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Calibration information for E-field probes
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EX3DV4 - SN:3924

Parameters of Probe: EX3DV4 - SN:3924

October 08, 2025

Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/im)?) A 0.63 0.57 0.65 +10.1%
DCP (mV) B 107.5 108.5 107.1 +4.7%
Calibration Results for Modulation Response
UID | Communication System Name A B [ D VR Max Max
dB | dB\/uV dB mV | dev. | UncE
k=2
0 [CW X| 0.00 0.00 1.00 | 0.00 | 126.6 | +1.6% | +4.7%
Y| 0.00 0.00 1.00 1423
Z | 0.00 0.00 1.00 128.1

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 E-field uncertainty inside TSL (see Page 5).

B inearization parameter uncertainty for maximum specified field strength.
E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the field value.
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EX3DV4 - SN:3924

Parameters of Probe: EX3DV4 - SN:3924

Other Probe Parameters

October 08, 2025

Sensor Arrangement

Triangular
Connector Angle 29.2°
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337mm
Probe Body Diameter 12mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point imm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm

Note: Measurement distance from surface can be increased to 3—4 mm for an Area Scan job.
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EX3DV4 - SN:3924 October 08, 2025

Parameters of Probe: EX3DV4 - SN:3924

Calibration Parameter Determined in HSL

f (MHz)© Relative Conductivity" | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® UncH :
Permittivity" (S/m) (mm) (k=2)
750 4.9 0.89 10.00 9.39 9.50 0.35 1.27 +11.0%
835 415 0.90 9.80 9.21 9.31 0.35 1.27 +11.0%
1750 40.1 1.37 8.34 7.83 7.92 0.34 1.27 +11.0%
1900 40.0 1.40 7.88 7.40 7.49 0.33 1.27 +11.0% |
2450 39.2 1.80 7.30 6.86 6.94 0.33 T2 +11.0%
2600 39.0 1.96 7.20 6.77 6.85 0.33 1.27 +11.0% \
5250 35.9 4.71 5.48 5.15 5.21 0.29 1.27 +13.1%
5600 35.5 5.07 5.06 476 4.81 0.27 1.27 +13.1%
5750 35.4 5.22 5.10 4.79 485 0.26 1.27 +13.1% '

© Frequency validity above 300 MHz of 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to +50 MHz. The uncertainty is the

RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity below 300 MHz is 10, 25,

40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Validity of ConvF assessed at 6 MHz is 4-8 MHz, and ConvF

assessed at 13 MHz is 9-19 MHz. Above 5 GHz frequency validily can be extended to 110 MHz.

F The probes are calibrated using tissue simulating liquids (TSL) that deviate for £ and o by less than +5% from the target values (typically betler than +3%)

and are valid for TSL with deviations of up to +£10% if SAR correction is applied.

G Alpha/Depth are determined during calibration. SPEAG warrants 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 frequencies between 3-6 GHz at any distance larger than half the probe lip diameter from the |
boundary.

H The stated uncertainty is the total calibration uncertainty (k = 2) of Norm-ConvF. This is equivalent lo the uncertainty component with the symbol CF in |
Table 9 of IEC/IEEE 62209-1528:2020,
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EX3DV4 - SN:3924 Oclober 08, 2025

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide:R22)
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Uncertainty of Frequency Response of E-field: +6.3% (k=2)
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EX3DV4 - SN:3924 Oclober 08, 2025

Receiving Pattern (¢), 9=0°
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Uncertainty of Axial Isotropy Assessment: +0.5% (k=2)
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EX3DV4 - SN:3924 October 08, 2025

Dynamic Range f(SARusL)
(TEM cell, foyal = 1900 MHz)
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Uncertainty of Linearity Assessment: +0.6% (k=2)
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EX3DV4 - SN:3924 Oclober 08, 2025

Conversion Factor Assessment

f=1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: +2.6% (k=2)
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Calibration information for Dipole
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Measurement Conditions

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

CAICT

DASY Version DASY52 52.10.4
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
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 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2) °C 39.7+6 % 1.78 mho/m = 6 %
Head TSL temperature change during test <1.0°C —een -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 12.9 Wikg
SAR for nominal Head TSL parameters normalized to 1W 52.1 Wikg * 20 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.06 W/kg
SAR for nominal Head TSL parameters normalized to 1W 24.4 Wikg £ 20 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.5Q+ 2.99jQ

Return Loss - 28.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.063 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feed-point 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 feed-point may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL Date: 2025-05-09
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 910
Communication System: UID 0, CW; Frequency: 2450 MHz
Medium parameters used: f= 2450 MHz; o = 1.778 S/m; & = 39.73; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASY5 Configuration:

