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[1] ANSI C63.10-2013 American National Standard for Methods of Measuring of Radio-Noise Emissions
from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz.

[2] FCC CFR 47 Part 15 Radio Frequency Devices
[3] RSS-210 Issue 9 (August 2016) Licence-exempt Radio Apparatus: Category | Equipment

[4] RSS-Gen Issue 5 (March 2019) Amendment 1 General Requirements for Compliance of Radio
Apparatus

TEST RESULT
The requirements of the tests performed as shown in the overview (clause 4) were fulfilled by the

equipment under test.
The complete test results are presented in the following.
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RESERVATION

This test report is only valid in its original form.

Any reproduction of its contents in extracts without written permission of the accredited test laboratory
PHOENIX TESTLAB GmbH is prohibited.

The test results herein refer only to the tested sample. PHOENIX TESTLAB GmbH is not responsible for
any generalisations or conclusions drawn from these test results concerning further samples. Any
modification of the tested samples is prohibited and leads to the invalidity of this test report. Each page
necessarily contains the PHOENIX TESTLAB Logo and the TEST REPORT NUMBER.

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 2 of 37



A
>

TESTLAB

Contents: Page
1 TAENEITICALION. ...eeiviiiiieiii ettt 4
I AN o] o [ oF= o | ST 4
1.2 MABNUFBCTUIET ...cceiiiiiiiiiieieeeeee et 4
I S TS ) F=T oo = 1o VTSP 4
1.4 EUT (EQUIPMENT UNGEE TESL) ...ttt eeeetttte e e ettt e e e e et ettt e e e e e e e eabbba e e e aaaaeesabnn e aaaaaeenes 5
1.5 Technical data Of EQUIPIMENL.... ..o ettt e e e e e e ee bbb a e e e e e aeeeabaa e e aaaaaeee 5
G - 1 (=T PSP PPPPTRUPPUPPPPT 6
2 OPEIALIONAI SLALES ... 6
3 AdItioNal INFOMMALION. ......coviiiiiiiiiiiiii 7
4 OV BIVIBW . oo oo 7
5 TESETESUILS ... 8
LR R I = 1 1S 1 =] g 110 ][ Vo TSP 8
5.1.1 Method of measurement (CONAUCLEA) .........uuuiiiiiiiiiiii e 8
5.1.2 Test result (tranSMIttEr tIMING) ......oeeeiei e e ettt e e e e e er b e e e aaeeeeeannns 9
5.2 BaANOWIOTN L.eeeiiiiiitee ettt e e e n e e e bbb nnnnrrnnrrrr e 11
5.2.1 Method of measurement (DBanNAWIALN)............. e 11
5.3  Testresults (20 dB bandWidth) ......... ..o 12
5.3.1 Test results (99 % bandwidth) ... e 13
5.4 Band-€dge COMPIIBINCE. ... ..coiiiiiiiiiii ettt e e ettt e e e e e e e e e ettt e e e e e e e e eetbba s e aaaaaeeees 14
54.1 Method of measurement (band-edge complianCe) ...........cooooiiiiiiiiiiiii i 14
5.4.2 Test results (band-edge COMPIANCE) .......cooo i 15
5.5  RAGIAIEA EMIISSIONS .. .ututtittiiiiitiiittttiteeeb bbb e e e bbb e e bbb e e e e e b e e b e e b E e bbb e e b e b e b E e b nnrrrnnrnrn e 17
5.5.1 Method of measurement (radiated €MISSIONS)........cccuuruuuiiiiieiiiiiii e 17
5.5.3 Test results (radiated MISSIONS) ....couuuuuiiiieiii ittt e et e e e e eetbb e e e aaaeee 26
5.5.3.1 Preliminary radiated emission measurement (9 kHz to 100 GHz) ...........coiiiiiiiiiiiiinnnnn. 26
5.5.3.2 Final radiated emission measurement (9 kHz t0 30 MHZ)..........cooiiiiiiiiiiiiiie, 32
5.5.3.3 Final radiated emission measurement (30 MHZ t0 1 GHZ)..........coiiiiiiiiiiiiiiiiieeieein, 32
5.5.3.4 Final radiated emission measurement (1 GHz to 100 GHZ)........coooiiiiiiiiiiiiiiiiiiiieeiin 33
5.6 Conducted emissions on power supply lines (150 kHz t0 30 MHZ).........ccooiiiiiiiiiiiiiiiiiiiii e 34
5.6.1 Method Of MEASUIEIMENT........cciiiiiiiiiiii i 34
5.6.2 Test results (conducted emissions on power supply lINES) ........coooviiiiiiiiiiiiiiiiiiiiii e, 35
6 Test equipment and ancillaries USEd fOr tESES .......coii et eeeeeeeaaas 36
7 REPOI NISTOIY ... e ettt e ettt ettt e e e e e e e e ettt e e e e e e e e eeabba e e aeaas 37
8 LISt OF GNMNMEXES ...ttt R e R e e e e bR e E e e nrnn e 37

Test engineer: Thomas KUHN Report Number: F181708E1

Date of issue: 04.06.2019 Order Number: 18-111708 page 3 of 37



1 Identification

1.1 Applicant
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Name: RFbeam Microwave GmbH
Address: Schuppisstrasse 7, 9016 St.Gallen
Country: Schweiz

Name for contact purposes: Léon AUDERGON

Phone:

+41 71 245 3380

Fax:

+41 71 245 3381

eMail Address:

audergon@rfbeam.ch

Applicant represented during the
test by the following person:

Léon AUDERGON

1.2 Manufacturer

Name: RFbeam Microwave GmbH
Address: Schuppisstrasse 7, 9016 St.Gallen
Country: Schweiz

Name for contact purposes: Léon AUDERGON

Phone:

+41 71 245 3380

Fax:

+41 71 245 3381

eMail Address:

audergon@rfbeam.ch

Manufacturer represented during
the test by the following person:

Léon AUDERGON

1.3 Test laboratory

The tests were carried out at:

