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Calibration Laboratory of @J G Schweizerischer Kalibrierdienst
Schmid & Partner i = @ Service suisse détalonnage
EngiHEEﬁng AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland d:’dﬁ‘\k S swiss Calibration Service
R T T A

Accredited by the Swiss Accreditalion Service [SAS)
The Swiss Accredilation Service |s one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Sporton
CALIBRATION CERTIFICATE

Aceraditation No.: SCS 0108

Client Certificate No: D2450V2-929 Nov22/2

Replacement of No: D2450V2-929_Nov22

Obiject D2450V2 - SN:929

Callbration procedure(s)

QA CAL-05.v11
‘Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date November 21, 2022

This galibration cenilicale documants the traceabilily to national standards. which realize the phiysical units of measuraments (S1).
The mezsutemants and the uncertainlias with confidence probability are given dan Ihe following pages and ara par of the carificate.

Calibration Eguipment used [M&TE crilical for calibration)

All calibrations have bean conducted in the closed laboratory lacility: environment temperature (22 + 3)°C and humbdity < 70%.

Primary Standards 1T # Cal Date (Cerfificate No.) Schaduled Calibration
Powsar metar NRP SN 147 TE D4-Apr-22 (No. 217-03525/03524) Apr-23

Powar sensor NRP-Z291 SM: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z81 SN; 103245 Oa-Apr-22 (No, 217-03525) Apr-23

Relerence 20 4B Attenuator SN: BHEE24 (20k) Qd=Apr-22 (Mo, 217-03527) Apr-23

Type-M mismatch combination S 310982 F 06327 04-Apr-22 (Mo, 217-03528) Apr-23

Reference Probe EX30V4 S 7349 3-Dec-21 (No, EX3-7348_Decd1) Dec-22

DAE4 SNL&01 31-Aug-22 (No. DAE4-601_Aug22) Aug-23

Secondary Standards 1D # Check Date (in housa) Scheduled Chack

Powear meter E44128

Power sensor HP 84814

Power sensor HP 84814

RF genermtor R&S SMT-06
Metwork Analyzer Aglient EB3584A

Calibrated by:

Approved by:

SM: GB39512475
SM: LIS372e27as
SN: MY41083315
SN 100972

SN LUS41080477

Narmne
Jieton Kastrati

Sven Kilhn

30-0ct-14 {in house check OGt-22)
07-0et=15 {in house check Oct-22)
07-Cei-15 {in house check Oct-22)
15-Jun-15 (in house check Oct-22)
31-Mar-14 (in house check Oct-22)

Funclion

Tachnlcal Manager

This calibration certificate shall not be reproduced except in full without written approval of 1he laboratory

In house chack: Oct-24
|n house check: Oot-24
In house check: Oci-24
In house check: Oct-24
In house check: Dcl-24

Signature

& =

issued: January 13, 2023

Certificate No: D2450V2-928_Nov22/2
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H el LT
Calibration Laboratory of s{“‘i\‘g};’p} g  Schwelzerischer Kalibrierdienst
Schmid & Partner m ¢ Service suisse d‘étalonnage
Enginae r}ng AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland f/,j'r:“;? S’ swiss Calibration Service
it e
Accredited by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is oni of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a) |IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

» Return Loss: This parameter is measured with the source positioned under the liguid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

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

s 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: D2450V2-929_Nov22/2 Page2ol7
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Appendix E Report No.: FA470109

Measurement Conditions

DASY systemn configuration, as far as not given on page 1.
BASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 38.2 1.80 mho/m

Measured Head TSL parameters (22.0x0.2) °C 3B4+6% 1.87 mho/m £6 %

Head TSL temperature change during test <0.5°C e -
SAR result with Head TSL

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

SAR measured 250 mW input power 13.4 Wrkg

SAR for nominal Head TSL parameters normalized to 1W 52.4 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 6.25 W/kg

SAR for nominal Head TSL parameters normalized to 1W 24.7 W/kg = 16.5 % (k=2)
Certificate No: D2450V2-929_Nov22/2 Page 3of 7
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5290 +47iQ

Return Loss -255dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.162 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, smali 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: D2450V2-929_Nov22/2 Page 4 of 7
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Appendix E Report No.: FA470109

DASY5 Validation Report for Head TSL

Date: 21.11.2022
Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:929

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o = 1.87 8/m; & = 38.4; p= 1000 i\tg;l’m3
Phantom section: Flat Section

Measurement Standard: DASY3S (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SINT349; ConvE(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.202]
« Sensor-Surface: L.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 31.08.2022
+ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial; 1001
o DASYS52352.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=3mm, dy=3mm, dz=5mm

Reference Value = 115.9 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.1 Wikg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.25 W/kg

Smallest distance from peaks to all points 3 dB below =9 mm

Ratio of SAR at M2 1o SAR st M| =51.5%

Maximum value of SAR (measured) =21.8 W/kg

dB
0

-3.80
-7.60
-11.40

-15.20

-19.00

(0dB=21.8 W/kg = 13.38 dBW/kg

Cerificale No: D2450V2-820_Nov22/2 Page Sof 7
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Appendix E

Impedance Measurement Plot for Head TSL

Report No.: FA470109
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Appendix E Report No.: FA470109

Appendix: Transfer Calibration at Four Validation Locations on SAM Head*

Evaluation Condition

Phantom SAM Head Phantom For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top = C0)

SAR averaged over T cm® (1 g} of Head TSL Condition
SAR for nominal Head TSL parameters normalized o 1W 55.9 Wikg = 17.5 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR for nominal Head T3L parameters normalized to 1W 26.2 W/kg + 16.9 % (k=2)

SAR result with SAM Head (Mouth = F90)

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W - 57.0 Wikg £ 17.5 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSI condition
SAR for nominal Head TSL parameters normalized to 1W 27.5 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Neck = HO)

SAR averaged over 1 cm?® {1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W 53.7 Wikg £ 17.5 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 25.1 W/kag = 16.9 % (k=2)

SAR result with SAM Head (Ear = D90)

SAR averaged over 1 ecm?® (i g) of Head TSL. Condition
SAR for nominal Head TSL parameters normalized to 1W 34.4 Wikg = 17.5 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 17.5 W/kg + 16.9 % (k=2)

! Additional assessments outside the current scope of SCS 0108

Cerlificate No: D2450V2-829_Nov22/2 Page 7 of 7
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Appendix E

Report No.: FA470109

SPOARTON LAB.

D2450V2, serial no. 929 Extended Dipole Calibrations
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.

<Justification of the extended calibration>

D2450V2 — serial no. 929

2450MHZ

Date of Measurement|Return-Loss (dB)|Delta (%)|Real Impedance (ohm)|Delta (ohm){Imaginary Impedance (ohm)|Delta (ohm)

11.21.2022
-25.5 52.9 4.7
(Cal. Report)
11.20.2023
-25.9 1.57 52.3 -0.6 4.8 0.1
(extended)

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 INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Appendix E

SPOARTON LAB.

Report No.: FA470109

<Dipole Verification Data> - D2450 V2, serial no. 929 (Data of Measurement : 11.20.2023)
2450MHz - Head

P 511 Log Mag 10.00ds/

>1  2.4500000 GH

0.000

1 Start 2.25 GHz IFBW 70 kHz Stop 2.65 GH: [P

P S11 smith (R+jx) Scale 1.000u [F1 Del]

>1  2.4500000 GHz 52.347 0 4. 0 309:36 pH

1 Start 2.25 GHz IFBW 70 kHz stop 2.65 GHz [N
—

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Appendix E Report No.: FA470109

Calibratiun Laboratory of ‘EQN@?’},} Schweizerischer Kalibrierdienst
Schmid & Partner Sﬁé Service suisse d'étalonnage
Eng ineering AG o Servizio svizzero di taratura

Zeughausstrasse 43, B004 Zurich, Switzerland -gm@ Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Client ‘Sporton Certificate No. D5GHzV2-1006. May23

Taoyuan City

CALIBRATION CERTIFICATE

Object D5GHzV2 - SN:1006

Calibration procedure(s) QA CAL-22.vT' __ —— : e

‘Calibration Procedure for SAR Validation Sources between 3-10 GHz

Calibration date: May 25, 2023

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

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

Calibration Equipment used (MATE eritical for calibration)

Primary Standards 10 # Cal Date (Certificale No.) Soheduled Calibration

Power meter NRP2 SM: 104778 I0-Mar-23 (No. 217-03804/03805) Mar-24

Power sensor NRP-Z91 SN: 103244 30-Mar-23 (No. 217-03804) Mar-24

Power sensor NRP-Z291 S 103245 I0-Mar-23 (Mo, 217-03805) Mar-24

Reference 20 dB Altenuator SN; BHE394 (20k) 30-Mar-23 (No. 217-03809) Mar-24

Type-N mismatch combination SN: 310982 /08327  30-Mar-23 (Ne. 217-03810) Mar-24

Reference Probe EX3DV4 SN: 3503 07-Mar-23 (Mo, EX3-3503_Mar23) Mar-24

DAE4 SN 601 19-Dec-22 (Mo. DAE4-601_Dec2?) Dec-23

Secondary Standards 1D # Check Date {in house) Scheduled Check

Power meter E44198 SM: GB38512475 30-0ct-14 {in house check Oct-22) In house check: Oct-24