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

Probe: EX3DV4 - SN3846; ConvF(7.43, 7.43, 7.43) @ 2450 MHz; Calibrated:
2024-06-19

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1588; Calibrated: 2024-09-13

Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062
DASY52 52.10.4(1535); SEMCAD X 14.6.14(7501)

dy=5mm, dz=5mm

Reference Value = 86.94 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 26.1 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.06 W/kg

Smallest distance from peaks to all points 3 dB below =9 mm
Ratio of SAR at M2 to SAR at M1 =50.3%

Maximum value of SAR (measured) =21.4 W/kg

-4.28

-8.56

-12.84
-17.12

21.40 |

0dB=21.4W/kg=13.30 dBW/kg
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Impedance Measurement Plot for Head TSL
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Dipole Impedance and Return Loss Check Report

Object:
Check Date:

Check reference:
Checked By:

Reviewed BYy:

Environment of Test Site

D2450V2 - SN: 910

May 08, 2026

IEC/IEEE 62209-1528:2020, FCC KDB 865664 D01

(Eric Wang, SAR project engineer)

(Janet Wei, manager)

Temperature: 21 ~23°C
Humidity: 50~60% RH
Atmospheric Pressure: 1011 mbar

Test Data

ES071C Network Analyzer

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State

ISMEENGTLGN 100 Hz

Trl 511 Log Mag 10.(

[1 Start 2.25 GHz

000dB [F1]

IFBW 100 Hz

Comparison with Original report

Stop 2.65 GHz IEEll1
2026-05-08 15:53

<

Resize

Average

Averaging
Restart

Avg Factor
16

Averaging
OFF

Avg Trigger
OFF

Smo Aperture

1.5000 %

OFF

Smoothing

TF Bandwidth
100 Hz

Calibrated By Checked By JYT In L o

Items CTTL In 2025 2026 Deviation Limit

Impendence for Head TSL 52.5Q +2.99|Q 52.65Q +2.44iQ 0.15Q -0.55jQ +5Q
Return Loss for Head TSL -28.4 -29.1 2.46% +20%(No less than 20 dB)

Result

Compliance
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Measurement Conditions

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

CAICT

DASY Version DASY52 52.10.4
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

5200 MHz + 1 MHz
5300 MHz + 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 35.8+6 % 4.61 mho/m £ 6 %
Head TSL temperature change during test <1.0°C - -
SAR result with Head TSL at 5200MHz
SAR averaged over1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.71 Wikg

SAR for nominal Head TSL parameters normalized to 1W 77.0 Wikg * 24.4 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition

SAR measured 100 mW input power 2.18 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

21.8 Wikg % 24.2 % (k=2)
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Head TSL parameters at 5800MHz

The following parameters and calculations were applied.

CAICT

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+0.2)°C 34816 % 5.24 mho/m + 6 %
Head TSL temperature change during test <1.0°C - —

SAR result with Head TSL at 5800MHz
SAR averaged over1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.91 Wikg
SAR for nominal Head TSL parameters normalized to 1W 78.9 Wikg * 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 100 mW input power 2.20 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.9 Wikg * 24.2 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL at 5200MHz

CAICT

Impedance, transformed to feed point 50.50- 1.98jQ

Return Loss - 33.9dB
Antenna Parameters with Head TSL at 5300MHz

Impedance, transformed to feed point 49.00+ 4.39|Q

Return Loss - 26.9dB

Antenna Parameters with Head TSL at 5600MHz

Impedance, transformed to feed point

54.40+ 4.16|Q

Return Loss

-24.7dB

Antenna Parameters with Head TSL at 5800MHz

Impedance, transformed to feed point

51.4Q0+ 8.65)Q

Return Loss

-21.3dB
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.103 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feed-point 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 feed-point may be damaged.

