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1 APPLIED STANDARDS AND TEST SUMMARY

1.1 APPLIED STANDARDS

Type of Authorization
Certification for an Intentional Radiator.

Applicable FCC Rules

Prepared in accordance with the requirements of FCC Rules and Regulations as listed in 47 CFR
Ch.1 Parts 2 and 15 (10-1-23 Edition). The following subparts are applicable to the results in
this test report.

Part 2, Subpart J - Equipment Authorization Procedures, Certification

Part 15, Subpart C - Intentional Radiators

§ 15.201 Equipment authorization requirement

§ 15.207 Conducted limits

§ 15.209 Radiated emission limits; general requirements

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l Page 3 of 31



1.2 FCC-IC CORRELATION TABLE
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Correlation of measurement requirements for FCC and IC for general

radio equipment

Measurement

FCC reference

IC reference

Conducted emissions on AC
Mains

Transmitter spurious radiated
emissions

Restricted Bands

Wanted Emission (Carrier)

Other requirements, e.g.
Transmitter frequency stability

Receiver spurious emissions

Occupied bandwidth

§ 15.207

§ 15.209 (a)

§ 15.205

§ 15.209

§2.1049

Note: This EUT is subject to RSS-210, 4.4

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l

RSS-Gen Issue 5: 8.8

RSS-Gen Issue 5:
6.13/8.9/8.10;
RSS-210 Issue 10

RSS-Gen Issue 5: 8.10;
RSS-210 Issue 10;

RSS-210 Issue 10

RSS-Gen Issue 5: 6.12, 8.9
RSS- Gen, Issue 5: 6.11/8.11

RSS Gen Issue 5: 5/7
RSS Gen Issue 5: 6.7
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1.3 MEASUREMENT SUMMARY

47 CFR CHAPTER I FCC PART 15 § 15.209
Subpart C §15.209

BUREAU

Wanted Emissions (Carrier)

The measurement was performed according to ANSI C63.10

Final Result

OP-Mode Setup Date FCC IC
Radio Technology, Operating Mode

RF ID 125 kHz, Operating Mode 1 SO01_ADO2 2023-12-12  Passed Passed
Remark: Unmodulated carrier used

RF ID 134.2 kHz, Operating Mode 2 S02_AD02 2023-12-12  Passed Passed
Remark: Unmodulated carrier used

47 CFR CHAPTER I FCC PART 15 Subpart C § 15.209

§15.209

Spurious Emissions Radiated

The measurement was performed according to ANSI C63.10 Final Result
OP-Mode Setup Date FCC IC
Radio Technology, Operating Mode, Measurement

range

RF ID 125 kHz, Operating Mode 1, 30 MHz - 1 GHz SO01_ADO2 2023-12-12  Passed Passed
Remark: Unmodulated carrier used

RF ID 125 kHz, Operating Mode 1, 9 kHz - 30 MHz S01_AD02 2023-12-12  Passed Passed
Remark: Unmodulated carrier used

RF ID 134.2 kHz, Operating Mode 2, 30 MHz - 1 GHz S02_AD02 2023-12-12  Passed Passed
Remark: Unmodulated carrier used

RF ID 134.2 kHz, Operating Mode 2, 9 kHz - 30 MHz S02_AD02 2023-12-12  Passed Passed

Remark: Unmodulated carrier used

N/A: Not applicable
N/P: Not performed

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l
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2 REVISION HISTORY / SIGNATURES

Report version control

Version Release date Change Description Version validity
initial 2023-12-12 - invalid
Revl 2024-10-09 The IC reference in the valid

correlation table is corrected

COMMENT: -

According to the customer, the EUT includes a pre-certified module, therefore not all applicable
tests have been carried out.

/

e | |
Z c/{ L\/‘("—' / : ,/ =

(responsible for accreditation scope) ﬁéponsible for testing and report)

{

Dipl.-Ing. Robert Machulec B.Eng. Jasmin Urowski

- 7 layers GmbH, Borsigstr. 11
40880 Ratingen, Germany
Phone +49 (0)2102 749 0
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3 ADMINISTRATIVE DATA

3.1 TESTING LABORATORY

Company Name:

Address:

v
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7layers GmbH

Borsigstr. 11
40880 Ratingen
Germany

The test facility is accredited by the following accreditation organisation:

Laboratory accreditation no:
FCC Designation Number:
FCC Test Firm Registration:
ISED CAB Identifier

Responsible for accreditation scope:
Report Template Version:

3.2 PROJECT DATA

Responsible for testing and report:

Employees who performed the tests:

Date of Report:
Testing Period:

3.3 APPLICANT DATA

Company Name:

Address:

Contact Person:

3.4 MANUFACTURER DATA

Company Name:
Address:
Contact Person:

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l

DAkkS D-PL-12140-00
DEOO015

929146

DEOOO7; ISED#: 3699A

Dipl.-Ing. Robert Machulec
2023-09-29

B.Eng. Jasmin Urowski
documented internally at 7Layers

2024-10-09
2023-12-12 to 2023-12-12

BECOM Electronics GmbH
Technikerstrasse 1

A-7442 Lockenhaus, Hochstrass
Austria

Mr. Roland Hauser

please see Applicant Data
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4 TEST OBJECT DATA

4.1

GENERAL EUT DESCRIPTION

@

BUR‘AU

Kind of Device
product description

Device for reading and writing data from and into the vehicle key
with transponder technology and cards with NFC technology

Product name

BMW-KEY-NFC-WRITER

Type

BMW-KEY-NFC-WRITER

Declared EUT data by the supplier

Power Supply Type DC
Nominal Voltage / 5V
Frequency

Test Voltage / 5V
Frequency

Highest internal 13
frequency

Ports USB

Special software used
for testing

Operating mode 1

Transmitter is on at 125kHz

Operating mode 2

Transmitter is on at 134.2kHz

4.2 EUT MAIN COMPONENTS

Sample Name Sample Code IDescription

EUT_AD_02 DE1392002ad02 IRadiated Sample
Sample Parameter Value

HW Version Pz01

SW Version Z01.00

Serial No. BMW SNR:000023-023; BECOM SNR: UBF3919-X

Comment -

NOTE:The short description is used to simplify the identification of the EUT in this test report.