Power sensor HP 84814 SM: US3T292783 07-0¢t-15 {in house check Oct-22) In house check: Oct-24

Power sensor HP 84814 SM; MY41083315 07-0ct-15 (in house check Oct-22) In house check: Oct-24

RF generator RES SMT-08 SM: 100972 15-Jun-15 {in house check Oct-22) Im house check: Oct-24

MNebwork Analyzer Agilent ES358A | SN US410B0477 31-Mar-14 (in house check Oct-22) In house check: Oct-24
MName Function Signatur

Calibrated by: Kredimir Franjié Laboratory Technician '

Approved by, Sven Kilhn Technical Manager S (_(—-

Issued: May 25, 2023

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

Certificate No: DSGHzV2-1006_May23 Page 1of8
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Appendix E Report No.: FA470109

. . e
Gailbl.'allﬂn Labor atory of -:"“‘L\“_{{; %, S  Schweizerischer Kalibrierdienst
Schmid & Partner ih‘ uE!EE: c Service suisse d'étalonnage
Enginaering AG L Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % F/H‘\\*‘\P S swiss Calibration Service
Tefyal il
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) |IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:
* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
¢ Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.
« Return Loss: This parameter is measured with the source positioned under the liquid filled

phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D5GHzV2-1006_May23 Page 2 of 8
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Appendix E Report No.: FA470109

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

DASY Version DASY52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4.0 mm, dz =1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz + 1 MHz
5850 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 348+6% 4.60 mho/m £ 6 %

Head TSL temperature change during test <0.5°C - -
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 8.18 Wikg

SAR for nominal Head TSL parameters normalized to 1W 81.2 W/kg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 2.34 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.2 W/kg * 19.5 % (k=2)
Head TSL parameters at 5600 MHz

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 346+6% 4.97 mho/m £ 6 %

Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 5600 MHz

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

SAR measured 100 mW input power 8.52 Wikg

SAR for nominal Head TSL parameters normalized to 1W 84.7 Wikg * 19.9 % (k=2)

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

SAR measured 100 mW input power 2.44 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.2 Wikg * 19.5 % (k=2)
Certificate No: D5GHzV2-1006_May23 Page 3 of 8
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Appendix E

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.4 5.22 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 344+6% 5.08 mho/m £ 6 %
Head TSL temperature change during test <0.5°C -—-- -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.15 W/kg

Report No.: FA470109

SAR for nominal Head TSL parameters

normalized to 1W

80.9 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.31 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22.9 Wikg * 19.5 % (k=2)

Head TSL parameters at 5850 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.2 5.32 mho/m
Measured Head TSL parameters (22.0x0.2)°C 342+6% 5.15 mho/m £ 6 %
Head TSL temperature change during test <05°C - —-
SAR result with Head TSL at 5850 MHz
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.24 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.8 Wikg * 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.34 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.2 Wikg +19.5 % (k=2)

Certificate No: D5GHzV2-1006_May23
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Appendix E

Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL at 5250 MHz

Report No.: FA470109

Impedance, transformed to feed point 544Q-75jQ

Return Loss -21.6dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 57.1Q-7.3jQ

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

Impedance, transformed to feed point 501Q+4.1jQ

Return Loss -20.8 dB
Antenna Parameters with Head TSL at 5850 MHz

Impedance, transformed to feed point 5270 +0.8j0

Return Loss -31.4dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.200 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: D5SGHzV2-1006_May23
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Appendix E Report No.: FA470109

DASYS5 Validation Report for Head TSL

Date: 25.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1006

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750
MHz, Frequency: 5850 MHz

Medium parameters used: f = 5250 MHz; ¢ = 4.6 S/m; & = 34.8; p = 1000 kg/m?

Medium parameters used: f = 5600 MHz; 6 = 4.97 S/m; & = 34.6; p = 1000 kg/m?®

Medium parameters used: f = 5750 MHz; 6 = 5.08 S/m; & = 34.4; p = 1000 kg/m?

Medium parameters used: f = 5850 MHz; 6 = 5.15 S/m; & = 34.2; p = 1000 kg/m?

Phantom section: Flat Section

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

DASY52 Configuration:

¢ Probe: EX3DV4 - SN3503; ConvF(5.5, 5.5, 5.5) @ 5250 MHz, ConvF(5.1, 5.1, 5.1) @ 5600 MHz,
ConvF(5.08, 5.08, 5.08) @ 5750 MHz, ConvF(4.99, 4.99, 4.99) @ 5850 MHz; Calibrated:
07.03.2023

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

e Electronics: DAE4 Sn601; Calibrated: 19.12.2022

» Phantom: Flat Phantom 5.0 (front); Type: QDO00P50AA; Serial: 1001
 DASY5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 76.81 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(1 g) = 8.18 W/kg; SAR(10 g) = 2.34 W/kg

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

Ratio of SAR at M2 to SAR at M1 =71.2%

Maximum value of SAR (measured) = 18.5 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75.46 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 8.52 W/kg; SAR(10 g) = 2.44 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 68.6%

Maximum value of SAR (measured) = 19.8 W/kg

Certificate No: D5GHzV2-1006_May23 Page 6 of 8
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Appendix E Report No.: FA470109

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 73.42 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 31.5 W/kg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.31 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 66.8%

Maximum value of SAR (measured) = 19.3 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5850 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm. dy=4mm, dz=1.4mm
Reference Value = 73.29 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 32.6 W/kg

SAR(I g) = 8.24 W/kg; SAR(10 g) = 2.34 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 65.8%

Maximum value of SAR (measured) = 20.0 W/kg

-7.60
-15.20
-22.80

-30.40

-38.00

0dB =20.0 Wkg = 13.01 dBW/kg

Certificate No: D5GHzV2-1006_May23 Page 7 of 8
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Appendix E

Impedance Measurement Plot for Head TSL

Report No.: FA470109
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Appendix E Report No.: FA470109

SPORTON LAB.

D5000V2, serial no. 1006 Extended Dipole Calibrations
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.

<Justification of the extended calibration>

D5000V2 — serial no. 1006

5250MHZ

Date of Measurement|Return-Loss (dB) Delta (%) Real Impedance (ohm)|Delta (ohm)|Imaginary Impedance (ohm)|Delta (ohm)

05.25.2023
-21.6 54.4 -7.5
(Cal. Report)
05.24.2024
-19.7 -8.80 53.1 -1.3 -10.0 -2.5
(extended)
5600MHZ

Date of Measurement|Return-Loss (dB) Delta (%) Real Impedance (ohm)|Delta (ohm)|Imaginary Impedance (ohm)|Delta (ochm)

05.25.2023
-20.5 57.1 -7.3
(Cal. Report)
05.24.2024
-22.9 11.71 55.0 -2.1 -6.0 1.3
(extended)
5750MHZ

Date of Measurement|Return-Loss (dB) Delta (%) Real Impedance (ohm)|Delta (ochm)|Imaginary Impedance (ohm)|Delta (ochm)

05.25.2023
-20.8 59.1 4.1
(Cal. Report)
05.24.2024
-21.2 1.92 59.6 0.5 0.5 -3.6
(extended)
5850MHZ

Date of Measurement|Return-Loss (dB) Delta (%) Real Impedance (ohm)|Delta (ohm)|Imaginary Impedance (ohm)|Delta (ohm)

05.25.2023
-31.4 52.7 0.8
(Cal. Report)
05.24.2024
-27.7 -11.78 55.4 2.7 0.1 -0.7
(extended)

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 INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Appendix E Report No.: FA470109

SPORTON LAB.

<Dipole Verification Data> - D5000 V2, serial no. 1006 (Data of Measurement : 05.24.2024)
5000MHz - Head

D@ S11 Log Mag 10.00de/ Ref 0.000d8 [F1]

5.2500000 GHz -19.658 dB
GHz -22.856 de
6

50
GHz -27.7

1 Start 5 GHz IFBW 70 kHz t0p 6 GHz [0

PHEMY S11 smith (R+jX) Scale 1.000U [F1 Del]

5.2500000 GHz 53.126 Q -9.9522 Q

5.6000000 GHz 54.999 Q -5.9995 @

5.7500000 GHz 59.623 @ 532,64 m0 14.
5.8500000 GHz 55.354 Q@ 54.988 mQ 1.4960 pH

1 Start 5 GHz IFBVY 70 kHz Stop 6 GHz [

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Calibration Laboratory of

Report No.: FA470109

FL " 3 wn +
: S %, S Schweizerischer Kalibrierdienst
Schmid & Partner ilEE—-"E 5 i ¢ Service suisse d'étalonnage
Engineering AG R Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "3,‘:}";":‘:?,\3‘ S swiss Catibration Service
TN T T

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

Sporton

Accreditation No.: SCS 01

Client

08

Centificate No: DSGHzV2-1128_Feb23

[CALIBRATION CERTIFICATE

Object

D5GHzV2 - SN:1128

Calibration procedure(s)

QA CAL-22.v7
Calibration Procedure for SAR Uﬂlidati_an- Sources between 3-10 GHz

Calibration date:

February 22, 2023
This calibration certificate documents the traceahility to national standards, which realize the physical units of measurements (SI)
The measurements and the uncerlainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

.