PHOENIX TESTLAB GmbH
Konigswinkel 10

32825 Blomberg

Germany

Accredited by Deutsche Akkreditierungsstelle GmbH (DAKKS) in compliance with DIN EN
ISO/IEC 17025 under Reg. No. D-PL-17186-01-02 and D-PL-17186-01-05, FCC Test Firm
Designation Number DE0004, FCC Test Firm Registration Number 469623, CAB Identifier

DEOO003 and ISED# 3469A.
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1.4 EUT (Equipment Under Test)
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Test object: *

Doppler radar module

Model name / HVIN: *

K-MC1_LP

FCCID: * 2ASYV-K-MC1LP
IC: * 24358-KMC1LP
PCB identifier: * RFB_261D

PMN: * K-MC1_LP

Serial number: * L1813n00358
Hardware version: * D

Software version: * N/A

Lowest / highest internal
frequency: *

100 kHz / wanted signal

1.5 Technical data of equipment

Channel 1 RX: 24.075 GHz to 24.175 GHz TX: 24.075 GHz to 24.175 GHz
Channel 2 RX: - TX: -
Channel 3 RX: - TX: -

Duty cycle:* 100 %

Rated RF output power: *

+18 dBm (e.i.r.p.)

Antenna type:

Integral patch antenna

Alignment range: *

24.075 GHz to 24.175 GHz

Switching range: *

24.075 GHz to 24.175 GHz

Modulation: * Pulsed CW

Bit rate of transmitter: * -

Supply Voltage (EUT): * Unom = | 3.3 Ve Uwin=| 3.15 Vpc Uwmax= | 6.0 Ve
Power Supply: * External

Temperature range: *

-20°C to +80°C

Ancillaries to be tested with:

Control board (provided by the applicant) and AC/DC adapter CAT. NO.
273-316 for conducted emissions on power supply line

*; Declared by the applicant.

The following external 1/0 cables were used:

Identification

Connector

EUT

; Length
Ancillary

DC and IF output

8-pole terminal block

8-pole terminal block
(on control board)

0.2m

Test engineer: Thomas KUHN
Date of issue: 04.06.2019

F181708E1
18-111708

Report Number:
Order Number:
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1.6 Dates

Date of receipt of test sample: 04.02.2019
Start of test: 04.02.2019
End of test: 21.02.2019

2 Operational states

All tests were carried out with an unmodified sample with integral antenna, which was supplied with
3.3 Vpc either by the control board or an external power supply.

The EUT is a radar transceiver sensor module for distance measurements intended to be used in several
applications.

During all measurements except the emission measurement on the AC line, the EUT was connected to a
laptop PC via the control board and USB. On the Laptop PC the test software was running (RFbeam
SignalViewer Version 3.2.1, supplied by the applicant). During the emission measurement on the AC line
the EUT was supplied with 3.3 Vpc by an external power supply directly.

No tests in stand-by mode of the transmitter / receive mode were carried out, because the transmitter is
operating continuously and has no stand-by mode.

For the whole frequency range a preliminary measurement in a fully anechoic chamber was carried out to
determine the frequencies, which were radiated by the EUT. The final measurements on the detected
frequencies were carried out on an outdoor test site without ground plane (for the frequency range 9 kHz to
30 MHz), on an open area test site with ground plane (for the frequency range 30 MHz to 1 GHz) or the
fully anechoic chamber (for the frequency range 1 GHz to 100 GHz).

The physical boundaries of the Equipment Under Test are shown below.

Physical boundary of the EUT

Npmmmmmmmmmmmmmmmeooo fommmmmmm e

Control board *
UsB

Laptop PC

K-MC1_LP

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 6 of 37



3 Additional Information

The EUT used for the tests was not labeled.

4 OQverview

PHOENIX
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L Frequency FCC 47 CFR Part RSS-Gen [4] and Refer
AT range 15 section [2] RSS 210 [3] SIEUE page
. 24.075 GHz to
Bandwidth 24175 GHz 15.215 (c) 6.7 [4] Passed | 11 et seq.
Band edge 24.075 GHz to
compliance 24175 GHz 15.215 (c) 6.10 [1] Passed | 14 et seq.
Field strength of | 24.075 GHz to
fundamental 24175 GHz 15.245 (b) F.1(a)[3] Passed | 17 et seq.
Field strength of Restricted 15.245 (b) (1) (i), F.1 (a) [3]
harmonics bands 15.245 (b) (1) (ii F.1() () [3] Passed | 17 et seq.
Emissions outside 9 kHz to 15.205 (a), 8.9 [4]
the specified 110 GHz 15.209 (a), 8.10 [4] Passed | 17 et seq.
bands 15.245 (b) (3) F.1(e)[3]
Conducted 150 kHz to
emissions 30 MHz 15.207 8.8 [4] Passed | 34 et seq.
Antenna ; 15.203 [2] 6.8 [4] Passed *| -
requirement
*; Integrated antenna only, requirement fulfilled.

Test engineer: Thomas KUHN
Date of issue: 04.06.2019

F181708E1
18-111708

Report Number:
Order Number:

page 7 of 37
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5 Test results
5.1 Transmitter timing

5.1.1 Method of measurement

The following measurement technique was used:

- Set the center frequency of the instrument to the center frequency of the transmission.

- Set RBW = OBW if possible; otherwise, set RBW to the largest available value.

- Set VBW = RBW.

- Set detector = peak or average.

- Set the span to zero-span.

- Set the sweep mode to single sweep.

- The zero-span measurement method shall not be used unless both RBW and VBW are > 50/T and
the number of sweep points across duration T exceeds 100. (For example, if VBW and/or RBW
are limited to 3 MHz, then the zero-span method of measuring duty cycle shall not be used if T <
16.7 microseconds.)

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 8 of 37



5.1.2 Test result (transmitter timing)

Ambient temperature 22 °C

PHOENIX

TESTLAB

A

Relative humidity

37 %

The measurement was performed radiated inside the fully anechoic chamber.

