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1. SUMMARY OF SAR TEST REPORT
1.1 Test Details

Equipment under Test (DUT):

Product: Fingerprint sensor
Manufacturer: ekey biometric systems GmbH
Model: sLine, xLine

Serial Number:

sLine: serial number base: 850459C317062400539, serial number
fingerprint module: 850460A407062400437
xLine: serial number base: 850310C317112400818, serial number
fingerprint module: 850311A407202400109

FCC ID Number:

2AC7Z-ESP32WROVERE

DUT Number:

20432 (sLine), 20433 (xLine)

Battery Type used in testing:

N/A

State of the Sample:

Production sample

Testing information:

Testing performed:

26.06.2024

Notes:

Document history:

Document ID:

FCC_SAR report_sLine xLine_ID6188_04072024.docx

Temperature °C

22+2 / Controlled

Humidity RH%

30+20 / Controlled

Measurement performed by: Kalle Orava
FCC Test Firm Designation Number: FI0005
3(27)

Copyright © Verkotan 2024

Document ID: FCC_SAR report_sLine xLine_ID6188_04072024.docx



Verkotan =

1.2 Maximum Results
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The maximum reported* SAR values for Body-worn for transmitting systems are shown in a
table below. The device conforms to the requirements of the standards when the maximum

reported SAR value is less than or equal to the limit. The SAR limit specified in FCC 47 CFR part
2 (2.1093) for Head/Body SARg4 is 1.6 W/kg.

1.2.1 Standalone SAR

System

Highest Reported* SAR1g in
Body-Worn Exposure
Condition,

Omm separation distance
[W/kg]

Result

2.4GHz WLAN

0.73

PASS

Bluetooth

0.00495

PASS

* Reported SAR Values are scaled to upper limit of power tuning tolerance.

1.2.2 Maximum Drift

Maximum Drift During Measurements

1.2.3 Measurement Uncertainty

1.1dB*
*Larger than 5% drifts included to scaling factors
SAR 1g: 0.3 - 3 GHz:
Expanded Uncertainty (k=2) 95 % +22.1%

Copyright © Verkotan 2024
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2. DESCRIPTION OF THE DEVICE UNDER TEST (DUT)

The DUTs is a fingerprint sensor supporting 2.4GHz WLAN and Bluetooth. This report covers
both models sLine and xLine. In terms of electronic components, schematics and PCB layout,
both device families are 100% identical. Within each device family there are different options
for the optical design (colors etc.), but this has no influence on the underlying technology.
There is only one major difference between sLine and xLine. In the sLine, the two printed
circuit boards are slightly closer together. Full SAR testing was done for sLine due to antenna
being at closer user separation distance of 20.94mm. xLine has a user separation distance of
22.33mm.

Figure 1. Overview of the DUTs

Device Category Portable

Exposure Environment General population
uncontrolled

5(27)
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2.1 Supported Frequency Bands and Operational Modes
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Modes of Transmitter Frequency
Operation Range [MHz]
TX Frequency bands
2.4 GHz WLAN 2412 — 2462
Bluetooth 2402 - 2480
6 (27)
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3. OUTPUT POWER

3.1 Maximum specified conducted output power

From the customer, including tune-up tolerances;

2.4GHz WLAN

Max Output
Power
[dBm]

802.11b

20.5

802.11n

14

Bluetooth

Max Output
Power
[dBm]

9

3.2 Tested conducted power

3.2.1 slLine

3.2.2 xLine

FINAS

Finnish Accreditation Service
T287 (EN ISO/IEC 17025)

Measured conducted output power at transmitting antenna connector;

2.4 GHz WLAN:
Transmission Dr::: Output power [dBm]
Standard mode CH1 CH6 CH11
[Mbps]
2412 MHz | 2437 MHz | 2462 MHz
802.11b DSSS 1 17 17.31 17.56
Bluetooth:
Output power [dBm]
PR CHO CH 39 CH78
2402 MHz 2441 MHz 2480 MHz
DH5 6.29 7.2 7.56
2.4 GHz WLAN:
Transmission [:::: Output power [dBm]
Standaid mode CH1 CHG6 CH 11
[Mbps]
2412 MHz | 2437 MHz | 2462 MHz
802.11b DSSS 1 17.07 17 17.39
Bluetooth:
Output power [dBm]
HECTUITRE CHO CH 39 CH78
2402 MHz 2441 MHz 2480 MHz
DH5 8.24 8.7 8.82

Copyright © Verkotan 2024
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4. TEST EQUIPMENT

Dasy near field scanning system, manufactured by SPEAG was used for SAR testing. The test
system consists of high precision robotics system (Staubli), robot controller, computer, near-
field probe, probe alignment sensor, and a phantom containing the tissue equivalent material.
The robot is a six-axis industrial robot performing precise movements to position the probe to

the location of maximum electromagnetic field.
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Figure 2 Schematic Laboratory Picture
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4.1 Test Equipment List
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Main used test system components are listed below. Fora full equipment list and calibration
intervals, please contact the testing laboratory.