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l
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4.3 ANCILLARY EQUIPMENT

For the purposes of this test report, ancillary equipment is defined as equipment which is used
in conjunction with the EUT to provide operational and control features to the EUT. It is
necessary to configure the system in a typical fashion, as a customer would normally use it.
But nevertheless Ancillary Equipment can influence the test results.

Device Details Description
(Manufacturer, Type Model, OUT Code)

4.4 AUXILIARY EQUIPMENT

For the purposes of this test report, auxiliary equipment is defined as equipment which is used
temporarily to enable operational and control features especially used for the tests of the EUT
which is not used during normal operation or equipment that is used during the tests in
combination with the EUT but is not subject of this test report. It is necessary to configure the
system in a typical fashion, as a customer would normally use it.

But nevertheless Auxiliary Equipment can influence the test results.

Device Details Description
(Manufacturer, Type Model, HW, SW,
S/N)
AUX 1 USB cable, DELOCK 83894, -, -, YK120272 Used to connect
power supply

AUX 2 AC/DC USB power adapter; Samsung; EP- Used to connect

TA200; R37TBN24P0O5RT3 power supply
AUX 3 BMW Key; HI TAG PRO 125kHz
AUX 4 BMW Key; TI DST 134.2kHz
AUX 5 BMW Key card; NFC 13.56MHz

4.5 EUT SETUPS

This chapter describes the combination of EUTs and equipment used for testing. The rationale
for selecting the EUTs, ancillary and auxiliary equipment and interconnecting cables, is to test
a representative configuration meeting the requirements of the referenced standards.

Setup Combination of EUTs, auxiliary and ancillary equipment Description
S01_ADO02 EUT_AD_02, AUX 1, AUX 2, AUX 3 Radiated Setup
S02_AD02 EUT_AD_02,AUX 1, AUX 2, AUX 4 Radiated Setup

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l Page 9 of 31
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4.6 OPERATING MODES / TEST CHANNELS
This chapter describes the operating modes of the EUTs used for testing.

In conjunction with a key the EUT use different frequencies for communication.

125 kHz using AUX1
134.2 kHz using AUX2

4.7 PRODUCT LABELLING

4.7.1 FCCID LABEL
Please refer to the documentation of the applicant.

4.7.2 LOCATION OF THE LABEL ON THE EUT
Please refer to the documentation of the applicant.

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l Page 10 of 31
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5 TEST RESULTS

5.1 WANTED EMISSIONS (CARRIER)

Standard FCC Part 15 Subpart C

The test was performed according to:
ANSI C63.10

5.1.1 TEST DESCRIPTION
Please see test description for the test case “Spurious Radiated Emissions”, abstract 1.
5.1.2 TEST REQUIREMENTS / LIMITS

FCC Part 15, Subpart C, §15.209, Radiated Emission Limits

The fundamental emission of the EUT must be outside the restricted bands of operation as
defined in §15.205.

Measurement

distance (m) Limits (dBuV/m)

Frequency in MHz Limit (pV/m)

0.009 - 0.49 2400/F(kHz)@300m 3 (48.5 - 13.8)@300m
0.49 - 1.705 24000/F(kHz)@30m 3 (33.8 - 23.0)@30m
1.705 - 30 30@30m 3 29.5@30m

The measured values are corrected with an inverse linear distance extrapolation factor (40
dB/decade) according FCC 15.31 (2).

Frequency in MHz | Limit (pV/m) mitaasrl]"cr:r?;?t Limits (dBpV/m)
30 - 88 100@3m 3 40.0@3m
88 - 216 150@3m 3 43.5@3m
216 - 960 200@3m 3 46.0@3m
960 - 26000 500@3m 3 54.0@3m
26000 - 40000 500@3m 1 54.0@3m

(d) The emission limits shown in the above table are based on measurements employing a
CISPR quasi-peak detector except for the frequency bands 9-90 kHz, 110-490 kHz and above
1000 MHz. Radiated emission limits in these three bands are based on measurements
employing an average detector.

§15.35(b) ..., there is also a limit on the radio frequency emissions, as measured using
instrumentation with a peak detector function, corresponding to 20 dB above the maximum
permitted average limit....

Used conversion factor: Limit (dBuV/m) = 20 log (Limit (pV/m)/1pV/m)

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l Page 11 of 31
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5.1.3 TEST PROTOCOL
Ambient temperature: 24 °C
Air Pressure: 1009 hPa
Humidity: 40 %
RF ID 125 kHz
Nominal Operating Frequency [kHz] Output Limit Margin to
frequency Mode Power [dBpV/m] Limit [dB]
[kHZz] [dBpV/m]
125 Mode 1 125.25 -9.51 45.67 55.18
134.2 Mode 2 134.46 -7.06 45.04 52.11

Remark: Please see next sub-clause for the measurement plot.

