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
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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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Ca"br_'at'on Laboratory of Q&&\J///’/,; S Schweizerischer Kalibrierdienst
Schmid & Partner ilaﬁ%% c Service suisse d'étalonnage

Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Y, /ﬁ\\\\\‘ S  swiss Calibration Service
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
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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
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Schmid & Partner i}‘:"‘é—:—{"’m{‘- c Service suisse d'étalonnage
Engineering AG St Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland e S swiss Callbration Sarvice

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

The Swiss Accreditation Servics ia one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cartificales

Client Sporton
CALIBRATION CERTIFICATE

Chiject D3Y00V2 - SN:1022

Certificate No: D3900V2-1022_Jul19

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

Calibration procedina(s)

Callbration date: July 11, 2019

This calibration cadificale documents thi traceabilily to national standérds, which realize the physical units of measuraments (sh,
The measuraments and the uncarainties wilh confidence probahility ara given on the following pages and are parl ol Ihe cartificate,

Al calibrationis have been conducted |n tha closed ubaratory facility: environmen temperature (22 « 3)"C and humidity < 0%,

Calibration Equipmen! Used (M&TE criieal lof callbration)

Primary Standands iRl (Cal Data (Cortilickls Moo Scheduled Calibraton

Power mejer NEFP Sh; 104778 gd-Apr=10 (Mo, 21 7-028082/02883) Apr-20

Power sensor NAP-Z97 SN; 103244 03-Apr-18 (Mo, 217-02882) Apr-20

Power sensor NAP-291 SN: 105245 0a-Apr-18 (No. 217-02803) Apr-20

Refetanca 20 dB Atlanuaior SM: 6058 (200k) 04-Apr-18/(No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 F 06327 p4-Apr-18 {No, 217-02855) Apir-20

Falerance Frobe EX30V4 Shi: 3603 25-Mar-19 (No. EX3-3803. MariB) Mar-20

DAE4 S B01 I-Apr-18 (No. DAE4-601_Apr1) Apr-20

Secondary Standards I3 # Check Data {in housal Scheduled Chagk

Power meler E4419E SN; GHAA512475 30-0et=14 {in house chagk Feb-18) In house check: Ooi-20

Power sansor HP B4B1A SN Us37eoziad O7-001-15 (in hotse check Oel-18) In house check: Oat-20

Power sansor HF B481A SH: MY41083317 07-CietA5 {in house chiack Oct-18) in house check: Oct-20

AF generator &S SMT-06 SN: 100972 15-4un-15 (in holse chéck Oct-18) In hause check: Cot-20

Network Analyzer Agilant EB3584 | SN: LIS41080477 F1-Mar-14 (in hoise check Dat-18) In housa chack: Cetl-18
Mame Functlon Signaiurs

Calltirated by Jston Kastral Laboratory Teehnician w

Approved by: Kalla Pokavic Taohnical Managar

A

lsaued: July 11,2018

This callbration carificale shall not ba reproduced excapt in full without wrilten approval of the laboralory,

Certificate No; D39D0V2-1022_Jul19 Page 10l 6
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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 6 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:

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

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

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

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

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

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

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

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

Certificate No: D3900V2-1022_Jul1s Page 2 ol &



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



DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 3900 MHz; Type: D39200V2; Serial: D3%00V2 - SN:1022

Communication System: UID (0 - CW; Frequency: 3000 MHz, Frequency: 4100 MH;:
Medium parameters used: f=3900 MHz; o= 3.23 8/m; g = 37.2; p= 1000 Iiga’m
Medium parameters used: [ = 4100 MHz; o =3.4] S/m; £, =37, p= 1000 kg/m'
Phantom section: Flat Section

Mensurement Standard: DASYS (IEEE/IEC/ANS] €C63,19-2011)

DASYS2 Configuration:

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

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electionits: DAE4 Sn601; Calibrated: 30.04.2019
Phantom: Flat Phantom 3.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS2 52.10.2(1504); SEMCAD X 14.6.12(7470)

Date: 11.07:2019

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

Referenice Value = 73.25 Vim; Power Drift = 40.09 dB
Peuak 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 Vilte = 69.96 V/im; Power Drift =0.01 dB
Peak SAR (extrapolated) = 19.0 Wikg

SAR(1 g) = 6.64 W/kg; SAR(10 g) = 2.32 W/kg
Maximiim value of SAR (measured) = 13.2 Wikg

dB
0

-7.00

-14.00
-21.00
-28.00
-35.00

DdB= 137 W/ke=11.37 dBW/kg

Certificate No: DA900V2-1022_Jul1 2 Page 5of 6




Impedance Measurement Plot for Head TSL
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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.
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Dipole Verification Data> D3900V2, serial no. 1022
3900MHz - Head

M 511 Log Mag 10.00ds/ Ref 0.000dE

1 Start 3.7 GHz TFBW 70 kHz stop 4.3 6Hz I | 1 et 1.5 i 18k Ereel |

4100MHz - Head

11 Log Mag 10.00d8/ Ref 0.000dB

10.00

-10.00

[1 start3.7 GHz TFBW 70 kHz stop 4.3 Griz 0| |+ % =TT e s 4.2 s B
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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
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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)
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Body TSL parameters at 5250 MHz
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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)
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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

Page 7 of 14




® in Collaboration with

_—
&77] s p e a9

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel; +86-10-62304633-2512 Fax: +86-10-62304633-2504
E-mail: ctti@chinattl.com http://www.chinattl.cn

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

— - T - T ]

5250MHz - Body----2019.10.30

g
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5600MHz — Head----2019.10.30
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5750MHz - Body----2019.10.30

5250MHz - Head----2020.10.30

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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CALIBRATION CERTIFICATE
Object DAE4 - SN: 715
Callbration Procedura(s) FF-241-002-01
Callbration Procedure for the Data Acquisition Elsctronics
(DAEX)
Calibration date: July 27, 2020

This calibration Cerlificate documents the traceability lo national standards, which realize the physica
measlrements{Sl). The measuraments and the uncertainties with confidence probability are givan on the
pages and are part of the cedificate.

All calibralions have been conducted in the closed laboratory facility. environment lemperatura22+3°¢ and

humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

I units of
following

Primary Standards D # Cal Date(Callibrated by, Certificale Na ) Secheduled Callbration
Process Calibrator 753 | 1871018 16-Jun-20 (CTTL, No.J20X04342) Jun-21

Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer /:;-»—’:t")
Reviwed by: Lin Hao SAR Tesl Engineer ﬂ‘ﬂ‘FJ%)

‘Approved by: Qi Dianyuan SAR Project Leader %

Issued: July 29, 2020
This calibration certificate shall not be reproduced excepl in full without written approval of the laboratory.
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TTL In Callaboration with

Ak No ST Xoeyuan Romd, Haidion Distiicl. Beijing, 100191, Ching

Fel: +86-10-623M633-2512 Fox; #86-1 06230063 3-2504

E-mail: clli@ehimatil com Hipfwww, chinmil.cn
Glossary:
DAE data acquisition electronics

Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system. '

Methods Applied and Interpretation of Parameters: |

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

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

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

Certificate No: Z20-60271 Page 2 ¢l 3




In Collsboraton with

177.s p e a g

Al WooS1 Kuevunn Road, Haidian Distrlel, Betjing, 100191, China

Tol; +86-10-62304633-2512
Eartril: ellidehinattl com

ooy -86-1 (6230963 5-2 500
Hup:fiwww.ehimattl, cn

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1se= 814V, full range = -100.. +300 mV
Low Range: 1LsB= 8inV,  full ange = A3V
DASY measurement parametars: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 405.113 + 0.15% (k=2) | 404,657 £ 0,15% (k=2) | 404,478 + 0,15% (k=2)
Low Range 3.98921 % 0.7% (k=2) | 3.97649 + 0.7% (k=2) |3.97576.£0.7% (k=2)
Connector Angle
330/5%4 1"

Connector Angle o be Used i DASY systaii

Certificate No: Z20-60271

Page 3ol 3




Sehimid & Partner Enpinseting AG S e 4a

Zaufhilairasse 43, BEDA Tutich), Switzeriand
Phioreh 2421 44} 245 G700, Faa +41 412455710
wWoya =ooal swiss. Infol@apang. swiss

1246
IMPORTANT NOTICE
f? g L 'lﬂ')

USAGE OF THE DAE4

The DAE unit ls. a delicate, high preclsion Instrument and requires careful latinent by the User. Thele ate no
samviceable pariy Insite the DAE. Special atignition shall be glvet 1o the follewing poinis:

Battery Exchange; The batiary cover of thi: DAEA unil is lixed using a serew, over lighlening the sarew may cause
e thrsads side the TAE to weak oul.

