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2 General information

2.1 Notes and disclaimer

The test results of this test report relate exclusively to the test item specified in this test report. cetecom
advanced GmbH does not assume responsibility for any conclusions and generalisations drawn from the test
results with regard to other specimens or samples of the type of the equipment represented by the test item.
The test report may only be reproduced or published in full. Reproduction or publication of extracts from the
report requires the prior written approval of cetecom advanced GmbH.

This test report is electronically signed and valid without handwriting signature. For verification of the electronic
signatures, the public keys can be requested at the testing laboratory.

The testing service provided by cetecom advanced GmbH has been rendered under the current "General
Terms and Conditions for cetecom advanced GmbH".

cetecom advanced GmbH will not be liable for any loss or damage resulting from false, inaccurate,
inappropriate or incomplete product information provided by the customer.

Under no circumstances does the cetecom advanced GmbH test report include any endorsement or warranty
regarding the functionality, quality or performance of any other product or service provided.

Under no circumstances does the cetecom advanced GmbH test report include or imply any product or service
warranties from cetecom advanced GmbH, including, without limitation, any implied warranties of
merchantability, fithess for purpose, or non-infringement, all of which are expressly disclaimed by cetecom
advanced GmbH.

All rights and remedies regarding vendor’s products and services for which cetecom advanced GmbH has
prepared this test report shall be provided by the party offering such products or services and not by cetecom
advanced GmbH.

In no case this test report can be considered as a Letter of Approval.

2.2 Application details

Date of receipt of order: 2023-05-04
Date of receipt of test item: 2024-05-27
Start of test: 2024-06-12
End of test: 2024-06-12

2.3 Statement of compliance

The EMF values found for the HFM2 HFASM LF-RF are below the maximum allowed levels according to the
standards listed in section 3.

© cetecom advanced GmbH Page 3 of 18
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3 Test standard/s:

Test Standard Version Test Standard Description
IEEE Std. C95-3 2021 IEEE Recommended Practice for the Measurement of
Potentially Hazardous Electromagnetic Fields — RF and
Microwave
FCC KDBs:
KDB 865664D01v01 August 7, FCC OET SAR measurement requirements 100 MHz to 6 GHz
2015
KDB 865664D02v01 October 23, RF Exposure Compliance Reporting and Documentation
2015 Considerations
KDB 447498D01v06 October 23, Mobile and Portable Devices RF Exposure Procedures and
2015 Equipment Authorization Policies
KDB 680106 D01v04  October 24, Equipment Authorization of Wireless Power Transfer devices
2023

3.1 RF exposure limits

Reference levels for general public (uncontrolled environment) exposure to time-varying electric and
magnetic fields

According to: CFR47, Subpart | - 81.1310 Radiofrequency radiation exposure limits

Frequency Range Electric Field Magnetic Field Power density Averaging time
(MHz) (V/m) (A/m) (mW/cm?) (minutes)
Occupational / Controlled Exposure
0.3-3.0 614 1.63 *100 6
3.0-30 1842/t 4.89/ f *900/f2 6
30-300 61.4 0.163 1.0 6
300-1500 - - /300 6
1500-100000 - - 5 6
General Population / Uncontrolled Exposure

0.3-1.34 614 1.63 *100 30
1.34-30 824/f 2.19/f *180/f2 30
30-300 27.5 0.073 0.2 30
300-1500 - - /1500 30
1500-100000 - - 1.0 30

Extention of measurement range of the table to 125 kHz:

According to FCC KDB 680106 D01 Paragraph 3 RF Exposure Requirements clause 3 the Emission-
Limits in the frequency range from 100 to 300 kHz should be assessed versus the limits at 300 kHz in Table
1 of CFR 47 — Section 1.310 as following (measurement distance shall be 20cm from the center of the
probe to the top side and 15cm from the center of the probe to the edge of the device):

E-field H-field B-field
Frequency V/m A/m uT
0.3—3.0 MHz | 614 1.63 2.0

© cetecom advanced GmbH Page 4 of 18
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4 Reporting statements of conformity — decision rule

Only the measured values related to their corresponding limits will be used to decide whether the equipment
under test meets the requirements of the test standards listed in chapter 3.