5.1.4 MEASUREMENT PLOTS

Radio Technology = RF ID 125 kHz, Operating Mode = Operating Mode 1

Common Information
Test Description:

Test Standard:

EUT / Setup Code:
Operating Conditions:

(S01_ADO02)

Radiated Emissions, Test Site: Semi Anechoic Chamber @ 3 m

FCC 15.209
DE1392002ad02
5V DC, USB

Operator Name:
Comment:

x-Orientation (indicate h=100)
y-Orientation (indicate h=200)
z-Orientation (indicate h=300)

Legend:

FAU

EUT vertical

loop plane vertical, vector in measurement axis directed to EUT

loop plane vertical, vector perpendicular to measurement axis

loop plane horizontal, normal vector directed to ground

Trace: blue = Peak; green = AV, Star: = critical frequency; Rhombus:

blue = final QP

ECC 15209 Peak@300m [9kHz-490kHz

Level in dBuV/m
o
}

120 125 130 135
Frequency in kHz

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l
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Radio Technology = RF ID 134.2 kHz, Operating Mode = Operating Mode 2; (S02_AD02)

Common Information

Test Description:

Radiated Emissions, Test Site: Semi Anechoic Chamber @ 3 m

Test Standard: FCC 15.209
EUT / Setup Code: DE1392002ad02
Operating Conditions: 5V DC, USB
Operator Name: FAU
Comment: EUT vertical
x-Orientation (indicate h=100) loop plane vertical, vector in measurement axis directed to EUT
y-Orientation (indicate h=200) loop plane vertical, vector perpendicular to measurement axis
z-Orientation (indicate h=300) loop plane horizontal, normal vector directed to ground
Legend: Trace: blue = Peak; green = AV, Star: = critical frequency; Rhombus:
blue = final QP
70T
60T
T ECC 15209 Peak@300m 9kHz-490kHz
40+
e 20T
S
g ol
| *
°
3 -20T
_, -
-40T
-60T
110 115 120 125 130 135 140 145 150

Frequency in kHz

1.1.1 TEST EQUIPMENT USED
- Radiated Emissions SAC H-Field

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l
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5.2 SPURIOUS EMISSIONS RADIATED

Standard FCC Part 15 Subpart C

The test was performed according to:
ANSI C63.10

5.2.1 TEST DESCRIPTION

The test set-up was made in accordance to the general provisions of ANSI C63.4 in a typical
installation configuration. The Equipment Under Test (EUT) was set up on a non-conductive
table 1.0 x 2.0 m2 in the semi-anechoic chamber. The influence of the EUT support table that
is used was evaluated. For the measurement above 1 GHz an absorber field with 30 cm
pyramidical absorber is placed between EUT table and antenna (required to fulfil the CISPR
16.1.4 S-VSWR criteria).

The measurement procedure is implemented into the EMI test software EMC32 from R&S.

1. Measurement up to 30 MHz

EMI Receiver
Spectrum
Analyser

HFH-Z2

EUT

Amplifier
Filter

Switch Unit

(@)

Turntable

Test Setup; Spurious Emission Radiated (SAC), 9 kHz — 30 MHz

The Loop antenna HFH2-Z2 (shielded magnetic loop antenna) is used.

Step 1: pre measurement

- Anechoic chamber

- Antenna distance: 3 m

- Antenna height: 1 m (lowest part to ground)

- Antenna polarisation: 3 axis

- Detector: Peak-Maxhold

- Frequency range: 0.009 - 0.15 and 0.15 - 30 MHz

- Frequency steps: 0.1 kHz and 5 kHz

- IF-Bandwidth: 0.2 kHz and 10 kHz

- Measuring time / Frequency step: 100 ms (FFT-based)

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l Page 14 of 31



BUVE

BURY
1552

1828

BUREAU
VERITAS

Intention of this step is, to determine the radiated EMI-profile of the EUT. Afterwards the
relevant emissions for the final measurement are identified.

Step 2: final measurement

For the relevant emissions determined in step 1, an additional measurement with the following
settings will be performed. Intention of this step is to find the maximum emission level.

- Detector: Quasi-Peak besides 9-90 kHz and 110-490 kHz: Average and Peak

- Measuring time / Frequency step: 1 s

2. Measurement above 30 MHz and up to 1 GHz

EMI Receiver
Spectrum
Analyser.

il 3 g

Filter

LN

(@)

Turntable

Test Setup; Spurious Emission Radiated (SAC), 30 MHz- 1GHz

Step 1: Preliminary scan

Preliminary test to identify the highest amplitudes relative to the limit.
Settings for step 1:

- Antenna distance: 3 m

- Detector: Peak-Maxhold / Quasipeak (FFT-based)

- Frequency range: 30 - 1000 MHz

- Frequency steps: 30 kHz

- IF-Bandwidth: 120 kHz

- Measuring time / Frequency step: 100 ms

- Turntable angle range: -180° to 90°

- Turntable step size: 90°

- Height variation range: 1 -4 m

- Height variation step size: 1.5 m

- Polarisation: Horizontal + Vertical

Intention of this step is, to determine the radiated EMI-profile of the EUT. Afterwards the
relevant emissions for the final measurement are identified.

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l Page 15 of 31



BUREAU

Step 2: Adjustment measurement

In this step the accuracy of the turntable azimuth and antenna height will be improved. This is
necessary to find out the maximum value of every frequency.

For each frequency, which was determined the turntable azimuth and antenna height will be
adjusted. The turntable azimuth will slowly vary. During this action, the value of emission is
continuously measured. The turntable azimuth at the highest emission will be recorded and
adjusted. In this position, the antenna height will also slowly vary. During this action, the
value of emission is also continuously measured. The antenna height of the highest emission
will also be recorded and adjusted.

- Detector: Peak - Maxhold

- Measured frequencies: in step 1 determined frequencies

- IF - Bandwidth: 120 kHz

- Measuring time: 100 ms

- Turntable angle range: 360°

- Height variation range: 1 -4 m

- Antenna Polarisation: max. value determined in step 1

Step 3: Final measurement with QP detector

With the settings determined in step 2, the final measurement will be performed:
EMI receiver settings for step 3:

- Detector: Quasi-Peak (< 1 GHz)

- Measured frequencies: in step 1 determined frequencies

- IF - Bandwidth: 120 kHz

- Measuring time: 1 s

After the measurement a plot will be generated. It contains a diagram with the results of the
preliminary scan and a chart with the frequencies and values of the results of the final
measurement.