Test Equipment Model Serial Number Calibration Interval
Date [years]
Amplifier, 800MHz-4200MHz, 10W | 10S1G4A 320421 NA NA
DAE4, converter DAE4 710 10/2023 1
Inline Peak Power Sensor MA24105A 2102058 10/2023 1
Isotropic DOS probe EX3DV4 3852 10/2023 1
Power Sensor NRP8S 1419.0006K02-108509-Zh 03/2024 2
System validation dipole D2450V2 729 07/2022 3
Vector Network Analyzer P5008A MY58100258 05/2024 1
Vector Signal Generator MG3710A 6201502519 NA 1
DASYS5 Software 52.8.8.1258 - NA NA
Dipole calibration period supporting data:
Measured on 09/2023 Calibrated
Dipole and serial Frequenc Return Return
number y[MHz] | loss[dB] | 'MPedance (@l |\ o apy | 'mPedance [a]
D2450v2-729 2450 -30.1 531 0.8 -24.7 54.3 43
9(27)
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4.1.1 Isotropic E-field Probe Type EX3DV4
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Construction

Symmetrical design with triangular core
Built-in shielding against static charges
PEEK enclosure material (resistant to organic solvents, e.g., DGBE)

Calibration

Calibration certificate in Appendix D

Frequency

4 MHz to 10 GHz (dosimetry)
Linearity: + 0.2 dB (30 MHz to 10 GHz)

Directivity (typical)

+0.1 dB in TSL (rotation around probe axis)
+0.3 dB in TSL (rotation normal to probe axis)

Dynamic Range

10 pW/g - >100 mW/g
Linearity: £0.2 dB (noise: typically <1 pW/g)

Dimensions

Overall length: 337 mm (tip: 20 mm)
Tip diameter: 2.5 mm (body: 12 mm)
Typical distance from probe tip to dipole centers: T mm

Application

General dosimetry up to 6 GHz
Compliance tests of mobile phones
Fast automatic scanning in arbitrary phantoms

4.2 Phantoms

Modular flat phantom:

The Triple Modular Phantom consists of three identical modules that can be installed and

removed separately without emptying the liquid. It is used for compliance testing of small
wireless devices in body-worn configurations. The phantom conforms to the requirements
of IEC/IEEE 62209-1528 and FCC published RF Exposure KDB Procedures.

4.3 Tissue Simulants

Copyright © Verkotan 2024

Recommended values for the dielectric parameters of the tissue simulants are given in
IEC/IEEE 62209-1528 and FCC published RF Exposure KDB Procedures. The dielectric
parameters of the used tissue simulants were within +10% of the recommended values at
frequencies under 3GHz. A liquid compensation algorithm was used in DASY with which
measured peak average SAR values were corrected for the deviation of used liquid. Depth of
the tissue simulant was at least 15.0 cm from the inner surface of the flat phantom.

Tissue simulant liquid Ingredients

Deionized Water, tween, salt

10 (27)
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4.4 System Validation Status
Frequency Dipole Probe Type Casllil;:‘aatle e DAE Unit / 2:"::;:: Conductivity Date
MHz Type / SN SN SN \ o [S/m
[ 1 ype / / Type [e'] [S/m]
D2450V2 - EX3DV4 -
2450 SN: 758 SN: 3852 Ccw DAE4 /710 38.16 1.68 11/2023
4.5 System Check
Tissue | Frequenc Input | Measured e ! W. Deviation
Date Tissue Type qQuency | power SAR14 Target | Normalized o Plot #
Temp. | [MHz] mwWl | [wrk SARig SARig [%]
0 g]
e [W/kg] [W/kg]
26.06.2024 WB Head 22 2450 250 124 52.3 49.6 -5.16 1
4.5.1 Tissue Simulant Verification
Measured Target Deviation
Date Tissue Tissue Frequency |Dielectric [ConductivityDielectric |[Conductivitye [%] o [%]
Type Temp [°C] |[[MHZz] Constant |0 [S/m] Constant |0 [S/m]
[€] [€] Target [Target
26.06.2024| WB Head 22.3 2402 38.31 1.73 39.28 1.76 -2.5 -1.3
26.06.2024 | WB Head 22.3 2412 38.29 1.74 39.27 1.77 -2.5 -1.5
26.06.2024 | WB Head 22.3 2437 38.24 1.76 39.22 1.79 -2.5 -1.7
26.06.2024 | WB Head 22.3 2441 38.24 1.76 39.22 1.79 -2.5 -1.8
26.06.2024| WB Head 22.3 2450 38.22 1.77 39.2 1.8 -2.5 -1.9
26.06.2024 | WB Head 22.3 2462 38.2 1.77 39.18 1.81 -2.5 -2.2
26.06.2024 | WB Head 22.3 2480 38.19 1.79 39.16 1.83 -2.5 -2.5
11 Q27)
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5. TEST PROCEDURE

