Impedance Measurement Plot for Head TSL
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SPORTON LAB.

D3500V2, Serial No. 1076 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

D3500V2 — serial no. 1076

3500 Head
Real Imaginary
Date of Return-Loss
Delta (%) Impedance Delta (ohm) Impedance Delta (ohm)
Measurement (dB)
(ohm) (ohm)
2019.4.29 -23 54.7 -5.8
2020.4.15 -22.9 0.4 55.7 1 -4.9 0.9

<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.




SPORTON LAB.

Dipole Verification Data> D3500V2, serial no. 1076
3500MHz - Head

Log Mag 10.00d6/ Ref 0.000dE

>l 3.5000000 GHz -22.926 dB

10.00

|1 Start 3.45 GHz TFBW 70 kHz Stop 3.65 GHz I8 |1 Start 3.45 GHz

IFBW 70 kHz

Stop 3.65 GHz I
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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

Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sh).
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 LD fe— Cal Date (Cedificate NO. juu— Scheduled Calibration

Power meter NRP SN: 104778 03-Apr-19 (No. 217-02892/02893) Apr-20

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

Power sensor NRP-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-19 (No. 217-02895) Apr-20

Reference Probe EX3DV4 SN: 3503 25-Mar-19 (No. EX3-3503_Mar19) Mar-20

DAE4 SN: 601 04-Oct-18 (No. DAE4-601_Oct18) Oct-19

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

Power meter E4419B SN: GB39512475 07-Oct-15 (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

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Function Syignatpre

Calibrated by:

Approved by:

Issued: April 29, 2019

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Engineering AG NS Servizio svizzero di taratura
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T
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, “lEEE 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: v

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.

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

The reported uricertainty 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: D3700V2-1037_Apr19 Page 2 of 6



Measurement Conditions

D. iven on page
DASY Version DASY5 Vv52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =

4 mm,dz =1.4mm

Graded Ratio = 1.4 (Z direction)

Frequency

3700 MHz = 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 37.7 3.12 mho/m
Measured Head TSL parameters (22.0+0.2) °C 371+6% 3.06 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 100 mW input power 6.85 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.49 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.8 W/kg £ 19.5 % (k=2)

Certificate No: D3700V2-1037_Apr19
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Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 46.4Q-0.6jQ
Return Loss -28.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.138 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

Ceriificate No: D3700V2-1037_Apr19 Page 4 of 6



DASYS5 Validation Report for Head TSL

Date: 29.04.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 3700 MHz; Type: D3700V2; Serial: D3700V2 - SN:1037

Communication System: UID 0 - CW; Frequency: 3700 MHz

Medium parameters used: f = 3700 MHz; 6 = 3.06 S/m; & = 37.1;p = 1000 kg/m?
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN3503; ConvF(7.5, 7.5, 7.5) @ 3700 MHz; Calibrated: 25.03.2019
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3700MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.88 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 19.5 W/kg

SAR(1 g) = 6.85 W/kg; SAR(10 g) = 2.49 W/kg

Maximum value of SAR (measured) = 13.5 W/kg

-21.00

-28.00

-35.00

0dB =13.5 W/kg = 11.30 dBW/kg

Certificate No: D3700V2-1037_Apr19 Page 5 of 6



Impedance Measurement Plot for Head TSL
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SPORTON LAB.

D3700V2, Serial No. 1037 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

D3700V2 — serial no. 1037

3700 Head
Real Imaginary
Date of Return-Loss
Delta (%) Impedance Delta (ohm) Impedance Delta (ohm)
Measurement (dB)
(ohm) (ohm)
2019.4.29 -28.4 46.4 -0.6
2020.4.15 -28.4 0 46.3 -0.1 -0.4 0.2

<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.




SPORTON LAB.

Dipole Verification Data> D3700V2, serial no. 1037
3700MHz - Head

MBI 511 Log Mag 10.00d5/ Ref 0.000dB MEE 11 smith (re

>1 3.7000000 GHz - 3 >l 3.7000000 GHZ

-10.00

[1 Start 3.5 GHz TFBW 70 kHz Stop 3.9 GHz Il [1 start 3.5 GHz TFBW 70 kHz Stop 3.0 GHz B




Calibration Laboratory of ‘:_Q‘\lw"pz 5 sehwelzsrischer Kalibrierdlenst
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Zeughaussirasse 43, 8004 Zurich, Switzerland TN S swiss Calibration Service

Actredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service ia one of the signateries to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Sporton
CALIBRATION CERTIFICATE

Ohbject D3900V2 - SN:1022

Certificats No: D3900V2-1022_Jul19

QA CAL-22.v4 _ _
Calibration Procedure for SAR \falidation Sources between 3-6 GHz

Calibration proceduna(s)

Callbration date: July 11, 2019

This calibration certificale documents tha traceabillly to national standérds, which realize the physical units of measuraments (s,
The measuraments and fhe uncatainties wilh carifidence probability ara given on the following pages and are pan ol lhe cartificate.

All calibrations have been conducted in the closed taboratory facility: environmenl temperature {22 & 3)"C and humidity < T0%,

Caliration Equipment used (M&TE crifical 1o callbration)

Primary Standands inl} Cal Data (Caerificate Mo Scheduled Calibration

Powes meler NRP Sh: 104778 08-Apr-19 (Mo, 21 7-02892/026083) Apr-20

Power sansor NRP-Z91 Sh; 103244 03-Apr-18 (Mo, 217-02892) Apr-20

Power sensor NAP-221 SN: 108245 03-Apr-19 (Mo, 217-02863) Apr-20

Rafetance 20 dB Atlanuatar SN: GOS8 (20k) 04-Apr-18 (No. 217-02834) Apr-20

Type-N mismatch combination SN: 5047.2 f 06327 04-Apr-18 {No, 217-02855) Apr-20

Feferance Frobe EX3DVY S 3603 25-Mar-19 (No. EX3-3803. Mart8) Mar-20

DAE4 Si: 601 J0-Apr-19 (Mo, DAE4-601_Apr1g) Apr-20

Secondary Standards I # Check Data {in housal Scheduled Chagk

Power meler E44198 SN: GH3Y512475 A0-0¢t-14 {In house chagk Feb-18) In house check: Coi-20

