711
ol

/

1]

cetecom

advanced

TEST REPORT tecws (( DAKKS

Y,

S

Z, /@ Deutsche

(AR Akkreditierungsstelle
Test report no.: 1-9305-25-13-08_TR1-R02-P0102 prtore
Testing laboratory Applicant
cetecom advanced GmbH Pepperl+Fuchs SE
Untertuerkheimer Strasse 6 — 10 OhmstraBe 2a
66117 Saarbruecken / Germany 92224 Amberg / GERMANY
Phone: +49681598-0 Phone:  +49 621 7764449
Fax: +49 681 598 -9075 Contact: Samuel Zeising
Internet:  https://www.cetecomadvanced.com e-mail:  szeising@de.pepperl-fuchs.com
e-mail:  mail@cetecomadvanced.com
Accredited Testing Laboratory:
The testing laboratory (area of testing) is accredited according to DIN EN
ISO/IEC 17025 (2018-03) by the Deutsche Akkreditierungsstelle GmbH
(DAKKS).
The accreditation is valid for the scope of testing procedures as stated in Manufacturer
the accreditation certificate with the registration number: p l+Fuchs SE
D-PL-12047-01-00. epperitkFuchs
ISED Testing Laboratory Recognized Listing Number: DEO0O1 Ohmstralle 2a
FCC designation number: DE0002 92224 Amberg / GERMANY

Test standard/s

FCC - Title 47 of the Code of Federal Regulations; Chapter I; Part 15 - Radio
frequency devices

FCC - Title 47 CFR Part 15

For further applied test standards please refer to section 3 of this test report.

Test Item
Radar sensor
Model name: MWMC-L2M-EP-10-V1
FCCID: IRE-MWL2A
Frequency band: 116 - 123 GHz
Technology tested: uwB
Integrated antenna

Kind of test item:

Antenna:
18 V to 30 V DC by external power supply
0°Cto 65°C

Power supply:

Temperature range:

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

Test report authorized:

cn=Frank Heussner, o=cetecom advanced
v — GmbH, ou=HNR-230605, -~ GmbH, ou=THL-230601,
® XL“SS 28 email=Frank.Heussner@cetecomadvanced. n email=Stephan.Thiel@cetecomadvanced.co
= com, c=DE T m, c=DE
2026.06.18 15:25:39 +02'00" 2026.06.18 15:43:36 +02'00'

Test performed:

cn=Stephan Thiel, o=cetecom advanced

Frank Heussner
Coordinator Area
Regulatory Services Radio

Stephan Thiel
Testing Manager
Regulatory Services Radio


https://www.cetecomadvanced.com/
mailto:mail@cetecomadvanced.com
mailto:szeising@de.pepperl-fuchs.com

advanced

Test report no.: 1-9305-25-13-08_TR1-R02-P0102 e ce t ecom

o A~ W

10
11
12
13
14

15

Table of contents — Test report part 1 of 2 (P0102)

Table of contents — Test report part 1 of 2 (POT02).......cccceevvererrerreeeressrneereesrnessessseessssaresssssaneesssssasesseses 2
(eT=TaT= =1 ITaY 0] 0 F= 14 o T3 3
2.1 Notes aNd diSCIAIMET .........euueeeeir s s sssssssssssssssssnsnnnnnnnnn 3
2.2 APPLICAtion details ..........eueeeeeiei s s s 3
2.3 INVOIVEd teSt I0CALIONS ........uuueeeiee s s s s an 4
2.4 Test laboratories SUD-CONracted .............cccevveeiiiiiiiiiiiiiccrcccrcc s es 4
2.5 Laboratory listings and recognitions ...........cccccoeerriiiiieiiiiiirrirrrcccrcrrrr s s 4
Test standard/s, references and accreditations............ccccoeeieiiiiiiiiiiiiiirrcccccccccccccccc e 5
Reporting statements of conformity — decision rule .............c.coooririiiiiiii 6
TeSt @NVIFONIMENT ... irrreeeeiiieeereieeereee e eeeeeeeeeeeeeeeeeeeranssssssssseeeensssssssssssessesnnssssssssssesssnnsssssssesssssnnnnnsnnnns 7
TS HOM .. er e ee e e e e e e e reansesseeeeeeesnnssssssssseseennssssssssssesessnnnsssssssseesssnnnssssssssesesnnnnnnsnnns 7
6.1  General deSCHPION.....cccuuueiiiiiiiiirceeeetterreeeereeeeeeeeereeeeeseeeeeeeenassssssseseseessnssssssssssessnnsssssssssesesnnnnes 7
6.2  Additional iNfOrMation ...........cceeiiiiiiiiiiiiiiiiieeieeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeseeeeereseteasssssasssssssnssssnns 8
Description of the test SEIUP........ccoiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e ee e e s e e s e s s e s assasssssssssssssnnnnnnns 9
7.1  Shielded semi anechoic chamber...........cccouueeeiiiiiiiiirrcerirrrrrrre e reereeeeeeeeeeeeeenenssssssesseesennnnes 10
7.2  Shielded fully anechoic Chamber.............ccccoreiriiiiiiiicirrerreeeerrcecreeereeeesseeessnnnneeesssssessssnnnresssssens 12
7.3 Radiated measurements > T8 GHz ..........ccouuuuiiiiiiiiiieeeirieiniieeereeneeeeeeeeeeesesssssesseesennssssssssssesssnnnnes 14
7.4 Radiated measurements > 50/85 GH2Z .............cciiiiiiiieeunieiiiiiieereencieeeeeeeeeessssssesseesennssssssssssesssnnnnes 14
7.5 Fundamental emission measurement using an RF detector (ANSI C63.10-2020 9.9)...........ccc...... 17
7.5.1 Step 1: ANSI C63.10-2020 9.9 @) = A.7) weoviiviieeieieeticiceeeeeet ettt ettt et sn s 17
7.5.2  Step 2: ANSI C63.10-2020 9.9 d.2) = d.6) .ocviveeieeieeiiriiceeeeeteteeetete ettt 19
7.5.3  Step 3: ANSI C63.10-2020 9.9 d.7) = d.T0) coomeieeeieeieieeeeeeeeeeeee ettt 21
7.5.4  Step 4: ANSI C63.10-2020 9.9 €) ....oviuvieeeeeeeieeeeeeeeete ettt ettt ettt ettt vt se et te s ene s 22
7.5.5  Pictures of exemplary substitution, fundamental emission 116-123 GHz.........c.cccoeveievievireieiennnn, 22
7.6 AC CONAUCTEM.........ccoeeeeeeeieiiiiiireeeeeeeeeeeereeneeeeeeeeeeeeassssssseeseessssssssssssssesessnsssssssessssesnnnssssssssssssnnnnes 25
7.7 Environmental CONAIIONS.......cccouuuniiiiiiiiiiceeieeecrtererrece e eeeeeeenereeeeeeeeennsssssssessesesnesssssssssesssnnnnes 26
Y =Te [T=T ) ToT 00 R =T34 Vo [ 27
8.1 Sequence of testing radiated spurious 9 kHzZto 30 MHz .............ccouueieieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 27
8.2 Sequence of testing radiated spurious 30 MHZ t0 1 GHz...........cccouereiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 28
8.3 Sequence of testing radiated spurious 1 GHZt0 18 GHz ...........cccouereiiiieieeeiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen 29
8.4 Sequence of testing radiated spurious above 18 GHz..............ccoouvrriiiiiieieeeiiieieieeeeeeeeeeeeeeeeeeeeeeeeeee 30
8.5 Sequence of testing radiated spurious above 50 GHz with external mixers ............cceeeeeeeeeeeveeenennee 31
Measurement UNCEItAINTY ..........cceeeeeieeieeieieeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeereeerereeeereereeerrereerereerrrrsrrssssssssssssssssssssnnns 32