The measurement uncertainty is mentioned in this test report, see chapter 9, but is not taken into account -
neither to the limits nor to the measurement results. Measurement results with a smaller margin to the
corresponding limits than the measurement uncertainty have a potential risk of more than 5% that the
decision might be wrong."

measured value, measurement uncertainty, verdict

measured value

measurement
uncertainty

upper limit

FAIL FAIL PASS PASS PASS PASS PASS

5 Summary of Measurement Results

X No deviations from the technical specifications ascertained

] Deviations from the technical specifications ascertained

No relevant emissions out of the cabinet of the DUT are detected at a distance greater than 20.0cm from the
antenna-surface.

6 Test Environment

Ambient temperature: 20-24°C

Relative humidity content: 40 — 50 %

Air pressure: not relevant for this kind of testing
Power supply: 230 V /50 Hz

© cetecom advanced GmbH Page 5 of 18
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7 Test Set-up

7.1 Measurement system

7.1.1 Broadband Electromagnetic Field Test system

A state of the art Broadband Electromagnetic Field Test system was used. The probes of the system are fitted
with three sensors which measure the field strength of the X, Y and Z plane directions separately. The field
strength is calculated by the instrument's processor by summing the squares of the three measured values.

The frequency range 5 Hz to 60 GHz is covered.
Depending on the used probe type Electric and Magnetic Field or Electric Field only is detectable.

e EHP-50D 5 Hz to 100 kHz Electric and Magnetic Field
e EHP-50F 5 Hz to 400 kHz Electric and Magnetic Field
e HF 3061 300 kHz to 30 MHz Magnetic Field

e EF 0691 100 kHz to 6 GHz Electric Field

e EF 6092 100 MHz to 60 GHz Electric Field

e ELT 400 3cm? 1 Hz to 400 kHz Magnetic Field

© cetecom advanced GmbH Page 6 of 18
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7.1.2 Test equipment list

Calibration
Manufacturer Device Type Serial number Las.t . cycle
Calibration (months)
X |Narda Elgtcet:'c and Magnetic Field | a1 550 F-0319 2023-04-12 24
[J | Narda :\EA';C;:'C and Magnetic Field | a1 500 D-1234 2021-05-10 24
X |Narda :\E/l'gfetpc and Magnetic Field | o + 45 N-0915 2023-04-20 24
X | Narda (El'ggtECHZF'f’gdglzozl;e EF 0691 G-0027 2023-04-12 24
Electric Field Probe
[ | Narda (160 MHz. . 60 GH3) EF 6092 A-0071 2021-05-10 24
[ | Narda ?gg%”kelf;‘z: th;e?:g ,\Pﬂrl?'g;" HF 3061 D-0404 2023-04-12 24
[J | Narda ifaclt;'scef"(‘g F“('Zagnleotgkﬁ_"ez')d EHP-50D 230WX50108 | 2023-04-13 24
[J | Narda ifaclt;';f‘?g F“fzagge(}gkﬁfz'f EHP-50F 000WX60907 |2023-01-18 24
X | Narda gaHgge_“zo'gek'dH;mbe B-Field 3cm? C-0393 2023-04-20 24

X Devices used during the test

7.1.3 Averaging

[] Devices not used during the test

For time efficient testing an average of 8 seconds was used. With some spot checks was verified, that caused
by the time structure of the measured responses, the results did not change with a 6-minute-averaging.

7.1.4 Uncertainties

The probe uncertainties stated by the manufacturer are considered to be the main relevant and dominant

issues.

7.1.4.1 Typical uncertainty of EF0691

Flatness of frequency response®

Callibration uncertainty not included

+1.0 dB (1 MHz to 4 GHz) +1.5 dB
(0.3 MHz to 5 GHz) -2.5 dB typ. @
0.15 MHz

Calibration uncertainty®
@ 0.2 mW/cm? (27.5 VIm)

0.8 dB (< 300 MHz)
1.5 dB (300 MHz to 1.2 GHz)
1.3dB (2 1.2 GHz)

Linearity
Referred to 0.2 mW/cm? (27.5 V/m)

+0.5 dB (2.2 to 316 V/m)

+0.5 dB (0.0013 to 26.5 mW/cm?)