Shipping of the DAE: Batore shipping the DAE to SPEAG far calibration, remove the balleres and pack he DAE
in &n antistatic bag. This anlistatic bag shall then be packed into a larger box or conlainer which profects his DAE
from Impacts during transpartation, Thie package shall b marked to indicate thal = ragile lnslrument is Inside.

E-Stop Fallures: Touth detection may be malfunctioning due lo broken thagnets il the E-stop. Rougll handling of
the E-stop may lead lo damage of these niaanets. 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 anvirohment if nol used for measuremeants.

Repair: Minor repairs are performed at no extra cast during the annual calibration. However, SPEAG reserves the
right to charge for any repair especially f rough unprefessional handling caused the defecl.

DASY Gonfiguration Files: Since Ihe exacl values of the DAE Inpul resistances, as measured during he
calibration procadure of a DAE unil, are not usad by the DASY software, a nominal valua of 200 MOhm Is given In
the conesponding cotliguration 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. Avold any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

TN_EH190308AE DAEA.docx 07.03.2019
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Callbration Routpmaent wsed (METE oribal for calitiration)

Calibration procedure for the data acquisiion electronics (DAE)
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Glossary

DAE

data acquisition electronics

Connector angle  information used in DASY systemn to align probe sensor X ta the robot

coordinate system,

Methods Applied and Interpretation of Parameters
« DC Voltage Measurement: Calibration Factor assessad 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 respeciive 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 contain technical information as a
result from the perlormance lesl 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 separatiori: 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 Offsel Measurement: Output voltage and statistical resulls over a large number of
zero voltage measurements.

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

Input resistance: 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 batlery’
alarm signal is generated.

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

Certiticate No; DAE4-1210_J)120 Fage 2.0f 5



DC Voltage Measurement
ND - Conventar Resolltion nominal

High Range: 1LSBE = GRS lil tange = -100...+300 mV
Low Range: 1L8B= g1V, full range = -1, 43mV
DASY measurament paramelars: Aulo Zero Time: 3 see; Measwing ime; 3 sec
Calibralion Factors X Y. 7
High Range 404.162 + 0,02% (k=2) | 404,982 £ 0.02% (k=2) | 408,080 £ 0.02% (k=2)
Low Range 3.98051 + 1.50% (k=2) | 3.99092 £ 1.50% (k=2) | 305059 £ 1.50% (k=2)

Conneclor Angle

Connector Angle to he ssd in DASY aystem 0% "

Getilicate No: DAE4- 1210 Jul20 Page3ol5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Lineariiy

High Range Reading (uV) Difference (V) Error (%)
Channel X + Input 199996.55 {186 0.00
Channel X + Input 2000346 1.82 o.M
Channel X - Input -10860,22 2.95 0,01
Channel ¥ + Input 186985.01 -0.81 -0.00
Channel ¥ + Input 20000.50 0,99 0.00
Channel Y = Input 2000174 .48 -0.00
Channel Z + Input 189993.65 2.06 -0.00)
Channel Z + Inpul 2000087 4).52 4,00
Fchnnm.-l Z < Input 20002 17 012 -0.00
Low Range Reading (V) Differanioe (j1V) Error (%)
Channel X + Input 200148 o 0.04
Channel X + Inpul R i 0.99 048
Channel X = Input -194,7: 0,08 0.04
Channel ¥ + Input 2001.11 0,41 0.02
Channel Y + Input 200.90 0.24 0,12
Channel ¥ = Input -169.54 -0.a2 .42
Channs| Z + Input 2000050 0.1 0.0
Channel Z + Input 200,24 :p.a2 .41
Channel Z < Inpul -149 659 -1.02 0.52
2. Common mode sensitivity
DASY measurement parameters; Aulo Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Rangs
Input Voltage (mV) Average Reading (uV) Average Reading (V)
Channel X 200 -6.78 a0
- 200 10.14 8.29
Channel Y 200 8.84 8,15
- 200 875 B.46
Channel Z 200 12.20 12,07
- 200 -14.74 14.25
3. Channel separation _
DASY measurement parametars: Aulo Zerp Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (V) | Channel ¥ (uV) | Channel Z (1V)
Channel X 200 . 2,65 404
Channel ¥ 200 0.36 - 2.84
Channel Z 200 9.58 7.02 -

Carlificate No: DAE4-1210_JulZd
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4. AD-Converter Values with inputs shorted

DASY measurement patamaters: Aute Zeio Tinle: 3 sec; Meaauting lime: 3 see

High Rangs (LSE) Low Range (LSB)
Channal X 15961 15523
Channel Y 15942 15701
Channel Z 15867 16022

5. Input Offset Measurement

DASY measuremeni parameters: Aulo Zero Tine: 3 sad, Maasuiing tiinm 3 diec

[t TOMALY
Average (V) min. Offsel (V) | max. Ofiset (uV) Std, ?::;“ﬁu"
Channel X -0.08 .17 1,47 0.4z
Chanrel ¥V (423 = 1A 068 0.40
Channel Z 014 .59 |76 0.88
6. Input Offset Current
Nominal Input clrouitry offset current on all elanials: <25
7. Input Resistance (Typical values for information)
Zoroing (kOhm) WMeasuring (MOhm)
Channel X 2010 200
Channel Y 200 200
Channel Z 200 200
8. l.ow Battery Alarm vnltnge (Typical valles lor inlarmation)
Typical values Alarm Level (VDC)
Supply (+ Vco) 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) 40,01 +8 14
Supply (- Vee) -0.01 -8 -8

Certificate No! DAE4-1210. Jui20
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Client Auden Certificate No: DAE3-528 Mar20
CALIBRATION CERTIFICATE I

Object DAES - SD 000 D03 AA - SN: 528

Calibratidn procedure(s) QA CAL-06.v30

Calibration procedure for the data acquisition electronics (DAE)

Callbration date: March 16, 2020

This caiibration centificate documents the traceabilify to national standards, which realize [he physical units of measuramants {51},
The measurements and the uncertainties with confidence probahility ara given on Ihelollowing pagas and sre part of the cerfificals.

Al eaiirations have been conductad In (ke dased inboatory facility: amvirahment lempemtung (22 « 3)°C apd hamidity < 705

Calibration Equipment used (M&TE critical for calibration)

Primany Standards D Cal Date (Cartificate Mo Scheduled Calibration

Kaithley Multimater Type 2001 SN: 0810278 03-5ap-19 (No:25949) Sep-20

Setondary Standards o4 Chisck Date (in holss) Scheduled Chadk
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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 following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

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

Commen mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

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

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

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

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

Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

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

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

Cerificate No: DAE3-528_Mar20 Page 2ol 5



DC Voltage Measurement
A/D - Converter Reselution nominal

High Range: 1LSB = 6.1V, full range = -100...+300 mV
Low Range: 1LSB= BinV . full range = -1, . .+3mV
DASY measurement paramaters: Auta Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.513 £ 0.02% (k=2) | 404.615 + 0.02% (k=2) | 404.537 £ 0.02% (k=2)
Low Range 3.97100 + 1.50% (k=2) | 3.95930 + 1.50% {k=2) | 3.96568 + 1.50% (k=2)