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

| Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-22 (No. 21 T-03525/03524) Apr-23

Power sensor NRP-Z91 SM: 103244 04-Apr-22 (No. 217-03524) Apr-23

Power sensor NRP-Z91 SN: 103245 04-Apr-22 (MNo. 217-03525) Apr-23

Reference 20 dB Attenuator ShN: BHE394 (20k) 04-Apr-22 (Mo, 217-03527) Apr-23

Type-N mismatch combination SN: 3108982 / 068327 04-Apr-22 (No. 217-03528) Apr-23

Reference Probe EX3DV4 SN: 3503 08-Mar-22 (No. EX3-3503_Mar22) Mar-23

DAE4 SM: 601 189-Dec-22 (Mo. DAE4-801_Dec22) Dec-23

Secondary Standards 1D # Check Date (in house) Scheduled Check
Power meter E44198 S5N: GB39512475 30-Oct-14 {in house check Oct-22) In house check: Oct-24
Power sensor HP B4814 SM; US3T292783 07-0ct-15 (in house check Oct-22) In house check: Oct-24
Power sensor HP 84814 SN MY41093315 07-0ct-15 (in house check Oct-22) In house check: Oct-24
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-22) In house check: Oct-24
MNetwork Analyzer Agilent EB3584 | SM: US41080477 31-Mar-14 (in house check Oct-22) In house check: Oct-24

MName Functicn Signature.

Calibrated by: Patlo Pina Laboratory Technician 2 =
Approved by: Niels Kuster Quality Managear

lssued: February 23, ~2U23

Certificate No: DSGHzV2-1128_Feb23 Page 1 of 9
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Calibration Laboratory of

A i,
SN

: SA ?3, S Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engmeenng AG TS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘:'4,4’:"'?:\:‘\3‘3 S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:
» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
» Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.
* Return Loss: This parameter is measured with the source positioned under the liquid filled

phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D5GHzV2-1128_Feb23 Page 2 of @
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Appendix E

Measurement Conditions

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

Report No.: FA470109

DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 36.0 4.66 mho/m
Measured Head TSL parameters {(22.0x02)°C 36.1+6% 4.60 mho/m £ 6 %
Head TSL temperature change during test =05°C — =
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.66 Wikg

SAR for nominal Head TSL parameters

normalized to 1TW

76.6 Wikg  19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.19 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

21.9 Wikg £ 19.5 % (k=2)

Head TSL parameters at 5800 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
MNominal Head TSL parameters 22.0°C 353 5.27 mho/m
Measured Head TSL parameters (22.0x02)°C 3566 % 5.21 mho/m £ 6 %
Head TSL temperature change during test =05°C —— e
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.86 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

78.7 Wikg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.22 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.2 Wikg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1128_Feb23
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Appendix E

Report No.

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5200 MHz

: FA470109

Impedance, transformed to feed point 487 01-79j02

Return Loss -21.9dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 4040 -3.9j0

Return Loss -28.0dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.208 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 Mo: D5GHzV2-1128 Feb23

Page 4 of 9
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Appendix E Report No.: FA470109

DASYS5 Validation Report for Head TSL

Date: 22.02.2023
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1128

Communication System: UID 0 - CW: Frequency: 5200 MHz, Frequency: 5800 MHz
Medium parameters used: f= 5200 MHz; 6 = 4.6 S/m; & = 36.1; p = 1000 kg/m?
Medium parameters used: f= 5800 MHz; o = 5.21 S/m; &= 35.6: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.8, 5.8, 5.8) @ 5200 MHz, ConvF(5.01, 5.01, 5.01) (@ 5800
MHz; Calibrated: (08.03.2022

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

¢ Electronics: DAE4 Sn601; Calibrated: 19.12.2022

+ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001
« DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.52 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 26.8 W/kg

SAR(1 g) = 7.66 W/kg; SAR(10 g) = 2.19 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 69.7%

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

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.57 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 31.0 W/kg

SAR(1 g) = 7.86 W/kg; SAR(10 g) = 2.22 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 65.5%

Maximum value of SAR (measured) = 19.6 Wikg

Certificate No: D5GHzV2-1128_Feb23 Page 5of 8
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0 dB =19.6 W/kg = 12.92 dBW/kg

Certificate No: D5GHzV2-1128_Feb23 Page 6 of @
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Impedance Measurement Plot for Head TSL
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Report No.: FA470109

Appendix: Transfer Calibration at Four Validation Locations on SAM Head!

Evaluation Conditions (f=5200 MHz)

Phantom

SAM Head Phantomn

For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top)

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

Condition

SAR for nominal Head TSL parameters

normalized to 1W

81.1 Wikg + 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

23.3 Wikg £ 19.9 % (k=2)

SAR result with SAM Head (Mouth)

SAR averaged over 1 cm® {1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized to 1W

84.9 Wikg * 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

24.5 Wikg £ 19.9 % (k=2)

SAR result with SAM Head (Neck)

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

Condition

SAR. for nominal Head TSL parameters

normalized to 1TW

81.0 Wikg + 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

23.1 Wikg % 19.9 % (k=2)

SAR result with SAM Head (Ear)

SAR averaged over 1 em® (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

naormalized to 1W

51.6 Wikg £ 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

17.6 Wikg £ 19.9 % (k=2)

! Additional assessments outside the current scope of SCS 0108

Certificate No: D5GHzV2-1128_Feb23
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Report No.: FA470109

Appendix: Transfer Calibration at Four Validation Locations on SAM Head?

Evaluation Conditions (f=5800 MHz)

Phantom

SAM Head Phantom

For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top)

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

Condition

SAR for nominal Head TSL parameters

normalized to 1TW

81.8 Wikg % 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1TW

23.1 Wikg * 19.9 % (k=2)

SAR result with SAM Head (Mouth)

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

Condition

SAR for nominal Head TSL parameters

normalized to 1W

88.4 Wikg  20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR result with SAM Head (Neck)

5AR averaged over 1 cm?® (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized to 1W

78.9 Wikg + 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

22.1 Wikg + 19.9 % (k=2)

SAR result with SAM Head (Ear)

SAR averaged over 1 em® (1 g) of Head TSL

Condition

SAR. for nominal Head TSL parameters

normalized to 1W

56.2 Wikg + 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 1W

18.8 Wikg % 19.9 % (k=2)

2 Additional assessments oulside the current scope of SCS 0108

Certificate No: D5GHzV2-1128_Feh23
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SPOARTON LAB.

Report No.: FA470109

D5000V2, serial no. 1128 Extended Dipole Calibrations

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.

<Justification of the extended calibration>

D5000V2 — serial no. 1128

5200MHZ
Date of Measurement|Return-Loss (dB)|Delta (%)|Real Impedance (ohm)|Delta (ohm){Imaginary Impedance (ohm)|Delta (ohm)
02.22.2023
-21.9 48.7 -7.9
(Cal. Report)
02.21.2024
-21.9 0 48.9 0.2 -7.3 0.6
(extended)
5800MHZ
Date of Measurement|Return-Loss (dB)|Delta (%)|Real Impedance (ohm)|Delta (ochm){Imaginary Impedance (ohm)|Delta (ohm)
02.22.2023
-28.0 49.4 -3.9
(Cal. Report)
02.21.2024
-23.8 -15 53.0 3.6 -4.5 -0.6
(extended)

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 INTERNATIONAL INC.

TEL : 886-3-327-3456
FAX : 886-3-328-4978

Page29/184



Appendix E Report No.: FA470109

SPOARTON LAB.