Additional EUT Data
Manufactured by SPEAG J
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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 = 69.99 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 37.1 W/kg

SAR(1 g) = 8.21 Wikg; SAR(10 g) = 2.3 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm
Ratio of SAR at M2 to SAR at M1 = 61.7%

Maximum value of SAR (measured) = 20.6 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5800 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.13 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 38.1 W/kg

SAR(1 g) = 7.91 Wi/kg; SAR(10 g) = 2.2 W/kg

Smallest distance from peaks to all points 3 dB below = 7.2 mm
Ratio of SAR at M2 to SAR at M1 = 59.7%

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

0 dB = 20.0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Head TSL

“Trl s11 Log Mag 10.00dB/ Ref 0.000dB [F1]
30.00 154 5.2000000 GHz ~33.853 dB
2 5.3000000 GHz -26.861 dB
40.00 [ 3 58000000 GHz -24.693 dB
4 5.8000000 GHz -21.299 dB
20. 00
20.00
10,00
0.000
-10.00
~20.00
30.00

=40, 00

-50,00 —_— 'S oy = ———
PIEE s11 smith (R+3x) scale 1.000u [Fl pel]

>l  5.2000000 GHz 50.484 0 -1.9813 0 15.448-pF s
2 .3000000 GHz 49.035 @ 4.3949 0 13198 pH oS
.6000000 GHz 54.448 0 4.1591 0 118.20 pH
.8B000000 GHz 51.40L 0 8.6502 Q /237.37 pH \
/ \

3
4

v

LT g A |
IFBW 100 Hz Stop 6 GHz IEEH1

1 Start 5GHz

Certificate No: 24J02Z000016 Page 10 of 10

JianYan Testing Group Shenzhen Co., Ltd. Project No.: JYTSZR2609072
No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,

Bao'an District, Shenzhen, Guangdong,People's Republic of China.

Telephone: +86 (0) 755 23118282 Fax: +86 (0) 755 23116366, E-mail:info-JYTee@Ilets.com Page 27 of 46



Dipole Impedance and Return Loss Check Report

Object: D5GHzV2 - SN: 1320

Check Date: December 31, 2025

Check reference: IEC/IEEE 62209-1528:2020, FCC KDB 865664 D01
Checked By:

(Eric Wang, SAR project engineer)

Reviewed By: (Janet Wei, manager)

Environment of Test Site

Temperature: 18 ~ 25°C

Humidity: 50~60% RH

Atmospheric Pressure: 1011 mbar
Test Data

ES071C Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 MirfAnalysis 5 Instr State

IFENGITG0ON 100 Hz = X Average

Averaging
Restart

Resize

Avg Factor
16

Averaging
OFF

Avg Trigger
OFF

Smo Aperture

1.5000 %

Smoathing
OFF

TF Bandwidth
100 Hz

[1 Center5.2 GHz IFBW 100 Hz Span 400 MHz 01
2025-12-31 13:37

Comparison with Original report

Items Checkggz?/l\]YT In Chec';eodsz_{;YT n Deviation Limit
Impendence for Head TSL 48.220+1.99jQ 47.830-2.16jQ -0.390-4.15jQ 50
Return Loss for Head TSL -31.31dB -30.1dB -3.86% +20%(No less than 20 dB)
Result
Compliance
JianYan Testing Group Shenzhen Co., Ltd. Project No.: JYTSZR2609072

No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,
Bao'an District, Shenzhen, Guangdong,People's Republic of China.
Telephone: +86 (0) 755 23118282 Fax: +86 (0) 755 23116366, E-mail:info-JYTee@Ilets.com Page 28 of 46




E3071C Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

ISEENLITLIOE 100 Hz

Resize

Average

Log Mag 10.00dB/ Averaging

>1 5.3000000 GHz -31.821 deg Restart

Avg Factor
16

Averaging
OFF

Avg Trigger
0. 000 gm:pgg

Smo Aperture

1.5000 %

Smoothing
OFF

- IF Bandwidth
100 Hz
000U [F1]

.

|1 Center5.2 GHz IFBW 100 Hz span 400 MHz 01
2025-12-31 13:47

Comparison with Original report

ltems CheCkggz?ll‘]YT In Checl;%dsz.)ié]YT n Deviation Limit
Impendence for Head TSL 46.620+2.45jQ 47.590+0.68jQ 0.97Q-1.77jQ 50
Return Loss for Head TSL -27.29dB -31.82dB 16.60% +20%(No less than 20 dB)
Result
Compliance

E5071C Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 MkrfAnalysis 3 Instr State

ISSENGITGION 100 Hz = Average
Log Mag 10 f 0.000dE [F1]

Resize

Averaging
Restart

Awg Factor
16

Averaging
OFF

Avg Trigger
OFF

-10.00 Smo Aperture

1.5000 %

Smoaothing
OFF

IF Bandwidth
00U [F1] Halin

; o ) 77

|1 Center 5.6 GHz IFBW 100 Hz span 400 MHz 01
2025-12-31 13:53

JianYan Testing Group Shenzhen Co., Ltd. Project No.: JYTSZR2609072
No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,

Bao'an District, Shenzhen, Guangdong,People's Republic of China.
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Comparison with Original report

Checked By JYT In | Checked By JYT In L .