5.2.2 TEST REQUIREMENTS / LIMITS

FCC Part 15, Subpart B, §15.209, Radiated Emission Limits

Class B:
Frequency (MHz) Limit (pV/m) mif:#g:ngg;t Limits (dBuV/m)
30 - 88 100@3m 3 40.0@3m
88 - 216 150@3m 3 43.5@3m
216 - 960 200@3m 3 46.0@3m
960 - 26000 500@3m 3 54.0@3m
26000 - 40000 500@3m 1 54.0@3m
Class A:
Frequency (MHz) Limit (pV/m) chilliitaasrl:cr:r?;r;t Limits (dBuV/m)
30 - 88 90@10m 3 39.1@10m
88 - 216 150@10m 3 43.5@10m
216 - 960 210@10m 3 46.4@10m
960 - 26000 300@10m 3 49.5@10m
26000 - 40000 300@10m 1 49.5@10m

The measured values for Class A and for Class B (> 26 GHz) measurements are corrected with
an inverse linear distance extrapolation factor (20 dB/decade).

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l Page 16 of 31
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§15.35(b) ..., there is also a limit on the radio frequency emissions, as measured using
instrumentation with a peak detector function, corresponding to 20 dB above the maximum

permitted average limit....

Used conversion factor: Limit (dBpV/m) = 20 log (Limit (pV/m)/1uV/m)

5.2.3 TEST PROTOCOL

Ambient temperature: 24 °C

Air Pressure: 1009 hPa

Humidity: 40 %

RF ID 125 kHz

Nominal Operating Spurious Spurious Detec- | RBW Limit Margin
frequency Mode Freq. Level tor [kHz] [dBuV/m] | to Limit
[kHz] [MHZz] [dBuV/m] [dB]
125 Mode 1 899.19 17.82 QP 120 46.0 28.18
134.2 Mode 1 - - - - - -

Remark: Please see next sub-clause for the measurement plot.

5.2.4 MEASUREMENT PLOT (EXAMPLE PLOT, SHOWING WORST CASE, IF
APPLICABLE)

Radio Technology = RF ID 125 kHz, Operating Mode = Operating Mode 1,

Measurement range = 9 kHz - 30 MHz; (S01_ADO02)
Common Information
Test Description:

Test Standard: FCC 15.209
EUT / Setup Code: DE1392002ad02
Operating Conditions: 5V DC USB
Operator Name: FAU

Comment: EUT vertical

x-Orientation (indicate h=100)
y-Orientation (indicate h=200)
z-Orientation (indicate h=300)
Legend:

loop plane horizontal, normal vector directed to ground

blue = final QP

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l

Radiated Emissions, Test Site: Semi Anechoic Chamber @ 3 m

loop plane vertical, vector in measurement axis directed to EUT
loop plane vertical, vector perpendicular to measurement axis

Trace: blue = Peak; green = AV, Star: = critical frequency; Rhombus:
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70
"l\._____-
40 [ S~
Fac_Tp: fia'i(? UOm_SKRZPSRHZ £ |15.209| opd300h@30m| 90kHz-BoMHz
‘R‘\ \“Hl
g 20 FCC| 15.209_ AV@300m_9KkHZ490kHz
2
2 o0
c A SPPN b Nt e bt
% 201"
Wlieciicon, W
40 w ‘(\WWMW
-60 i
9k 20 30 50 100k 200300 500 1M 2M 3M 5M  10M 20 30M
Frequency in Hz
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Radio Technology = RF ID 125 kHz, Operating Mode = Operating Mode 1,
Measurement range = 30 MHz - 1 GHz; (S01_ADO02)
Common Information
Test Description: Radiated Emissions, Test Site: Semi Anechoic Chamber @ 3 m
Test Standard: FCC 15.209
EUT / Setup Code: DE1392002ad02
Operating Conditions: 5V DC, USB
Operator Name: FAU
Comment: EUT vertical
Legend: Trace (preview): blue = PK, green = QP; Star: red or blue = critical

frequency; Rhombus: blue = final QP

[e2]

o
1
1

(o))

o
1
T

FCC_15.209_30M-1GHz@3m

N
o

w

o
1
T

Level in dBuV/m
N
<

10T

30M 50 60 80 100M 200
Frequency in Hz

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l
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Radio Technology = RF ID 134.2 kHz, Operating Mode = Operating Mode 1,
Measurement range = 9 kHz - 30 MHz; (S02_AD02)

Common Information
Test Description:
Test Standard:
EUT / Setup Code:
Operating Conditions:
Operator Name:
Comment:
x-Orientation (indicate h=100)
y-Orientation (indicate h=200)
z-Orientation (indicate h=300)
Legend:

Level in dBuV/m
o
}

70+
60'\
40T Fcc_15.209_Peak@3(mm\_9m2-49m¢1z

Radiated Emissions, Test Site: Semi Anechoic Chamber @ 3 m
FCC 15.209

DE1392002ad02

5V DC USB

FAU

EUT vertical

loop plane vertical, vector in measurement axis directed to EUT
loop plane vertical, vector perpendicular to measurement axis
loop plane horizontal, normal vector directed to ground

Trace: blue = Peak; green = AV, Star: = critical frequency; Rhombus:
blue = final QP

9k 20 30 50

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l

100k 200 300 500 ™ 2M 3M  5M 10M 20 30M

Frequency in Hz
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Radio Technology = RF ID 134.2 kHz, Operating Mode = Operating Mode 1,