<Dipole Verification Data> - D5000 V2, serial no. 1128 (Data of Measurement : 02.21.2024)
5000MHz - Head

Pl 511 Log Mag 10.00de/ ref 0.000ds [F1]

1 Start 5 GHz IFBW 70 kHz stop 6 GHz W01

Cor
e

P S11 smith (R+jX) Scale 1.000U [F1 pel]

04,1853 pF
05,9816 pF

1 Start 5 GHz TFBW 70 kHz Stop 6 GHz

SPORTON INTERNATIONAL INC.
TEL : 886-3-327-3456
FAX : 886-3-328-4978
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Calibration Laboratory of

- S  Schweizerischer Kalibrierdienst
Schmid & Partner c Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

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

cient  Sporton Certificate No. DB.5GHzV2-1083_0ct23

Calibiration date: October 20, 2023

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

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

Calioraton Equipment used [MATE crifical for calibration)

Primary Standards ID# Cai Date (Certificate No.) Scheduled Calibration

Power sensor R&S NRP33T SM: 100957 03-Apr-23 (Mo. 217-03806) Apr-24

Reference 20 dB Atlenualor SN: BHO394 (20k) 30-Mar-23 (No. 217-03809) Mar-24

Mismatch combination SM: 84224 | 360D 03-Apr-23 (No: 217-03812) Apr-24

Reference Probe EX30V4 SN: 7405 12-Jum-23 (Mo. EX3-74058_Jun23) Jun-24

DAE4 SN 908 03-Jul-23 (Mo, DAE4-808_Jul23) Jui-24

Secondary Standards 10 # Check Date (in house) Scheduled Check

RF generator Anapico APSIN20G | SN: 827 18-Dec-18 (in house check Dec-21) In house check: Dec-23

Power sensor NRP-223 SN 100189 10-Jan-19 (in house check Nov-22) In house check: Mov-23

Power sensor NRP-18T SN, 100950 28-5ep-22 (in house check Nov-22) In hiouse check: Nov-23

Metwork Analyzer Keysighl ES0E3A | SMN:MY 54504221 31-0ci-19 {in house check Ocl-22) In house check: Oct-25
Mame Function Signature

Calibrated by idonia Georgls ‘Laboratory Technician _ 6-'_:_5

Approved by Sven Kihn | Technical Manager

|sgued: October 23, 2023
This calitiration cerlificate shall not be reproduced except in full without wrilten approval of the laboratory

Certificate No: DE.5GHzV2-1083_Oct23 Page 10of 6

Page31/184



Appendix E

Report No.: FA470109

. RN )
Callhfatinn Laboratory of ﬁil\h__—k':-'f;?i Schweizerischer Kalibrierdienst
Schmid & Partner : = Service suisse d'étalonnage
Engineering AG = e Sarvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ﬁ.{ﬁf Swiss Calibration Service

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) IEC/IEEE 62209-1528, "Measuremenl Procedure For The Assessment Of Specific Absorption Rale

Of Human Exposure To Radio Frequency Fields From Hand-Held And Body-Wom Wireless
Communication Devices - Part 1528: Human Models, Instrumentation And Procedures (Frequency
Range Of 4 MHz To 10 GHz)", October 2020,

Additional Documentation:
b) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

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

Feed Point Impedance and Relturn Loss: These parameters are measured with the dipole positioned
under the liquid filled phantom. The Return Loss ensures low reflected power, No uncertainty
required.

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

SAR normalized; SAR as measured, normalized to an input power of 1 W at the antenna connector.
SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the nominal
SAR result.

The absorbed power density (APD): The absorbed power density is evaluated according to
Samaras T, Christ A, Kuster N, "Compliance assessment of the epithelial or absorbed power density
above 6 GHz using SAR measurement systems’”, Bioelectromagnetics, 2021 (submitted), The
additional evaluation uncertainty of 0.55 dB (rectangular distribution) is considered.

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: D6.5GHzV2-1083_0ct23 Page 2 of 6
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Report No.: FA470109

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYE V16.2
Extrapolation Advanced Ex{rapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 5mm with Spacer

Zoom Scan Resolution

dx, dy = 3.4 mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency 6500 MHz £ 1 MHz
Head TSL parameters
The foliowing parameters and calculalions were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 345 6.07 mho/m
Measured Head TSL parameters (22.0+0.2)°C 346+6% 6.18 mho/m £ 6 %
Head TSL temperature change during test <05°C —— _
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 100 mW input power 29.2 Wikg

SAR for nominal Head TSL parameters

normalized o TW

292 Wikg * 24.7 % (k=2)

SAR averaged over 8 cm® (8 g) of Head TSL

Condltion

SAR measured

100 mW input power

6.58 W/kg

SAR for nominal Head TSL parameters

narmalized to 1W

65.8 Wikg £ 24.4 % (k=2)

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

condition

SAR measured

100 mW input power

5.40 Wikg

SAR for nominal Head TSL parameters

narmalized to 1W

54.0 Wikg £ 24.4 % (k=2)

Certificate No; D6 5GHzV2-1083_Oct23
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.502-26(0
Relumn Loss -31.7dB

APD (Absorbed Power Density)

APD averaged over 1 cm? Condition

APD measured 100 mW input power 202 Wim?

APD measured normalized to 1W 2920 Wim® £ 29.2 % (k=2)
APD averaged over 4 cm?® condition

APD measured 100 mW input power 132 Wim?

APD measured normalized to 1W 1320 Wim* £ 28.9 % (k=2)

*The reported APD values have been derived using the psSAR1g and psSARSG.

General Antenna Parameters and Design
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 conduclor of the feeding line is directly connected fo 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 t¢ improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are nol affected by this change. The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered conneclions near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: D8 5GHzV2-1083_0ct23 Page 4 of 6
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DASY6 Validation Report for Head TSL

Measurement Report for D6.5GHz-1083, UID 0 -, Channel 6500 {6500.0MHz)

Device under Test Properties

Name, Manufacturer Dimensions [mm] IMEI
D6.5GHz 10.0x 10.0x 10.0 SM: 1083
Exposure Conditions
Phantom Position, Test Band Group, Frequency
Section, TSL Distance uio [MHz] Factor
[mm]
Flat, H5L 5.00 Band Cw, 6500 5.50

Hardware Satup
Phantom T5L
MEFP VE.Q Center - 1182 HEBLE00-10000VE

Scan Setup

Zoom Scan
Grid Extents [mm] 220x22.0%22.0
Grid Steps [mm] 34x34x14
Sensor Surface [mm| 1.4
Graded Grid Yes
Grading Ratio 1.4
MALA /A
Surface Detection VIS + Bp
Scan Method Measured

ol ed LAW (W /|

Probe, Calibration Date
EX3DV4 - SNT405, 2023-06-12

Measurement Results

Date

psSAR1g (W/Kg]
psSARBg [W/Kg]
psSAR10g [W/Kg)
Power Drift [dB]
Power Scaling
Scaling Factor [dE]
TSL Correction
W2/M1 (%)

Dist 3dB Peak [mm]

Conversion

Report No.: FA470109

TSL Cond. TSL
[S/m] Permittivity
G6.18 34.6

DAE, Calibration Date
DAE4 5908, 2023-07-03

Zoom Scan
2023-10-20,11:03
29.2

6.58

5.40

0.01

Disabled

Mo correction
50.2
4.6

Certificate No: DE.5GHzV2-1083_0ct23
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Impedance Measurement Plot for Head TSL
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Calibt_'atinn Laboratory of i\"&h‘# S Schweizerischer Kalibrierdienst
Schmid & Partner m ¢ Service suisse d'étalonnage
Engineering AG NS g Servizio svizero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland A :‘.ﬁ \.“ Swiss Calibration Service
Accredifed by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108

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

Client  Sporton Certificate No.  5G-Veri10-1020_Jan24
Taoyuan City

|CALIB'HATION CERTIFICATE |

Objecl 5@G Verification Source 10 GHz - SN: 1020

Callbration procedure(s) QA CAL-45.v4
Calibration procedure for sources in air above 6 GHz

Calibration date: January 18, 2024

This calibraticn cerificate documents the traceability 1o national standards, which realize he physical units of measurements (31).
The measurements and the unceraintiss with confldence probability are given on the following pages and are part of the cerilicate,

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 = 31°C and humidiy < 70%

Gailoration Equipment used (M&TE eritical for calibration)

Primary Standards 0w Cal Date (Carificate MNo.) Scheduled Calibration
Refarence Probe ELImmWY3 Sh: 8374 04-Dac-23 (No. EUmm-2374_Dec23) Dec-24
DAE4 SN 1215 26-Jun-23 (Mo, DAE4-1215_Jun23) Jun-24
Secondary Standards 10 # Check Date (in house) Scheduled Chack
RF generator RS SMF100A Sh: 100184 28-MNov-23 (in house chack Nov-23) In nouse check: Mov-24
Power sensor A&S NAP185-10 SN: 101258 20-Mov-23 (in house check Mov-23) In nouse check: Noy-24
Metwork Analyzer Keysight ES063A | SN: MY54504221 31-0ct-19 {in house check Oct-22) in house check: Oct-25
Mama Function Signalure

Calibrated by: tory Tech ! .

rated by Joanna Liesha) Laboratory Technician —Jfﬁ'f{#w £

CAd A
Approved by: Swan Kihn Technical Manage: T o
L
=g S

Izsund: January 19, 2024

This calibration cerificate shall not be reproduced except in full without written appraval of the labodatory
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Calibration Laboratory of S,
Schmid & Partner i k

S Schwelzerischer Kalibrierdienst
c Sarvice suisse d'étalonnage
S

)&

Engineering AG 2 £ Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland £ £ -‘fr\\ .\5“* Swiss Calibration Service
Glossary

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

Ccw Continuous wave

Calibration is Performed According to the Following Standards

e Internal procedure QA CAL-45, Calibration procedure for sources in air above 6 GHz.