181708 26.wmf: Pulse period:

MultiView Spectrum

Ref Level 0.00 dBm @ RBW S50 MHz
Att 10dB ® SWT 25 ps VBW 50 MHz

SGL

1Pk Max

CF 24.122 GHz 1001 pts

2.5 s

181708 25.wmf: Transmitter on time:

MultiView Spectrum
Ref Level 0.00 dBm ® RBW 50 MHz
Att 10dB ® SWT 4 ps VBW 50 MHz
Y1G Bypass
1 Zero Span
Di[1]
M1[1]—

43,16 -dBm

SGL

1Pk Max
-2.90 dB
1.00000 ps

728.00 ns

ngopfd I i

=
=
=1
| =
==
=

i

—=

20 d
-90 d
CF 24,122 GHz 1001 pts 400.0ns
Test engineer: Thomas KUHN Report Number: F181708E1

Date of issue: 04.06.2019 Order Number: 18-111708
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TX on TX_ges RBW Sweep Sweep time | Duty cycle
[us] [us] [MHZ] points [us] %
1 25 50 1001 25 12

The EUT transmits three 1 ms pulses within 25 ms. This is equal to a duty cycle of 12 %, which could be
measured with an average detector according to 15.35 [1].

Test equipment used (refer clause 6):
13,19, 26

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 10 of 37
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5.2 Bandwidth
5.2.1 Method of measurement (bandwidth)

The calibration of the spectrum analyser has to be checked with the help of a known signal from a signal
generator. The EUT has to be connected to the spectrum analyser via a low loss cable. If the EUT is not
equipped with an antenna connector, a temporary antenna connector has to be installed or a test fixture
shall be used. The EUT has to be switched on, the transmitter shall work with its maximum data rate.

The following spectrum analyser settings shall be used:
- Span: App. 2 to 3 times the 20 dB bandwidth, centred on the actual channel.
- Resolution bandwidth: App. 1 % of the emission bandwidth.
- Video bandwidth: equal or greater than the RBW.
- Sweep: Auto.
- Detector function: peak.
- Trace mode: Max hold.

20 dB bandwidth:

After trace stabilisation the marker shall be set on the signal peak. The first display line has to be set on
this value. The second display line has to be set 20 dB below the first line (or the peak marker). The
frequency lines shall be set on the intersection points between the second display line and the measured
curve.

99 % bandwidth:

After trace stabilisation the marker shall be set on the signal peak. Use the 99 % bandwidth functionality of
the spectrum analyser to integrate the requested bandwidth.

Shielded room

Horn antenna

EUT

Spectrum
analyser

Power
supply

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 11 of 37
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5.3 Test results (20 dB bandwidth)

37 %

22 °C Relative humidity

Ambient temperature

Position of EUT: The EUT was set-up 30 cm in front of the measuring antenna.

Supply voltage: During all measurements the EUT was supplied with 3.3 Vpc by the control board.

181708_27.jpeq: 20 dB bandwidth:

MultiView Spectrum
Ref Level -20.00 dBm

® RBW 50 kHz
0dB SWT 1.07 ms @ VBW 200 kHz Mode Auto Sweep

& Att
VG Bypass
1 Frequency Sweep 1Pk Max
M1[1] -53.50 dBm
24,1024000 GHz
Sl 11 33,500 dbin M‘ M2[1] -33.50 dBm
24,1063960 GHz
-40 di
50 d 11 —
-53.500 dBm /h \'\
| ~60-dl i
i v VTV VY
i VOV
80 df
-00 df
-100 d
-110 d
CF 24.107075 GHz 1001 pts 2.0 MHz, Span 20.0 MHz
2 Marker Table
1 24.1024 GHz -53.50 dBm
M2 1 24.106396 GHz -33.50 dBm
M3 1 24.109293 GHz -53.89 dBm
FL Fu BW (Fy - F1)
24.102400 GHz 24.109293 GHz 6.893 MHz
Measurement uncertainty <+1*10”
Test: Passed
Test equipment used (refer clause 6):
13, 19, 26
Test engineer: Thomas KUHN Report Number: F181708E1
Order Number: 18-111708 page 12 of 37
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5.3.1 Test results (99 % bandwidth)

Ambient temperature 22 °C Relative humidity 37 %

Position of EUT: The EUT was set-up 30 cm in front of the measuring antenna.

Supply voltage: During all measurements the EUT was supplied with 3.3 Vpc by the control board.

181708_28.jpeq: 99 % bandwidth:

MultiView Spectrum -

RefLevel 0.00 dBm & RBW 100 kHz
® Att 0dB  SWT 1.02 ms ® VBW 300 kHz Mode Auto Sweep

1Pk Ma
M1[1] -29.75 dBm
24.1081940 GHz

NAVAVAY Y 'aYa

A ’ LA B AT BV
=T
-80d
-a0 d
CF 24.109113 GHz 1001 pts 2.0 MHz, Span 20.0 MHz
2 Marker Table
M1 1 24.108194 GHz -29.75 dBm Qcc Bw 11.569510538 MHz
2t 1 24.1022712 GHz -53.20 dBm Qcc Bw Cantroid 24.108055907 GHz
T2 1 24.1138407 GHz -54.43 dBm Qcc Bw Freq Offset -1.057092952 MHz
FL Fu BW (Fy - F1)
24.102271 GHz 24.113841 GHz 11.570 MHz
Measurement uncertainty <+1*10”
Test: Passed

Test equipment used (refer clause 6):
13,19, 26

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 13 of 37
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5.4 Band-edge compliance
5.4.1 Method of measurement (band-edge compliance)

The same test set-up as used for the final radiated emission measurement shall be used.
The measurements shall be carried out with using a resolution bandwidth of 100 kHz.

The following spectrum analyser settings shall be used:

- Span: Wide enough to capture the peak level of the emission on the channel closest to the
band-edge, as well as any modulation products, which fall outside the assigned
frequency band.

- Resolution bandwidth: 100 kHz.

- Video bandwidth: 3 the resolution bandwidth.

- Sweep: Auto.

- Detector function: Peak.

- Trace mode: Max hold.