Measurement range = 30 MHz - 1 GHz; (S02_AD02)

Common Information

Test Description:
Test Standard:

EUT / Setup Code:
Operating Conditions:
Operator Name:
Comment:

Legend:

[e2]
S
1

)]

o
1
T

Radiated Emissions, Test Site: Semi Anechoic Chamber @ 3 m
FCC 15.209

DE1392002ad02

5V DC, USB

FAU

EUT vertical

Trace (preview): blue = PK, green = QP; Star: red or blue = critical
frequency; Rhombus: blue = final QP

FCC_15.209-30M-1GHz@3mh

N
o

w
<
T

N

o
|
T

Level in dBuV/m

10T

50 60

80 100M 200 300 400 500
Frequency in Hz

5.2.5 TEST EQUIPMENT USED

- Radiated Emissions SAC H-Field
- Radiated Emissions SAC up to 1 GHz

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l
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6 TEST EQUIPMENT

6.1 TEST EQUIPMENT HARDWARE

N

o

BUREAU

1 Radiated Emissions SAC H-Field
Radiated emission tests in the H-Field in a semi anechoic room
Ref. |Device Name | Description| Manufacturer Serial Number Last Calibration
No. Calibration Due
1.1 N5000/NP Filter for EUT, |[ETS-LINDGREN 241515 N/A N/A
2 Lines, 250V,
16 A
1.2 ESW44 EMI Receiver / Rohde & Schwarz |101603 2022-01 2024-01
Spectrum GmbH & Co. KG
Analyzer
1.3 Anechoic SAC/FAR, undefined, none N/A N/A
Chamber 01 10.58 m x undefined
6.38 m x 6.00
m
1.4 Fluke 177 Digital Fluke Europe B.V. [86670383 2023-08 2025-08
Multimeter 03
(Multimeter)
1.5 Opus10 THI ThermoHygro |Lufft Mess- und 115.0318.0802.0 2023-08 2025-08
(8152.00) Datalogger Regeltechnik GmbH |33
1.6 EP 1200/B, AC Source, Spitzenberger & B6278 N/A N/A
NA/B1 Amplifier with |Spies GmbH & Co.
integrated KG
variable
Oscillator
1.7 DS 420S Turn Table 2 |HD GmbH 420/573/99 N/A N/A
m diameter
1.8 HFH2-Z2 Loop Antenna |Rohde & Schwarz |829324/006 2021-01 2024-01
+ 3 Axis GmbH & Co. KG
Tripod
1.9 CS-RUB6 Rubidium Rohde & Schwarz 100321 2023-10 2024-10
Frequency GmbH & Co. KG
Standard
2 Radiated Emissions SAC up to 1 GHz
Radiated emission tests up to 1 GHz in a semi anechoic room
Ref.No. Device Name|Description| Manufacturer |Serial Number Last Calibration
Calibration Due
2.1 N5000/NP Filter for EUT, |[ETS-LINDGREN 241515 N/A N/A
2 Lines, 250V,
16 A
2.2 ESW44 EMI Receiver / |Rohde & Schwarz |101603 2022-01 2024-01
Spectrum GmbH & Co. KG
Analyzer
2.3 Anechoic SAC/FAR, undefined, none N/A N/A
Chamber 01 10.58 m x undefined
6.38 m x 6.00
m
2.4 HL 562 Biconical-log- |Rohde & Schwarz |830547/003 2021-09 2024-09
ULTRALOG per antenna |GmbH & Co. KG
(30 MHz - 3
GHz) with HL
562E
biconicals

TEST REPORT REFERENCE: MDE_BECOM_2202_FCC_01_rev1l

Page 22 of 31




BUHAU

Ref.No. Device Name|Description| Manufacturer |Serial Number Last Calibration
Calibration Due
2.5 Fluke 177 Digital Fluke Europe B.V. 86670383 2023-08 2025-08
Multimeter 03
(Multimeter)
2.6 Opus10 THI ThermoHygro |Lufft Mess- und 115.0318.0802.0|2023-08 2025-08
(8152.00) Datalogger Regeltechnik GmbH |33
2.7 EP 1200/B, AC Source, Spitzenberger & B6278 N/A N/A
NA/B1 Amplifier with |Spies GmbH & Co.
integrated KG
variable
Oscillator
2.8 DS 420S Turn Table 2 |HD GmbH 420/573/99 N/A N/A
m diameter
2.9 CS-RUB6 Rubidium Rohde & Schwarz 100321 2023-10 2024-10
Frequency GmbH & Co. KG
Standard
2.10 AM 4.0 Antenna Mast |Maturo GmbH AM4.0/180/1192 N/A N/A
4 m 0513

The calibration interval is the time interval between “Last Calibration” and “Calibration Due”

6.2 TEST EQUIPMENT SOFTWARE

Semi-Anechoic Chamber:

Software Version
EMC32 Measurement Software 10.60.10
INNCO Mast Controller 1.02.62
MATURO Mast Controller 12.19
MATURO Turn-Table Controller 30.10
Fully-Anechoic Chamber:

Software Version
EMC32 Measurement Software 10.60.10
MATURO Turn-Unit Controller 11.10
MATURO Mast Controller 12.10
MATURO Turntable Controller 12.11
INNCO Mast Controller 1.02.62
TS 8997

WMC32 Measurement Software 11.40.00
Conducted AC Emissions:

Software Version
EMC32 Measurement Software 10.60.20
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7 ANTENNA FACTORS, CABLE LOSS AND SAMPLE CALCULATIONS

BUREAU

This chapter contains the antenna factors with their corresponding path loss of the used

measurement path for all antennas as well as the insertion loss of the LISN.