« |EC/IEEE 63195-1, “Assessment of power density of human exposure to radio frequency
fields from wireless devices in close proximity to the head and body (frequency range of 6
GHz to 300 GHz)", May 2022

Methods Applied and Interpretation of Parameters

« Coordinate System: z-axis in the waveguide horn boresight, x-axis is in the direction of the
E-field, y-axis normal to the others in the field scanning plane parallel to the horn flare and
horn flange.

e Measurement Conditions: (1) 10 GHz: The radiated power is the forward power to the homn
antenna minus chmic and mismatch loss. The forward power is measured prior and after
the measurement with a power sensor. During the measurements, the horn is directly
connected to the cable and the antenna ohmic and mismatch losses are determined by far-
field measurements. (2) 30, 45, 60 and 90 GHz: The verification sources are switched on for
at least 30 minutes. Absorbers are used around the probe cub and at the ceiling to minimize
reflections.

e Horn Positioning: The waveguide horn is mounted vertically on the flange of the waveguide
source to allow vertical positioning of the EUmmW probe during the scan. The plane is
parallel to the phantom surface. Probe distance is verified using mechanical gauges
positioned on the flare of the horn.

« E- field distribution: E field is measured in two x-y-plane (10mm, 10mm + N4) with a
vectorial E-field probe. The E-field value stated as calibration value represents the E-field-
maxima and the averaged (1cm? and 4cm?) power density values at 10mm in front of the
horn.

e Field polarization: Above the open horn, linear polarization of the field is expected. This is
verified graphically in the field representation.

Calibrated Quantity
e Local peak E-field (V/m) and average of peak sg:aiial ccmg:onenta of the poynting vector -

}Wﬁm avera%ed over the surface area of 1 cm? and 4cm* at the nominal operational
requency of the verification source. Both square and circular averaging results are listed,

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%.

Cartificate No: 5G-Ven10-1020_Jan24 Page 20of 8
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Measurement Conditions

Report No.: FA470109

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

DASY Version DASYS Module mmWave v3z
Phantom 5G Phantom
Distance Horn Aperture - plane 10 mm
Number of measured planes 2 (10mm; 10mm + A4)
Frequency 10 GHz = 10 MHz
Calibration Parameters, 10 GHz
Circular Averaging
Distance Horn Prad’ | Max E-field | Uncertainty Avg Power Density Uncertainty
Aperture to {mW) {(Vim) (k=2) AVY (pePDns, psPDints, psPDMod+) k=2}
Measured Plane {Wim#)
1 em? 4 cm?

10 mm 93.3 152 1.27 dB 60.0 55.8 1.28dB
Distance Horn Prad’ | Max E-field | Uncarainty Power Density Uncertainty
Aperture to (mW) (V/im) (k=2) psPDn+, psPDot+, psPDmod+ k=2)
Measured Plane {Wim?)

1cm? 4 cm?

10 mim 93.3 152 1.27 dB 59.7, 60.0, 60.2 | 55.4, 56.0, 56.1 1.28 dB
Square Averaging
Distance Hom Prad’ | Max E-field | Uncerainty Avg Power Density Uncertainty
Aperture 10 (mW) {Vim) {k=2) Avg (psPbne, psPDint+, psPOmod) (k=2)
Measured Plane {Wim®)

1cm? 4.cm?

10 mm 93.3 152 1.27 dB 60.0 55.7 1.28dB
Distance Hom Prad’ | Max E-field | Uncertainty Power Density Uncertainty
Aperture to {fmW) {V/im) k=2) psPDn+, psPDiot+, psPDmod+ k=2)
Measured Plane (Wim?)

1 cm? 4 cm?®
10 mm 933 152 1.27 dB 59,7, 60.0,60.2 | 55.3,55.8, 56.0 1.28dB
Max Power Density
Distance Horn Prad' | Max E-field | Uncenainty Max Power Density Uncertainty
Aperture to (mW) (Vim) (k=2) Sn. Stot, |Stot| (k= 2)
Measured Plane (Wim?)
10 mm 93.3 152 1.27 dB 61.3,61.4,61.6 1.28 dB

| assessed ohmic and mismaich loss plus numerical offset: 0.30 dB

Centificate No: 5G-Ven10-1020_Jan24
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters

Impedance, transformed to feed point 51.9Q+32iQ
Return Loss -28.6dB

Impedance Measurement Plot
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Report No.: FA470109
DASY Report
Measurement Report for 5G Verification Source 10 GHz, UID 0 -, Channel 10000 (10000.0MHz)
Device under Test Properties
Name, Manufacturer Dimensions {mim] IMEI OUT Type
56 Verification Source 10 GHz 100.0x100.0x 172.0 Shi: 1020 -
Exposure Conditions
Phantom Section Position, Test Distance  Band Group, Frequency [MHz], Conversion Factor
[mim] Channel Mumber
56 - 10.0 mm Validation band ow 10000.0, 1.0
10000
Hardware Setup
Phantom Medium Probe, Calibration Date DAE, Calibration Date
mmWave Phantom - 1002 Air EUmmWY3 - SNS374_F1-55GHL DAEA 5n1215,
2023-12-04 2023-06-29
Scan Setup Measurement Results
56 Scan 5G Scan
sensor Surface [mm] 10.0 Date 2024-01-18, 10:45
MAALA MALA not used Awg. Area lem?] 1.00
Ag. Type Circular Averaging
psPDns [W/m'] 58,7
psPDot+ [W/m'} 60.0
psPOmods+ W /m?] 4.2
Man|Sn) [Wim?| 61.3
Max(Stat) (W m?) B6l.4
Maxi|Stot]) (Wi Gl.G
Ermss [V 152
Power Drift [da) (101

coiee] [Wim A

Certificate No: 5G-Ven10-1020_Jan24 FPage 5ol 8
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Report No.: FA470109
DASY Report
Measurement Report for 56 Verification Source 10 GHz, UID 0 -, Channel 10000 (10000.0MHz)
Device under Test Properties
Mame, Manufacturar Dimensions [mm] IMIEI DUT Type
5@ Verification Source 10 GHz 1000 x 100.0% 172.0 Sh: 1020 =
Exposure Conditions
Phantom Section Position, Test Distance  Band Group, Frequency [MHz], Conversion Factor
[mm] Channel Number
5G - 10.0 mm validation band . CW 10000.0, 10
10000
Hardware Setup
Phantom Medium Probe, Calibration Date DAE, Calibration Date
mmWave Phantom - 1002 Alr EUmmWY3 - SN9374_F1-55GHL DAEA Snl2l5,
2023-12-04 2023-06-29
Scan Setup Measurement Results
56 Scan 56 Scan
Sensor Surface [mm] 10.0 Date 7024-01-18, 10:45
MALA MALA nat used Avg, hrea {om?] 4,00
b, Type Circular Averaging
psPOnes [Wim' 854
psPOtot+ [W/m? 6.0
psPOmods W/ m?] 56.1
Max(Sa) [Wim] BL3
Pl Stot) [Wiimd] B1.4
Max( | Stat]) [WimT] 616
Emi [V/m] 152
Power Drift [d&] 001

Cearificate Mo: 5G-Veri10-1020_Jan24 Page bof 8
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DASY Report

Measurement Report for 5G Verification Source 10 GHz, UID 0 -, Channel 10000 (10000.0MHz)

Device under Test Properties
Mame, Manufacturer
56 Verification Source 10 GHz

Exposure Conditions
Phantom Section

[mm]
5G - 10.0'mm
Hardware Setup
Phantom Medium
mimwave Phantom - 1002 Alr
Scan Setup

Sensor Surface [mm]
MAIA

Dimensions [mm)]
100.0 x 100.0 x 172.0

Pasition, Test Distance

] W]

Report No.: FA470109
IMEI DUT Type
Sh: 1020 -
Band Group, Frequency [MHz], Conversion Factar
Channel Numbar
Validabion band €W 10000.0, 1.0
10000
Probe, Callbration Date DAE, Calibration Date
EUmmWYI - SN9374_F1-55GHz, DAE4 S5ni2l5,
2023-12-04 2023-06-29
Measurement Results
&G Scan 5G Scan
10.0 Date 2024401-18, 10:45
WALA not used Avg, Area [om’) 1.00
Avg. Type Sguare Averaging
pePOns [W/m’] 59,7
psPOtats [W/imd] 60.0
psPDmod+ [W/im?’| &0.2
Ma(Sn] [W/m?] B1.3
Maxistat) IW/m'l 614
Miix] | Stot]} [w/m?] 6l.6
Eimss [V/fm] 152
Power Drift [dB) 001