Isotropic response®©

+1 dB

Temperature response

+0.2/ -1 dB (0 °C to 50 °C, related to 23 °C)

(a) Frequency response can be compensated for by the use of correction factors stored in the probe

memory

(b) Accuracy of the fields generated to calibrate the probes
(c) Uncertainty due to varying polarization (verified by type approval test for meter with probe). Ellipse ratio

included and calibrated for each probe

© cetecom advanced GmbH
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7.1.4.2 Typical uncertainty of ELT 400 with B-Field 3cm2 probe

| Measurement uncertainty Y | +6% (50 Hz to 120 kHz) |

D The measurement uncertainty includes flatness, isotropy, absolute and linearity variations
(frequency range: 1 Hz to 400 kHz or 10 Hz to 400 kHz).

The uncertainty increases at the frequency band limits (10 Hz, 30 Hz, 400 kHz) to —1 dB
based on the nominal frequency response.

Narda Safety Test Solutions GmbH

®
Sandwiesenstrasse 7 - 72793 Pfullingen - Germany A narda

Phone: +49 7121 9732 0 - Fax: +49 7121 9732 790 Safety Test Solutions

an qD Technologios Company

UNCERTAINTY

The reported expanded uncertainty U is based on a standard uncertainty multiplied by a coverage factor
k=1.96, providing a level of confidence of approximately 95 %. The uncertainty evaluation has been
carried out in accordance with the “Guide to the Expression of Uncertainty in Measurement” (GUM).
The reported measurement uncertainty is derived from the uncertainty of the calibration procedure and the
object during calibration, and makes no allowance for drift or operation under other environmental
conditions.

MEASURING CONDITIONS

The calibration was performed using a continuous wave signal (CW). The magnetic flux density was set to
nominal 2.5 pT.

RESULTS
Frequency Response
i ot RS U
kHz VIT Pos.Y | Pos.YZ | Pos.Z | Pos.ZX | Pos. X | Pos. XY %
0,052 13.72 0.9949 | 0.9966 | 1.0156 | 1.0149 | 1.0012 | 0.9805 0.92
0,4 105.57 0.9993 | 0.9992 | 1.0191 1.0168 | 1.0044 | 0.9835 0.57
30 7.90k 1.0030 | 1.0098 | 1.0192 | 1.0155 | 1.0059 | 0.9984 0.75
120 30.71k 1.0045 | 1.0130 | 1.0248 | 1.0247 | 1.0129 | 1.0029 0.81
400 65.24k 0.9872 | 0.9989 | 1.0169 | 1.0100 | 0.9936 | 0.9878 2,17
INTERPRETATION

The worst-case uncertainty of the object was calculated from the calibration results reported in the
“Frequency Response” section using commonly accepted statistical rules.

Frequency Range worst-case uncertainty U yobs
1 Hz to 120 kHz 296 %
120 kHz to 400 kHz 313 %

Note: As the object is purely a coil the function is not restricted at low frequencies.

The total uncertainty of the system shall be calculated using U,....,, = /U + Uy

® Names and Logo are registered trademarks of Narda Safety Test Solutions GmbH and L-3 Communications Holdings, Inc. -
Trade names are trademarks of the owners.

CERTIFICATE: 23009020-C0393-20210726-10650 PAGE 4 OF 4
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7.1.5 Validation procedure

Before performing the tests the empty test chamber was checked for system immanent frequency responses.
The following background signal level was detected. All levels are small enough to allow accurate proof of the

limits to be considered.