7.1 LISN R&S ESH3-Z5 (150 KHZ - 30 MHZ)

cable

LISN loss
insertion | (incl. 10

loss dB
ESH3- atten-
Frequency Corr. Z5 uator)
MHz dB dB dB

0.15 10.1 0.1 10.0
5 10.3 0.1 10.2
7 10.5 0.2 10.3
10 10.5 0.2 10.3
12 10.7 0.3 10.4
14 10.7 0.3 10.4
16 10.8 0.4 10.4
18 10.9 0.4 10.5
20 10.9 0.4 10.5
22 11.1 0.5 10.6
24 11.1 0.5 10.6
26 11.2 0.5 10.7
28 11.2 0.5 10.7
30 11.3 0.5 10.8

Sample calculation

U = Receiver reading

Uusn (dB pV) = U (dB pV) + Corr. (dB)

LISN Insertion loss = Voltage Division Factor of LISN
Corr. = sum of single correction factors of used LISN, cables, switch units (if used)
Linear interpolation will be used for frequencies in between the values in the table.
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7.2 ANTENNA R&S HFH2-Z2 (9 KHZ - 30 MHZ)
cable cable cable cable distance duimit dused
loss 1 loss 2 loss 3 loss 4 corr. (meas. (meas.
AF (inside (outside (switch (to (-40 dB/ | distance | distance
Frequency | HFH-Z2) Corr. chamber) | chamber) unit) receiver) | decade) (limit) (used)
MHz dB (1/m) dB dB dB dB dB dB m m
0.009 20.50 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.01 20.45 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.015 20.37 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.02 20.36 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.025 20.38 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.03 20.32 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.05 20.35 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.08 20.30 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.1 20.20 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.2 20.17 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.3 20.14 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.49 20.12 -79.6 0.1 0.1 0.1 0.1 -80 300 3
0.490001 20.12 -39.6 0.1 0.1 0.1 0.1 -40 30 3
0.5 20.11 -39.6 0.1 0.1 0.1 0.1 -40 30 3
0.8 20.10 -39.6 0.1 0.1 0.1 0.1 -40 30 3
1 20.09 -39.6 0.1 0.1 0.1 0.1 -40 30 3
2 20.08 -39.6 0.1 0.1 0.1 0.1 -40 30 3
3 20.06 -39.6 0.1 0.1 0.1 0.1 -40 30 3
4 20.05 -39.5 0.2 0.1 0.1 0.1 -40 30 3
5 20.05 -39.5 0.2 0.1 0.1 0.1 -40 30 3
6 20.02 -39.5 0.2 0.1 0.1 0.1 -40 30 3
8 19.95 -39.5 0.2 0.1 0.1 0.1 -40 30 3
10 19.83 -39.4 0.2 0.1 0.2 0.1 -40 30 3
12 19.71 -39.4 0.2 0.1 0.2 0.1 -40 30 3
14 19.54 -39.4 0.2 0.1 0.2 0.1 -40 30 3
16 19.53 -39.3 0.3 0.1 0.2 0.1 -40 30 3
18 19.50 -39.3 0.3 0.1 0.2 0.1 -40 30 3
20 19.57 -39.3 0.3 0.1 0.2 0.1 -40 30 3
22 19.61 -39.3 0.3 0.1 0.2 0.1 -40 30 3
24 19.61 -39.3 0.3 0.1 0.2 0.1 -40 30 3
26 19.54 -39.3 0.3 0.1 0.2 0.1 -40 30 3
28 19.46 -39.2 0.3 0.1 0.3 0.1 -40 30 3
30 19.73 -39.1 0.4 0.1 0.3 0.1 -40 30 3
Sample calculation
E (dB pV/m) = U (dB pV) + AF (dB 1/m) + Corr. (dB)
U = Receiver reading
AF = Antenna factor
Corr. = sum of single correction factors of used cables, switch unit, distance correction, amplifier (if applicable)
distance correction = -40 * LOG (dviimit/ dused)
Linear interpolation will be used for frequencies in between the values in the table.
Table shows an extract of values
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7.3 ANTENNA R&S HL562 (30 MHZ - 1 GHZ)
(dLimit = 3 m)
cable cable cable cable distance diimit dused
AF loss 1 loss 2 loss 3 loss 4 corr. (meas. (meas.
R&S (inside (outside (switch (to (-20 dB/ | distance | distance
Frequency HL562 Corr. chamber) | chamber) unit) receiver) | decade) (limit) (used)
MHz dB (1/m) dB dB dB dB dB dB m m
30 18.6 0.6 0.29 0.04 0.23 0.02 0.0 3 3
50 6.0 0.9 0.39 0.09 0.32 0.08 0.0 3 3
100 9.7 1.2 0.56 0.14 0.47 0.08 0.0 3 3
150 7.9 1.6 0.73 0.20 0.59 0.12 0.0 3 3
200 7.6 1.9 0.84 0.21 0.70 0.11 0.0 3 3
250 9.5 2.1 0.98 0.24 0.80 0.13 0.0 3 3
300 11.0 2.3 1.04 0.26 0.89 0.15 0.0 3 3
350 12.4 2.6 1.18 0.31 0.96 0.13 0.0 3 3
400 13.6 2.9 1.28 0.35 1.03 0.19 0.0 3 3
450 14.7 3.1 1.39 0.38 1.11 0.22 0.0 3 3
500 15.6 3.2 1.44 0.39 1.20 0.19 0.0 3 3
550 16.3 3.5 1.55 0.46 1.24 0.23 0.0 3 3
600 17.2 3.5 1.59 0.43 1.29 0.23 0.0 3 3
650 18.1 3.6 1.67 0.34 1.35 0.22 0.0 3 3