After trace stabilisation the marker shall be set on the signal peak. The first display line has to be set on
this value. The second display line has to be set 50 dB below the first line (or the peak marker). The
frequency line shall be set on the edge of the assigned frequency band. Set the second marker on the
emission at the band-edge, or on the highest modulation product outside of the band, if this level is higher
than that at the band-edge. This frequency shall be measured with the EMI receiver as described in
subclause 5.5.1 of this test report, but 100 kHz resolution bandwidth shall be used.

The measurement will be performed at the lower and upper end of the assigned frequency band.

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 14 of 37
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5.4.2 Testresults (band-edge compliance)

Ambient temperature 22 °C Relative humidity 65 %

Position of EUT: The EUT was set-up 100 cm in front of the measuring antenna.

181708 15a.wmf: Band-edge compliance, lower band edge:

MultiView JI Receiver @] Spectrum @1 @

Ref Level 70.00 dBuv @ RBW 100 kHz
@ Att 0dB ® SWT 1 VBW 100kHz Mode Auto Sweep Frequency 23.8380000 GHz
Input 1AC PS8 On Notch Off

1 Frequency Sweep

M1[1] 8.63 dBpV|

1 65.400 dBpy 240749760 GHZ|

60 dBpY:

50 dBpy

40 dBpy

30 dBpy

20 dBpy

15.500 dBpv

10 dBpy

-10 dBpv

-20 depv

v
23.6 GHz 6001 pts 47.6 MHz 24.076 GHZ‘

181708 l14a.wmf: Band-edge compliance, upper band edge:

MultiView JI Receiver @] Spectrum @1 @

Ref Level 70.00 dBuw & RBW 100 kHz
© Att 0dB e SWT 1s VBW 100kHz
Input 1AZ PS5 0On  Notch Off

Mode Autc Sweep Frequency 24.2120000 GHz

M1[1] 8.36 dBuV

1 65.400 dBpv 24.1784020 GHz

a0 depy

20 dBpy

15.500 dBpv

M1
10 dBuy —y
I ol NIRRT | AT

g o ki s itk Skt aeiins, L bl TR NPT P ST

0|depy

-10 dBpv

-30 dBpv

w1
2‘4.174 GHz 6001 pts 7.6 MHz, 24.25 GHz

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 15 of 37
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The plots on the page before are showing the band-edge compliance for the lower and upper band-edge.
The display line 1 (D1) in these plots represents the highest level within the assigned frequency band.
The display line 2 (D2) represents the -50 dB offset to this highest level and shows the compliance with
FCC 47 CFR Part 15.245 (b) (3). The frequency line 1 (F1) shows the edge of the assigned frequency.

Band-edge compliance (lower band edge)
Result measured with the peak detector:

Frequency | Result Limit (3 m) | Margin | Readings Antenna | Preamp | Cable loss Corr. [dB] / Restr.
factor measuring Band
GHz dBpVv/m dBpVv/m dB dBuv 1/m dB dB distance [cm]
24.074976 40.6 74.0 334 8.6 37.2 0.0 4.8 -10.0/ 100 cm No
Result measured with the average detector:
Frequency | Result Limit Margin | Readings Antenna | Preamp Cable loss Corr. [dB] / Restr
m actor measurin
() i dB ing Band.
GHz dBpVv/m dBpVv/m dB dBuv 1/m dB distance [cm]
24.074976 34.2 54.0 19.8 2.2 37.2 0.0 4.8 -10.0/ 100 cm No
Measurement uncertainty -3.6dB/+2.2dB
Band-edge compliance (upper band edge)
Result measured with the peak detector:
Frequency | Result Limit Margin | Readings Antenna | Preamp Cable loss Corr. [dB] / Restr
(3 m) factor dB measuring e d.
GHz dBpVv/m dBpVv/m dB dBuv 1/m dB distance [cm]
24.178402 40.4 74.0 33.6 8.4 37.2 0.0 4.8 -10.0/ 100 cm No
Result measured with the average detector:
Frequency | Result Limit Margin | Readings Antenna | Preamp Cable loss Corr. [dB] / Restr
(3 m) factor dB measuring ¥ d.
GHz dBpVv/m dBpVv/m dB dBpv 1/m dB distance [cm]
24.178402 28.4 54.0 25.6 -3.6 37.2 0.0 4.8 -10.0/ 100 cm No
Measurement uncertainty -3.6dB/+2.2dB
Test: Passed

Test equipment used (refer clause 6):
1,2,13,19

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 16 of 37
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5.5 Radiated emissions
5.5.1 Method of measurement (radiated emissions)

The radiated emission measurement is subdivided into 7 stages.

- A preliminary measurement carried out in a fully anechoic chamber with a fixed antenna height
in the frequency range 9 kHz to 1 GHz.

- Afinal measurement carried out on an outdoor test side without reflecting ground plane and a
fixed antenna height in the frequency range 9 kHz to 30 MHz.

- Afinal measurement carried out on an open area test side with reflecting ground plane and
various antenna heights in the frequency range 30 MHz to 1 GHz.

- A preliminary measurement carried out in a fully anechoic chamber with a variable antenna
distance and height in the frequency range 1 GHz to 40 GHz.

- Afinal measurement carried out in a fully anechoic chamber with a fixed antenna height in the
frequency range 1 GHz to 40 GHz.

- A preliminary measurement carried out in a fully anechoic chamber with a variable antenna
distance and height in the frequency range 40 GHz to 110 GHz.

- Afinal measurement carried out in a fully anechoic chamber with a fixed antenna height in the
frequency range 40 GHz to 110 GHz.

Preliminary measurement (9 kHz to 30 MHz):

In the first stage a preliminary measurement will be performed in a shielded room with a measuring
distance of 3 meters. Tabletop devices will set up on a non-conducting support with a size of 1 mby 1.5m
and a height of 80 cm. Floor-standing devices will be placed directly on the turntable/ground plane. The
setup of the Equipment under test will be in accordance to [1].

The frequency range 9 kHz to 30 MHz will be monitored with a spectrum analyser while the system and its
cables will be manipulated to find out the configuration with the maximum emission levels if applicable. The
EMI Receiver will be set to MAX Hold mode. The EUT and the measuring antenna will be rotated around
their vertical axis to found the maximum emissions.