Testing was carried out in accordance with FCC KDB Publications 447498 D04 Interim General
RF Exposure Guidance v01, 248227 D01 802.11 Wi-Fi SAR. The DUT was set to transmit at
maximum power and duty cycle using test software. A control software for WLAN was used to
set the DUT to transmit at maximum power.

The WLAN transmission modes for testing were selected according to largest channel
bandwidth configuration, lowest order modulation and lowest data rate.

2.4GHz WLAN was tested with 802.11b standard with data rate of 1Mbit/s. Bluetooth was
tested using packet type DH5 with a data rate of 1Mbit/s.

12 (27)
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5.1 Device Holder

The device was placed in the device holder (illustrated below) that is supplied by SPEAG
as an integral part of the Dasy system.

Device holder supplied by SPEAG

5.2 Test Positions
5.2.1 Body-worn Configuration, Omm separation distance

Body SAR was tested from the front of the device. The device was placed in the SPEAG
holder and lifted towards the phantom until the distance between the phantom and the

device was Omm.

Photos of the test positions are presented in appendix A

13 (27)
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5.3 ScanProcedures

First, area scans were used for determination of the field distribution. Next, a zoom scan
was performed around the highest E-field value to determine the averaged SAR value. Drift
was determined by measuring the same point at the start of the area scan and again at the
end of the zoom scan.

5.4 SARAveraging Methods

The maximum SAR value was averaged over a cube of tissue using interpolation and
extrapolation.

The interpolation, extrapolation and maximum search routines within Dasy are all based
on the modified Quadratic Shepard’s method (Robert J. Renka,” Multivariate Interpolation
of Large Sets of Scattered Data”, University of North Texas ACM Transactions on
Mathematical Software, vol. 14, no. 2, June 1988, pp. 139-148).

The interpolation scheme combines a least-square fitted function method with a
weighted average method. A trivariate 3-D / bivariate 2-D quadratic function is
computed for each measurement point and fitted to neighboring points by a least-
square method. For the zoom scan, inverse distance weighting is incorporated to fit
distant points more accurately. The interpolating function is finally calculated as a
weighted average of the quadratics.

In the zoom scan, the interpolation function is used to extrapolate the Peak SAR from the
deepest measurement points to the inner surface of the phantom.

14 (27)
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6. MEASUREMENT UNCERTAINTY
DASY5 Uncertainty Budget
According to IEC/IEEE 62209-1528
(Frequency band: 300MHz - 3GHz range)

Uncert. | Prob. | Div. | (¢) | (c) | Std.Unc. | Std. Unc.
Symbol Error Description value | Dist. 1g | 10g (1g) {(10g)
Measurement System Errors
CF Probe Calibration +12.0% N V2 1 1 +6.0% +6.0%
CFanift Probe Calibration Drift +1.7% R ¥3 1 1 +1.0% +1.0%
LIN Probe Linearity t4.7% R V3 1 1 T2.7% t2.7%
BBS Broadband Signal +3.0% R V3 1 1 *1.7% +1.7%
150 Probe Isotropy £7.6% R 3 1 1 24.4% +4.4%
DAE Data Acquisition +0.3% M 1 1 1 +0.3% +0.3%
AMB RF Ambient +1.8% M 1 1 i +1.8% +1.8%
By Probe Positioning £3.9% M 1 0.14 | 0.14 +0.5% +0.5%
DAT Data Processing £1.2% M 1 1 1 1.2% +1.2%
Phantom and Device Errors
LIQ(o) Conductivity (meas.)P** +2.5% M V1 078 | 071 +2.0% +1.8%
LIC(Ta) Conductivity (termp.)®® +3.3% R v3i | o078 | 0T +1.5% +1.4%
EPS Phantom Permittivity +140% | R 3] o] o 0% +0%
DIs Distance DUT - T5L +2.0% M 1 2 2 +4.0% +4.0%
Dreyz Device Positioning {+0.5mm) | +1.0% N 1 1 1 +1.0% +1.0%
H Device Holder +3.6% N V1 1 1 +3.6% +3.6%
MOD DUT Modulation™ +2.4% R ¥3 1 1 +1.4% +1.4%
TAS Time-average SAR +2.6% R 3 1 1 +1.5% +1.5%
RFdrife DUT drift +2.5% M 1 1 1 +2.5% +2.5%
VAL Val Antenna Unc.w +0.0% M 1 1 1 0% 0%
RFin Unc. Input Power® +0.0% M 1 1 1 ly 0%
Correction to the SAR results
Cle, 0) Deviation to Target +1.9% N V1 1 0.84 *1.0% +1.6%
C(R) SAR scaling? 0% R 3 1 1 0% +0%
U[ASAR) Combined Uncertainty +11.0% +10.9%
u Expanded Uncertainty +22.1% £21.9%