Connector Angle

Connector Angle 1o be Used in DASY system aco~x1°

Certificate No: DAE3-528_Mar20 Page 3015



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 200037 .58 328 .00
Channel X + Input 20008.65 3.92 0.02
Channel X = Input -20001.89 d.a2 -0.02
Channel ¥ + Input 2D0037.90 3.50 6.00
Channel ¥ + Input 20005.83 031 0.00
Channel ¥ - Input -20005.73 -0.03 0.00
Channel Z + Input 200033.51 -0.62 -0.00
Channal 2 + Input 20008.48 .89 0.00
Channel Z - Input -20008.01 -0.27 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.68 0.24 0.01
Channel X + input 201.08 -0.22 011
Channel X - Input -188.83 -0.12 D.08
Channel ¥ + Input 2001.70 Dag ooz
Channel ¥ + Input 200,70 -0.24 -0.12
Channel ¥ - Input -199.76 -0.76 0.38
Channel Z + Input 2001.03 -0.04 -0.00
Channel Z + Input 201.25 040 0.20
Channel 2 = Input -189.29 -0.32 0.16
2, Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
input Vaoltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 959 7.82
- 200 -T.34 -B.76
Channel ¥ 200 14.74 14.93
- 200 -16.81 1716
Channel Z 200 339 -3.82
- 200 3.03 3.16
3. Channel separation
DASY measurement parameters: Auta Zero Time: 3 seo: Measuring time: 3 sec
Input Voitage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 3.19 -1.68
Channel ¥ 200 8.78 4.73
| Channel Z 200 7.18 5.28

Centificate No: DAE3-528 Mar20
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4. AD-Converter Values with inputs shorted

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

High Range (LSB) Low Range (LSB)
Channel X 15972 18183
Channel Y 15800 18378
Channel 2 18167 15841

5. Input Offset Measurement

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

Input 10ML2
Average (uV) min. Offset (uV) | max. Offset (uV) Std, I:::;aﬂon
Channel X 1.19 0.18 2,38 0.46
Channel Y 0.15 -1.38 124 0.47
Channel 2 0.36 -1.22 1.42 42
6. Input Offset Current
Nominal Input eircuitry offset current on all channels: <251A
7. Input Resistance (Typical values for infarmation)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values lor information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.9
Supply (- Vec) 76
9. Power Consumption (Typical values for infarmation)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vee) =001 -8 -8

Cerificate No: DAE3-528_Mar20
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IMPORTANT NOTICE

USAGE OF THE DAE4

The DAE unil is-a delicate, high precision instrument and rerjuires careful treatmant by the user. There are fio
sanvicaable parisinside he DAE. Special attention shall be given to the lollowing points:

Baltery Exchange The ballery cover of the DAE4 ynit4s fixed using a screw, over tightening the sorew may cause
the threads inslde the DAE 1o wear oul.

Shipping of the DAE. Before shipplng the DAE lo SPEAG for calibilion, remove the batledes and pack the DAE
In an anlistatic bag. This antistatit: bag shall then be packed inlo a larger box of container which protects the DAE
fram impacts during transporiation, The packege shall be tarked 1o indicate thal a fragile Insttument Is inside.

E-Stap Failures: Touch deleclion may be malfunctioning due to broken magnets in (he E-slop. Rough handling ol
the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulaled in the E-stop. To prevent E-stop failure, Ihe customer shall always mount the prabe to the DAE
carafully and keep the DAE unil in a non-tusty environment if not used for measuraments.

Repair. Minor repairs are performed al no exira cost during the annual calibration. However, SPEAG reserves (he
right to charge for any repair especlally if rough unprofessional handiing caused the defect.

DASY Configuration Files: Since the exacl values of the DAE Inpul resislances, as measured during the
callbration procedure of a DAE unil, are nol used by the DASY soflware, a hominal vaiue of 200 MOhm is given In
the corresponding cenfiguration file. '

Important Note:
Warranly and callbration 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 prabe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

TN__EH‘I:EGB'UEHE DAE4. docx 07.03.2018
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Glossary

DAE data acquisition electronics

Connectorangle  information used in DASY syslem lo align probe sensor X 1o the robol
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 vollmeter in the respective range.

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

« The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

« DC Voltage Measuremernt Linearily: Vetificalion of the Linearily at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

«  Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

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

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

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

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

= Input resistance: Typical value for information: DAE input resistance al the conneclor,
during internal auto-zeroing and during measurement.

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

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

Certilicate No: DAE4-1226_May20 Page 2 of 5



DC Voltage Measurement
AD - Converter Fesolution nominal

High Rarge: 1LEB = BV, lull range = 100, +300my
Low Rarige: 1L8B= Hinv, Il range = -1......+3mV
DASY measurament parameters; Aulo Zaro Time: 3 sec; Measuring lime: 3 sec
Calibration Factors X Y Z
High Rangs 404.644 + 0.:02% (k=2) | 404,410 £ 0.02% (k=2) | 404.128 £ 0.02% (k=2)
Low Range 3.8B010 4 1.50% (k=2) | 4.00441 + 1.50% (k=2) | B.98517 +1.650% (k=2)
Connector Angle
Connector Angle 1o be usad in DASY aystem 28365%+1°

Centificate No: DAE4-1226_May2( Page 30l 5



Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (V) Difterence (uV) Error (%)
Channel X + Input 20003625 248 .00
Channel X + Input 20007 54 238 0.01
Channel X - Input 20005 .86 0.51 -0.00
Channel ¥ + Input 200033.61 0.21 0,00
Channal Y + Input 20003.31 -1.72 0.0
Channsl Y - Input -20007.95 -159 01
Channel 2 + Input 20003507 143 0.0n
Chanrial 2 + lnput 20004.891 -0.10 -0.00
Channel Z ~ Inpult 2000744 1.0 0.0
Low Range Reading (V) Dilterence (V) Error (%)
Channel X + Input 200093 016 0.0
.Chnnnai X + Input 20014 0,66 -0.33
Channel X = Input - 185,83 071 0,396
Channel Y + Input 2000,72 015 0.01
Channel ¥ + Input 189,44 119 0,59
Channel ¥ = lnput -200.55 -'.28 0.65
Channel 2 4 Input 2000.71 n1a 0.01
Channel 2 + Input 200.02 -0.61 0,31
Channal Z = Input -188.97 <066 0.33
2. Common mode sensitivity
DASY measurement parameters: Auto Zeto Time: 3 sec; Measuring time; 3 sec.
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 5.07 2490
- 200 -2.74 4. 97
Channel Y 200 -H.89 -5.14
-200 709 6.94
Channel Z 200 729 -7.58
- 200 553 5.69
3. Channel! separation
DASY measurement patametets: Aulo Zero Time: 3 set; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) | Channel Z (uV)
Channel X 200 - 216 -3.66
Channel Y 200 816 - 3,60
Channel Z 200 9.32 5,65

Cariifigate No: DAE4-1226_Méay20
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4. AD-Converter Values with inputs shorted

DASY measurament parametars: Auto Zero Time: 3 sse; Maasuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16032 12468
Channel ¥ 15897 17438
Channel Z 16007 15611

5. Input Offsel Measurement
DASY measurement paramelams: Auta Zero Time: 3 sec: WMerasuring lime; 3 sas

Input 10MEr
Average (V) | min. Offset (iV) | max, Offset iv) | S ?:,:;E“""
Channel X -{}.:38 -1.14 0.42 028
Channel Y 0.09 -1.14 0.85 039
Channel £ 0,81 -1.86 1.00 041
6. Input Offset Current
MNominal Input circuitry offset current orall channals: <2514
7. Input Resistance (Typical values fot information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel 2 200 200
8. Low Batiery Alarm Voltage (Typical values fof information)
Typical values Alarm Level (VDC)
Supply (+ Vec) 7.8
Supply (- Vec) 7.6
9. Power Consumption (Typical valyes for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01, +6 +14
Supply (- Vec) =0.01 -8 -8