The resolution bandwidth of the spectrum analyser will be set to the following values:

Frequency range Resolution bandwidth
9 kHz to 150 kHz 200 Hz
150 kHz to 30 MHz 10 kHz

measuring distance

>
»

EUT Turn Device

15m

A

15m

EMI
receiver

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 17 of 37
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Preliminary measurement procedure:

Prescans were performed in the frequency range 9 kHz to 150 kHz and 150 kHz to 30 MHz.

The following procedure will be used:

1) Monitor the frequency range at horizontal polarisation and a EUT azimuth of 0 °.

2) Manipulate the system cables within the range to produce the maximum level of emission.

3) Rotate the EUT by 360 ° to maximize the detected signals.

4) Make a hardcopy of the spectrum.

5) Measure the frequencies of highest detected emission with a lower span and resolution bandwidth
to increase the accuracy and note the frequency value.

6) Repeat steps 1) to 5) with the other orthogonal axes of the EUT (only if the EUT is a module or is
used in a handheld application).

7) Rotate the measuring antenna and repeat steps 1) to 5).

Final measurement (9 kHz to 30 MHz):

In the second stage a final measurement will be performed on an open area test site with no conducting
ground plane in a measuring distances of 3 m, 10 m and 30 m whichever is appropiate. In the case where
larger measuring distances were required the results will be extrapolated based on the values measured
on the closer distances according to [2]. The final measurement will be performed with a EMI Receiver set
to Quasi Peak detector except for the frequency bands 30 kHz to 90 kHz and 110 kHz to 490 kHz where
an average detector will be used according to [2].

On the during the preliminary measurement detected frequencies the final measurement will be performed
while rotating the EUT and the measuring antenna in the range of 0 ° to 360 ° around their vertical axis
until the maximum value is found.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
9 kHz to 150 kHz 200 Hz
150 kHz to 30 MHz 9 kHz

3m

A
v

EUT

1m
0.8m

EMI
receiver

Test engineer: Thomas KUHN Report Number: F181708E1
Date of issue: 04.06.2019 Order Number: 18-111708 page 18 of 37



Final measurement procedure:

The following procedure will be used:

A

TESTLAB

1) Monitor the frequency range with the measuring antenna at vertical orientation parallel to the EUT

at an azimuth of 0 °.

2) Rotate the EUT by 360 ° to maximize the detected signals and note the azimuth and orientation.
3) Rotate the measuring antenna to find the maximum and note the value.

4) Rotate the measuring antenna and repeat steps 1) to 3) until the maximum value is found.

5) Repeat steps 1) to 4) with the other orthogonal axes of the EUT (only if the EUT is a module or is

used in a handheld application).

Preliminary measurement (30 MHz to 1 GHz)

In the first stage a preliminary measurement will be performed in a fully anechoic chamber with a
measuring distance of 3 meter. Table top devices will set up on a non-conducting support with a size of 1
m by 1.5 m and a height of 80 cm. Floor-standing devices will be placed directly on the turntable/ground
plane. The setup of the Equipment under test will be in accordance to [1].

The frequency range 30 MHz to 1 GHz will be measured with an EMI Receiver set to MAX Hold mode and
a resolution bandwidth of 100 kHz. The measurement will be performed in horizontal and vertical
polarisation of the measuring antenna and while rotating the EUT in its vertical axis in the range of 0 ° to

360 °.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range

Resolution bandwidth

30 MHz to 1 GHz

120 kHz

Turn Device

EUT

=0 1 1. _
| | | | | A A _
15m 15m
A 4 A4
EMI
receiver
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Procedure preliminary measurement:
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Prescans were performed in the frequency range 30 MHz to 1 GHz.

The following procedure will be used:

1. Monitor the frequency range at horizontal polarisation and a EUT azimuth of 0 °.

2. Manipulate the system cables within the range to produce the maximum level of emission.

3. Rotate the EUT by 360 ° to maximize the detected signals.

4. Make a hardcopy of the spectrum.

5. Measure the frequency of the detected emissions with a lower span and resolution bandwidth to
increase the accuracy and note the frequency value.

6.

a handheld application).

Repeat 1) to 4) with the other orthogonal axes of the EUT (only if the EUT is a module or is used in

7. Repeat 1) to 5) with the vertical polarisation of the measuring antenna.

Final measurement (30 MHz to 1 GHz)

A final measurement on an open area test site will be performed on selected frequencies found in the
preliminary measurement. During this test the EUT will be rotated in the range of

0 ° to 360 °, the measuring antenna will be set to horizontal and vertical polarisation and raised and
lowered in the range from 1 m to 4 m to find the maximum level of emissions.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range

Resolution bandwidth

30 MHz to 1 GHz

120 kHz

measuring distance

dl B
1 N »
11
1
1! 1 1
R I |
r I ITI 1 A
| 1! i
1 ' 1
i 1! |
1 . !
I 1
I 1
1 )
1 1
I 1
I 1
I 1
I 1
I 1
1 )
I 1
I 1
I 1
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:
|,
| | I A |}
'
1
1 0.8m
)
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EMI
receiver Ground plane
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Procedure final measurement:

The following procedure will be used:

1) Measure on the selected frequencies at an antenna height of 1 m and a EUT azimuth of 23 °.

2) Move the antenna from 1 m to 4 m and note the maximum value at each frequency.

3) Rotate the EUT by 45 ° and repeat 2) until an azimuth of 337 ° is reached.

4) Repeat 1) to 3) for the other orthogonal antenna polarization.

5) Move the antenna and the turntable to the position where the maximum value is detected.

6) Measure while moving the antenna slowly +/- 1 m.

7) Set the antenna to the position where the maximum value is found.

8) Measure while moving the turntable +/- 45 °.

9) Set the turntable to the azimuth where the maximum value is found.

10) Measure with Final detector (QP and AV) and note the value.

11) Repeat 5) to 10) for each frequency.

