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, £=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value =79.03 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) =31.7 W/kg

SAR(1 g) = 8.51 W/kg; SAR(10 g) = 2.42 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 =68%

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

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 76.77 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 32.9 W/kg

SAR( g) = 8.26 W/kg; SAR(10 g) = 2.30 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 =65.9%

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

dB

-6.00

-12.00
-18.00
-24.00
-30.00
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 06.03.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: D5GHzV2; Serial: DSGHzV2 - SN:1259

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz,
Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.41 S/m; s, =47.1; p = 1000 kg/m® ,
Medium parameters used: f = 5300 MHz; ¢ = 5.54 S/m; &= 46.9; p = 1000 kglm3 )
Medivm parameters used: f = 5500 MHz; 6 = 5.81 S/m; £, =46.5; p = 1000 kglm3 .
Medium parameters used: f = 5600 MHz; ¢ = 5.94 S/m; & =46.4; p = 1000 kglm3 s
Medium parameters used: f = 5800 MHz; ¢ = 6.22 S/m; & =46; p = 1000 1{glm3
Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.29, 5.29, 5.29) @ 5200 MHz,
ConvF(5.23, 5.23, 5.23) @ 5300 MHz, ConvF(4.84, 4.84, 4.84) @ 5500 MHz,
ConvF(4.79, 4.79, 4.79) @ 5600 MHz, ConvF(4.62, 4.62, 4.62) @ 5800 MHz; Calibrated:
31.12.2019

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

» Electronics: DAE4 Sn601; Calibrated: 27.12.2019

» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
» DASYS52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.98 V/m; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 28.4 W/kg

SAR(1 g) = 7.38 W/kg; SAR(10 g) = 2,05 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 =66.9%

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

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.73 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 30.5 W/kg

SAR(1 g) =7.57 W/kg; SAR(10 g) =2.1 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 =65.3%

Maximum value of SAR (measured) = 17.9 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.41 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 34.2 W/kg

SAR(1 g) = 8.06 W/kg; SAR(10 g) =2.21 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 =63.7%

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

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 69.04 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 34.7 W/kg

SAR(1 g) = 7.9 W/kg; SAR(10 g) =2.17 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 = 62.6%

Maximum value of SAR (measured) = 19.2 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.36 V/m; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 33.8 W/kg

SAR(1 g) = 7.55 W/kg; SAR(10 g) = 2.06 W/kg

Smallest distance from peaks to ail points 3 dB below =7.2 mm

Ratio of SAR at M2 to SAR at M1 =62.1%

Maximum value of SAR (measured) = 18.8 W/kg

| 20.00
-30.00

-40.00

.

dB =17.2 W/kg = 12.36 dBW/kg

-50.00

O i
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Impedance Measurement Plot for Body TSL

File View Channel Sweep Calibration Trace Scale Marker System Window Help
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Calibralicn dile

Tres calration carflicaie documenis o tacaabdiy 10 natonal slantands, which realze the phymisal units. of measEremeni (Sl
The mpasgramants and the uncariaintas vith comidenos propakility are given on the foliowing pages and am part of the eeficrie

#i calbraliors have bean conducied in the ciosed [abonrony taciilys amamonment temparaiure (22 -+ 5)°C and homidily < 73%

Cakhration Egupmonl wsed {MATE aioal for calibratian)
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Flodnrance 3] &8 Altenumion 3h: CCIH5E (0] Fi-Near-20 (Mo, Z17-03108) -.Pd:IT-Et
DAES SN 650 27-Dioc-19 {No. [AEL.B0_Declf) Dec-20
Relernos Frobe ESI0WVE L s 1 | 31-Diac- 19 |No. £53:3013 Dac19) Dm0
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This calmmation cenfcate sholl mot be réproduced exceal in ull withau weilten appnceas of iha laborasony

Cordificate Mo: EX3-TE04_Aug2D Page 1.of 22
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Glossary:

TSL tisgus simulating bould

NORMx,y.z sensitivity in free space

ConvF sensitivity in TS 7 NORMz y.z

OCP dinde comprassion point

CF orast factor (1/duty_oycla) of the RF signal

ABCD maodulation dependent lnearization perameiers

Paolarizaton p ip redation around probe axis:

Polanzation § b rotation around an akis that s in the plansg normal 16 probe axis (ol measurement center],

La., & =0 is nommal {o probe axs
Connecior Angle informiation used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d}

IEEE 5id 1528-2013, "IEEE Rocommaonded Practce for Delermining the Peak Spatial-Averaged Specifio
Absorption Rete (SA&R) in the Human Head from Wireless Communications Devices, Measuramisnt
Technigues”, June 2013

IEC B2208-1, ", "Measuraman procedura for the azsessmenl of Specific Absorplion Rate (SAR) from hand-
held and body-mounted devices wsed next io the ear (frequency range of 300 MHz 1o 6 GHz)", July 2016

IEC 62209-2, "Procedure to determine the Specific Absorption Rate {SAR) for wireless communication davices
usod in close proximily o the human body (reguency range of 30 MHz 1o & GHz)", March 2010

KDB BESEES, "SAR Measuremani Requirements for 100 MHz 1o & GHz"

Muthudn Applied and Interpretation of Parameters:

NORMzx.y z: Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; { > 1800 MHz. R22 m'ﬂ&guﬂer
NORMx,y 2 are only intermediate values, |e., the uncertainties of NORMz.y.z does not affect the E™-field
urcartamty inside TSL {see below CoaneF).

NORMTIx, 2 = NORME v 2 * frequency_response [see Frequency Respongse Chart), This ineanzafion is
implemented in DASYY softwars versions later than 4.2, The uncedainty of the fequency response |5 included
in the siated uncerainty of Cama®=.

DCPxy.z: OCP are numerical inearization parameiers assessed based on the data of powir sweap with CW
signal (no uncerlainty required). DCF does not depend on frequency nor media.

FPAR; PAR is the Peak o Average Rals thatl |& nol calibrated bul delermined based on the signal
charecieristics

Ax .z Bryr Ceyz Dx v 2 VRxy 2 A, B, C, [ are numerical linearization paramelers assessad based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequancy nar
madia, VR is the maximum callbration range exprassed in RMS voltage across the dioda.

ConvF and Boundary Effect Paramaters: Asaessed in flat phantom using E-field {or Temperature Transfer
Standard for = 800 MHz) and inside wavaguide using analylical fald disidbutions based on powar
measuremenis for F» B00 MHz. The same selups are used for assessmaent of the parameters applied for
boundary compensation (alpha, depth} of which typical uncertainty vaikues are given. Thase parameters are
used in DASY S software 1o improve probe accuracy close 1 the boundary. The sensitivity In TSL comesponds
o NORMz Y.z * ConvF whensby the unceriainly cormasponds 1o thal given for CameF, A frequency dependent
ConvF s used in DASY version 4.4 and higher which alfows axtending the validity from £ 50 MHz to £ 100
MHz.

Sphercal isotropy (30 deviation from isatropy): in & field of low gradients realized using a flal phantom
exposed by o patch anfenna,

Earsor Offzal The sensor offsel comesponds to the offsel of virtual measwement center from the probe ip
(on probe axis), Mo olerands reguirsd.