Certiticate No: DAE4-1226 May20
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Oyt EX3DV4 - SN:3819
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Calibration Laboratory of

g  Schwelzerischar Kalibriordienst
Schmid & Partner ¢ Service sulste d'talonnage
Engineering AG g Servizlo sviszsre < taratira
Zepghaussirasse 43, 8004 Zurich, Switnorland Swles Cullbration Service
Aecradited by e Siviss Accreditalion Sariiss (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service i one of the signatorioa to th EA
Multiintaral Agreemant for the recognition of calibration cortificates
Glossary:
TSL tissue simulating lguid
NORMsx,y.2 sensitivity in fres space
ConvF senstlivity in TSL/ NORMx,y.2
DCP rliode compression poinl
CF erest factor (1/duty. eycle) of ths RF signal
A.B.C,D medulation dependent linsatization parameters
Polarization ipratation arcund probe axis
Polarization 8 # rotation around an axis that is In the plane normal Lo probe axis (al measurement cenler),
j.&., 8 =0 |s.nomal to probeaxis
Canneptor-Angle information usad In DASY system to align probe sensor X (o the robol coordinate systam

Calibration is Performed According to the Following Standards:

al

bl
£)

d)

IEEE Std 1528-2013, “IEEE Regommended Praclica for Determining the Peak Spatial-Averaged Speciflc
Ahserption Rate (SAR) In the Human Head from Wirsless Communications Devices. Measuramen
Technigues”, June 2013

IEC 62209-1, ", "Measurenien| procedure for the assessment of Specific Abisorption Rals (SAR) fram harid-
held and body-mounted devices Used next o the ear (frequency range of 300 MHz to 6 GHz)", July 2016

IEC §2709-2. “Pracadure to determing the Specific Absorption Rate {SAR) for wireless communication devices
used In clase proximity Lo the humah body (frequency range of 30 MHz to 8 GHz)", March 2010

KDB BE5664, "SAR Meagsurement Requirements far 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

-

NORMy,y,z. Assessed for E-fisld polarization &= 0 {f < 900 MHz in TEM-c2ll; { = 1800 MHz R22 waveguide),
NORMY,y,z afe only infermadiale values;, Le., the uncertainties of NORMx.y.z dues not affect the E”fisld
uncartainty inside TSL (sea below ConuF).

NORM{fx,y,z = NORMx,y.z * frequency_response (see Frequency Response Chart). This insarization is
implemented in DASY4 software varsions later than 4.2, The uncertainty of the frequency response ks Included
It thee stated uncerainty of ConvF, .
DCPx,y,z: DCPare numerical linearization parameters assessed hased on the data of power sweep with ow
signal (no uncertainty raquired). DCP does nat depand on frequency nor media. _

PAR' FAR is the Peak to Average Ratio that is not calibrated bt determined based on the signal
charactaristics . _ _

Ay, z Bx.y.z; Cry.z Dxy.z. VRY.y.z. A, B, €, D are numerical linearization parametars assessed based an
the data of power sweep for specific modulation signal. The parametars do nol depend on frequency for
media, VR is the maximum calibration range expressed in RMS vollage across the diods.

ConvF and Boundary Effect Parameters; Assessed In fiat phantom ugirg E-field (or Temperallra Transfsr
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessmeril of the parameters applied for
houndary compensation (alpha, depth) of which typical uncertainty vallies are given. These parameters are
usad in DASY4 software to improve probe acturacy close to the boundary. The sensitivity in TSL corresponds
to NORMSs,y,z * ConvF wheraby the unceriainty corresponds to that given for ConvF, A frequency dependent
ConvF I used in DASY versien 4.4 and higher which allows extending the validity from £ 50 MHz o £ 100
MHz '

Spherical isotropy (3D deviation from isotropy): in-2 field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsel: The sensor offset corresponds to the offsst of virtual measyrement center fram the probe tip
{on probe axis). No talerance required.

Connector Angle: The angle is assessed using the infarmation gained by determining the NORMx (no
uncertanty raguired).

Cartificaie No: EX3-3618 Apr20 Page 2of 8



Ex3bv4 —Sh:3818

Apnil 30, 2020

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor £ Unc (k=2}
Narm {uwéwmﬁ* 0.486 D1 0.46 +101 %
| DCP (mV) 1046 101.5 102.0
Calibration Results for Modulation Response
) Communication System Name A 8 c D VR Max Une"
dB dBVuV dB: my dev. (=2}
0 cw % 0.0 0.0 1.0 0.00 1667 | £356% | t47%
¥ 0.0 0.0 10 1485
| Z 0.0 0.0 1.0 1an2

multipl

The ml:rmrted uncartainty of measurement is stated as the standard uncerlainty of measuremeni
ed by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.

* Thi dheapainties-af Nomm %Y 2 do noafiegs the £

" Numerial ineatization paramaten uncerminty ned radulied.
¥ Uncartainty i detemined using me max; devistion from linear responiee applying rectangular distribution snd s sxpressed for ihe square of the

Tkl varhui

o uncetanty inside TSk (ses Pags 5)

Certificate No; EX3-3519.Apr20
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EXADV4- SN:3810- April 30, 2020

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

Other Probe Parameters

Sengor Amangement Triangular
Connector Angle () 113.9
Mechanical Surfece Detaction Mode enabled
Opiical Surface Detaction Mode disabled
Prote Ovesall Langth 337 mm
' Probe Body Diameter 10 mm
Tip Langth amm
Tip Biamaler 2.5mm
Prabe Tip to Sensor A Calibration Poinl imm
Prabe Tip lo Sensor Y Calibration Point 1 mm
Probe Tip o Sensor Z Calibration Painl 1 mirti
Recammended Measuremenl Distance from SUrface 1.4

Certificats No: EX3-3819_Apr20 Page 4 of 8



EXADVA=SN:3818 April 30, 2020

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) -mﬂiﬁrﬁ’ m:g.ﬁ"m ConvF X | ConvFY | ConvFZ | Alpha® nm::u {.::;1
750 419 0.89 9.84 9.64 a:64 062 | 080 | £120%
836 41.5 0.90 8,39 9,39 9.29 0.50 080 | #120%
a0 41.5 0.87 9.26 9.26 8.28 (.30 0.88 +12.0%
1750 401 1.37 643 8.43 8.43 6.34 0.80 £120% |
1800 40,0 140 8.10 8.10 810 (47 D80 | $120%
2000 40.0 140 7.95 7.95 7.95 0.30 088 | +120%
2300 39.5 167 7.66 7.66 7E6 032 080 | £120%
2450 39.2 1.80 742 7.42 7.42 0.38 0.80 £12.0 %
2600 39.0 1,96 7.22 7.22 7.22 0.38 D80 | £120%
3300 382 271 6.91 6.91 6.91 0.20 1.20 £14.0%
3500 3rg 23 6.84 684 6.84 0.25 120 | #14.0%
3700 3rT 3.12 8.76 6.75 6.76 0.25 1.2 £14.0%
3900 37.5 3.32 6.40 6.40 540 0.30 160 | +14.0%
4100 37.2 .53 6:39 6.39 6.39 030 | 160 | +14.0%
4400 36.9 3.84 6.07 6.07 6.07 0.30 180 | =#140%

4600 36.7 4.04 508 598 5,98 0.30 170 | #140%
4800 36.4 4.25 5.88 5.88 588 0.45 180 | +140%
4960 363 4.40 572 5,72 572 045 1.80 +14.0%
5750 35.9 474 5.02 5.02 5.02 0.40 180 | +14.0%
5600 35.5 5.07 4:56 4.56 4.56 040 180 | £14.0%
5750 354 5.22 483 463 4.83 040 | 180 | £14.0%