Iltems 20251 2025.12 Deviation Limit

Impendence for Head TSL 55.30+3.5]Q 58.990+3.04jQ 3.690-0.46jQ 50
Return Loss for Head TSL -24.4dB -21.21dB -13.07% +20%(No less than 20 dB)

Result
Compliance

Comparison with Original report

E5071C Metwork Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

Resize

ISEENLITGION 100 Hz

|1 Center 5.8 GHz

IFBWY 100 Hz

X

span 400 MHz [l

Average

Averaging
Restart

Avg Factor
16

Averaging
OFF

Avg Trigger
OFF

Smo Aperture

1.5000 %

Smoothing
OFF

TF Bandwidth
100 Hz

2025-12-31 14:03

Checked By JYT In | Checked By JYT In _ -

Items 2025 1 2025 12 Deviation Limit

Impendence for Head TSL 50.79Q+7.7|Q 46.24Q+3.79jQ -4.550-3.91jQ +5Q
Return Loss for Head TSL -22.32dB -25.12dB 12.54% +20%(No less than 20 dB)

Result
Compliance

JianYan Testing Group Shenzhen Co., Ltd.
No0.101, Building 8, Innovation Wisdom Port, No.155 Hongtian Road, Huangpu Community,Xingiao Street,
Bao'an District, Shenzhen, Guangdong,People's Republic of China.
Telephone: +86 (0) 755 23118282 Fax: +86 (0) 755 23116366, E-mail:info-JYTee@Ilets.com

Project No.: JYTSZR2609072
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Calibration information for DAE
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Shenzhen

CALIBRATION CERTIFICATE

Object DAE4 - SN: 1452

Calibration Procedure(s) FF-211-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: May 18, 2026

pages and are part of the certificate.

humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

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

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

Reviewed by: Lin Jun SAR Test Engineer -—WLZ,_

Issued: May 22, 2026
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 7563 | 1971018 11-Jun-25 (CTTL, No.25J02X004977) Jun-26
Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer Q »vﬁ@

Approved by: Qi Dianyuan SAR Project Leader %/

Certificate No: 26J02Z000343 Page 1 of 3
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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.

« The report provide only calibration results for DAE, it does not contain other
performance test results.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV , full range = #iaziiesad +3mV

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

Calibration Factors X Y Z
High Range 404.451 £ 0.15% (k=2) | 404.783 + 0.15% (k=2) | 405.356 + 0.15% (k=2)
Low Range 3.99403 + 0.7% (k=2) | 3.99820 +0.7% (k=2) | 4.01712 +0.7% (k=2)
Connector Angle
Connector Angle to be used in DASY system 51.8°+1°

Certificate No: 26J02Z000343 Page 3 of 3
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Calibration information for DAK3.5 probe
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Probe Uncertainty

The following tables provide material and frequency specific uncertainties (k=2) for the dielectric probe. The
values in the tables represent the measurement capability for the probe when measuring a material in the
indicated parameter range. They include all uncertainties of

e probe system

e possible systematic errors due to the design

e calibration

o temperature differences during the calibration and measurements, as described,

e V/NA noise
Apart from the material used for the calibration (de-ionized water), material uncertainties of the reference
materials used during the measurement in Appendix A are not included in these tables.

DAK-3.5
Permittivity range Frequency range (sigma / LT range) Unc. (k=2)
1-15 200 MHz - 3 GHz LT <0.1 2.4%
3 GHz - 6 GHz LT <0.1 2.0%
6 GHz - 20 GHz LT<0.1 2.1%
6 GHz - 20 GHz sigma > 1 3.5%
10-40 200 MHz - 3 GHz sigma: 1-10 S/m 1.9%
3 GHz - 6 GHz sigma : 1—10 S/m 2.3%
6 GHz - 20 GHz sigma > 10 S/m 3.5%
35-100 | 200 MHz -3 GHz sigma:1-10S/m 1.8%
3 GHz - 6 GHz sigma: 1-10 S/m 1.9%
6 GHz - 20 GHz sigma > 10 S/m 2.4%
Conductivity range (S/m) Frequency range (epsilon / LT range) Unc. (k=2)
1-10 200 MHz - 3 GHz eps : 35-100 2.7%
3 GHz - 6 GHz eps : 35-100 3.0%
6 GHz - 20 GHz eps: 10-40 3.0%
Loss tangent range Frequency range (epsilon / LT range) Unc. (k=2)
<01 200 MHz - 3 GHz eps:1-15 0.03
3 GHz -6 GHz eps:1-15 0.03
6 GHz - 20 GHz eps:1-15 0.03
Certificate No: OCP-DAK3.5-1119_Feb25 Page 5 of 13
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Calibration Results

Uncertainty limits (k=2) for the material measurements in the figures of Appendix A are represented with
red dashed lines. These uncertainties contain - in addition to probe uncertainty - the uncertainty of the
material target parameter determination.