Certificate Mo: 5G-Veri10-1020_Jan24
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Report No.: FA470109
DASY Report
Measurement Report for 5G Verification Source 10 GHz, UID O -, Channel 10000 (10000.0MHz)
Device under Test Properties
Name, Manufacturer Dimensions [mm] IMEI DUT Type
5G Verification Source 10 GHe 100.0x-100.0 % 172.0 SN 1020 .
Exposure Conditions
Phantom Section Position, Test Distance  Band Group, Frequency [MHz], Conversion Factor
[mm] Channel Mumber
5G - 10.0 mm validanon band  CW 1000400, 1.0
10000
Hardware Setup
Phantam medium Probe, Calibration Date DAE, Calibration Date
mmwaye Phantam - 1003 Ajr EUmmWAWY3 - SNS374_F1-55GHZ DAE4 5n1215,
2023-12-04 2023-06-29
Scan Setup Measurement Results
5G Scan 56 Scan
Sensor Surface [mm) 10.0 Drate 2024-01-18, 10:45
MAALA MALA not used Avg. Area Jem?) 4.00
g, Type Square Averaging
psPOns [W/m'] 553
psPDats [W/im'j 55.8
psPOmod+ [W/m?) 560
Max(Sn) [Wim?] 1.3
thaxStot) [Wim?| 61.4
Maxi|Stot) [Wim) 616
Eens [W/m1] 152
Povever Drift [d8] <101

e {4 Db, vl Poerrtd

Cartificate No: 5G-Ven10-1020_Jan24
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Calibration Laboratory of ‘\Q“:::\:IJ;::"’;‘?; § Schweizerischer Kalibrierdienst
Schmid & Partner iﬁé c Service suisse d'étalonnage
Engineen'ng AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland £ éﬁ‘:ﬁ\f S Swiss Calibration Service
Accredited by the Swiss Accradifation Service (SAS) Accreditation No.: SCS 0108

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

Client  Sporton Certificate No. 5G-Veri10-1052_0ct23
Taoyuan City
|CALIBHATION CERTIFICATE I
Object 5G Verification Source 10 GHz - SN: 1052
Calibration procedure(s) QA CAL-45.v4

Calibration procedure for sources in air above 6 GHz

Callbration date; October 13, 2023

This calibration certificale documents the traceability to national standards, which reafize the physical units of measurements {31},
The measurements and the uncerndinties with conlidence probability are given on the lollowing pages and are pan of the cerilicale,

All calibrations have been conducted in the closed laboratary facitity: environment lemperature (22 + 3)°C and humidity = 70%

Calibration Equipment used (METE critical for calibration)

Primary Standards D & Cal Date (Certilicate No.) Schedulad Calibration

Faference Probe EUmmWW3 SN: G374 22-May-23 (No. ELmm-9374_May23) MEy-24

DAEdip S 1602 05-Jul-23 (No. DAE4ip-1802 _Jul23) Jul-24

Secondary Standards D4 Check Date (in house) Scheduled Chack

RF ganerator RAS SMF100A SN: 100184 19:-May-22 {in house chack Now-22) In house check! Mov-23

Power sensor R&S MAP18S-10 SN: 101258 31-May-22 {in house chack Nov-22) Im house check: Mov-23

Metwork Analyzer Keysight ES063A | SN: MY54504221 31-0¢t-19 (in house check Ocl:22) In house check: Oct-25
Mamea Funcrion Signature

Caliprated by: Joanna Liasha) Laboratory Technician

(pldy
Approved by Sven Kidhn Technical Manager A. /i / /M/(

lesued: October 17, 2023

This calibreation certificate shall not be reproduced except in full withoul wiitten approval of tha laboratory.
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Calibration Laboratory of Schweizerischer Kalibrierdienst

Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

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

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

Glossary

CcwW Continuous wave

Calibration is Performed According to the Following Standards

e |[nternal procedure QA CAL-45, Calibration procedure for sources in air above 6 GHz.

e |EC/IEEE 63195-1, “Assessment of power density of human exposure to radio frequency
fields from wireless devices in close proximity to the head and body (frequency range of 6
GHz to 300 GHz)", May 2022

Methods Applied and Interpretation of Parameters

« Coordinate System: z-axis in the waveguide horn boresight, x-axis is in the direction of the
E-field, y-axis normal to the others in the field scanning plane parallel to the horn flare and
horn flange.

e Measurement Conditions: (1) 10 GHz: The radiated power is the forward power to the horn
antenna minus ohmic and mismatch loss. The forward power is measured prior and after
the measurement with a power sensor. During the measurements, the horn is directly
connected to the cable and the antenna chmic and mismatch losses are determined by far-
field measurements. (2) 30, 45, 60 and 80 GHz: The verification sources are switched on for
at least 30 minutes. Absorbers are used around the probe cub and at the ceiling to minimize
reflections.

e Horn Positioning: The waveguide homn is mounted vertically on the flange of the waveguide
source to allow vertical positioning of the EUmmW probe during the scan. The plane is
parallel to the phantom surface. Probe distance is verified using mechanical gauges
positioned on the flare of the horn.

o E- field distribution: E field is measured in two x-y-plane (10mm, 10mm + AM4) with a
vectorial E-field probe. The E-field value stated as calibration value represents the E-field-
maxima and the averaged (1cm? and 4cm?) power density values at 10mm in front of the
horn.

» Field polarization: Above the open horn, linear polarization of the field is expected. This is
verified graphically in the field representation.

Calibrated Quantity
¢ Local 2p-tz,\at-: E-field (V/m) and average of peak s?atial mmgcnents of the poynting vector
)

}me averaged over the surface area of 1 cm® and 4cm? at the nominal operational
requency of the verification source. Both square and circular averaging results are listed.

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%.

Cartificate No: 5G-Veri10-1052_Oct23 Page2of 8

Page46/184



Appendix E Report No.: FA470109

Measurement Conditions
DASY systemn configuration, as far as not given on page 1.

DASY Version DASYS Module mmWave Va.2
Phantaom 5G Phantom
Distance Horn Aperture - plane 10.mm
Number of measured planes 2 (10mm, 10mm + A/d)
Frequency 10 GHz £ 10 MHz
Calibration Parameters, 10 GHz
Circular Averaging
Distance Horn Prad' | Max E-field | Uncertainty Avg Power Density Uncerainty
Aperture to {(mW) (Vim) (k =2} Avg (psPOne. psPOwt, pePOmods ) (k=2)
Measured Plane (Wim?)
1 cm? 4 cm?

10 mm 83.3 155 1.27.dB 61.4 56.8 1.28dB
Distance Horn Prad' | Max E-field | Uncenainty Power Density Uncenainty
Aperture to (mW) (V/im) (k=2) psPDn+, psPDtot+, psPDmod+ k=2)
Measured Plane (W/m?)

1cm? 4 cm*
10 mm 93.3 155 1.27 dB 61.2,61.4,61.5 | 56.6, 56.8, 57.1 1.28 dB
Square Averaging
Distance Hom Prad’ | Max E-field | Uncertainty Avg Power Density Uncertainty
Aperiure to (mW) {Vim) (k=2) Avg (psPDn-, psPuts, psPDmods) (k=2)
Measured Plane (W/m?)
1cm? 4 cm?

10mm 93.3 155 1.27 dB 61.4 56.8 1.28 dB
Distance Hom Prad' | Max E-field | Uncerainty Power Density Uncartainty
Aperture 1o (mW) (V/im) (k=2) psPDOn+, psPDtot+, psPDmod+ (k=2)
Measured Plane (W/m*)

1 em? 4 cm?
10 mm 933 155 1.27 dB 61.2,61.4,61.5 | 56.5, 56.8, 57.0 1.28 dB
Max Power Density
Distance Hom Prad' | Max E-field | Uncertainty Max Power Density Uncertainty
Aperture to (mW) (V/m) (k=2) Sn, Stot, |Stot| (k=2)
Maasured Plane (W/im?)
10 mm 83.3 155 127 dB 63.0, 63.1, 631 1.28.dB

| Assessed ohrmiic and mismatch loss plus numerical offset; 0,30 dB
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Appendix E Report No.: FA470109

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters

Impedance, transformed to feed point 53.50-098jQ
Return Loss -291dB

Impedance Measurement Plot

ESHaA Nohwork andtyzes

| Ao (e Trpce . 0 Beigerse 000k J BeiGedbdd 3 indde Tty Meiow
P =il swith (Ee i) scale 1.000 u [F1] -
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F LY / - - poy=s. /.
,_n" \/ \"1} /" \-..tf \"'\«\'\‘ ’_.I‘
wﬂf b ‘-\L o
/ % o
4 [
-
1 St G RN TO R Srop 124 98 i
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Appendix E Report No.: FA470109

DASY Report

Measurement Report for 5G Verification Source 10 GHz, UID 0 -, Channel 10000 (10000.0MHz)