Magnetic | Magnetical | Electrical
Flux Field Field
Probe Frequency Range Density (B) | Strength Strength Remark
in uT in A/m in V/im
EF 0691 100 kHz — 6 GHz -- -- 0.15
ELT 400 + 3cm? 1-400 kHz 2.129 1.694 --

7.1.6 Definition of test position and distances

In absence of an equipment specific regulation with given test distances, all not further noted test positions
were measured in “touched” mode, the probe radome touching the DUT at the defined test position.

Due to the mechanical concept of the used probe a distance between DUT surface and electrical centre of the
probe antennas remains.

Maximum distance (cm)
Probe type Magnetic Field Electrical Field
EF 0691 - 3.5
ELT 400 + 3cm? 15 -

© cetecom advanced GmbH Page 9 of 18
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7.1.7 Applicable minimum distances for measurements

Based on Chapter 7.1 of RSS 102 SPR 002 for each measurement probe the applicable minimum testing
distance needs to be considered as measurements with a smaller distance will not provide reliable results.

Probe
Antenna(s)
Field Probe ) / \\ \
Measurement 1
Receiver \U
Probe
EUT
Enclosure

Antenna(s)
EUT
Enclosure

The shortest distance separating the probe and EUT antennas, denoted by dmeas above, is proportional to the
probe antenna size requirements outlined in section 7.1.7 of RSS 102 SPR 002. x was defined as the distance
between internal coil (Dp) and enclosure of probe antenna.

The following lists gives the applicable minimum distances for RSS 102 SPR 002 measurements:

x distance, Dimension of probe
Range Dp Omeas = 1.7xD, coil to outer | Denc@dmeas (HxBxT)
Probe enclosure as specified
kHz [em] [cm] [em] [em] [mm]
EF 0691 100 — 6 x 10° 6.3 10.7 0.15 7.4 318x66 @
ELT 400 + 3 cm? 0.001 - 400 2.9 4.9 0.15 33 250x329

7.1.8 Anisotrophical probe behaviour management

As EMF measurements for safety and health aspects are often performed in the nearfield of a radiation source
it is important to be aware of the not ideal isotropic performance of a typical probe and how to reproduce
reliable results.

During measurements the following steps are performed to get always the highest possible field strength result
and validate that the measured results are always the worst case scenario with the highest energy emitted by
the source.

Step 1: Finding the position of the highest radiated field source with a basic probe orientation.
Step 2: Turning the probe to all possible orientations to find the orientation that delivers the maximum field
strength.

© cetecom advanced GmbH Page 10 of 18
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7.1.9 Alternative H field test system for timing evaluation

Manufacturer Device Type Serial number -2 GEllOEEr | [FreguEngy
date (months)
R&S Inductive probe 9kHz — 30 MHz | HFH2-Z4 872092 2023-01-01 24
Signal- and Spectrum Analyzer
R&S 2 Hz - 50 GHz FSW50 101560 2024-01-17 12

7.1.9.1 Typical uncertainty and data of HFH2-Z4 probe

Calibration parameters are described in the additional document:

Appendix to test report no. 1-5884-23-01-40 TR-A101-R01 — HFH2-Z4

certificate

© cetecom advanced GmbH
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7.2 Test results

For considering worst-case conditions all measurements were performed at smallest possible distance from
the device under test. Limits shown in the tables below are the lowest ones within the wideband frequency
ranges of the field probes applied.

Test positions see photo documentation (Annex A).

During the measurements the DUT was switched on in cyclic transmission test mode.

Proprietary 125kHz — Antenna A (Dashboard antenna)
distance
() AV ()
test to probe | Bpeak | Heeak | Have * AVG e Epreax Lim(igt 2
position | centre (uT) | (A/m) | (A/m) | Limit (A/m) = (V/m) =
o (VIm) o
(cm)
0* 506.9 | 403.4 | 3.79 1.63 157.0 614
3.0 227.2 | 180.8 | 1.70 1.63 g - 614
o >
o (o]
top . vy
3.5% - - - 1.63 | 1012 | 614 | ™
w
20.0 11.21 8.9 0.08 1.63 5.4 614

Table 1: Test results E-/ H-f@128kHz

NOTE: Distances in the table above are measured between the EUT surface and the centre of the probe
with regard of the physical size of the measurement probe.