15 (27)
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7. TEST RESULTS
7.1 SAR Results for Body Condition with Omm separation
2.4GHz WLAN:
Data Erequenc Maximum(Conducted Test Measured| Power | Duty Scalin Reported
Band [Standard| Rate (Channel [I'\qIIHz] Y Power Power osition SAR1g | Drift* | Cycle Fac to? SAR1g | Plot #
[Mbps] [dBm] [dBm] i [W/kg] | [dB] [%] [W/kgl
2.4 GHz Front,
WLAN 802.11b 1 1 2412 20.5 17 0mm 0.28 -0.64 | 100 2.59 0.73 2
2.4 GHz Front,
WLAN 802.11b 1 6 2437 20.5 17.31 omm 0.23 0.63 100 241 0.55 -
2.4 GHz Front,
WLAN 802.11b 1 1 2462 20.5 17.56 omm 0.20 0.84 100 2.39 0.48 -
*Larger than 5% drifts included to scaling factors
2.4GHz WLAN xLine spot-check:
Data Frequenc Maximum(Conducted Test Measured| Power | Duty Scalin Reported
Band [Standard| Rate [Channel [I?IIHz] Y Power Power osition SAR1g | Drift* | Cycle Facto? SAR1g | Plot #
[Mbps] [dBm] [dBm] i [W/kg] | [dB] [%] [W/kg]
2.4 GHz Front,
WLAN 802.11b 1 1 2412 20.5 17 omm 0.0941 1.10 100 2.88 0.27 -
*Larger than 5% drifts included to scaling factors
Bluetooth:
Packet Data Frequenc Maximum(Conducted Test Measured| Power | Duty Scalin Reported
Band Type Rate [Channel [:ﬂHZ] Y Power Power osition SAR1g**| Drift* | Cycle Facto? SAR1g**| Plot #
YP® | iMbps] [dBm] | [dBm] [ [W/kg] | [dB] | [%] [W/kg]
Bluetoothl DH5 1 0 2402 9 6.29 Zr:qr;':, 0.00211 0 77 1.87 | 0.00394 -
Front,
Bluetooth] DH5 1 39 2441 9 7.20 omm 0.00327 0 77 1.51 | 0.00495 3
Front,
Bluetooth] DH5 1 78 2480 9 7.56 0mm 0.0000801] 0 77 139 |0.000112| -

*Due to low e-field generated by DUT at the location of drift measurement, the measurements are not applicable.
**Measured result of the area scan was below the dynamic range of the E-field Probe Type EX3DV4 thus zoom scan could not be measured. Area scan result was presented.

Bluetooth xLine spot-check:

Packet Data Frequenc Maximum(Conducted Test Measured | Power | Duty Scalin Reported
Band Type Rate [Channel [:ﬂHZ] Y Power Power osition SAR1g** | Drift* | Cycle Facto? SAR1g** | Plot #
YP® |iMbps] [dBm] | [dBm] [ [W/kg] | [dB] | [%] [W/kg]
Bluetooth] DH5 1 39 2441 9 7.20 E)rr:::' 0.00000443] O 77 1.51 (0.00000671 -

*Due to low e-field generated by the DUT at the location of drift measurement, the measurements are not applicable.
**Measured result of the area scan was below the dynamic range of the E-field Probe Type EX3DV4 thus zoom scan could not be measured. Area scan result was presented.

Copyright © Verkotan 2024
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APPENDIX A: PHOTOS OF THE DUT

Size of the sLine and xLine are 60 x 60 x 15 mm and 70 x 70 x 25 mm respectively.

Figure 3. Overview of the sLine Figure 4. Overview of the xLine

17 (27)
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Figure 5. sLine, front, 0 mm separation distance

Figure 6. xLine, front, Omm separation distance

Copyright © Verkotan 2024
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APPENDIX B: SYSTEM CHECK SCAN

Plot 1
Date/Time: 26/06/2024 11:21:17
Test Laboratory: Verkotan Oy
DUT: D2450V2 - SN729; Type: D2450V2; Serial: SN729

Communication System: UID 0, CW (0); Communication System Band: D2450 (2450.0 MHz); Frequency: 2450 MHz;
Communication System PAR: 0 dB;

Medium parameters used: f = 2450 MHz; o = 1.766 S/m; €, = 38.222; p = 1000 kg/m?