Power sansor HP B4B1A SN! Usarzozyas O7-001-15 (in house check Oel-18) In house check: Oot-20

Power sansor HF B481A SN MY41082317 07-0iet-15 {in house chiack Oct-18) In house check: Oct-20

AF generator F&S SMT-06 SN: iD0ay2 15-Jun-15 {In house check Ccl-18) In house checl: Cct-20

Metwork Apalyzer Agilant EB358A | SN: LIS410804 77 31-Mar-14 {in hoise check Oat-18) in housa chack: Cet-18
Mame Functlon Signaiurs

Calibrated by: Jeton Kastral Laboratory Teehnician t}’/

Approved by: Kalla Pokavic Technioal Mansgar

A

lssued: July 11,2018

Thie callbration cartilicate shall not be reproduced excapt in fil without wrilten approval of the laboralory.
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Aocradited by the Swiss Avoreditation Sarvics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is ane.of the signotories to the EA
Multilateral Agreement for the racognition of calibration cartificatas

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 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 68 GHz)", July 2016

c) |EC 62208-2, "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 Defay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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%.

Cerfificate No: D3900VE-1022_Jul18 Page 2 ol 8



Measurement Conditions

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

DASY Version DASY5 V52.10.2
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx,dy =4 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

3900 MHz = 1 MHz
4100 MHz + 1 MHz

Head TSL parameters at 3900 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 375 3.32 mho/m
Measured Head TSL parameters (22.01£0.2)°C 372+6 % 3.23mho/m+6 %
Head TSL temperature change during test <0.5°C mnm -
SAR result with Head TSL at 3900 MHz
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.03 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

70.5 Wikg * 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.46 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.6 Wikg % 19.5 % (k=2)

Head TSL parameters at 4100 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 37.2 3.53 mho/m
Measured Head TSL parameters (22.0x0.2)°C 37016 % 3.41 mho/m 6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 4100 MHz
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 6.64 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

66.6 W/kg * 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.32 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.2 Wikg * 19.5 % (k=2)

Certificate No: D3900V2-1022_Jul19
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3900 MHz

Impedance, transformed to feed point 472Q-41jQ

Return Loss -259dB

Antenna Parameters with Head TSL at 4100 NViHz

Impedance, transformed to feed point 57.0Q+0.7jQ

Return Loss -23.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.101 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

Certificate No: D3900V2-1022_Jul19 Page 4 of 6



DASYS5 Validation Report for Head TSL

Date: 11.07.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3900 MHz; Type: D3900V2; Serial: D3%900V2 - SN:1022

Communication System: UID 0 - CW; Frequency: 3900 MHz, Frequency: 4100 MH;:
Medium parameters used: = 3900 MHz; o= 3.23 S/m; ;=372 p= 1000 Icga’m
Medium parameters used: { = 4100 MHz; o =341 S/im; =37, p= 1000 kg/m'
Phantam section: Flat Section

Mensurement Standard: DASYS (IEEEAEC/ANS] C63.19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - $N3503; ConvF(7.25, 7.25, 7.25) @ 3900 MHz,
ConvE(7.05, 7.05, 7.05) @ 4100 MHz; Calibrated: 25,03.2019

s Sensor-Surface: 14mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.04.2019
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

s  DASYS252.10.2(1504); SEMCAD X 14.6.12(7470)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3900MHz/Zoom Scan,

dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 73.25 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 20.0 W/kg

SAR(1 g) = 7.03 W/kg; SAR(10 g) = 2.46 W/kg

Maximum value of SAR (measured) = 13.7 W/kg

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, {=4100MHz/Zoom Scan,

dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Vilue = 69.96 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 19.0 W/kg

SAR(1 g) = 6.64 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 13.2 Wikg

dB
0

-7.00

-14.00
-21.00
-28.00
-35.00

0dB = 13.7 W/kg = 11.37 dBW/kg

Cartificate No: D3%00V2-1022_Jul19 Page 5 ai 6




Impedance Measurement Plot for Head TSL

File Ylew Channel Swpep Callation Irace Scale Marker System Window Help
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SPORTON LAB.

D3900V2, Serial No. 1022 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior

calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

D3900V2 — serial no. 1022

3900 Head
Real Imaginary
Date of Return-Loss
Delta (%) Impedance Delta (ohm) Impedance Delta (ohm)
Measurement (dB)
(ohm) (ohm)
2019.7.11 -25.9 47.2 -4.1
2020.7.7 -26.3 -1.5 47.9 0.7 -1.7 24
D3900V2 — serial no. 1022
4100 Head
Real Imaginary
Date of Return-Loss
Delta (%) Impedance Delta (ohm) Impedance Delta (ohm)
Measurement (dB)
(ohm) (ohm)
2019.7.11 -23.6 57.0 0.7
2020.7.7 -23.3 1.3 58.2 1.2 -1.1 -1.8

<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.




UL LAD.

Dipole Verification Data> D3900V2, serial no. 1022

3900MHz - Head

MEE 511 Log Mag 100008/ Re M S11 Smith (R+3X)

>1 3.5000000 GHz 3 >1  3.9000000 GHz 4

1 Start 3.7 GHz TFBW 70 kHz Stop 4.3 6Hz I8 |1 stert3.7 Ghz TFBW 70 kiz stop 4.3 GHz I

4100MHz - Head

1 Log Mag 10.00d8/ Ref 0.000d8 ML S11 smith (R+]

#1  4.1000000 GHz -23.31 >1 4.1000000 GHz 58.180 Q

10.00

-10.00

[1 start 3.7 GHz BV 70 kHz stop 4.3 Gz | 1 Strt3.7 GHz IFBW 70 kiiz Stop 4.3 GHz
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Sporton o Certificate No: __Z18-60259

Object D5GHzV2 - SN: 1167

Calibration Procedure(s) FE-Z11 003_01

Calibration | rocedures for dlpole validation kits

Calibration date: August 03,2018

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.