700 18.5 3.6 1.67 0.42 1.41 0.15 0.0 3 3
750 19.1 4.1 1.87 0.54 1.46 0.25 0.0 3 3
800 19.6 4.1 1.90 0.46 1.51 0.25 0.0 3 3
850 20.1 4.4 1.99 0.60 1.56 0.27 0.0 3 3
900 20.8 4.7 2.14 0.60 1.63 0.29 0.0 3 3
950 21.1 4.8 2.22 0.60 1.66 0.33 0.0 3 3
1000 21.6 4.9 2.23 0.61 1.71 0.30 0.0 3 3
(diimit = 10 m)
30 18.6 -9.9 0.29 0.04 0.23 0.02 -10.5 10 3
50 6.0 -9.6 0.39 0.09 0.32 0.08 -10.5 10 3
100 9.7 -9.2 0.56 0.14 0.47 0.08 -10.5 10 3
150 7.9 -8.8 0.73 0.20 0.59 0.12 -10.5 10 3
200 7.6 -8.6 0.84 0.21 0.70 0.11 -10.5 10 3
250 9.5 -8.3 0.98 0.24 0.80 0.13 -10.5 10 3
300 11.0 -8.1 1.04 0.26 0.89 0.15 -10.5 10 3
350 12.4 -7.9 1.18 0.31 0.96 0.13 -10.5 10 3
400 13.6 -7.6 1.28 0.35 1.03 0.19 -10.5 10 3
450 14.7 -7.4 1.39 0.38 1.11 0.22 -10.5 10 3
500 15.6 -7.2 1.44 0.39 1.20 0.19 -10.5 10 3
550 16.3 -7.0 1.55 0.46 1.24 0.23 -10.5 10 3
600 17.2 -6.9 1.59 0.43 1.29 0.23 -10.5 10 3
650 18.1 -6.9 1.67 0.34 1.35 0.22 -10.5 10 3
700 18.5 -6.8 1.67 0.42 1.41 0.15 -10.5 10 3
750 19.1 -6.3 1.87 0.54 1.46 0.25 -10.5 10 3
800 19.6 -6.3 1.90 0.46 1.51 0.25 -10.5 10 3
850 20.1 -6.0 1.99 0.60 1.56 0.27 -10.5 10 3
900 20.8 -5.8 2.14 0.60 1.63 0.29 -10.5 10 3
950 21.1 -5.6 2.22 0.60 1.66 0.33 -10.5 10 3
1000 21.6 -5.6 2.23 0.61 1.71 0.30 -10.5 10 3
Sample calculation
E (dB pV/m) = U (dB pV) + AF (dB 1/m) + Corr. (dB)
U = Receiver reading
AF = Antenna factor
Corr. = sum of single correction factors of used cables, switch unit, distance correction, amplifier (if applicable)
distance correction = -20 * LOG (dvuimit/ dused)
Linear interpolation will be used for frequencies in between the values in the table.
Tables show an extract of values.
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7.4 ANTENNA R&S HF907 (1 GHZ - 18 GHZ)
cable
cable loss 3
loss 1 (switch
(relay + cable unit,
AF cable loss 2 atten- cable
R&S inside (outside uator & loss 4 (to
Frequency HF907 Corr. chamber) | chamber) | pre-amp) | receiver)
MHz dB (1/m) dB dB dB dB dB
1000 24.4 -19.4 0.99 0.31 -21.51 0.79
2000 28.5 -17.4 1.44 0.44 -20.63 1.38
3000 31.0 -16.1 1.87 0.53 -19.85 1.33
4000 33.1 -14.7 2.41 0.67 -19.13 1.31
5000 34.4 -13.7 2.78 0.86 -18.71 1.40
6000 34.7 -12.7 2.74 0.90 -17.83 1.47
7000 35.6 -11.0 2.82 0.86 -16.19 1.46
cable
loss 4
cable (switch
loss 1 cable cable unit, used
AF (relay loss 2 loss 3 atten- cable for
R&S inside (inside (outside uator & loss 5 (to | FCC
Frequency HF907 Corr. chamber) | chamber) | chamber) | pre-amp) | receiver) | 15.247
MHz dB (1/m) dB dB dB dB dB dB
3000 31.0 -23.4 0.47 1.87 0.53 -27.58 1.33
4000 33.1 -23.3 0.56 2.41 0.67 -28.23 1.31
5000 34.4 -21.7 0.61 2.78 0.86 -27.35 1.40
6000 34.7 -21.2 0.58 2.74 0.90 -26.89 1.47
7000 35.6 -19.8 0.66 2.82 0.86 -25.58 1.46
cable
loss 1 cable cable cable cable cable
AF (relay loss 2 loss 3 loss 4 loss 5 loss 6
R&S inside (High (pre- (inside (outside (to
Frequency HF907 Corr. chamber) Pass) amp) chamber) | chamber) | receiver)
MHz dB (1/m) dB dB dB dB dB dB dB
7000 35.6 -57.3 0.56 1.28 -62.72 2.66 0.94 1.46
8000 36.3 -56.3 0.69 0.71 -61.49 2.84 1.00 1.53
9000 37.1 -55.3 0.68 0.65 -60.80 3.06 1.09 1.60
10000 37.5 -56.2 0.70 0.54 -61.91 3.28 1.20 1.67
11000 37.5 -55.3 0.80 0.61 -61.40 3.43 1.27 1.70
12000 37.6 -53.7 0.84 0.42 -59.70 3.53 1.26 1.73
13000 38.2 -53.5 0.83 0.44 -59.81 3.75 1.32 1.83
14000 39.9 -56.3 0.91 0.53 -63.03 3.91 1.40 1.77
15000 40.9 -54.1 0.98 0.54 -61.05 4.02 1.44 1.83
16000 41.3 -54.1 1.23 0.49 -61.51 4.17 1.51 1.85
17000 42.8 -54.4 1.36 0.76 -62.36 4.34 1.53 2.00
18000 44.2 -54.7 1.70 0.53 -62.88 4.41 1.55 1.91
Sample calculation
E (dB pV/m) = U (dB pV) + AF (dB 1/m) + Corr. (dB)
U = Receiver reading
AF = Antenna factor
Corr. = sum of single correction factors of used cables, switch unit, distance correction, amplifier (if applicable)
Linear interpolation will be used for frequencies in between the values in the table.
Tables show an extract of values.
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7.5 ANTENNA EMCO 3160-09 (18 GHZ - 26.5 GHZ)