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

(] Probe: EX3DV4 - SN3852; ConvF(7.07, 7.09, 7.16) @ 2450 MHz; Calibrated: 23/10/2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection), z = -4.0, 31.0
Electronics: DAE4 Sn710; Calibrated: 24/10/2023

Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx;

DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

O O O O

Configuration/System check 2450MHz/Area Scan (101x61x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 19.7 W/kg

Configuration/System check 2450MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 103.8 V/m; Power Drift = -0.20 dB

Peak SAR (extrapolated) = 24.4 W/kg

SAR(1 g) = 12.4 W/kg; SAR(10 g) = 5.82 W/kg (SAR corrected for target medium)

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

Ratio of SAR at M2 to SAR at M1 = 51%

Maximum value of SAR (measured) = 20.2 W/kg

Wikg
20.200

16.187

12174

8.161

4.148

0.135
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APPENDIX C: MEASUREMENT SCANS

Plot 2

Date/Time: 26/06/2024 12:17:46

Test Laboratory: Verkotan Oy

DUT: sLine

Communication System: UID 0, WLAN 2.4 (0); Communication System Band: WLAN2.4GHz; Frequency: 2412 MHz;
Communication System PAR: 0 dB;

Medium parameters used: f = 2412 MHz, o = 1.74 S/m; g, = 38.292; p = 1000 kg/m3

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

(] Probe: EX3DV4 - SN3852; ConvF(7.07, 7.09, 7.16) @ 2412 MHz; Calibrated: 23/10/2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection), z = -4.0, 31.0
Electronics: DAE4 Sn710; Calibrated: 24/10/2023

Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx;

DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

O O O O

Configuration/2.4 GHz WLAN, 802.11b, 1Mbps, CH1, front Omm/Area Scan (71x71x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.527 W/kg

Configuration/2.4 GHz WLAN, 802.11b, 1Mbps, CH1, front 0mm/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 16.58 V/m; Power Drift = -0.64 dB

Peak SAR (extrapolated) = 0.513 W/kg

SAR(1 g) = 0.280 W/kg; SAR(10 g) = 0.095 W/kg (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below = 5 mm

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

Maximum value of SAR (measured) = 0.393 W/kg

Wikg
0.393

0.314

0.236

0.157

0.079
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Plot 3
Date/Time: 26/06/2024 13:38:04
Test Laboratory: Verkotan Oy
DUT: sLine

Communication System: UID 0, Bluetooth (0); Communication System Band: Bluetooth; Frequency: 2441 MHz;
Communication System PAR: 4.771 dB;

Medium parameters used: f = 2441 MHz, o = 1.759 S/m; &, = 38.238; p = 1000 kg/m?

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC)

DASY Configuration:

(] Probe: EX3DV4 - SN3852; ConvF(7.07, 7.09, 7.16) @ 2441 MHz; Calibrated: 23/10/2023
o Sensor-Surface: 1.4mm (Mechanical Surface Detection (Locations From Previous Scan Used)), Sensor-Surface: 1.4mm (Mechanical
Surface Detection), z = -4.0, 31.0
¢} Electronics: DAE4 Sn710; Calibrated: 24/10/2023
O  Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx;
(@) DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Configuration/Bluetooth, DH5, 1Mbps, CH39, front 0Omm/Area Scan (71x71x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.0183 W/kg

Configuration/Bluetooth, DH5, 1TMbps, CH39, front 0Omm/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 0 V/m; Power Drift = N/A

Peak SAR (extrapolated) = 0 W/kg

SAR(1 g) = n.a.; SAR(10 g) = n.a. (SAR corrected for target medium)

Smallest distance from peaks to all points 3 dB below: Larger than measurement grid

Ratio of SAR at M2 to SAR at M1 = 12.8%

Maximum value of SAR (measured) = 0.00689 W/kg

Wikg
0.00689

0.00551

0.00413

0.00276

0.00138
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APPENDIX D: RELEVANT PAGES FROM PROBE CALIBRATION REPORTS

Callbration Laboratory of S B — wﬁn‘.‘.,.
Schmid & Partner C  servizio svizzero i taraturs

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accrediled by the Swiss Acorecitation Servics (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration certificstes

Accraditation No.: SCS 0108

Client Verkotan Certificate No. Ex-aasz_m
Oulu, Finland
| CALIBRATION CERTIFICATE ]
Chject EX3DV4 - SN:3852

| Caltration procodureds) QA CAL-01.410, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.vB,
QA CAL-25.v8

Calibration procedure for dosimetric E-field probes

Calbeation date October 23, 2023

This calration certificats documants tha traceabilty to natonal stancerds, which realize tha physical Lnils of measurements (51|
The measurements and the uncertaintiss with corfidence probakilty are ghen on tha lfowing pages and are part of the certificate.