Al 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# i rificate No. Scheduled Calibration
Power Meter NRP2 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Power sensor NRP-Z91 | 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
ReferenceProbe EX3DV4 | SN 7464 12-Sep-17(SPEAG,No.EX3-7464_Sep17) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAG,No.DAE4-1524_Sep17) Sep-18

:)
Secondary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzerE5071C | MY46110673  24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Slgnature :

Calibrated by: Zhao Jing . SAR Test-E_ngin}e‘er v y g:: :

Reviewed by: Lin Hao .~ SARTest En_gi_heer ' \hmpw ; N

Approved by: QiDianyuan ~ SAR Project Leader

Issued: August 6, 2018
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 Technigues”, June 2013

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)”, July 2016

c) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
commubnication 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.

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

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.

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 |y

Fax: +86-10-62304633-2504

DASY Version DASY52 52.10.1.1476
Extrapolation Advanced Extrapolation

Phantom Triple Flat Phantom 5.1C

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4 mm, dz=1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5250 MHz + 1 MHz
5600 MHz + 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0+0.2)°C 359+6 % 4.82 mho/m 6 %
Head TSL temperature change during test <1.0°C m—n -—--
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured

100 mW input power

7.69mW/g

SAR for nominal Head TSL parameters

normalized to 1W

77.0 mW /g + 24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

220mW /g

SAR for nominal Head TSL parameters

normalized to 1TW

22.0 mW /g £ 24.2 % (k=2)

Certificate No: Z18-60259
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Head TSL parameters at 5600 MHz

Fax: +86-10-62304633-2504
http://www.chinattl.cn

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0£0.2)°C 351+6% 5.18 mho/m £6 %
Head TSL temperature change during test <1.0°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 8.09mW/g

SAR for nominal Head TSL parameters

normalized to 1W

80.8 mW /g * 24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

2.32mW/g

SAR for nominal Head TSL parameters

normalized to 1W

23.2 mW /g £ 24.2 % (k=2)

" Head TSL parameters at 5750 MHz
Wand-calcmaimﬂi

The followin ions were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.4 5.22 mho/m
Measured Head TSL parameters (22.0+0.2)°C 34916 % 537 mho/m=6 %
Head TSL temperature change during test <1.0°C -——- -
SAR result with Head TSL at 5750 MHz

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

SAR measured 100 mW input power 7.70mW/g

SAR for nominal Head TSL parameters

normalized to 1W

76.9 mW /g  24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

217mW/g

SAR for nominal Head TSL parameters

normalized to 1W

21.6 mW /g  24.2 % (k=2)

Certificate No: Z18-60259
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Body TSL parameters at 5250 MHz

Fax: +86-10-62304633-2504
http://www.chinattl.cn

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.36 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 484 +6 % 5.32 mho/m £ 6 %
Body TSL temperature change during test <1.0°C e
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured

100 mW input power

746 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

74.4 mW /g % 24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

210mW/g

SAR for nominal Body TSL parameters

normalized to 1W

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

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 477+£6 % 5.79 mho/m £ 6 %
Body TSL temperature change during test <1.0°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 773 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

77.1 mW /g £ 24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

216 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

21.5 mW /g * 24.2 % (k=2)
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Body TSL parameters at 5750 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+0.2) °C 4856 % 5.93 mho/m +6 %
Body TSL temperature change during test <1.0°C -
SAR result with Body TSL at 5750 MHz
Condition

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

SAR measured 100 mW input power

7.43mW /g

SAR for nominal Body TSL parameters normalized to 1W

74.3 mW Ig % 24.4 % (k=2)

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

SAR measured 100 mW input power

2.08mW/g

normalized to 1W

SAR for nominal Body TSL parameters

20.8 mW /g £ 24.2 % (k=2)

Certificate No: Z18-60259 Page 6 of 14
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 50.3Q - 9.42jQ

Return Loss -20.6dB
Antenna Parameters with Head TSL. at 5600 MHz

Impedance, transformed to feed point 58.1Q - 7.15jQ

Return Loss -20.0dB
Antenna Parameters with Head TSL at 5750 MHz

impedance, transformed to feed point 53.5Q - 7.66jQ

Return Loss -21.8dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 49.5Q - 7.40jQ

Return Loss -22.6dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 58.0Q - 6.37|Q

Return Loss -20.5dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 54.5Q - 7.07jQ

Return Loss -21.9dB

Certificate No: Z18-60259
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.065 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

Certificate No: Z18-60259 Page 8 of 14
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DASYS5 Validation Report for Head TSL Date: 07.27.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1167

Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz,

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 4.822 S/m; er = 35.92; p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; o = 5.184 S/m; er = 35.14; p =

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.365 S/m; er = 34.88; p

= 1000 kg/m3,

Phantom section: Center Section

DASY5 Configuration:

«  Probe: EX3DV4 - SN7464; ConvF(5.68, 5.68, 5.68) @ 5250 MHz; Calibrated:
9/12/2017, ConvF(4.98, 4.98, 4.98) @ 5600 MHz; Calibrated: 9/12/2017,
ConvF(5.04, 5.04, 5.04) @ 5750 MHz; Calibrated: 9/12/2017,

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

« Electronics: DAE4 Sn1524; Calibrated: 9/13/2017

« Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

«  Measurement SW: DASY52, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 65.09 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 32.4 W/kg

SAR(1 g) = 7.69 W/kg; SAR(10 g) = 2.2 W/kg

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

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 63.53 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 36.2 W/kg

SAR(1 g) = 8.09 W/kg; SAR(10 g) = 2.32 W/kg

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

Dipole Calibration [Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 63.79 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 36.2 W/kg