12) Repeat 1) to 11) for each orthogonal axes of the EUT (only if the EUT is a module or is used in a
handheld application).

Preliminary and final measurement (1 GHz to 40 GHz)

This measurement will be performed in a fully anechoic chamber. Table top devices will set up on a non-
conducting turn device on the height of 1.5 m. The set-up of the Equipment under test will be in
accordance to [1].

Preliminary measurement (1 GHz to 40 GHz)

The frequency range will be divided into different sub ranges depending of the frequency range of the used
horn antenna. The spectrum analyser set to MAX Hold mode and a resolution bandwidth of 100 kHz. The
measurement will be performed in horizontal and vertical polarisation of the measuring antenna and while
rotating the EUT in its vertical axis in the range of 0 ° to 360 °. This measurement is repeated after raising
the EUT in 30 ° steps according 6.6.5.4 in [1].

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
1 GHz to 4 GHz 1 MHz
4 GHz to 12 GHz 1 MHz
12 GHz to 18 GHz 1 MHz
18 GHz to 26.5 GHz 1 MHz
26.5 GHz to 40 GHz 1 MHz
Test engineer: Thomas KUHN Report Number: F181708E1
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Procedure preliminary measurement:

Prescans were performed in the frequency range 1 to 40 GHz.
The following procedure will be used:

arONE

o

Monitor the frequency range at horizontal polarisation and a EUT azimuth of 0 °.

Rotate the EUT by 360° to maximize the detected signals.

Repeat 1) to 2) with the vertical polarisation of the measuring antenna.

Make a hardcopy of the spectrum.

Repeat 1) to 4) with the EUT raised by an angle of 30° (60°, 90°, 120° and 150°) according to
6.6.5.4in [1].

Measure the frequency of the detected emissions with a lower span and resolution bandwidth to
increase the accuracy and note the frequency value.

The measurement antenna polarisation, with the according EUT position (Turntable and Turn
device) which produces the highest emission for each frequency will be used for the final
measurement. The six closest values to the applicable limit will be used for the final measurement.

Final measurement (1 GHz to 40 GHz)

The frequency range will be divided into different sub ranges depending of the frequency range of the used
antenna. The EMI Receiver set to peak and average mode and a resolution bandwidth of 1 MHz. The
measurement will be performed by rotating the turntable through 0 to 360° in the worst-case EUT
orientation which was obtained during the preliminary measurements.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
1 GHz to 4 GHz 1 MHz
4 GHz to 12 GHz 1 MHz
12 GHz to 18 GHz 1 MHz
18 GHz to 26.5 GHz 1 MHz
26.5 GHz to 40 GHz 1 MHz
Test engineer: Thomas KUHN Report Number: F181708E1
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Procedure of measurement:

The measurements were performed in the frequency range 1 GHz to 110 GHz.
The following procedure will be used:

1)

2)

Set the turntable and the turn device to obtain the worst-case emission for the first frequency
identified in the preliminary measurements.

Set the measurement antenna polarisation to the orientation with the highest emission for the first
frequency identified in the preliminary measurements.

Set the spectrum analyser to EMI mode with peak and average detector activated.

Rotate the turntable from 0° to 360° to find the EUT angle that produces the highest emissions.
Note the highest displayed peak and average values

Repeat the steps 1) to 5) for each frequency detected during the preliminary measurements.

Preliminary measurement (40 GHz to 110 GHz)

The frequency range will be divided into different sub ranges depending of the frequency range of the used
horn antenna. The spectrum analyser set to MAX Hold mode and a resolution bandwidth of 100 kHz. The
measurement will be performed in horizontal and vertical polarisation of the measuring antenna, the
antenna close to the EUT and while moving the antenna over all sides of the EUT. With the spectrum
analyser in CLEAR / WRITE mode the cone of the emission should be found and then the measuring
distance will be set to 3 m with the receiving antenna moving in this cone of emission. At this position the
final measurement will be carried out.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
40 GHz to 60 GHz 1 MHz
50 GHz to 75 GHz 1 MHz
75 GHz to 110 GHz 1 MHz
Test engineer: Thomas KUHN Report Number: F181708E1

Date of issue: 04.06.2019 Order Number: 18-111708 page 23 of 37



ﬁ

A

—_—
PHOENIX

TESTLAB
VWY

preamp

/—A

Q EUT
EMI
receiver

Final measurement (1 GHz to 110 GHz)

The frequency range will be divided into different sub ranges depending of the frequency range of the used
horn antenna. The EMI Receiver set to peak and average mode and a resolution bandwidth of 1 MHz. The
measurement will be performed in horizontal and vertical polarisation of the measuring antenna and while
rotating the EUT in its vertical axis in the range of 0 ° to 360 ° in order to have the antenna inside the cone
of radiation.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
40 GHz to 60 GHz 1 MHz
50 GHz to 75 GHz 1 MHz
75 GHz to 110 GHz 1 MHz
Test engineer: Thomas KUHN Report Number: F181708E1
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Procedure of measurement:

The measurements were performed in the frequency range 40 GHz to 60 GHz, 60 GHz to 75 GHz and
75 GHz to 110 GHz.
The following procedure will be used:

1)
2)
3)
4)

5)
6)

7

8)

Monitor the frequency range at horizontal polarisation and move the antenna over all sides of the
EUT (if necessary move the EUT to another orthogonal axis).

Change the antenna polarisation and repeat 1) with vertical polarisation.

Make a hardcopy of the spectrum.

Measure the frequency of the detected emissions with a lower span and resolution bandwidth to
increase the accuracy and note the frequency value.

Change the analyser mode to Clear / Write and found the cone of emission.

Rotate and move the EUT, so that the measuring distance can be enlarged to 3 m and the
antenna will be still inside the cone of emission.

Measure the level of the detected frequency with the correct resolution bandwidth, with the
antenna polarisation and azimuth and the peak and average detector, which causes the maximum
emission.

Repeat steps 1) to 7) for the next antenna spot if the EUT is larger than the antenna beamwidth.

Step 1) to 6) are defined as preliminary measurement.