Al caliaraicrs have been conductad in the cicaed laboratary fackity: erwionment temperalure (22 2 3)°C and humidey < 70%,
Cakbeation Equipment used {MATE crifcal for calbration)

Copyright © Verkotan 2024

Primary Stancards =) Cal Date {Cortificats No.| Schedulad Calbraton
[ Pawer maiar NAPZ SN 104778 30-Mar23 [Na_ 217-038040G305] Mar-24
Powar sersce NRP-291 SN 103244 | 30-Mar-23 [No. 217-03804) Nar-24
OCP DAK-3.5 (waighied) SK-1243 | 05-0¢1-23 {OCP-DAK3 5-1248_Cct2a) Oct-24
OCP DAK-12 SN:1018 | 05-Oct-23 {OCP-DAK12-1016_Cc123) Oct-24
| Rolorance 20 08 Allerumor | SN: GC2582 [20w) 30-tAar-23 [No_ 217-03808) War-24
) SN: 650 16-8ar 23 (0. DAE4-650_Marz3) Ner-24
| Relerence Probe ESIONZ | SN 3013 | 06-Jan-23 [No. £53.3013_Jan3) Jan-24
Secondary Standards [[=] Check Dale (n house| Scheculac Gnock
Power meler E44188 EN: GB3 1233874 06-Apr-16 {in house chodk Jun 22| in housa chack: Jur-24
Power secaor EAIZA SN:WYaizi6067 T 06-Ape-16 [in Nouse chack Jun-22| In housa chack: Jun-24
“Pawer seraor E4412A SN 000110210 06-Ape-16 {In N0UBE Check Jun-22| In house chack: Jun-248
gerevalce HP 86480 SN US3642001700 | 04-Aup-93 (In houss check Jun-22) In house chack: Jun-28
Network Analyzor EB356A_ | BN US41080477 | 3114 [in house chedk Ocl-22) I house chack: Otl-24
Name Functon Sgnatura
Calbealad by Joarna Lieshy Labomtory Technican (#léu;f '
Approved by Svan Kihn Tochnical Manage:

L9

Iasued: Cclober 23, 2023
This calioraion cartificats shall not be raproduced except in hdl without writien appeoval of the laborsicry.

Cartdicate No: EX-3852_0c123 Papge 1 of 21
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EX3DV4 - SN:3852 October 23, 2023

Parameters of Probe: EX3DV4 - SN:3852

Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (\V/(V/im)®) » 0.42 0.40 0.47 +10.1%
DCP (mV) ® 102.6 1015 101.2 +4,7%
Calibration Results for Modulation Response
UID T Communication System Name A B [ D Max | Max
dB | dBpv d8 | mV | dev. | Unct
k=2
[ CcwW X 000 0.00 1.00 | 000 | 1481 | £1.2% | 24.7%
Y| 000 0.00 1,00 1350
Z| 0.00 0.00 1.00 125.7
10352 | Pulse Wavelorm (200Hz, 10%) X| 2000 | 8823 [ 1881 | 10.00 | 80.0 | £29% | 29.6%
Y| 15.63 04 | 18.58 | 80,0
72000 | 8860 | 19.68 | 80.0
10353 | Puise Wavelorm (200Hz, 20%) Lé- 2000 | 8981 | 1849 | €99 | 80.0 | 21.6% | £9.6%
20.00 B83.05 | 1611 80,0 |
) Z 2000 | o194 | 1964 | a0.0
10354 | Puise Waveiorm (200Hz, 4096] 2000 | 9409 | 1025 | 398 | 950 | £1.29%  166%
Y1 2000 | 6835 | 16.15 95.0
2 2000 | ©a97 | 1535 95.0 w
70355 | Pulse Wavelorm (200Fz, 60%) X1 2000 | 10035 | 20871 | 222 | 1200 | £1.2% | 29.6%
Y| 236 | 71.76 | 370 120.0 |
Z| 2000 | 5737 | 1666 "720.0 |
10387 | GPSK Wavelarm, 1 MHz X| 184 | 6874 | 1513 | 1.00 | 1600 | £2.6% | 10.6% |
Y| 157 | €66 | 1438 150.0
| Z| 188 | 66.38 | 1501 150.0
10368 | OPSK Wavelorm, 10 MHz X| 218 | 8808 | 1584 | 0.00 | 150.0 | +0.8% | 29.6%
Y| 233 6758 | 15.26 | 150.0
Z| 226 | 6828 | 1530 | 150,
| 10386 | B4-GAM Wavarorm, 100Kz X| 280 | 7045 | 1883 | 3.01 | 150.0 | £0.7% | =9.6% |
Y| 267 8653 | 17.69 | BE XN
Z| 275 | 6532 | 18.17 50,0
10399 | 64-QAM Waveform, 40 MHz X| 348 67.10 | 1580 | 0.00 | 150.0 | 22.2% | +0.6%
Y| 346 6699 | 15.61 150.0
Z| 355 eras | 1587 150.0
10474 | WLAN CCOF 84-82M, 40MAz X| 478 6585 | 1556 | 0.00] 1500 | =4.1% | £656%
Y| 486 | ©5./3 | 1556 | “150.0 |
Z] 473 520 | 1531 1500
Nota: For details an UID parameters see Appendix
The reported uncertainty of measurement is stated as !e standard uncartaity of measuremsnt mukiplied by the coverage
lactor k=2, which for a neemal distrbution correszonds to a coverage probability of approdmately 85%.