SAR(1 g) = 7.7 Wikg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 19.0 W/kg

Certificate No: Z18-60259 Page 9 of 14
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dB

0 dB = 19.0 W/kg = 12.79 dBW/kg
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Impedance Measurement Plot for Head TSL

Trl s11 Log Mag 10.00ds/ Ref 0.000d8 [F1]
50.00

51 5.2500000 GHz -20.583 d8
40.00 7 5.6000000 GHz -20.003 dB
' 3 5.7500000 GHz -21.823 dB

30.00
20.00
10. 00
0.000
-10. 00

i 1
-20. 00

-30.00

-40.00

~50,00 '
J}m 511 smith (R+jx) scale 1.000u [F1 pell
51  5.2500000 GHz 50.314 0 -9.4158 0 3.219

5 5.6000000 GHz 58.136 0 -7.1538 Q 3.
3 5.7500000 GHz 53.485 0 -7.6562 Q d
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DASY5 Validation Report for Body TSL Date: 08.02.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1167

Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz,

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 5.316 S/m; €r = 48.42; p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; o = 5.789 S/m; er = 47.7; p =

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.926 S/m; €r = 48.45; p

= 1000 kg/m3,

Phantom section: Right Section

DASY5 Configuration:

«  Probe: EX3DV4 - SN7464; ConvF(5.29, 5.29, 5.29) @ 5250 MHz; Calibrated:
9/12/2017, ConvF(4.5, 4.5, 4.5) @ 5600 MHz; Calibrated: 9/12/2017,
ConvF(4.59, 4.59, 4.59) @ 5750 MHz; Calibrated: 9/12/2017,

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

« Electronics: DAE4 Sn1524; Calibrated: 9/1 3/2017

« Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

« Measurement SW: DASY52, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 64.14 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 31.9 W/kg

SAR(1 g) = 7.46 W/kg; SAR(10 g) = 2.1 Wikg

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

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 62.32 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 36.3 W/kg

SAR(1 g) = 7.73 W/kg; SAR(10 g) = 2.16 Wikg

Maximum value of SAR (measured) = 19.1 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 63.99 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 35.2 W/kg

SAR(1 g) = 7.43 W/kg; SAR(10 g) = 2.08 W/kg

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

Certificate No: Z18-60259 Page 12 0f 14
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dB
0

-7.48

-14.96

-22.43

-29.91

-37.39
0 dB = 18.0 W/kg = 12.55 dBW/kg
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Impedance Measurement Plot for Body TSL

Tri S11 Log Mag 10.00d8/ Ref 0.000dB {F1]
50.00

>L  5.2500000 GHz -22.577 dB
2 5.6000000 GHz -20.514 dB
40.00 | 3§ 7500000 GHz -21.939 dB

30.00
20.00
10.00
0. 000

-10.00

1
-20.00

-30.00

~40.00

~50.00

P S
Pl s11 smith (R+jX) scale 1.000u [Fl pel]

>L  5.2500000 GHz 49.484 0 -7.3972 0 4.098
2 5.6000000 GHz 57.956 0 -6.3720 0 4.
3 5.7500000 GHz 54.482 0 -7.0722 0 3«
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D5GHzV3, Serial No. 1167 Extended Dipole Calibrations

Referring to KDB 865664 D01 v01r02, if dipoles are verified in return loss (<-20dB, within 20% of prior
calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended.

5250MHz
D5GHzV3 - serial no. 1167
5250 Head 5250 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2018.08.03 -20.6 50.3 -9.42 -22.6 49.5 -7.40
2019.10.30 -20.3 1.5 50.9 0.6 -9.72 -0.3 -22.4 0.9 48.2 -1.3 -7.25 0.15
2020.10.30 -20.7 -0.05 50.19 -0.11 -9.09 0.33 -23.1 2.2 50.2 0.7 -7.03 0.37
5600MHz
D5GHzV3 — serial no. 1167
5600 Head 5600 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2018.08.03 -20.0 58.1 -7.15 -20.5 58.0 -6.37
2019.10.30 -20.1 -0.5 57.4 -0.7 -7.63 -0.48 -20.4 0.5 57.7 -0.3 -6.87 -0.5
2020.10.30 -19.99 0.05 58.2 0.1 -7.13 0.02 -20.1 1.95 58.9 0.9 -5.96 0.41
5750MHz
D5GHzV3 - serial no. 1167
5750 Head 5750 Body
Real Imaginary Real Imaginary
Date of Return-Loss | Delta Delta Delta |Return-Loss | Delta Delta Delta
Impedance Impedance Impedance Impedance
Measurement (dB) (%) (ohm) (ohm) (dB) (%) (ohm) (ohm)
(ohm) (ohm) (ohm) (ohm)
2018.08.03 -21.8 53.5 -7.66 -21.9 54.5 -7.07
2019.10.30 -21.1 3.2 53.0 -0.5 -8.58 -0.92 -21.6 14 55.2 0.7 -7.04 0.03
2020.10.30 -21.9 0.05 53.2 -0.3 -7.35 0.31 -21.6 14 54.2 -0.3 -7.60 -0.53
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<Justification of the extended calibration>

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.

Therefore the verification result should support extended calibration.

Dipole Verification Data> D5GHzV3, serial no. 1167
5250MHz - Head----2019.10.30

— - 1 = s § o I

5250MHz - Body----2019.10.30

g

o - 11 T e - s 8w (B
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5600MHz — Head----2019.10.30

5600MHz - Body----2019.10.30

5750MHz - Head----2019.10.30
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5750MHz - Body----2019.10.30

5250MHz - Head----2020.10.30

bl .

5250MHz - Body----2020.10.30
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5600MHz — Head----2020.10.30

—th

5600MHz - Body----2020.10.30

5750MHz - Head----2020.10.30
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5750MHz - Body----2020.10.30
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IMPORTANT NOTICE

USAGE OF THE DAE4

The DAE unit |s a delicate, high precision Instrument and equires careful l=aliment by the Usser, Thers ate no
samviceable pariy Insite the DAE. Special attenition shall be glvet! 1o the follewing polnis!