© Fraguieney vality above:300 MHz of + 100 MHzonly apples for DASY v4.4 and higher isee Page 2), slze |l reatricied ta+ 50 MH= The
uticedairty (s the RSS of the Som uncarainty at callbration fregUency and the uncertanly for e Indleated freqlioncy band. Frequstisy validity:

b 300 WMHz B4 10, 25, 40, Blrand 70 MHz for ConuF assessmants.ai 30, B4, 128, 150 and Z20 MHz respactivaly. Valldity &f Convi Resssssd al
(i MHz s 4-8 MHz. and GonwF assessed af 13 MHz s 618 MHz_ Above S Cabiz freganty valldily. can be extanded 10 = 110 MHz.
* At fredusnties Up ta 6 GHz. thi valldity of tissbe parameatets (¢ and o) can be relaxed to = 10% i iquid compensation farmula s applsd fo
measured SAR values. The uncertaiity fs the R5S of the ConvF uncertainty for inficated targel tissus parmmisten.
" alpha/Depth are deteimined during calibrstion; SPEAG warrants that the remaining deviation due 1o the boundary sffect aftar compensation 18
always fess than 2 1'% for frequencies balow 3 GHz and below + 2% for frequimaiss between 3-8 GHz al any distance taigar thén kall thy probe tp
eltaryetes from Ui bolingsey. ' :

Cuortificats No: EX3-3818_Apr20 Page:50f 8



EXJDV4—Sh-3319

Frequency respons2 (nommalized)
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Uncertainty of Frequency Responss of E-field: +6.3% (k=2)




EX3DWVa— SN:3818 Apri A0, 2020

Receiving Pattern (¢), $ =0°
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Uncertainty of Axlal Isotropy Assessmant: £ 0.5% (k=2)
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April 30, 2020

EX30V4- Sh.3818

Dynamic Range f(SAReaq)
(TEM cell , fou= 1900 MHz)
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‘Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate No; EX3-3815_Apra0
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EXADv4- SN:3818 Apnl 26, 220

Conversion Factor Assessment

I'= 805 MHz WGLS F8 (H_convF) { = 1800 MHz W3LS 22 (H_conF)

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

Ceaviatnt

«10 «08 A5 L4 -02 0O 02

U4 08 W08 [0
Ungertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Schweizerischor Kalibrierionst

Sarvice suisse d'italonnage
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Swins Calibration Sorvice

Accraditation No.: SCS 0108
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This callbration cenificate documents the tmceability to national standards, which reaiize the physical units of measurements (S1)
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Nestwork Anabyzer EBISHA SN’ LB41080477 ‘31:Mar-14 {in house check Oct-15) In house check: Dct-30
Calibrated by

Approved by

Thiis calibration cartificate shall nal b reprodiiced except in Jull Without witten spprevis of Tne fabaratory

lssund, January 25, 2020

Cerificale No. EX3:-7576_Jan20

Page 1ol 9




Calibration Laboratory of *’*‘wﬁ’k S Schweizerischor Kalibrierdisnst
Schmid & Partner e G Service suissa détalonnage
Engineering AG % Servizio svizzero di taratura
Zoughaussirasse 43, 8004 Zurich, Swizorand ?%ﬁ\f S Swisa Calibration Service
LU T L
Arcrodited by (s Swiss Accraditation Sevics {SAS) Acereditation Ne.: SCS 0108
The Swiss Acereditation Service is:one of the signatories 1o the EA
Multilateral Agreemont for tho meognition of cafibration cerfificates
Glossary:
TSL tissue simulating liguid
NORMx.y.z _sensitivity in free space
ComvF sensitivity In TSL/ NORMx.y.z
DceP diode compression point _
CF crest factor {1/duty_cycle) of the RF signal
AB.C.D modulation dependant linearization parametars
Paolarization ¢ @ rotation around probe axis
‘Polarlzation 8 & rotation around an axis that is.in the plane normal to probe axis (at measurement center],
_ i&, 8 = 0ignormal to probe axis
Connector Angle information used in DASY system to align probe sensor X o the rabot coordinate system

Calibration is Performed According to the Following Standards:

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

b} |EC 622089-1, % “Measurament procedure for the assassment of Specific Absorplion Rate (SAR) from hand-

 held and body-mounted devices Gsed hext o the ear (frequency range of 300 MHz to 6 GHz)", July 2016

o} 1EC 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 Requiremants for 100 Mz 1o 6 GHZ

Methods Applied and Interpretation of Parameters:

s MNORMx,y.z: Assessed for E-field polarization 8 = 0 (1 < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMy,y.z are anly Intermediate values, i.e., the uncertainties of NORMzx,y.z does not affect the E”-field
uncertainty Inside TSL (see below Convi), _

«  NORM(Dxy.z=NORMx.y.z * frequency_respanse (see Frequency Response Chart), This linearization is
implemented in DASY4 software versians later than 4.2 The uncertainty of the frequency response is included
in the stated uncenainty of ConvF.

s DCPxy,z: DCP are numerical linearization parameters assessed based on the data of power sweap with CW
signal (no uncertainty required), DCP does not depend on frequancy nor media.

s  PAR:PAR is the Peak to Avetage Ratio that is nol calibrated but determined based oh the signal
charactaristics

«  Axyz Bayz Cxyz Dhyz VRLy.z A B, C, Dare numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. Vi? is the maximum calibration range expressed in RMS voltage across the diode.

= ConvFand Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz2) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz The sama setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of whigh typical uncertainty values are given. These parameters are
used in DASY4 software to imprave probe accuracy close to the boundary. The sansitivity in TSL cofresponds
to NORMx, v,z * ConvF whereby the uncertainty corresponds to that given far ConvF. A freguency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to = 100
MHz. '

e  Spherical isotropy (3D deviation from isotropy): in @ field of low gradients reslized using a fiat phantom
exposed by a palch antenna.

» Sansor Offset The sersor offset corresponds to the offset of virtual measurement center from the prabe tip
fan probe axis). No tolerance reguired.

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

Carlificate No: EX3-T676_Jar20 Page 2of 9



EXADV4 ~ SN:7576

January 22, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7576

Basic Calibration Parameters

multiplied by the coverage factor k=2, which for a norm
probability of approximately 95%.

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(Vim)*)* 0.48 063 0.63 £ 101 %
| DCP (mV 103.8 908 103.6
nse
uiD Communication System Name A B c D VR Max Unc.
a8 dBVV d8 my dev. (k=2)
D CW X 0.0 0.0 1.0 000 | 1644 | t27% | 247 %
¥ 0.0 4 1.0 161:8
z 0.0 0.0 1.0 1647 |
The reported uncertainty of measurement is stated as the standard unceriainty of measurement

al distribution corresponds 1o a coverage

il value

* The uncertgintien of Norm XY Z do nol affect the E-fisid uncetainly inside TSL (soe Fags 5),
Murresrica| Hnearzation parmeter uncenainty nok tequined

* Uncertainty is tetemined using the ma. devintion from lnes: respanss soglying rectnguliir distribition Gnd is extrebaed fof the squlire of the

Corilicate Mo EX3-T676_.Jan20
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EX30V4- SN.THT6

Japuary 22, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7576

Other Probe Parameters

Sensor Arrangament Triangular
Caonnector Angle (7) 1122 ]
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Qverall Length 337 mm
Probe Body Diameter 10 mm
Tip'lLength amm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Paint 1 mm
Probe Tip lo Sensar Y Calibration Point i mm
Probe Tip to Senser Z Calibration Point 1 mm
Recammended Measuremen! Distance from Surface 1.4 mm

Cerificalz No! EX3-7576_Jan20

Page 4 0f 9



EX3DV4— SN.75TE January 22 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7576

Calibration Parameter Determined in Head Tissue Simulating Media

g Relative | Conductivity | _ Depth © Unc
f (MHz} Permittivity {Sim) ConvFX | ConvFY | ConvFZ | Alpha® (mm) (k=2)