A The uncertamios of Noem X.¥.2 cio ot siect the E2 field uncertsimy inside TSL (560 Page 5.
¥ Uncarizaton paramaser urcertsinty for masimum speciisd Seid svengt.
b Uncertainey is daanmned usng the max. deviwson from knoar TRSPONES Spalying tectangulyr cisirbuton and % wepresead for e 5guara of P feld volus.

Cartificate No: EX-3852_Oct23 Page 3of 21
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EX30V4 - SN:3852 October 23, 2022
Parameters of Probe: EX3DV4 - SN:3852
Sensor Model Parameters
c1 c2 a T T2 T3 T4 T5 16
fF tF v msV? | msv' ms v v!
X 40.1 288.3% 3539 1242 0% 5.06 1.30 0.8 01|
y 45.2 342.83 36,51 830 0.45 506 0.00 0.49 1.01
z 443 336.32 3573 1360 0.00 5.08 053 0.35 101
Other Probe Parameters
Sarnsce Arrangement Triangular
F_C@nedof Angle -66.9°
Mechanical Surface D ion Mode enabled
Cptical Surtaca Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diamatar 10mm
Tip Length amm
Tip Diamater 25mm
“Pmbe Tip 1o Sensor X Calibration Paint tmm |
Probe Tip 10 Sensar Y Calibration Paint 1mm |
Probe Tip to Sensar Z Callbration Pont ) 1mm
Aacommended Measuremant Distancs fram Surface 1.4mm
Note: Moaswemant datance from surface can ba ncreassd 1o 34 mm for an Aroa Scan job.
Cortificate No: EX-3852_Cct23 Page 4 of 21
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EX30V4 - SN3852 October 23, 2023

Parameters of Probe: EX3DV4 - SN:3852
Calibration Parameter Determined In Head Tissue Simulating Media

f(MHz)® Relative Conductivity | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® Unc
Permittivity" (S/m) (mm) | (k=2)
6 55.0 075 1487 14.87 1487 0.00 125 £13.3%
13 55.0 0.75 13.84 13.94 13.94 0.00 125 £13.3%
30 55.0 0.75 1297 1297 1297 0.00 126 +13.2%
64 542 0.75 11.54 11.54 11.54 Q.00 125 #13.3%
128 523 0.76 11.14 11.14 1114 0.00 125 $13.5%
20 480 081 10.56 10.56 1086 000 125 +13.3%
450 435 0487 9499 599 999 016 1.30 13.3%
1300 408 1.14 819 792 828 048 1.27 +12.0%
1450 405 120 B.04 7.77 801 046 127 £12.0%
1640 402 1.3 B.04 769 8.00 D43 127 +12.0%
1810 400 1.40 759 764 7.68 028 127 +12.0%
1800 400 1.40 775 788 7.73 028 127 +12.0%
2450 302 1.80 707 7.00 7.18 031 127 +12.0%
3300 382 27N 676 6.56 €.80 032 127 +14,0%
3500 378 29 875 656 6.76 033 1.27 +14,0%
3700 377 312 656 8.40 6.53 D34 1.27 £14,0%
3800 3758 332 852 6.7 654 | 034 127 | +140%
4100 372 353 623 B.14 6.27 0.35 127 214.0%
5250 58 47 499 455 5.05 0.37 153 +14,0%
5600 355 5.07 454 4.50 4.60 047 175 +14.0%
5750 354 5.2 462 4.57 4.67 0.38 1.84 +140% |