Caonractor Angle. The angle is assessed uzing the informalion geined by delermining the NORME (Ro
unceriainty reguirad),
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EXA0NG — SMTE04 Awgust 7, 20070

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604

Basic Calibration Parameters
Sansor X Bonsor'y Bonaor Z Une {k=2)
 Narm (VIVIm]Y 0.50 0.67 0.62 % 10.1 %
DCP (mV) 109.1 108.3 108.6 |
Calibration Results for Modulation Response
1] Communication Systam Mams A B c i VR Max Max
dB | dB-pv dB my dev. Ung"
= {k=2) |
[} CwW % | 000 | 000 o0 [ DOG | 1B18 | 235% | £4T7%
¥ | 000 0,00 100 1855
Fad .00 .00 1.00 1671
103532- Pulse Wavsiomm [200Hz, 10%) % | 173 | 6LE1 T.a8 | o0 | 600 | 43% | 208%
Aty ¥ | 200 | 6300 | 7.00 B0.0
= 2 | 1682 | 6138 | 714 B0.0
10353- | Pulse Waveform [200MHz, 20%) X | ngd | BDB9 | 678 | #98 B0 | +32% | 206%
AAA ¥ | 087 | 6000 | 543 0.0
Z | nss | s000 | 583 B0.0
10354- | Pulse Wavelorm [(20DHz, 40%) ¥ | 5800 | B200 | 1900 | 388 950 | 19% | £88%
SR Y 051 60,00 LECH] 5.0
2 | 400 | Bat0 | 700 95.0
10355- | Puisa Wavelom (200Hz, B0%) X | 1389 | 14138 | 146 222 | 1200 [ 223% |[eBE™
Al '_"f' 17.20 137 .47 .01 L1200
2 | 1335 | 14542 | 587 1200
10387- | GPSK Waveform, 1 MHz X | 078 | 8360 | 1208 [ 100 | 1500 | £+42% | 296%
ABA, ¥ | OBD | 8455 | 1248 150.0
Z | 048 | 6048 | 0O3 150.0
10388- | QPSH Wavelorm, 10 MHz X | 144 | 6483 | 1353 | OO0 | 1500 | £15% [ +58%
Aty ¥ | 149 | @540 160 1500
Z | 118 | 6299 | 1213 1500
10306~ | B64-QAM Waveform, 100 kHz X | 174 | 6448 | 1658 | 301 | 1500 | #0.9% | £96%
L ¥ | 188 [ BEGA | 1623 _ 1500 |
2| 183 | 6384 | 1805 150.0
10399~ | 64-QAM Waveform, 40 MHz X | 292 | BS5BY | 1473 | 000 500 | 210% | t26%
AAA ¥ | 282 | B837 | 1450 | 500
(2 | 264 | 5485 | 1408 A0.0
10414 | WLAN CCDF, B4-QAM, 4002 %X | 403 | 8552 | 1500 | 000 | 1600 [ #35% | +96%
ARA ¥ | 447 | BEAT 510 | 160.0
Z | 385 | 8565 | 14.87 160.0

Maote: For detoils on UID parameters see Appendix

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

* Tha uncertanties of Kanm X.Y.Z ta not affed he E™-fikd uncerisinty insde TAL [aes Pages 5 and &

* Blumerical insarzation paramate uncoroingy not regisned.

- Ungeriinty & debarmined ming the mas. devadion froan linoor responss spplyng reclanpesan datibutan and 15 expressed fof Me sqean of 1ha
finid valus
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Exa0v4— 5K T804

Augst 7, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604

Sensor Model Parameters

o] c2 a T T2 T3 T4 ™ | T8 |
fF fF WV maV ™ | me ms v L
X 1.2 a5.a7 31.72 582 0,00 4,84 T 0.00 1.00
¥ 13.3 81 81,53 7.28 .00 4.80 0,66 .04 1.00
i 11.0 T7.22 3145 5.5 00 | 485 052 0. 1.400
Other Probe Parameters
Sensor Arrangement Trigngular
Connecior Anghe {*) -55.6
Mechanical Surface Detection Made enablad
| Optical Surface Detection Mode disabled
Probe Overall Lengih 337 mm
Probe Body Diameter 10 mim
Tip Length 8 mm
Tip Diametar 2.5mm
Probe Tip io Sensor X Cahbration Poinl 1 mm
" Probe Tip lo Sensor ¥ Calbration Point 1 mm |
Probe Tip fo Sensor £ Calibration Point 1 mam
Recommanded Measuremant Distanca from Surface 1.4 mm

Mote: Measuremend distance from surface can be incregsed to 3-4 mm for an Area Sea job.