BUREAU

cable cable cable cable cable
AF loss 1 loss 2 loss 3 loss 4 loss 5
EMCO (inside (pre- (inside (switch (to
Frequency | 3160-09 Corr. chamber) amp) chamber) unit) receiver)
MHz dB (1/m) dB dB dB dB dB dB
18000 40.2 -23.5 0.72 -35.85 6.20 2.81 2.65
18500 40.2 -23.2 0.69 -35.71 6.46 2.76 2.59
19000 40.2 -22.0 0.76 -35.44 6.69 3.15 2.79
19500 40.3 -21.3 0.74 -35.07 7.04 3.11 2.91
20000 40.3 -20.3 0.72 -34.49 7.30 3.07 3.05
20500 40.3 -19.9 0.78 -34.46 7.48 3.12 3.15
21000 40.3 -19.1 0.87 -34.07 7.61 3.20 3.33
21500 40.3 -19.1 0.90 -33.96 7.47 3.28 3.19
22000 40.3 -18.7 0.89 -33.57 7.34 3.35 3.28
22500 40.4 -19.0 0.87 -33.66 7.06 3.75 2.94
23000 40.4 -19.5 0.88 -33.75 6.92 3.77 2.70
23500 40.4 -19.3 0.90 -33.35 6.99 3.52 2.66
24000 40.4 -19.8 0.88 -33.99 6.88 3.88 2.58
24500 40.4 -19.5 0.91 -33.89 7.01 3.93 2.51
25000 40.4 -19.3 0.88 -33.00 6.72 3.96 2.14
25500 40.5 -20.4 0.89 -34.07 6.90 3.66 2.22
26000 40.5 -21.3 0.86 -35.11 7.02 3.69 2.28
26500 40.5 -21.1 0.90 -35.20 7.15 3.91 2.36
Sample calculation
E (dB pV/m) = U (dB pV) + AF (dB 1/m) + Corr. (dB)
U = Receiver reading
AF = Antenna factor
Corr. = sum of single correction factors of used cables, switch unit, distance correction, amplifier (if applicable)
Linear interpolation will be used for frequencies in between the values in the table.
Table shows an extract of values.
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7.6  ANTENNA EMCO 3160-10 (26.5 GHZ - 40 GHZ)

cable cable cable cable distance duimit dused
AF loss 1 loss 2 loss 3 loss 4 corr. (meas. (meas.
EMCO (inside (outside (switch (to (-20 dB/ | distance | distance
Frequency | 3160-10 Corr. chamber) | chamber) unit) receiver) | decade) (limit) (used)

GHz dB (1/m) dB dB dB dB dB dB m m
26.5 43.4 -11.2 4.4 -9.5 3 1.0
27.0 43.4 -11.2 4.4 -9.5 3 1.0
28.0 43.4 -11.1 4.5 -9.5 3 1.0
29.0 43.5 -11.0 4.6 -9.5 3 1.0
30.0 43.5 -10.9 4.7 -9.5 3 1.0
31.0 43.5 -10.8 4.7 -9.5 3 1.0
32.0 43.5 -10.7 4.8 -9.5 3 1.0
33.0 43.6 -10.7 4.9 -9.5 3 1.0
34.0 43.6 -10.6 5.0 -9.5 3 1.0
35.0 43.6 -10.5 5.1 -9.5 3 1.0
36.0 43.6 -10.4 5.1 -9.5 3 1.0
37.0 43.7 -10.3 5.2 -9.5 3 1.0
38.0 43.7 -10.2 5.3 -9.5 3 1.0
39.0 43.7 -10.2 5.4 -9.5 3 1.0
40.0 43.8 -10.1 5.5 -9.5 3 1.0

Sample calculation

E (dB pV/m) = U (dB pV) + AF (dB 1/m) + Corr. (dB)
U = Receiver reading
AF = Antenna factor
Corr. = sum of single correction factors of used cables, switch unit, distance correction, amplifier (if applicable)
Linear interpolation will be used for frequencies in between the values in the table.
distance correction = -20 * LOG (dumit/ dused)
Linear interpolation will be used for frequencies in between the values in the table.
Table shows an extract of values.
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8 MEASUREMENT UNCERTAINTIES

Test Case Parameter Uncertainty
AC Power Line Voltage + 3.4 dB
Field Strength of spurious radiation Voltage + 5.5dB

The measurement uncertainties for all parameters are calculated with an expansion factor
(coverage factor) k = 1.96. This means, that the true value is in the corresponding interval
with a probability of 95 %.

Measurement Uncertaity Measured Value Passmark Linear (Passmark)

[
7%}
i
Ln

The verdicts in this test report are given according the above diagram:

Case Measured Value Uncertainty Range Verdict
1 below pass mark below pass mark Passed
2 below pass mark within pass mark Passed
3 on pass mark within pass mark Passed
4 above pass mark within pass mark Failed
5 above pass mark above pass mark Failed

That means, the laboratory applies, as decision rule (see ISO/IEC 17025:2017), the so-called

shared risk principle.
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9 PHOTO REPORT

Please see separate photo report.
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