*) the internal distance between the outer housing and calibrated measurement position of the probes are as
shown in the following table:

Internal ELT 400 - 3cm? EF 0691
Probe
Distances 1.5cm 3.5cm

**) Conversion factor between PEAK and AVG is derived in chapter 7.4 is 0.00939.
(Chapter 7.4: Correction factor for technical duty cycle/ peak to avg. conversion, on page 13)

E-field levels are already below the AVG limitations, without applying the duty factor correction.

7.3 Final verdict

No relevant emissions out of the cabinet of the DUT are detected at a distance greater than 20.0cm from the
antenna-surface.

© cetecom advanced GmbH Page 12 of 18
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7.4 Correction factor for technical duty cycle/ peak to avg. conversion

Duty Cycle and field strength of the complete signal during polling mode:

This evaluation shows highest measured field strengths as they occur at the position of maximal irradiation
with the probe measurement touching the EUT. It delivers the duty cycles for the further parts of the
evaluation.

Duty cycle:

Signal occurs every 1.206 seconds in a 6 minutes interval, resulting in 298.5 pulses.
Duration: 11.34 ms x 298.5 = 3384.99 ms = 3.38 s (on-time)

Duty cycle: 0.939%

7.5 Duty factor measurements with HFH2-Z4 probe

Qverview:

When testing instructions are followed, and the EUT is measured with the aforementioned probe, the
following signal is what can be detected, which shows a consistent interval between pulses of 1206
milliseconds and a uniform signal type.

Ref Level 107.00 dBuv & RBW 50 kHz
Att 10 dB & SWT .05 = VBW S50 kHz
TRG:WID DC
1 Zero Span 14P Clrw
D2[11 -0.17 dB
100 dBuv | -1.20600s
M1[1] 85.35dBpV
2.41200 s
o0 dBpy 0
Dg
80 depy
TRG 75,000 dbp
70 dBpy
80 dBpy
50 dBpy
40 depy
30 dBpy
CF 125.0 kHz 1001 pts 605.0 ms/

weasuring... NENENNEEE = 20240311

12:27:27

12:27:28 PM 03/11/2024

© cetecom advanced GmbH Page 13 of 18
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Signal Type:
Time-evaluation:
Multiview Spectrum -
Ref Level 107.00 dBuv & RBW 50 kHz SGL
ALt 10 dB & SWT 43 ms ¥BW S0 kHz
TRG:WID DC
1 Zero Span 1AP Clrw
M1[1f 84,96 dBpV
100 depy | 7.0 s
D2[1] -1.15 dB
11.3950 ms
o0 dBpY
H 1
N Dz
80 dBpv P”r “n
TRG 75.000 dBp
70 dBpv i
50 dBpy H
50 dBpY H
40 depy H
30 dBpY
! i
10 depy T?“‘
CF 125.0 kHz 1001 pts 4.3 ms/
Ready [ [[]]]] *; 202;;33;5%
12:32:08 PM 03/11/2024

The ON-Pulse is consistent of many small pulses as seen before and will be evaluated a single block for

duty cycle purposes.

The ON-Pulse has a duration of 11.39ms and its field level is as shown below in the peak evaluation.

© cetecom advanced GmbH
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Annex A: Photo documentation

Photo 1: EUT - Antennas - Overview

© cetecom advanced GmbH
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Photo 3: Test position - Antenna A (Dashboard) with ELT 400 3cm? probe (20cm distance)

© cetecom advanced GmbH
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......

Photo 5: Test position - Antenna A (Dashboard) with EFO691 probe (Omm distance)

© cetecom advanced GmbH
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Annex B: Document History

Version Applied Changes Date of Release

Initial Release 2024-06-19

Annex C: Further Information

Glossary
DUT - Device under Test
EUT - Equipment under Test
FCC - Federal Communication Commission
FCCID - Company Identifier at FCC
HW - Hardware
N/A - not applicable
OET - Office of Engineering and Technology
SIN - Serial Number
SW - Software
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