750 41.9 0.89 10.71 10,71 10.71 0.62 080 | £120%
B3 3.5 0.90 10.45 1045 1045 | 046 094 | +120%
ano 415 0.97 10.16 10.16 1016 | 0.33 109 | £120%
1750 40.1 1.37 8.88 8.88 8.88 042 086 | +12.0%
1900 40.0 1.40 8.58 8,58 8.58 0.38 088 | +120%
2000 40.0 1,40 8.48 8.48 8.48 0.389 086 | +£120%
2300 39.5 1.67 803 8.03 B.03 0.41 090 | £120%
2480 30.2 1.80 7.76 7.76 7.76 0.44 080 | +120%
2600 39.0 1.96 747 7.47 TAT 0.41 086 | 2120%
3300 a8.2 2.71 7.08 7.08 7.08 0.30 1356 | +14.0%
3500 a7.9 291 6.77 6.77 6.77 0.30 1.36 +140%
3700 a7z 312 6.74 6.74 6.74 0.30 136 | +14.0%
3900 75 3.32 6.56 6.56 6.56 0.40 140 | 2140%
4100 ar.2 3.53 6.26 6.26 6.26 0.40 140 | 2140%
4400 36.9 3.84 6.19 £.19 GAL] 0.40 160 | +140%
4600 36.7 4.04 606 6.06 6.06 0.40 1.60 140 %
4300 36.4 4.25 5.89 5:89 5.89 0.40 180 | +140%
4950 36,3 4.40 5.59 5.50 5.59 0.40 180 | 2140%
5250 354 4.71 5.20 5.20 5.20 0.40 180 | +140%
5600 36.5 5.07 4,62 4.62 4.62 0.40 180 | +140%
5750 354 5.22 4.83 483 483 0.40 1.80 +14.0 %

(o

Frequency yalidity aboye 300 MHz of + 100 MiHz only applies for DASY vi.4 and higher {see Page 2}, else f 45 restriciod 1o = 50 MHz. The
Uncarainty s [hs RSS of the ConvF uncartamty al uwﬂnimqummmm urceruinty !'trtﬁ.':fndlmd requenty band, Frequency valldiy
Relerw 300 MHe in £ 10, 28, 40, 50 anel 70 Mz for ConyF assesgmants at 30,64, 128, 150 and 220 MHz respestivaly. Validity of Con aanensed af
B Mz s 46 MHe. ond ConF sussusad af 13 MH: s 8.18 MHz. Aiove 5 GHz regUsncy vabidity con b extended to = 110 MHz.
' At frequencies up to & GHz, e validity of Tesye parametens (u-and a) can beralaed 10 £ 10% 1 liqud compensation furmuls s appled 1o
msasled SAR values. The uncertsinty s the RES of the ConvF uncattainty for indicated targst Hasis parsmetsns
“ AiphaDegth sre determingd during caliteation. SPEAG wamants that he remaining deviation dus to ths boundary sffect sfter compensation s
nlways iees than « 1% for frguencive bolow 3 GHz and below = 2% for froquencies befween 3.6 GHz at any ditunce lamer thin hail the probe tp
diamatar fram the peundany. )

Cartficate No: EX3-7576_Jan20 Page Sof @



EX30VA- 8N:7578 January 22, 2020

Frequency Response of E-Fieid
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Responsa of E-field: £ 6,3% (k=2)

o
o

g
g
:

Cerlificate Mo EX3-7576 Jan20 Page & of 8



EX3DVd- SNiT576 January 22, 2020

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz.R22
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Uncertalnty of Axial Isctropy Assessment: £ 0.5% (k=2)

Certificets No: EX3-T576. Jan20 Pape Tof 9



January 22. 2020

EX3DVA- SNiT5760

Dynamic Range f(SARpeaq)
(TEM cell , fovw= 1900 MHz)

e

bijeet

1"

10~

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

PageBof 9
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EXADVA- SN 7576 JdanuEny 22, 2020

Conversion Factor Assessment

f = 835 MHz WGLS RS (H_convF) f= 1900 MHz WGLS R2Z (H_conF)

< ¥ 4 - .
1 fmusi] =
] &

whab® = - L —

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

-0 <08 06 -04 02 00 02 04 ©5 08 12
Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2

Cerificate No: EX3-7576 _JanzZD Page9ol 8
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Client Auden Certificate No: Z20-60166
CALIBRATION CERTIFICAT
Object EX3DV4 - SN : 3826

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

Calibration Procedures for Dosimetric E-field Probes

Calibration date: May 20, 2020

This calibration Cerlificate 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 cerdificate.

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 1D # Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Mater NRP2 1015919 18-Jun-19(CTTL, No.J19X05125) Jun-20
Power sensor NRP-Z91 101547 18-Jun-18(CTTL, No.J18X05125) Jun-20
Power sensor NRP-Z91 101548 18-Jun-19(CTTL, No.J19X05125) Jun-20
Reference 10dBAttenuator | 1BNSOW-10dB  10-Feb-20(CTTL, No.J20X00525) Feb-22
Reference 20dBAfttenuator | 1BNSOW-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
Netwark Analyzer ES071C MY46110673  10-Feb-20(CTTL, Mo.J20X00515) Feb-21

Name Function Signature

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

Reviewed by. Lin Hao SAR Test Engineer o r}ﬁ M

ARy By, Qi Dianyuan SAR Project L.eader e —

lssued: May 22, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z20-60166 Page 1 of 9
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S~ CALIBRATION LABORATORY

Add: Ne.51 Xueyunn Road, Haidian Digirict, Befjing, 100191, China

Tel: +86-10-62304633-2512 Fax: +86-10-62304633-2504
E-muil; ettlfgechinattl com Hitp:www chinatil
Glossary:
TSL tissue simulating liquid
NORMzx.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 probe axis

Polarization 8 @ rotation around an axis that is in the plane normal to probe axis (at 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 NORMx,y 2 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(f)x v,z = NORMx y z* frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

o DCPx y z: DCP are numerical linearization parameters assessed based on the dala of power sweep
(ne 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;VRxyz: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 Farameters. 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 sensar 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 uncertainty required).

Certificate No:Z20-60166 Page 2 of 9
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S~  CAUBRATION LABORATORY

Add: No.51 Xueyunn Road, Hudisn Distrct. Beifing: 100191, China
Tel: +86+10-6210:4633-2512 Foow: +86 100230463 3-2504
E-mail: ettbachinattl com Hintpfwayw.ehimatl. ox

DASY/EASY — Parameters of Probe: EX3DV4 - SN:3826

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(Vim)?)* 0.48 0.41 0.36 +10.0%
DCP{mV)® 100.2 99.8 103.2

Modulation Calibration Parameters

uUiD Communication A B c D VR UncE
System Name dB dBuV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 160.2 | +2.7%
Y 0.0 0.0 1.0 141.6
Z 0.0 0.0 1.0 130.8

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%.

A The uncertainties of Norm X, Y, Z do not affect the E2-field uncertainty inside TSL (see Page 4).
& Numerical linearization parameter; uncertainty not required.

£ Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.

Certificate No:Z20-60166 Page 3 of 9
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:3826

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductiv G
FIMHEE | ity tmm]:t" ConvF X | ConvF Y | ConvF Z | Alpha® E::'::; :':':‘;‘
750 41.9 0.89 9.37 9.37 937 | 040 | 080 | +12.1%
836 415 0.90 9.12 9.12 912 | 047 | 1.26 | £12.1%
900 415 0.97 9.10 9.10 940 | 048 | 1.30 | =121%
1750 40.1 1.37 7.98 7.98 798 | 019 | 114 | £12.1%
1900 40.0 1.40 7.67 7.67 767 | 022 | 144 | £12.1%
2000 40.0 1.40 7.77 7.77 777 | 024 | 110 | £12.1%
2300 39.5 1.67 7.35 7.36 735 | 051 | 073 | £12.1%
2450 39.2 1.80 7.12 7.12 742 | 053 | 072 | £12.1%
2600 39.0 1.96 6.94 6.94 694 | 045 | 085 | +121%
3500 7.9 2.91 6.62 6.62 662 | 0.39 | 098 | +13.3%
5250 36.9 471 5.09 5.09 509 | 045 | 1.30 | ~13.3%
6600 365 5.07 4.66 4.66 466 | 045 | 1.40 | £13.3%
5750 354 5.22 4.68 4.68 468 | 046 | 1.40 | £13.3%