Battery Exchange; The battary cover of the DAEA unit is fixed using a serew, over lighlening the screw may cause
e threads Inside the DAE to wear oul.

Shipping of the DAE: Batore shipping the DAE to SPEAG far calibration, remove the ballenes and pack he DAE
in @n antistatic bag. This antistatic bag shall than be packed Into a larger box or conlaingr which protects thes DAE
from impacts during transportation, Thie package shall ba marked to indicate thal = lragils lrslument is Inside.

E-Stop Fallures: Toush deteclion may be malfunctioning due Lo broken iagnels i the E-slop. Rough handling of
the E-stop may lead lo damage of these niagnets, Touch and collision errors are often caused by dust and dirl
accumulated in the E-stop. To prevent E-slop fallure; \Me cuslomer shall always mount the probe fo the DAE
carelully and kesp the DAE unit In a nan-dusty anvironment if nol used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SFEAG resarves the
right to charge for any repair especially f rough unprofessional handling caused the defecl.

DASY Configuration Files: Since Ihe exacl values of the DAE Inpul resislances, as measured during the
calibration procadure of a DAE unil, are not used by the DASY software, a nominal value of 200 MOhm Is given In
the conesponding conliguration fils,

Important Note:
Warranty and calibration Is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oll the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Aveld any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The sama care shall be used when
disconnecting the probe from the DAE.

TN_EH190308AE DAE4.docx 07.03.2019
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|CALIBR&TION CERTIFICATE

Cibject DAE4 - SD 000 D04 BM - SN 1210

Calibritlion procathrais) QA CAL-0B.v30

Calibration procedure for the data acquisilion electronics (DAE)

Calbrabon date: Jduly 27, 2020

This ealibration cetificate documants Ihe tmceability to national standards, which realize (he phyaical unils ol msasursenis {S1).
The misasuraments and Ihe dneerainliss with conficsnee ottty are givien on (ho fallawing pages and ane par of e cedilicats

All ealibralions have besn condustsd i the closed labemtory facilty: envimnmant temporature (22 + 3)°C and humidity < 70%

Callbrndinn Eoutpmant weed (METE orifical lor calftration)

Prirmary Standands (10 f ] Cal Dale (Carificats No.) Sohsduled Collbratlon
Kelihley Multimeter Type 2004 SN: 0810278 03-Sep19 (No:25049) Sop-20

Saountary Standards 10 7 Check Date (in hotme) Sehadiled Chack
Autn DAE Calitwalion Uit 5E UWS 053 AA 1001 0B-Jan-20 {in house chechk) In housea chock: Jam21
Gallbraior Box V2.4 SE LUMS 008 AA 1002 | 09-Jan-20 (in hoogso chieck) In hiise check: Jar-2

Mame Funllon Signat

Calibrated by; Adliian Gahiring Labaratary Tachnlctan K ﬁ
1
&

Approved by: Svan Kihi Depuily Miriager TI '\ ) @J _LLUJ.F (

Issuad: July 27,2020

This calibration certificate shall not be repoduced excapt in full withou wrhitten approval of the tabomloty,
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Accradimtion No.: SCS 0108

DAE

data acquisition electronics

Connector angle  information used in DASY systemn 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 instrumen! fraceable to national standards. The figure given
corresponds lo the full scale range of the voltmeter in the respective range.

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

» The following parameters as documented in the Appendix conlain technical information as a
result from the performance lest and require no uncertainty.

DC Voltage Measurement Linearity: Verification of the Linearity al +10% and -10% of
the nominal calibration veltage. Influence of offset voltage is included in this
measurement.

Common mode sensifivity: Influence of a positive or negalive common mode voltage on
the differential measuremant.

Channel separation: Influence of a voltage on the neighbor channels not subject to an
input vollage.

AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero Input voltage

Input Offset Measurement. Output voltage and statistical resulls over a large number of
zero voltage measurements.

Input Offsel Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

Input resisiance: Typical value for information: DAE input resistance at the connector,
during Internal auto-zereing and during measurement.

Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

Fower consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1210_Jui20 Fage 2.0 5



DC Voltage Measurement
ND - Convertar Resolution nominal

High Range: 1L8B = B.ApV, hiltange =  -100...4300 mV
Low Range: 1L88= GinV, ll range = 1., 43mV
DASY measuremen! paramelars: Aulo Zero Time: 3 sec;, Measuilng lime; 3 sec
Calibration Faclors X : § Z
High Range 404.162 + 0.02% (k=2) | 404.982 + 0.02% (k=2) | 405.080 £ 0.02% (k=2)
Low Harlgﬂ 3.880851 + 1,508 (k=2) | 3.99082 £ 1.50% (k=2) | 385059 + 1.50% (k=2)

Conneclor Angle

Connector Angle to he sad in DASY system 60%:1 "

Cenificate No: DAE4-1210_Jul20 Page 30l 5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Lineariiy