Test engineer: Thomas KUHN Report Number: F181708E1
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5.5.3 Test results (radiated emissions)

5.5.3.1 Preliminary radiated emission measurement (9 kHz to 100 GHz)

Ambient temperature

22 °C

Position of EUT:

Cable guide:
Test record:

Supply voltage:

PHOENIX

TESTLAB

Relative humidity

60 %

The EUT was set-up on a non-conducting position device of a height of 1.5 m
(9 kHz to 40 GHz) and 80 cm (40 GHz to 100 GHz). The distance between EUT

and the antenna was 3 m (9 kHz to 26.5 GHz) and 1 m (26.5 GHz to

100 GHz).

For further information refer to the pictures in annex A of this test report.

The test was carried out in normal operation mode of the EUT.

During all measurements the EUT was supplied with 3.3 V¢ by the control

board.

Radiated emissions from 9 kHz to 30 MHz:

807

707

607

50

40T

Level in dBpV/m

307

207

107

9k 20

Preview Result 1-PK+

The emissions around 71 MHz caused by the measurements system and not by the EUT.

50 100k 200

500 M 2M 3M

Frequency in Hz

30M

No emissions above the noise floor of the measurement system (max. 48 dBuV/m (measured with peak
detector at 3 m distance)) found during the preliminary measurement. So no final measurements on the
outdoor test site were carried out.
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Radiated emissions from 30 MHz to 1000 MHz:

807

707

607

507

407

Levelin dBuv/m

307

201

107

30 100 200 300 400 500 600 700 800 900 1000
Frequency in MHz
Preview Result 1-PK+
No emissions above the noise floor of the measurement system (max. 25 dBuV/m (measured with peak

detector at 3 m distance)) found during the preliminary measurement. So no final measurements on the
open area test site were carried out.
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Radiated emissions from 1 GHz to 12 GHz:

Level in dBuVv/m
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Radiated emissions from 12 GHz to 18 GHz:

Level in dBuV/m
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Radiated emissions from 18 GHz to 26.5 GHz:

Level in dBuV/m
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19 20 21 22 23 24 25 26 26,5

Frequency
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Radiated emissions from 26.5 GHz to 40 GHz:

Level in dBpV/m
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181708 9.wmf: Radiated emissions from 40 GHz to 60 GHz:
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181708 10.wmf: Radiated emissions from 60 GHz to 75 GHz:
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181708 11.wmf: Radiated emissions from 75 GHz to 100 GHz:
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The following fundamental frequency was found during the preliminary radiated emission measurement:
- 24.109 GHz.

The following second harmonic emission frequency was found during the preliminary radiated emission
measurement:

- 48.218 GHz.

The following third harmonic emission frequency was found during the preliminary radiated emission
measurement:

- 72.327 GHz.

These frequencies have to be measured in a final measurement. The results were presented in the
following.

The emissions at 73.149 GHz, 73.365 GHz, 80.370 GHz, 81.170 GHz, 97.276 GHz and 99.474 GHz are
mirror frequencies caused by the harmonic mixer.

Test equipment used (refer clause 6):
1-21
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5.5.3.2 Final radiated emission measurement (9 kHz to 30 MHz)

No emissions above the noise floor of the measurement system (max. 48 dBuV/m (measured with peak
detector at 3 m distance)) found during the preliminary measurement. So no final measurements on the
outdoor test site were carried out.

5.5.3.3 Final radiated emission measurement (30 MHz to 1 GHz)
No emissions above the noise floor of the measurement system (max. 25 dBuV/m (measured with peak

detector at 3 m distance)) found during the preliminary measurement. So no final measurements on the
open area test site were carried out.
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5.5.3.4 Final radiated emission measurement (1 GHz to 100 GHz)

Ambient temperature

22 °C Relative humidity 60 %

Position of EUT:

Test record:

Supply voltage:

Resolution bandwidth:

Test results:

The EUT was set-up on a non-conducting table of a height of 1.5 m (1 GHz to
40 GHz) and 80 cm (40 GHz to 110 GHz). The distance between EUT and the
antenna was 3 m (1 GHz to 26.5 GHz) and 1 m (26.5 GHz to 110 GHz).

All results are shown in the following.

During all measurements the EUT was supplied with 3.3 Vpc by the control
board.

For all measurements a resolution bandwidth of 1 MHz was used.
The test results were calculated with the following formula:

Result [dBuV/m] = reading [dBuV] + cable loss [dB] + antenna factor [dB/m] —
Preamp [dB] + measuring distance correction factor [dB]

Result measured with the peak detector:

Frequency Result Limit Margin | Readings | Antenna | Preamp Cable Corr. Height
factor loss Factor * Pol.
GHz dBpVv/m dBpVv/m dB dBuv 1/m dB dB dB cm
24.109 107.4 148.0 40.6 65.4 37.2 0.0 4.8 0 150 Vert.
48.218 77.8 108.0 30.2 437 44.1 0.0 - -10.0 80 Hor.
72.327 73.9 108.0 34.1 37.6 46.3 0.0 - -10.0 80 Hor.
Measurement uncertainty +2.2dB/-3.6 dB

*. Measuring distance correction factor from 1 mto 3 m

Result measured with the average detector:

Frequency Result Limit Margin | Readings | Antenna | Preamp Cable Corr. Height
factor loss Factor* Pol.
GHz dBuV/m dBuV/m dB dBuv 1/m dB dB dB cm
24.109 87.8 128.0 40.2 45.8 37.2 0.0 4.8 0 150 Vert.
48.218 57.1 88.0 30.9 23.0 44.1 0.0 - -10.0 80 Hor.
72.327 58.5 88.0 29.5 22.2 46.3 0.0 - -10.0 80 Hor.
Measurement uncertainty +2.2dB/-3.6 dB

*. Measuring distance correction factor from 1 mto 3 m

Test:

Passed

Test equipment used (refer clause 6):

1,2,13,15,17, 19

Test engineer: Thomas KUHN
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5.6 Conducted emissions on power supply lines (150 kHz to 30 MHz)

5.6.1 Method of measurement

This test will be carried out in a shielded chamber. Tabletop devices will set up on a non-conducting
support with a size of 1 m by 1.5 m and a height of 80 cm above the ground plane. Floor-standing devices
will be placed directly on the ground plane. The setup of the Equipment under test will be in accordance to

[1].