Cerificate No: EX3-7604_Aug20 Page 4 of 22





EXADNS- SN-TEI

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604

Calibration Parameter Determined in Head Tissue Simulating Media

Augest 7, 2020

Relative | Conductivity Depth Une
CHiMHz) " | Permittivity (Sim) ComF X | ConwFY | ConvFZ | Alpha® | (mm) {k=2)
750 418 0.88 10.88 10.88 10.88 0,46 0.80 +12.0%
Bk 41,5 0.50 10,56 10.56 10.56 0,45 0,80 +12.0%
a00 415 097 10.41 10.41 10.41 01,50 081 £12.0%
1750 40,1 1.37 a8.0r7 2,07 8.qv 0.35 (.58 =120 %
1800 40.0 1.40 8,76 8.76 B.7B 0.32 0,88 £ 12.0%
2000 40.0 1.40 56 B.66 A.66 0.30 .90 £12.0 %
2300 A8.5 1.67 852 .52 .52 0.32 0,890 120 % |
2450 48.2 1.80 B.23 B.23 B.23 (.30 080 12.0%
2600 39.0 1.96 B.05 B.05 B.05 0.37 0.80 +120%
200 3.0 4 65 542 542 542 .40 1,80 + 14.0.%
5300 35.9 475 5.27 5.27 5.27 0.40 1.80 +140%
5500 35,6 4.96 4,87 4.97 497 0.40 1.80 *14.0 %
SE00 a5.5 5.07 4 B8 4,86 4,56 0,40 1.80 £ 14.0 %
5800 35.3 5.27 4,84 4,84 ‘4,84 0.40 1.80 2 14.0%

" Fraguancy valdgy above 300 Mz of & 100 M-z ooty appses for (ASY w44 and highar {sea Paga 7], ote & resticiod 1o + 50 MHZ Tha
uncedainly i tha RES of the ConyF uncenpingy al caltbration froguercy and the uncenainty for the inghcaied frequency band, Froqoency vatidity

below FEHT BiHE 38+ 10, 25, 30, S0 and 70 MHz for ConvF peseesmnnis ab 300 64, 158, 150 and 220 MHz mspactvaly, Validity of ConyF pssassed il
G MHz (8 4-9 MHz, apd Conr essassed al 13 Mz s 9-18 MHz. Above 5 GHz traguency validity can be axtended fo x 110 MHE

" At troquancies up i 8 GHz, the validity of issue parpmelers o and #) can’ be relaed (o 4 0% ¥ Iquid compensation formula is appled o

mpasured SAR walues, The uncerainty is 1he RSS of ihe Com unoorainky for indicated targat Bssue parsmnbars

" BiphaiDapth aro debarminad dunng calibraton. SPEAS waranis ihat the remaining deviaton dun 1o the boundany offect sfhor compensation =
ahways lasy than 4 196 for requencias below 3 GHz ang bolow & 3% for Fequencies. batween 3-8 GiHz at any dstance g an helf the prabe fip
diameler ko e beunssEry,

Cartificala Mo; EX3-7004_aug2h
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Ex30V4— ShTEO Augusi 7. 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7604