The measurements show the results obtained from independent calibrations for the same material. The
differences between the individual measurement curves give therefore an indication for the obtainable
repeatability and shall lie within the uncertainties stated in the tables.

Materials for DAK-3.5 calibration:
Appendix A with curves for Ethanol*, HBBL, and 0.05 mol/L. NaCl solution (200 MHz - 6 GHz, optional 20
GHz), HS gel and low loss solid substrate are optional.

* Effective immediately, methanol will be replaced with the safer and more environmentally-friendly ethanol
as the validation liquid. Each batch of ethanol is calibrated using a methanol reference, ensuring that the
validation process is both traceable and consistent with prior measurements.
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A.2  Short residual magnitudes

After each of the 3 calibrations with a single short (as per the DAK software), 4 additional separate, short
measurements were performed after the liquid measurements and evaluated from the $11 data. The
residuals in the graphs represent the deviation from the ideal short point on the polar representation on the
VNA screen.

Short Residuals
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Residual Magnitude
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0.000
. 2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

Fig. 2.1a Magnitude of the residual of the shorts, 200 MHz — 20 GHz, after calibration a)
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Fig. 2.1b Magnitude of the residual of the shorts, 200 MHz — 20 GHz, after calibration b)

Frequency (GHz)
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Frequency (GHz)

Fig. 2.1c Magnitude of the residual of the shorts, 200 MHz — 20 GHz, after calibration c)
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Fig. 2.2a-c  Complex representation of the residuals of the shorts, 200 MHz - 20 GHz,
after calibrations a)-b) in the top and c) in the bottom

All shorts have good quality. Some minor deviations might be visible from contact quality (left - right).
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A.3  Ethanol

Ethanol (99.9% pure) was measured at a temperature of 22 +/- 2 °C. The liquid temperature was stabilized
within 0.05 °C of the desired temperature. Deviations are presented relative to the reference data for this
material. Those parameters have been evaluated from multiple measurements on the used bath with

precision reference OCP and further methods. For the measurements the Noise Filter was activated in the
software.

Permittivity deviation
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g
e 20%
2
8
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5
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3
o
-4.0%
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6.0% +— |
-8.0% ’
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Fig. 3.1 Ethanol permittivity deviation from target, 200 MHz — 10 GHz
Conductivity deviation \
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Fig. 3.2 Ethanol conductivity deviation from target, 200 MHz — 10 GHz

Note: Conductivity error can be high at low frequencies due to the low absolute conductivity values.
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A.4 Head Tissue

Broadband head simulating liquid was measured at a temperature of 22 +/- 2 °C. The liquid temperature
was stabilized within 0.05 °C of the desired temperature. Deviations are presented relative to the reference
data for this material. Those parameters have been evaluated from multiple measurements on the used
bath with precision reference OCP and further methods. For the measurements the Noise Filter was
activated in the software.
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Fig. 4.1 HBBL permittivity deviation from target, 200 MHz — 20 GHz
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Fig. 4.2 HBBL conductivity deviation from target, 200 MHz — 20 GHz
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A5  0.05 mol/L NaCl solution

0.05 mol/L NaCl / water solution has a static conductivity of 0.5 S/m, similar to MRI HCL (High Conductivity
Liquid). It was measured at a temperature of 22 +/- 2 °C. The liquid temperature was stabilized within 0.05
°C of the desired temperature. Deviations are presented relative to the reference data for this material.
These parameters have been derived from the theoretical model according to [7], matched to the
measurements from reference probes and other sources.

A quantity of 1 liter was used for the measurement. For the measurements the Noise Filter was activated in
the software.
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Fig. 5.1 0.05 mol/L solution permittivity deviation from target, 200 MHz — 20 GHz
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Fig. 5.2 0.05 mol/L solution conductivity deviation from target, 200 MHz — 20 GHz
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Appendix B:

assessments outside the scope of SCS0108)

Nominal parameters of reference materials used for calibration (additional
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Fig. B.1 Permittivity of reference materials
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Fig. B.2 Conductivity of reference materials
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Fig. B.3 Loss tangent of reference materials
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