¢ Frequency validity above 300 MHz of +100MHz only applies for DASY v4 4 and higher (Page 2), else it is restrictad to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated

frequency band. Frequency valldity below 300 MHz s + 10, 25. 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,

150 and 220 MHz respectively, Above 5 GHz frequency validity can be extended to + 110 MHz
F At frequency below 3 GHz, the validity of tissue parameters (£ and o) can be relaxed to £10% i liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of issue parameters (e and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

% alpha/Depth are determined during calibration, SPEAG warranis that the remaining deviation due to the boundary
effect after compensation is always less than £ 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-8 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No:Z20-60166
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)

Certificate No:Z20-60166
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Add: No.51 Xuevuan Rooad, Haidian District, Beijing, 100191, China
Tel; +36-10-623(14633-2512 Fou: +86-10-62304633-2504
E-mail: ctthichinatth.com e ffwwechingd en

Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment:=1.2% (k=2)
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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E-mail; enlichinanl com Hupwywchinanlcn

Conversion Factor Assessment
f=750 MHz, WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3826

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 515
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point Tmm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z20-60 166 Page 9 of 9
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Tho Swiss Accreditation Survice is one of the slgnatories o the EA
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Sehweltatischer Kalibrordinnst

Servics milsse délnlonnage

Bervizio svizzore ol tAralu
Swiss Calibealion Servics

fcareditation Ne;; SCS 0108

Ciont  Sporton Curtificats No: EX3-7577_Sep20
CALIBRATION CERTIFICATE
Db EX3DV4 - SN Y577

Habbmlion procedurio)

Calitse ation oiile

QA CAL-01.v0, QA CAL-14.v5, QA CAL-23.v5, QA CAL-25.7

Callbration procedure lor dosimetric E-field probes

Septamber 30, 2020

Galibration Equipment used (METE drijleal tor eslibration)

{his calibration conjlicate tocumant the rageabily jo naticnl standsads] which rmalies i physieal il of ir=gEusnents {51
11 meanurenants and (he uncerainiion with confidence probabillly sf= ghven on s folidwing pages dhd arm pratt @l he conlfiee

All coibrtions hilve baet cdniuclesd in the cosed Wbgratery tciity, envinmeal fenperatun (#2 2 3)°C and humidiy < 70%,

| Ty eallbration cerfficate shall nol be repraduced excent in full williont witen spsrovel of the tatiiatory

Frmary Standads I Cal Data (Crdlllicsis Mo, Stthutulid Calitwation
Fowmr mater NP B, 104778 U AR (Mo 21708 0031013 A
Prveor sspsor NRE-Z291 BN 105z O Agie-24 (Mo 247-03106). Apei2)
Fiower sensoe NITP-Z81 SN: 103245 | 04-Apr-20 (Na. 217-034d1) Apr-21
Relerance 20 dB Allehislor SN: CC2ESZ {20x) 31-Mar-30 (No. H7-03106) Apr21
DAES SPi: Bl 27-Dec-19 (No. DAES-IED_Decia) Dec-20
Retererics Probe ES30W SN 3018 31:Mec-10 (No, ES3:3013 Dect) D20
Sacondatiy. Sidnd 1 Lheck Dale tin houne) Sphediled Check
Poiwer mister E44 195 SM: GR4120174 E=Ape-Al [In houne gheitk Jun-2T) In howae cheok: Jurk22
Powar sensor E44 124 SH: M4 1408087 {365 Apr-16 (in house Sheck Jun-2i) In hause:chieok: Jur-22
Power sehsor 44124 Sh: 000110210 {36-Aar-16 {in house check Jun:2i) I Mg BHeek: Jun.22
RF generalor HP 86480 SN: LIS3642001700 0 Aug-98 {in hwse chack Jun-20) In heisse eheak Jun-22
Networl Anilyzer EBISHA SN Lis41080477 §1-Mar-14 (in house chisok (ci-19) In haisss chck: Oct:20
Name Funetion Sigmabure -
- Catibitited by Lei Kiysnar Labaristary Technlcian W %
Apraved by Katla Puliovic Tenfnical Manager

AR

tssthed| Dctobar 1, 2000
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Calibration Laboratory of PR N g Sehwikzorzchar Kallbrlordianst
Schmid & Partner e ") g Service silsse détalonniage
Enginearing AG iﬁﬁ . ’) s ‘Barvizio svizearo df inmtura
Zoughausstrasne 43, BO0 2uilch, St ‘! #ﬁh B ~ .._.“// Swiliss Calibention Soevico
Arcrediiad by thy Swes Accraditation Seivics (SAS) Avareditation No.; SCS 0108
Tha Swiss Accredilation Sorvice s ono of the slgnatotied to the EA
Multilateral Agraament for e reesynition of calibralion cedificalos
Glossary:
5L lssue simulating liquid:
NORM, vz sensilivity in frpe apace
hanvF sansilivity In TSL { NORMx.y.2
nop diode comprassion point
QF crizst faclor (Tlduly. cyolb) of tha RF signal
AB.C.D mudulalioh dependeiit inearization parameters
Polarzation ¢ o' ratation dround probe axis
Puolerizalion 8 4 rotallon dround an-axis that i in the plane normal to probeaxis (3l essurehen! canler),
Le, '8 =0 Is normal to probe axis
Connector Angle information used In DASY system to align probe-sensor X to fhe robot coordingte system

Calibration is Performed According to the Following Standards:

a) |EEE Sd 1528-2013, "[EEE Recommaniierd Practice for Determining lhe Peak Spalial-Averaged Specific
Absurplion Rate (SAR) in the Human Head from Wireless Communications Devicas: Megsuremsnl
Techriiques®, Juna 2013

b) 1EC 622001, ", "Meastroment procedure for (he assessment of Spagific Absorption Rale {SAR) from hand-
held-and bady-rmourited devices ugsed next (o the ear (frequency ranga of 300 MHz lo 6 GHz)", July 2016

) 1EC 62209-2, "Procedure to detsimine the Specilic Absorpliof) Rate (SAR) for witeless communication dovices
usetd in close proximity to the human body (frequisiicy tange of 30 MHz to 6 GHz)", March 2010

d) KLB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 5H="

Methods Applied and Interpretation of Parameters:

= NORMx y.z: Assessed for Efigld polarizalion § = 0 (f = 800 MHz in TEM-cell; f > 1800 MHz- R22 waveguide),
NORMz vz are only inlermediats values, | e, (e unceriainties of NORME,y,z does not affect the £ fisld
tncertainty inside TSL (see below ConvF), ' -

= NORM(x.y,z= NORMxyz * frequancy_response (see Frédlency Respanse Chart). This linearization is
implementad in DASYA soflware versions later than 4,2, The uncerdainty of the frequency msponse s included
in the stated uncertainty of Convk.

= POCPxy,z DCP are numerical linearication parameters assessed basad ofi (Me data ol Pehwver swaep with GW
signal (fio uhumﬁmtgrﬂquh‘aﬂ}; DEP does nol depend on frequency nor medi,

< PAR:PAR is the Peak 1o Average Ratio that is not calibrated bul determined based on the signul
Chiaradterlstics _

¢ Axpz Bryr Coyz Dxy.z VR gz A, B, G, D are numerical linearization pararisters assessed basod on
the data of power sweep for specific modulation slgnal. The parametars do not depentd on frenliency nor

madia. VR is lhe maximuim calibration range expressed in AMS voltage across the dinde.

= ConvF arid Boundary Effsol Parameters: Assessed i) flat phantom using E-freld (or Tam peratire Transfar
Standard for { <800 MHz) and inside waveguida using analytical fiald distributions based on powiar
measurernents for > 800 MHz. The same salups are used for assessment of the paramelers applied lor
baundary compensation (alpha, depth) of Which lypical uncertainty values are given. These paramaters are
used in DASY4 software to improve prolse accuracy close to the boundary. The sensitivity in TSL ;
to NORMy,y,z * Conv- whereby the uncerainty eotresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4.and higher which allows axtending the validity from 450 MHz 1o < 100
MHz. -

«  Spherical Isotropy (3D deviation fromisotropy): in & field of low gradients realized using a flal phantom
exposed by a palch antenna, . '

* Sensor Offsat: The sensor offset comespoands to the olfset of virlual measuremeil center from the probe (ip
(on probe axis). No lolarance required.