C Fraquancy vakdty above 300MHz of =100 MHz orfy soples for DASY wi & and highar (500 Page Z). 0k & 15 resticked % 430 Mez. Tres uncarsainty is fre
ASS of the ConeF uncentanty al cairaticn fequency and the unoarainty for the Indicanad frequency hand. Frequéncy vakdity betow 300 Mz 1= =10, 25,
40, 50 and 70 NHZ ke ConvF assessments o 30, 64, 123, 150 and 220 MHz respoztively. Wbdily of o sssmesed ot 6 Mz is 4-8 NS4z and ConvF
Assasied @ 13 MHz is 9-19MHz. Abave 5 GHz froquancy walicly can be waanded 1 +110MHz

F The protes are calbrated wsing tissue simulating Souios (TSL) thit deviess kor ¢ and @ by loes thar +5% 1om fhe 1anget vk ues (ypcalty Datkr s +5'%)
and am vald for TSL with deviations of up 1o 410%, ¥ TSL with devasons from the target of kees han 5% am used, the cRBHEON unceris mes sre 11 1%
or 0.7 -3 GHz and 131% for 3 - 6 GHz.

G AghaDapt: as ned dung SPEAG M the remaking Saviaion due 1 1 y etiact ahar 5 aways kss
Mt £3% for fraquencies balow 3GH2 and balow +29 for eGuenciss between $-0GHz o any cistance Sper than hall tha praba fie da make from the
boundary.
Caertificate No: EX-3852_Oct23 Page 5 of 21
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APPENDIX E: RELEVANT PAGES FROM DIPOLE CALIBRATION REPORTS

W, s s o

Calibration Laboratory of SN, 8% sy

Schmid & Partner % C serviio svizzaro d tarsars
Engineering AG ”»(,Q‘\ N S swiss Calibration Service

Zeughaussirasse 43, 3004 Zurich, Switzerland AT

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

The Swiss Accreditation Service Is one of the signatories o the EA
Mudtilateral Agreement for the recognition of calibration certificates

Cadbration procedure(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Casibration date July 15, 2022
Ymmmummnmnumumnwmuommw units of massurements (50
mmmmmmmmmwmmmmmwwuﬂotmm
'Me.lbrmmbmmammmtm.mmmm(?ua)'cmw<70%

Caltration Equipment used (MBTE critical for calibration)

| This calibration contificate shall not be reprocuced axcept in full without writien aporoval of e labcratory

Primary Standards |iDs Csif Date (Certificate No.) o Scheduled Calbration |
Power meter NRP | SN: 104778 O4-Apr-22 (No. 217-03525/03524) Aon-23

Power sensor NRP-281 SN: 103244 04-Apr-22 (No. 217-03524) Ape23

Power sensor NRP-291 SN 103245 04-Apr22 (No, 217-03525) Apr23

Reference 20 a8 Atlenaior SN: BMS394 (20%) 04-Apr-22 (No, 217-03527) Ape23

Type-N mismalch combinasen SN 310682 /06327  O4-Apr-22 (No. 217-00528) Apr23

Referonce Probe EX30V4 SN 7340 31-Dec-21 (N0, EX3.7349_Dec21) Dac.22

DAE4 SN 801 02-May-22 (No, DAE4-801_May22) May-23

Secondary Stanciads o Check Date (in house) Schecifec Check
Power metor £44108 SN GBISS12478 30-Oct-14 (iIn house check Oct-20) In house checic Oct-22
Power sersor HP 8481A SN: US37202783 O7-Oct-15 {in house check Oct-20) In houss chedkc: Oct22
Power sersor HP B481A SN: MY41003315 07-Oct-15 (In housa check Oct-20) In house chedc Oct-22
RF genenace RAS SMT.06 [ SN: 100072 15-Jun-15 (in house check Oct-20) In house checkc Oct-22
| Network Ansiyzer Agiont ES358A | SN: US41080477 31-Mar-14 (In house chedk Oct-20) In house check: Oct-22

Name Function .
Calerated by: Aldonls Geepladou Latoratory Technigan
Approved by Nieis Kusier Quality Marsages

Certificate No: D2450V2-729_Jul22 Page 106
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Measurement Conditions
DASY systern configuration, as far as not given on page 1.
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modutor Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx,dy.dz =5mm
Frequency 2450 MHz = 1 MMz
Head TSL parameters
The foliowing paramelers and calculations were applied.
Tomperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (220202)"C 37926% 185 mho/m 268 %
Head TSL temperature change during test <05°C - —_
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Candition
SAR measured 250 mW Input power 13.4 Wikg
SAR for nominal Head TSL parameters normakzed 1o 1W 52.3 Wikg £17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 6.21 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.5Wikg £16.5 % (k=2)

Certificate No: D2450V2-720_Ju22
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