High Range Reading (uV) Difference (uv) Error (%)
Channel X + Input 1009496.55 {186 0.00
Channel X + Input 2000346 0.,
Channel X = Input -16840.22 2.96 0,01
Channel ¥ + Input 198435.01 -0.81 000
Channel ¥ + Input 20000.50 0,99 -0.00
Channel Y = Input 2000174 (.48 =000
Channel Z + Input 1899893.65 -2.06 0.4
Channel Z + Inpul 2000067 452 -0.00
ChannelZ - Input 20002 17 0.12 0.00
Low Range Reading (V) Differance (V) Error (%)
Channel X + Inpul 2001 .48 004
Channel X + Inpul o2 0,48
Channel X = Input -198,74 0,08 0.04
Channel Y + Input 200111 0.02
Channel ¥ + Input 200.80 -0.24 0,12
Channel ¥ = Input -1949 54 -0.82 0.42
Channs| Z + Input 2000.50 -0.11 -0.01
Channel Z + Input 200.24 -0.82 -0.41
Channel 2 = Input -198 /9 -1.02 0.52
2. Common mode sensitivity
DASY measurament parametars: Aulo Zero Time: 3 sac: Meaasuring time: 3 sec
Common made High Range Low Aangse
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 -6.78 -B.80
- 200 10.14 8.29
Channel ¥ 200 -8.84 -8.15
- 200 875 8.46
Channel £ 200 12.20 12.07
- 200 ~1474 -14.25
3. Channel separation _
DASY measuremant parametars: Aulo Zerp Time: 3 sec; Measuring time: 3 sec
Input Yollage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (V)
Channel X 200 - -4.04
Channel ¥ 200 8.386 2.84
Channel Z 200 8.58 -

Catlilicate No: DAE4-1210_Julzn
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4. AD-Converter Values with inputs shorted

DASY measurement patamaters: Auto Zefo Tinle: 3 sec; Measuting lime: 3 sec

High Range (LSE) Low Range (LSB)
Channel X 15961 158523
Channel Y 15842 15701
Channel 2 15867 16122
5. Input Offset Measurement
DASY measuremen| parametars: Aute Zero Tima: 3 sao! Magsuting tiine 3 dec
It 100ALY
Average (uV) min. Offsel (V) | max. Ofiset (uV) Std. ?::;““u"
Chanrel X -0.08 1.7 147 0.dp
Chanrel ¥ ()23 A 0.68 0.40
Channol Z 0,14 .59 |76 0.36
6. Input Offset Current
Nominal Input crouitry offset current on all chanrals: <25
7. Input Resistance (Typical values for infarmatiorn)
Zeroing (KOhm) WMeasuring (MOhm)
Channel X 200 200
Channal Y 20 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical vilues lor irilarmation)
Typical values Alarm Level (VDC)
Supply (+ Veco) +7.8
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by {mA) | Transmitting (mA)
Supply (+ Vee) +0.01 #14:
Supply (- Vee) ~0.01 -8

Certificate Na: DAE4-1210 Juf20
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CALIBRATION CERTIFICATE

Object

Calibration Procedure(s)

(DAEX)

Calibration date:

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%.

DAE4 - SN: 918

FF-Z11-002-01
Calibration Procedure for the Data Acquisition Electronics

June 22, 2020

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID #

Cal Date(Calibrated by, Certificate No.)

Scheduled Calibration

Process Calibrator 753 | 1971018 16-Jun-20 (CTTL, No.J20X04342) Jun-21
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer &,Jdt:)
Reviewed by: Lin Hao SAR Test Engineer ;_"ﬁqﬁt}% et
Approved by: Qi Dian ; I e e
yuan SAR Project Leader :

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

Issued: June 24, 2020

Certificate No: Z20-60238
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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.

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

Certificate No: Z20-60238 Page 2 of 3
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = ol [CE, +3mV

DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec

Calibration Factors

X

¥

Z

High Range

404.326 + 0.15% (k=2)

404.502 + 0.15% (k=2)

404.038 + 0.15% (k=2)

Low Range

4.01087 £ 0.7% (k=2)

3.99141 + 0.7% (k=2)

4.00884 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

321.5%£1.°

Certificate No: Z20-60238
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client  Sporton

Certificata Ho: EX3-3819_Apr20

CALIBRATION CERTIFICATE

Ciopect

Calibeutin procedurs(s)

Caalibration dats

EX3DV4 -SM:3819

QA CAL-01.48, QA CAL-14.v5, QA CAL-23.v5, QA CAL-25.7T

Calibratic cadlits for desifietric E:Asld probos

Callbration Equipment uzad (METE critical for callbration)

This talibration cemilicate decurmsnts he rEoesbiity to nafionsl siandards; which jaaiize the physcal unils of measursments (81
Tha messlismants and e uncaraintes with canfidsncs pobabilly ars given o tha following pagoes andare part of the serttcate

Al esilbrations have been condugtsd o the clossd labomtory f=fity. eoviconment lampormluts (22 3 3)°C and fiumdity < T0%.

Primary Standards D Cal Dats {Cerfificats Ko, Scheduted Calibmtion

Puwes malir NP SN 14778 01-0pr-20 [No. 21 7-03100/83101) Apr21

Power ssnsor NRP-Z83 SN 103244 01 -Ap=20 (No. 217-03100) Aprd]

Powes sencor NRP-Z91 SN 103245 01-Apr-20 (Ne. 217-03101) Apra

Referance 20 48 Atl=nuslon SN CCI552 (208 31-Mar-20 (No. 217-02108) Apr2

DAES Shl gl 27:0ee-18 (Mo DAESH60_Dacid) Disc-2

Referance Probe ES30N2 SN M3 31-Dep-12 (Mo E53-3013_Dec1y) o241

Sacondary Standards i Chech Date (in houss) Seheduled Chinck

Fowss melar E44198 SH: GEA1203874 06-Apr-18 {in house check Jun-18) 1 ousa shack: Jun-20

Power sensor Ed4124 SN MY 4140504T 06-Apr-16 [in hiouse check Jun-18) In house chesk: Jun-20

Power sarmol E4412A SH: 00170210 06-2pr- 10 (in house check Jus-18) Ih houss check: Jun-20

AF genermtos HP BEABC SN US3E4F001700 04-4410-99 (in house check Jun-18) I house chech: Jun-20

Nehwork Anslyzel E8358A SN: US4 1080477 31-Ma-14 (in house chack Oct-15] in house check: Oe-20
Name Funcion Signiaturs

Calibrated by Lsif Klyssar Liaboratery Technician iﬂ f @

Approved by, Katia Pokovic

Tethnlial Manager /’Z@

Thils calitvslicn certificate shal nol be reprodunsn gxcepl i full withou! wrillen appreval of the laborstony