The frequency range 150 kHz to 30 MHz will be measured with an EMI Receiver set to MAX Hold mode
with peak and average detector and a resolution bandwidth of 9 kHz. A scan will be carried out on the
phase (or plus pole in case of DC powered devices) of the AC mains network. If levels detected 10 dB
below the appropriable limit, this emission will be measured with the average and quasi-peak detector on
all lines.

Frequency range Resolution bandwidth

150 kHz to 30 MHz 9 kHz

Shielded chamber

EUT
AC/DC
adapter
0.4m

o—
[
3

04m

A

LISN P 0.8m

EMI-
Receiver

4
\ 4

AC mains
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5.6.2 Test results (conducted emissions on power supply lines)

Ambient temperature 20 °C Relative humidity 33 %
Position of EUT: The EUT was set-up on a non-conducting table of a height of 0.8 m.
Cable guide: The cable of the EUT was fixed on the non-conducting table. For further

information of the cable guide refer to the pictures in annex A of this test report.

Test record: All results are shown in the following.

Supply voltage: The EUT was supplied with 3.3 Vpc by an AC/DC adaptor type enercell
CAT.NO. 273-316, which was connected to an AC mains network with 120
VAC / 60 Hz.

The curves in the diagram only represent for each frequency point the maximum measured value of all
preliminary measurements, which were made for each power supply line. The top measured curve
represents the peak measurement and the bottom measured curve the average measurement.

80T
60T I
> 7 I
N
2 40
£ 4
2
3 20T
-
ot
} } "ttt } } "ttt } i
150k 300 400500 800 1M 2M 3M 4M 5M 6 8 10M 20M  30M
Frequency in Hz
Preview Result 2-AVG Preview Result 1-PK+ —— FCC 15.207 V QP
—— FCC 15.207 V AV L 2 Final_Result QPK v Final_Result AVG

No emissions at least 30 dB below the limit found.

Test: Passed

Test equipment used (refer clause 6):
22-25
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6 Test equipment and ancillaries used for tests

No. Test equipment Type Manufacturer Serial No. PM. No. Cal. Date Cal. due

1 Fully anechoic - Albatross Projects | B83107-E2439-T232 | 480303 | Calibration not necessary
chamber M20

EMI Receiver /

2 Spectrum Analyser ESW44 Rohde & Schwarz 101635 482467 29.03.2018 03.2019
3 Spectrum analyser FSuU46 Rohde & Schwarz 200125 480956 31.10.2018 10.2019
4 Loop antenna HFH2-Z2 Rohde & Schwarz 100417 481912 10.01.2019 01.2020
5 Antenna CBL6112B Chase 2688 480328 19.06.2017 06.2020
6 Antenna HLO50 Rohde & Schwarz 100438 481170 09.10.2017 10.2020
7 EMI Software ES-K1 Rohde & Schwarz - 480111 | Calibration not necessary
8 RF-cable No. 36 Sucoflex 106B Suhner 0587/6B 480865 | Calibration not necessary
9 RF-cable No. 3 Sucoflex 106B Suhner 0563/6B 480670 | Calibration not necessary
10 RF-cable No. 40 Sucoflex 106B Suhner 0708/6B 481330 | Calibration not necessary
Preamplifier AFS6-
11 100 MHz - 16 GHz OOJi(())JI.DB(é(-)RZS MITEQ 2011215 482333 10.07.2018 07.2020

Standard Gain Horn . I
12 11.9 GHz — 18 GHz 18240-20 Flann Microwave 483 480294 | Calibration not necessary

Standard Gain Horn . I
13 17.9 GHz — 26.7 GHz 20240-20 Flann Microwave 410 480296 | Calibration not necessary

Standard Gain Horn . I
14 26.4 GHz — 40.1 GHz 22240-20 Flann Microwave 469 480299 | Calibration not necessary

Harmonic mixer with
15 Standard Gain Horn
40 GHz - 60 GHz

FZ-z60 / Rohde & Schwarz /

24240-20 Flann Microwave 100071/ 133313 480481 | Calibration not necessary

Harmonic mixer with
16 Standard Gain Horn
50 GHz — 75 GHz

FS-Z75 1/ Rohde & Schwarz /

25940-20 Flann Microwave 100045 / 135181 480480 | Calibration not necessary

Harmonic mixer with
17 Standard Gain Horn
75 GHz - 110 GHz

FS-z2110/ Rohde & Schwarz /

27240-20 Flann Microwave 100049 / 138294 480482 | Calibration not necessary

KPS-1533-400-

18 RF-cable 1m KPS Insulated Wire - 480300 | Calibration not necessary
19 RF-cable 2m '”S”""}tnecd Wire | nsulated Wire KPS-1533-800-KPS | 480302 | Calibration not necessary
20 Preamplifier ‘]33'12?50;'800- Miteq 571667 480343 10.07.2018 07.2020
21 Preamplifier ‘]34_32?50:000- MITEQ 563593 480344 10.07.2018 07.2020
22 | Shielded chamber M4 - Siemens AG B83117-S1-X158 480088 | Calibration not necessary
23 EMI Receiver ESIB 26 Rohde & Schwarz 1088.7490 481182 28.02.2018 02.2020
24 LISN NSLK8128 Schwarzbeck 8128161 480138 13.03.2018 03.2020
25 Transient Limiter CFL 9206A Teseq GmbH 38268 481982 | Calibration not necessary
26 S'gnaA'risggf“”m FSW43 Rohde & Schwarz | 100586 & 100926 | 481720 | 15.03.2018 | 03.2020
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7 Report history

Report Number Date Comment

F181708E1 04.06.2019 Document created

8 List of annexes

Annex A Test setup photographs 6 pages
Annex B External photographs 2 pages
Annex C Internal photographs 2 pages
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