Device under Test Properties
Name, Manufacturer Dimensions [mm] IMEI DUT Type
584G Verification Source 10 GHz 100.0 » 100.0 x 172.0 5M: 1052
Exposure Conditions
Phantom Section Pasition, Test Distance Band Group, Frequency [MHz], Conversion Factor
[rim] Channel Mumber
5G - 10.0 mm Validation band ~ CW 100000, 10
10000
Hardware Setup
Phantom Medium Probe, Calibration Date DAE, Calibration Date
mmiWave Fhantom - 1002 Air EmmWWY3 - Sl9374_F1-55GHz, DAEdip 5nl6D2,
2023-05-22 2023-07-05
Scan Setup Measurement Results
5G Scan 5G Scan
Sensor Surface [mm] 0.0 Date 2023-10-13, 13:21
MAIA MALA not used Avg. Area fem?] 1.00
Aug. Type Circular Averaging
psPDn+ [W/imY 61.2
paPDtots [W/im] 614
psPDmad+ [W/m] 615
Max{sn) [W/m'| 3.0
haniseot) |Wm? 63.1
Max] | Stat( ) [Wim 631
Lo [V/m] 155
Power Drift [dB] 0.01
sFDate-{ LDl ciee) | Wit
G4
Certificate No: 5G-Ven10-1052_0ct23 Page 5of 8
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Appendix E Report No.: FA470109

DASY Report

Measurement Report for 5G Verification Source 10 GHz, UID 0 -, Channel 10000 (10000.0MHz)

Device under Test Properties

Name, Manufacturer Dimenslons fmm] IMEI DUT Type
56 Verification Source 10 GHe 100.0x 100.0x 172.0 SN: 1052
Exposure Conditions
Phantom Section Position, Test Distance Band Group, Frequency [MHz), Conversion Factor
[mm] Channel Number
56 - 10.0 mm Validation bangd  CW 10000.0, 1.0
10000
Hardware Setup
Phantom Medium Probe, Calibration Date DAE, Callbration Date
mmWave Phantom - 1002 Air EUmmWWY3 - SN9374_F1-55GHz DAE4ip Sn1602,
2023-05-22 2023-07-05
Scan Setup Measurement Results
5G Scan 5G Scan
Sensor Surface [mm) 100 Date 2023-10-13, 13:21
MALA MALA not used Avg. Area [em?) 4,00
Ayg. Type Circular Averaging
psPDn+ [Wim?| 56.6
psPOtot+ [W/m-| 5648
psPDmod+ [W/m?] 57.1
Maw(5n) [Wim?) 530
Max{Srot) W/ m') B3.1
Manf | Stot| | [W/m?] B3.1
En [V/m] 155
Powaer Drift [d8) 0,01

fdbtrm i ) D)

Cerificata No: 5G-Veri10-1052_0ct23 Page 6ot 8
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Appendix E

DASY Report

Report No.: FA470109

Measurement Report for 5G Verification Source 10 GHz, UID 0 -, Channel 10000 {10000.0MHz)

Device under Test Properties

MName, Manufacturer

56 Verification Source 10 GHz

Exposure Conditions
Phantom Section

56 -

Hardware Setup
Phantom
mmWave Phantom - 1002

Scan Setup

Sensor Surface [mm]
MALA

Dimensions [mm] IMEI DUT Type
100.0x 100.0 21720 S5M; 1052 .
Pasition, Test Distance Band Group, Frequency [MHz), Conversion Factor
[mm] Channel Number
10.0 mm Walidation band ow 10000.0, 1.0
10004
Medium Probe, Calibration Date DAE, Catlbration Date
Alr EUmmWY3 - SNS3T4_F1-55GHz, DAESIp 501802,
2023-05-22 2023.07-05
Measurement Results
5G Scan 56 Scan
10,0 Bate 2023-10-13, 13321
Math not usad Avg. Area [em] 100
Avg. Type Square Averaging
psPDn+ [W/m| 61.2
pePDrot+ [W/im' Bi.4
psPOmods |Wim'} 615
Max[Sn) [Wim?] 63.0
Mao Stot) [W/im¢) B3.1
MaxfjStot] ) [Wim?) B3.1
Eivaa [V/mi] 155
Power Drift [dB] 0,01

alrots [ Locind, wq) [W/msT
ol

Cerificate No: 5G-Ver10-1052_0ct23
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Appendix E Report No.: FA470109

DASY Report

Measurement Report for 5G Verification Source 10 GHz, UID 0 -, Channel 10000 (10000.0MHz)

Device under Test Properties

Name, Manufacturer Dimensions [mm] IMEI DUT Type
56 Varificatlon Source 10 GHz 100.0x 1000 % 172.0 Sk 1052 .
Exposure Conditions
PFhantom Section Position, Test Distance  Band Group, Frequency [MHz], Conversion Factor
[rrim] Channe! Number
5G- 10.0mm Validation band W 100000, 1.0
10000

Hardware Setup

Phantom Medium Probe, Calibration Date DAE, Calibration Date
mmWave Phantom - 1002 Alr EUmmWVIA - SN9374_F1-55GHE. DAEdIp Sn1602,
2023-05-22 2023-07-05
Scan Setup Measurement Results
5G Scan 5@ Scan
Sensor Surface [mm] 0.0 Date #023-10-13, 13:2]
MALR MALA not used Ay, Area [cm?] 4,00
Avg, Type Square Averaging
psPDne [Wim') 56.5
pePDrot+ [Wim?) 568
pEPDmods [Wim?] 57.0
Mau{Sn] [W/m?| B3.0
Max[Stot) (Wim?] 631
totane] | Stot| ) [Wimd] B3l
Emas [V/im] 155
Power Drift [dB| 0.01

siOr e = (4 0emk w)] Wi e
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Appendix E

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

S
Cc
S

o
R

Accreditation No.: SCS 0108

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

Client Sporton

Taoyuan City

Report No.: FA470109

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

Certificate No.

—

EUmm-9441_Nov23

| CALIBRATION CERTIFICATE

Object

Calibration procedura(s)

Calibration dale

EUmmWV4 - SN:9441

QA CAL-02.v9, QA CAL-25.v8, QA CAL-42.v3
Calibration procedure for E-field probes optimized for close near field

evaluations in air

November 17, 2023 |

This calibration certificate documents the traceability to national
The measurements and the uncertainties with confidence probal

standards, which realize the physical units of measurements (S1).
bility are given on the lollowing pages and are part of the certificate.

All caliprations have been conducted in the closed laboratory facility: environment temperature (22 +317C and humidity = 70%:
Calibration Equipment used (M&TE critical for calibration)

Frimary Standards ¥ Cal Date (Cerfificate No.,) Scheduled Calibration
Power sensor NRP110T SN: 101244 12-Apr-23 (No, D00TA300692178) Apr-24

Speclrum analyzer FSVA0 | SN; 101832 23-Jan-23 (No. 4030-315005314) Jan-24

Ref. Probe EUmmWVa SN: 9374 22-May-23 (No. EUmm-8374_May23) May-24

DAEdip SN- 1662 0B-Nov-23 {No. DAE4ip-1662_Noves) Mov-24

Secondary Standards [[¥] Check Date (in house) Scheduled Check
Generator APSINZEG Sh: 689 28-Mar-17 {in house check May-23) In house check: May-24
Generator Agilent EB251A | SN: US41140111 28-Mar-17 {in house check May-23) In house check: May-24

Calibrated by

Approved by

Mame

Jaton Kasirati

Sven Kihn

This calibration certificate shall not be reproduced axcept in full without written approval

Function

Signature

Laboratory Technigian ézhw (_ﬁ’—;
g

Technical Manager

iy e

Issued: Novembaer 21, 2023

of the laboratory.

Certificate No: EUmm-9441_Nov23
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Appendix E

Report No.: FA470109

Calibration Lahuratory of ‘:"""Cl;:"":a S Schweizerischer Kalibriardienst
y AT Service suisse d'étalonnage

Schmid & Partner slacuRA € servizio svizzero di taratura

Engineering AG T S Swiss Calibration Service

Zeughausstrasse 43, 8004 Zurich, Switzerland AN

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

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration cerfificates

Glossary

MNORMx.y sensitivity in free space

bDCcP diode compression point

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

ABCD modulation dependent linearization parameters

Folarization o ip rotation around probe axis

Polarization £ tl rotation around an axis that is in the plane normal to probe axis (at measurement center), ie., 9=0is

normal to probe axis
Connector Angle  information used in DASY system 1o align probe sensor X to the robot coordinate system
Sensor Angles sensor deviation from the probe axis, used to calculate the field orientation and polarization
k i the wave propagation direction

Calibration is Performed According to the Following Standards:

a) |EEE Std 1308-2005, “|EEE Standard for calibration of electromagnetic field sensors and probes, excluding antennas,
from 9 kHz to 40 GHz", December 2005

Methods Applied and Interpretation of Parameters:

* NOFRMzx.y: Assessed for E-field polarization #=0 {f = 900MHz in TEM-cell; f > 1800MHz: R22 wavequide). Faor
frequencies > & GHz, the far field in front of waveguide horn antennas is measured for a set of frequencies in various
waveguide bands up to 110 GHz.