Issusd! Aprll 30, 2070

Cerlificale Ne; EX3-38108_Apr20
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Glossary:

TEL tissua simulating liquid

NORMux,y.2 sensitivity in free space

ConvE sensilivity in TSL / NORMx,y.2

DCP rliode compression paint

GF erest factor (1/duty_cycle) of this RF signal

AB.C,D medulation dependent linsatization parameters

Polarization inratation around probe axis

Polarzation 8 % rotation around an axis that is in the plane nommal o probe 3xis (al measurement canler),
i, 8 =0 s nomal to probe axis

Conneptor Angle information used In DASY system to align probe sensaor X 1o the robol coordinate systam

Calibration is Performed According to the Following Standards:

al |EEE Std 1528-2013, “IEEE Regommendad Praclica for Delermining the Peak Spatial-Averaged Spacific
Absorption Rate (SAR) In the Human Head from Wirsless Communications Devices: Measuramen
Techniques", June 2013

bl IEC 62209-1, ", "Measuremen| procedure for the assessment of Specilic Absarption Rats (SAR) fram harid-
held and body-mounited devices used next to the ear (frequency range of 300 MHz to @ GHz)'", July 2016

¢) IEC 62209-2, “Procedure to determing the Specific Absorption Rate (SAR) for wirsless communication devices
used In close proxirity to the human body (frequency range of 30 MHz to 8 GHz)" March 2010

d) KDB BES664, “SAR Messurement Requirements for 100 MHz to 6 GHz”

Methods Applied and Interpretation of Parameters:

s NORMx,yz Assessed for E-field polarization & = 0 {f < 900 MHz in TEM-cell, f = 1800 MHz R22 waveguide),
NORMY,y,z are only intermediale values, Le., the uncertainlies of NORMx y,z dees not affect the £ fiald
uncartainty inside TSL (sea below ConvF).

«  NORM(fix,y,z = NORMx,y,z * frequency_respanse (see Frequency Response Chart). This inearization is
implamented in DASY4 software varsions later than £.2. The uncertanty of the frequency response s Inclutded
It the stated uncerainty of ConvF,

s DCPx,yz: DCP are numerical linearization parameters assessed based on the dala of powear swesp with CW
signal (no uncentainty required). DCP does naot depend on frequency nor media.

» PAR' FAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics _

o AxyZ Bxy.z: Cryz Duyz VRxy.z: A B, C, D are numerical linearization parametars assessed basad an
the data of power sweep for specific modulation signal. The parametars do nol depend on fraquancy nor
madia, VR is the maximum calibration range axpressed in RMS vollage across the diods.

«  ConvF and Boundary Effect Parameters; Assessed In flat phantom using E-field (or Temperalura Transfer
Standard for 1 < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for T > 800 MHz. The same setups are used for assessmaril of the parameters applied for
boundary compensation (alpha, depih) of which typical uncertainty values are given. These paramelers are
usad in DASY4 software to improve probe accuracy closs to the boundary. The sansitivity in TSL corresponds
to NORMs,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF ia used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
hHz

« Spherical isatropy (3D deviation from isotropy): in a field of low gradients realized using & flat phantom
exposed by a patch antenna.

» Sensor Offsef: The sensor offset corresponds to the offsst of virtual measurement center fram the probe tip
(on probe axis). No tolerance required.

« Connectar Angle: The angle is assessed using the infarmation gained by delermining the NORMx (no
uncertzinty raguired).

Cartificaie No: EX3-3619_Apr20 Paga2of8



EXIDVE —Sh 318

Basic Calibration Parameters

April 30, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Sensor X SensorY Sensor £ Unec (k=2)
Narm {uwéwmj“}’-* 0.46 D1 0.46 £101%
| DCP (mV) 104.6 1015 102.0
Calibration Results for Modulation Response
uip Communication System Nama A B C b VE Max Une"
dB dBvuv dBE: my dev. (k=2)
D W X 0.0 0.0 1.0 000 | 156.7 | £35% | t47%
¥ 0.0 0.0 10 1485
| Z 0.0 0.0 10 1392

The nal:rortﬁd uncartainty of measurement is stated as the standard uncerlainty of measuremeni

mittipl

ed by the coverage factor k

probability of approximately 95%.

=2, which for a normal distribution corresponds to a coverage

* THi nsEraintes of Nom XY Z do nok affass the E sl uncertainty insida TSL (ses Page 5

" Wumerral linesrization parameten uncertamty net regulred.

' Unceaity B detemined uslng he max devistion from inesr responee applying reclanguisr distrpution Snd @ sxpressad for the squars of the

Tieeled vatue

Cetificate No; EX3-3849. Apr20

Page 30of 9




ExADV4- BN:3816 April 30, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Other Probe Parameters

Sangor Amangement Triangular
Connectar Anate () 113.9
Mechanical Surface Detaction Mode enabled
Opiical Surface Detection Mode disabled
Proba Overall Langlh 337 mm
| Probe Body Dismeter 10 mm
Tip Langth S mm
Tip Ciamaler 2.5mm
Frabe Tip to Sensor X Caliralion Poinl 1 mm
Prabe Tip lo Sensor ¥ Calibration Poinl 1 mm
Probe Tip o Sensor Z Calibration Fainl 1 mrt
Recommended Megsurement Distance from Strface 1.4

Certificata Mo: EX3-3819_Apr20 Page 4 of 9



EX3DV4- SN:3818 April 30, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3819