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth " Unc
| f{MHa)® | Parmittivity© {Sim)" | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
750 555 .86 11.18 1118 11.18 025 .80 #12.0%
B35 55.2 0.87 1073 | 1073 | 1073 | 036 | 085 | £120%
500 55.0 1.05 1066 | 1086 | 1066 | 043 | 080 | £120%
1750 53.4 1.48 5.00 .00 8.00 038 | 088 | £120%
1800 53.3 1.52 8.68 B.68 868 028 | 088 | £120%
| 2000 53.3 152 8.55 8.55 855 | 034 | 080 | +120%
2300 529 1.81 8,37 8.37 837 | 057 | 080 | £120%
2450 2.7 1.96 418 818 BB 0.38 0.80 + 12.0%
2600 525 2.16 8.10 B.10 B.10 D9 | 085 | +120%
5200 48.0 5.30 485 | 485 485 050 | 180 | +140%
5300 489 | 542 | 472 4.72 4.72 050 | 180 | £140%
5500 48.6 565 433 4.33 4.33 050 | 180 | £140%
5600 48,5 877 4.29 421 4.28 050 1.80 +14.0%
5800 48.2 5,00 4,21 4.21 4.1 050 | 180 | £14.0%

" Freguenay walidly shove 300 MHE of £ 100 MHZ only-appses for DASY v4.9- and highar {sea Page 2}, alse it is rasirciad i 2 5 MHz, Tha
unceftainty [ Wie 7SS of the ConyF uncerisnty nl catbrafon eqoency arel the unoedeinty ki he ndicated requency band. Frequancy veiciy
belows 300 biHZ 18 = 10, 25, 40, 50 and 70 MH2 o ConuF eesessmuis ol 30, 64, 128, 150 and 220 MHz espectvely. Validily of CoryF sssasead @t
Al Mt i 4-9 Mz and Com asseased 5t 13 MHE = 3-15 MHE Above 5 (HE repueney valleily can be axisnded o+ 110 WHz

" &l fraquancies up o B GHE, tha validity of besue parsmetans { and m) con be relsoed o' 10% 7 iquid componsaton Ermiia s applied io
regEred S0 values. The unceriainky i tha RES of tha Comnf uncarsinty for indicated target spae paramaler.

" alphaesth e teterminsd durng calbration. SPEAT wamantn Ihal the rermaining Sevation dus to tha baundary eBoct after compansatan is
Always less han & 196 lor Frequencies below 3 GHe and taliw 2 2% for bequancies botvwean 3-0 G4z of any distarca larger fhan half the probe tp
diameter nom 1he boundory.
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EXADVA-. ShTED Aupust ¥, 2020

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EXA0V4- SM.7E04

T

Augus! 7, 2020

Receiving Pattern (¢), 9 = 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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EX30V4- SNTE04 August T, 2020

Dynamic Range f(SARcad)
(TEM cell , fuvur= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EXA0N e SNTED Augusl T, 2060

Conversion Factor Assessment

I= SO0 MH2 WELS B2 (H_conyF) f= {750 MHr WELS R22 (H_corwF)

4
-- ™

Deviation from Isotropy in Liquid
Error (§, 3), f= 900 MHz

-14 -08 04 04 02 00O &2 64 0OD.8 0.8 0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Test Report N° 210611-02.TR52 Rev. 01

The below results show the latest return loss and impedance measurements for each dipole performed by the lab:

Dipole ID #084-000
Dipole 5200MHz Body TSL
Return Loss
[dB] Impedance [Q] Date
Initial Calibration -21.3 49.9-8.7j 2020-03-10
Last -24.6 451+26] 2021-02-15
Dipole 5300MHz Body TSL
Return Loss
[dB] Impedance [Q] Date
Initial Calibration -32.7 50.4 - 2.3]j 2020-03-10
Last -30.9 52.6 +1.3] 2021-02-15
Dipole 5500MHz Body TSL
Return Loss
[dB] Impedance [Q] Date
Initial Calibration -32.7 47.8-0.5] 2020-03-10
Last -28.7 47.8-3.9] 2021-02-15
Dipole 5600MHz Body TSL
Return Loss
[dB] Impedance [Q] Date
Initial Calibration -30.5 53.0-0.8] 2020-03-10
Last -26.3 495-48]j 2021-02-15
Dipole 5800MHz Body TSL
Return Loss
[dB] Impedance [Q] Date
Initial Calibration -31.1 52.0+2.0] 2020-03-10
Last -34.2 51.1+0.2]j 2021-02-15
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