= Conneclor Angle: The angle Is assessed using the information gained by detarmining the NORMx (no
unieerlainty required),
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7577

Basic Calibration Parameters
Sangor X SerisorY Sensor Z Unee: (k=2)
Niorm .{;NFEWmfj“ 0.56 0, (4 0.60 +10.1 %
DCP (mV. 100.3 99.6 100.2
Calibration Results for Modulation Response -
Uin Communication System Namo A B | € D VR M Mak
dB dBxpv dR mb/ ey, Une®
(- (k=2)
i W X | 000 onn 1.00 n.00 1798 | £35% | 247 %
Y | 000 | 060 | 100 1802
Z | non 0.00 1.0b 187.4
Haa2- Pulse Waveform (200Hz, 10%) X | 16500 | 6585 | 1785 | 1000 | 8O0 | +a8% | L90%
ANA Y | 1500 | B61) .19 | J50.0.
|18 £ | 1500 | B&E7O | 1RA? 6.0
10353 Pulsi Waveltrnt [200Hz, 20%) X | 1500 | 8765 | 1770 | 699 BOD | £21'% | EBGE%
AAR Y | 1500 | 8877 | 1bid .
_ Z | 1500 | AaBs | .oz BOLD
105 Pulse Waveloon (200Hz, 40%) | X | 1600 | 8245 | {B72 | 506 9650 | 1.0 | 286N
ANA Y | 1500 | oi2a | a0 w6 0
| ) Z | 4500 | 9aRs [ 2109 a4 1)
10355- Puylse Wavelorm {200z, 60%) X | 1500 | 10048 | 2124 | 222 1200 | £11% | 96%
AAA ¥ | 1500 | 8085 | 16.20 1200
Z | 1500 | 10865 | 2524 120.0
103687 | QPSK Wavelonn, | MHz % | 081 [ 6137 | aos 00 | 1500 [ +26% | =06%
AAA Y | 051 BO.O0 | di7d 150.0
Z | 082 | 5167 | 827 1500
10388 | QPSK Waveform, 10 MHz X | 233 | B85 | 1661 | 006 | 1600 [e12% | t90%
LS ¥ | 1868 | A654 | f4.04 1600
. Z 2.28 70.08 15.80 160.0
10386- | 64-0AM Waveform, 100 kHz X | 279 | 70.78 | 1807 | 20f | 1800 | 177 | 206 %
AAA ¥ 23 BE.T0. | 17.08 150,0
2| 288 | 7101 | 1959 _ 160.0
0388 | B4-0AM Wavalorm, 40 MHz X | 345 | 6723 | 1583 | 000 | 1500 | t20% | =06 %
A, ' ¥ | 332 | 86540 | 1538 150.0
Z | 347 | 6v4s | 16.00 150.0 |
10414- | WLAN CEOF, 64-CAM, 40MHz | 471 | 6562 | 15568 | oo 15000 | 37 % | +96%
A, ¥ | 464 | 66527 | 1632 150.0
Z.| 472 | 6575 | 15584 150.0

Note: For detalls on UID paramelers see Appandix

The reported Uncertainty of measurement is stated as the standa

multiplied by the sﬁv&ra?a factor k=2, which for a normal distrib

probability of approxima

ely 895%.

rd uncerlainty of measurement

ution corresponds to a coverage

e uncartainios of Norm X,Y.2 g not affes| Ihe £ field uncartainty inside TSL (sse Péige 5);

" Wumarical linearizstion parsmster
F Uncertalnty is detarmined uaing

fiodd wiilis.

L uncestainty nol tegulned. o
the max. deviation fraem linear respanse applying rectanguiar distrbutioi and is explessad for 1HE sqlars of the

Cettificate No: EX3-7577_Sep20
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7577

c1 c2 a T T2 T3 T TH T6
IF {F vt msV | ms\ ms 2 v
x ar3 27586 350 9.44 0.00 5.06 1.02 .18 1.01
Y 372 | 2A280 | 36.55 7.00° 0.00 508 0.00 037 .01
Z 37.3 273,68 34.51 9.73 (.00 s.07 116 018 1.01
Other Probe Parameters
SensorArmangement Triangulnr
Connector Angle () 54,8
Meachanical Surface Datoction Moda efyabled |
Oplical Surdace Delechion Modo disabiead
Probe Overall Langin 337 mm
Probe Body Diameter 10 i
Tip Length & mm
Tip Diameter 25 mm
Probe Tip lo Senswr X Calibration Point 1 mm
Probe Tip to Sensor Y Calibiration Polnt 1 mm
Probe Tip lo Sefisor Z Calibration Point I'mm
Recommended Measurement Dislance from Surface 1.4 mm
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7577

Calibration Parameter Determined in Head Tissue Simulating Media

I (MHz) ® Fuﬂr;;'ilﬁ:i:j o cn_'['gﬁ:; L CowF X | ConvFY | ConvFZ ] Alpha Dﬁmn i::znl
750 419 0.89 .85 8 85 RS ge7 | omy | 4120
835 41.5 0.90 9.54 8,54 8,54 0.58 | 0.83 +12.0'%
401 41.5 0.87 8.21 9.24 9,24 056 | 080 + 120%
1750 401 1.37 862 B.62 B.62 .40 (156 £120% |
1600 40.0 .40 834 | 894 .34 028 | DEB | +120%
2000 40.0 140 B.24 824 | B24 0.37 0.86 | £12.0%
2400 9.5 167 7.99 il 788 | 027 088 || #12.0%
2450 202 1.80 7.95 7,45 7.85 0,38 080 | =+ 1208
2600 39.0 1.86 7.66 7.68 7.68 0.40 0.90) +120'%
3300 382 271 6.96 6.96 .96 0.30 135 | +14.0%
3500 ar.9. 2.91 660 .69 5.60 0.30 135 | £14.0%
3700 37.7 312 6,52 6.52 6.52 0:30 1.35 +14.0 %
3900 37.5 a3z 6.26 6.26 B.26 0.35 160 | 214.0%
4100 arz 3.63 5.64 5,04 594 0.35 160 | 2140%
5250 359 4.71 5.40 5.40 5,40 0.40 180 | #14.0%
5600 455 507 479 479 4.79 040 180 | £140%
5750 354 5.22 5.02 5,02 5.02 0.40 180 | £14.0%.

© Frequatcy validily shove 300 Miz of 100 MH:z uﬁ!tgwﬂww DS vl A and Fighr (sea Page 2), else i 14 restricted fo + 50 MHz. The
mcertaipty = the RSS of he ConvF uncertmmty ot caflbraiion fraquency and the uncarainty for the indicated frequehicy band, Frogusncy vallidin
balow 300 MHz is = 10, 25, 40, 50 and 70 MHz lor ConvF assessments at 30, 54, 128,150 snd 220 MHz respedtively, Validity of ConyF assesssd &t
0 NI i 4-9 MHE. nd pasesaed al 13 Wiz i 0-18 MHz. Above § GHz frequesicy validity can bis sxiendad to + 110 MHz
" A freguisncies up to B GH, the validity ol lissliis parmelers (o and o) can be relised to.+ 10% it il compensation fomdd = soplied 1o
measured SAR vajuse. The unesriainly fs he RSS of e Carvi® unceriainty for indicated amal lissie parameiar.
“ AlptwiDepin s dtermired during callbtation, SPEAG warmants Ihal fhe remalaing deviation due |o the boundary effect afier compansslion =
Wimi 1m1mum bielow 3 GHz and |sslow-+ 2% lor Irequencles betweer 3-6 GHz at any distance larger than bl thie probe 1

; plaibiy .
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Responsa of E-fiald: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

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