Calibration Parameter Determined in Head Tissue Simulating Media

Relntive Conductivity | Depth © Unc
fiMHz) S | Permittivity” (8im)* ConvEX | ConvFY | ConvFZ | Alpha® ! (mm) (k=2)
750 419 0.89 9.84 9.64 .64 0,52 0.80 £120%
836 41.5 0.90 9,39 9,39 9.29 0.50 0.80 +120%
o 415 0.97 926 9.26 9.26 (.39 0.98 +120%
1750 40.1 1.37 843 8.43 8.43 0.34 0.80 £120% |
1600 40.0 1.40 8.10 8.10 8.10 047 0.80 +12.0 %
2000 40,0 1.40 7.95 7.5 7.95 0.30 0.86 +£12.0%
2300 395 1.67 7.66 7.66 7 E6 0.32 0.80 +120%
2450 39.2 1.80 7.42 742 7.42 0.38 0.90 +£12.0 %
2600 39.0 1,98 7.22 7.22 7.22 0.38 0.80 £120%
3300 382 2.7 6.91 6.91 8.91 0.20 1.20 +14.0%
3500 370 2.9 6.84 6,84 8,84 025 1.20 +14.0 %
3700 3rT 312 6.76 B.75 6.76 0.25 1.2 +14.0 %
3900 a7.5 3.32 640 6.40 6.40 0.30 1,60 +14.0 %
4100 ar.2 353 6:38 £.39 6.30 (.30 1.60 +14.0 %
4400 36.9 3.84 6.07 6.07 6.07 0.30 1.60 + 14,0 %
4600 36.7 4.04 5.08 5,98 508 0.30 1.70 +14.0 %
4800 36.4 4.25 5.88 5.88 5.88 0.45 1.80 +14.0 %
4960 36.3 4.40 572 5,72 572 0.45 1.80 +14.0 %
5250 35.9 471 5.02 5.02 5.02 0.40 180 | #14.0%
5600 35.5 5.07 4.56 4.56 4.56 040 1.80 +£14.0%
5750 35.4 522 483 453 4.63 0.40 1.80 +14.0%

F Frequensy valdity abiove 300 MHz of + 100 MHzonly appliss for DASY v4.4 and higher isee Page 2), slee fl 2 festricted ta o+ 50 MHz Tha
uticesinty (s the RSS of the ComE uncarainty at callbration frequency and the uncertminly for \ha Indicated freqlancy band. Fiegquanty validity
bl 300 MHz i34 10, 25, 40, B0 and 70 Mz for ConvF assassmants at 30, 64, 128, 150 and 220 MHz respestivaly, Validity 6F ConvF nesssssd al
G MHz Is 4-9 MH:. and ComvE assessed ot 13 MHz 818 MHz Above 5 GHr fraguiancy valldily can be extanded 1o = 110 MHz

" Al treduencigs Lp to © GHz. tha valldity ot tissue parameters (i ond o) can be relaxed to = 10% if iquid compensaton farmuia s applisd to
measured SAR values. The uncertaiity is ffe RSS of the ConvF uncertainty for indicaled targel tiszue pammetss.

" slpha/Depth are detemined during calibestion. SPEAG warrents that Ihe remaining daviafipn due 1o the baynizary affect aftar comprnsation s
always fese than = 1% for frequencies balow 3 GH2 and below & 2% fnr frequenciss between 3-8 GHz at sny distance tatger than kall the pmbe tip
digmates lrom the boundary. '

Caortificate No: EX3-3818_Apr20 Page:5of @
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Freguency response (nomalized)
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Uncertainty of Frequency Responss of E-field: +6.3% (k=2)
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Uncertainty of Axlal Isotropy Assessmant: £ 0.5% (k=2)
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Dynamic Range f(SAReaq)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

I'= 806 MiHz. WGLS R8(H_convF) { = 1900 MHz WELS R22 (H_convF)

Deviation from Isotropy in Liquid
Error (¢, 8), f=900 MHz
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Ungertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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CALIBRATION CERTIFICAT
Object EX3DV4 - SN : 3826

Calibration Procedure(s) FE-Z11-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: May 20, 2020
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
Power Meter NRP2 101919 18-Jun-19(CTTL, No.J18X05125) Jun-20
Power sensor NRP-Z91 101547 18-Jun-18(CTTL, No.J18X05125) Jun-20
Power sensor NRP-Z81 101548 18-Jun-18(CTTL, No.J18X05125) Jun-20
Reference 10dBAttenuator | 1BN50W-10dB  10-Feb-20(CTTL, No.J20X00525) Feb-22
Reference 20dBAftenuator | 1BNS0W-20dB 10-Feb-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DV4 SN 3617 30-Jan-20(SPEAG, No.EX3-3617_Jan20/2) Jan-21
DAE4 SN 1556 4-Feb-20(SPEAG, No.DAE4-1556_Feb20) Feb-21
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605 18-Jun-19(CTTL, No.J18X05127) Jun-20
Network Analyzer ES071C MY46110673  10-Feb-20(CTTL, No.J20X00515) Feb-21

MName Function Signature

Calibrated by: Yu Zongying SAR Test Engineer % }ﬁ.\.’:ﬁt)

Reviewed by: Lin Hao SAR Test Engineer e r}ﬁ Mo

Approved by: Qi Dianyuan SAR Project Leader e

lssued: May 22, 2020
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

NORMx y,z sensitivity in free space

ConvF sensitivity in TSL/ NORMx.y,z

DCP diode compression point

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

ABCD modulation dependent linearization parameters

Polarization ® @ rotation around prabe axis

Polarization 8 & rotation around an axis that is in the plane normal to probe axis (al measurement center), |

8=0 is normal to prabe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

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, "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"

Methods Applied and Interpretation of Parameters:

o NORMyx, y 2z Assessed for E-field polarization 8=0 (f<800MHz in TEM-cell, f>1800MHz: waveguide).

NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E’ field uncertainty inside TSL (see below ConvF),

o  NORM(fx vz = 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 ConvF.

o DCPx y z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required), DCP does not depend on frequency nor media.

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

o Axyz Bxyz Cxyz;VRx yz:AB,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters. Assessed In flat phantom using E-field {or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF, A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

e Spherical isotropy (3D deviation from isotropy). in a field of low gradients realized using a flat
phantom exposed by a patch antenna.

« Sensor Offsef: The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncartainty required).
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