DCPx,y: DCP are numerical linearization parameters assessed based on the data of power sweep with CW signal, DCP
does not depend on frequency nor media.

Naote: As the field is measured with a diode detectar sensor, it is warrantied that the probe response is linear (E2) below the
documented lowest calibrated value.

* PAR: PAR is the Peak to Average Ratio that is riot calibrated but determined based on the signal characteristics

The frequency sensor model parameters are determined prior to calibration based on a frequency sweep (sensor model
involving resistors R, Ry, inductance L and capacitors C, Cpa).

Axy; Bx.y, Cxy; Dx,y: VRx,y: A, B, C, D are numetical linearization paramelers 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,

* Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip (on probe axis).
Mo lolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no uncertainty required),
Equivalent Sensor Angle: The two probe sensors are mounted in the same plane at dilferent angles. The angles are
assessed using the information gained by determining the NORMx (no uncertainty required).

Spherical isolropy (30 deviation from isotrapy). in a locally homogensous field realized using an open waveguide / horn
satup,

-

Certificate No: EUmm-9441_Nov2a Page 2 of 18
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Appendix E

EUmmWY4 - SN:2441

Parameters of Probe: EUmmWV4 - SN:9441

Basic Calibration Parameters

Report No.: FA470109

MNovember 17, 2023

Sensor X Sensor Y Unc (k=2)
Norm (uV/(Vim)?) 0.02282 0.02698 +10.1%
DCP (mv) B 105.0 104.0 +4.7%
Equivalent Sensor Angle -60.4 34.7
Calibration Results for Frequency Response (750 MHz — 110 GHz)
Frequency ;a;gﬂ Deviation Sensor X | Deviation Sensor Y Unc(k=2)
GHz e dB dB dB
/m
0.75 772 -0.01 -0.07 +0.43
1.8 140.4 0.01 0.01 +0.43
2.0 133.0 014 0.18 +0.43
2.2 124.8 -0.07 -0.05 +0.43
2.5 123.0 0.07 0.07 +0.43
35 256.2 -0.22 -0.29 +0.43
a7 249.8 010 -0.18 +0.43
6.6 747 -0.03 —0.22 +0.98
8.0 67.2 -0.04 -0.11 +0.98
10.0 66.2 —-0.01 0.03 +0.98
16.0 51.2 0.9 0.18 +0.98
26.6 112.6 0.19 019 +0.98
30.0 121.9 0.01 0.00 +0.98
35.0 121.3 -0.15 -0.16 +0.98
40.0 102.3 -0.26 -0.27 +0.98
50.0 61.5 0.02 -0.00 +0.98
55.0 75.9 0.04 0.04 +0.98
60.0 B80.5 -0.01 -0.01 +0.98
B5.0 771 0.08 0.03 +0.98
70.0 4.3 .16 0.08 +0.98
75.0 748 0.09 0.03 +0.98
75.0 96.6 0.07 0.03 +0.98
80.0 95.4 -0.10 -0.08 +0.98
85.0 58.0 -0.08 -0.08 +0.98
50.0 B4.0 -0.02 0.00 +0.98
92.0 B39 0.04 0.02 +0.98
85.0 76.2 0.06 —-0.01 +0.98
97.0 69.1 0.08 —-0.01 +0.98
100.0 66.9 0.14 0.10 +0.98
105.0 67.2 -0,12 -0.10 +0.98
110.0 78.1 —0.04 0.03 +0.958
The reported uncertainty of measurement is stated as the standard uncertainly of measurement multiplied by the coverage
factor k=2, which for a normal distribution corresponds to a coverage probability of approximately 95%.

B Linearization parameter uncertainty for maximum specilied fisld strength,

Certificate No: EUmm-8441_Nov23
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Appendix E

EUmmWYV4 - SN:9441

Parameters of Probe: EUmMmWV4 - SN:9441

Calibration Results for Modulation Response

MNovermnber 17, 2023

Report No.: FA470109

[UID | Communication System Name A B C D VR | Max | Max

dB | dB/uv dB8 | mV | dev. | UncE

k=2

0 cW X | 0.00 0.00 1.00 [ 0.00 | 137.4 | £3.0% | 4.7, |
Y| 0.00 0.00 1.00 | 758

10352 | Pulse Waveform (200Hz, 10%) X 198 50.00 14.25 | 10.00 6.0 | £1.2% | +96%
Y| 138 | 6000 | 1651 6.0

10353 | Puise Waveform (200Hz, 20%) X| 137 6000 | 1308 | 699 | 120 | 209% | 156%
Y| 34.00 | 10400 | 27.00 12.0

10354 | Pulse Waveform (200Hz, 40%) X | 082 60.00 11,79 | 398 | 23.0 | +14% | +9.6%
¥ | 064 | 60.00 13.97 230

10355 | Pulse Waveform (200Hz, 60%) X| 048 | 6000 [1111| 222 | 270 | £1.1% | z0.6%
Y| 047 | 60.00 | 12.63 370

10387 | QPSK Waveform, 1 MHz X| 1.05| 6000 [ 1161 | 1.00 | 220 | £1.7% | 29.6%
Y| 1.13 | 6000 | 1152 220

10388 | QPSK Waveform, 10 MHz X| 1286 B0.00 11.80 | 000 | 220 [ £0.7% | +9.6%
Y] 140 6000 | 1167 220

10396 | 64-QAM Waveform, 100 kHz x| 230] 6226 | 1467 301 | 17.0 | £0.6% | +9.6%
Y| 203 | 60.00 | 13.77 17.0

10399 | 64-QAM Wavelorm, 40 MHz X| 210 60.00 | 1237 ] 0.00 | 19.0 | t0.9% | +96%
Y| 239 60.00 12.28 19.0

10414 | WLAN CCDF, 64-QAM, 40 MHz X| 338 | 6000 [ 1276 | 000 | 120 | +0.8% | 29.69
Y| 326 | B0.00 12.73 | 12.0

Mote: For details on UID parameters see Appendix

E Unoertainty is determined using the max. daviation lrom linear response applying rectangular distribulicn and is expressed for the square of the field value.

Certificate No: EUmm-9441_Naova3s
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Appendix E

EUmmWV4 - SN9441

Parameters of Probe: EUmmWV4 - SN:9441

Calibration Results for Linearity Response

Report No.: FA470109

MNovember 17, 2023

Freguency Target E-Field Deviation Sensor X | Deviation Sensor ¥ Unec (k=2)
GHz Vim dB dB dB
09 50.0 0.02 =0.10 0.2
09 100.0 =0.01 012 0.2
08 500.0 0.03 -0.01 +0.2
- 0.9 1000.0 0.04 0.03 +0.2
0.9 1500.0 0.02 0.02 +0.2
0.9 2100.0 -0.01 0.m +0.2
Sensor Frequency Model Parameters (750 MHz - 55 GHz)
Sensor X Sensor Y
R (0) 91,45 42,97
Rp (Q2) 127.67 57.40
L {nH) 0.08538 0.03699
C (pF) 0.1919 0.5130
Cp (pF) 0.0620 0.1436
Sensor Frequency Model Parameters (55 GHz — 110 GHz)
Sensor X Sensor Y
R () 42.00 43.54
Rp (Q) 177.34 169.75
L (nH) 0.068284 0.08067
C (pF) 0.0552 0.0604
Cp (pF) 0.0624 0.0629
Sensor Model Parameters
i c2 @ Ti T2 T3 T4 | 715 T6
iF iF V-1 msV-2 msy-1 ms V-2 v-1
% 37 .4 274.45 34.20 0.9z 4.08 5.00 0.00 1.11 1.01
¥ 352 254 .47 33.52 2.66 3.39 5.05 0.00 1.48 1.0
Other Probe Parameters
Sensor Arrangement Rectangular
Connector Angle -142.1°
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 320 mm
Frobe Body Diameter 8mm
Tip Length 23mm
Tip Diameter B.0Omm
Probe Tip to Sensor X Calibration Point 1.5mm
Prabe Tip to Sensor Y Calibration Paint 1.5mm |
Certificate No: EUmm-8441_Nov23 Page 5 of 18
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Report No.: FA470109

Appendix E
EUmmWWV4 - SN:9441 Movember 17, 2023
Deviation from Isotropy in Air
30GHz: 30 isotropy, E-field parallel to probe axis
: :
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60GHz: 3D isotropy, E-field parallel to probe axis
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Probe isatropy for Ey: probe rotated ¢ = 0° to 360°, tilted from field propagation direction K
Parallel to the field propagation (y = 0° — 90°) at 30 GHz: deviation within +0.40 dB
Parallel to the field propagation (y = 0° - 90°) at 80 GHz: deviation within +0.39 dB
Certificate No: EUmm-2441_Now23 Page 6 of 18
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