Far-field boundary consideration for measurements above 18 GHz ............cccceeeiiriccerrnreeeerireccerrnnnneees 33

Summary of MeasuremMeNt FESUIS ........ccccvveriiiiiirieiirerreteeeeeeerrreereeeeeeeesssseneeeeesssssssssssnesssssssssssnnneees 34

Basic information of the DUT .............ee e s s s snsnssssssnnnnnnnnnnnn 35

Additional COMMENLS ...t ree e e e et e eeeaseeeeeeeeeesssssssssssessessssnssssssssssssnnnsssssnsssaaes 35

MeasUrEMENT FESUILS ......ccooveeeiiiiiicicieereee ettt eeee e e eeeeeenseseeeeeeeesassssssssesesessssssssssssesssnnnsssnsssssssennnnen 36
14.1 Occupied bandwidth & emission bandwidth & frequency stability...........ccccceeeeeveiiviiririnnnnnnneee. 36
14.2 Maximum E.LLR.P. / Transmitter OUtPUL POWEN .........ceuueiiiiiiriieeenceeriiieenneeeseeeeteeernnnsssccsseessnnnnes 38

[0ToTeT 113 T=T 01 38 dTE3 {] o 20N 44

© cetecom advanced GmbH Page 2 of 44




Test report no.: 1-9305-25-13-08_TR1-R02-P0102 Cete com
advanced

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 generalizations 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.

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, fitness 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.

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

2.2 Application details

Date of receipt of order: 2026-02-11
Date of receipt of test item: 2026-04-13
Start of test:* 2026-04-13
End of test:* 2026-05-22
Person(s) present during the test: -/-

*Date of each measurement, if not shown in the plot, can be requested. Dates are stored in the measurement
software.

© cetecom advanced GmbH Page 3 of 44
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2.3 Involved test locations

Saarbruecken lab

X Untertuerkheimer Str. 6-10
66117 Saarbruecken
Germany

2.4 Test laboratories sub-contracted

None

2.5 Laboratory listings and recognitions

Essen lab

O Im Teelbruch 116
45219 Essen
Germany

Saarbruecken Essen
FCC DE0002 DE0003
ISED DE0001 3462C DE0001 3462D

© cetecom advanced GmbH
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3 Test standard/s, references and accreditations

Test standard

FCC - Title 47 CFR Part 15

Guidance

ANSI| C63.4-2014

ANSI| C63.4a-2017

ANSI C63.10-2020

+ Cor. 1-2023

+ C63.10a-2024

+ Errata to C63.10a-2024

KDB Sub-THz Emission

Date

Version

-/-

vO1

Description

FCC - Title 47 of the Code of Federal Regulations; Chapter [; Part
15 - Radio frequency devices

Description

American National Standard for Methods of Measurement of
Radio-Noise Emissions from Low-Voltage Electrical and Electronic
Equipment in the Range of 9 kHz to 40 GHz

American National Standard for Methods of Measurement of
Radio-Noise Emissions from Low-Voltage Electrical and Electronic
Equipment in the Range of 9 kHz to 40 GHz

American National Standard of Procedures for Compliance
Testing of Unlicensed Wireless Devices

800303 Sub-THz Emission Measurement Guidance v01:
Sub-THz Emission Measurement Guidance

© cetecom advanced GmbH
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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

HEH
&

lower limit (% %
L

FAIL FAIL PASS PASS PASS  PASS PASS FAIL FAIL
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5 Test environment

Trom |+20 °C during room temperature tests
Temperature Tmax |-20 °C during high temperature tests
Tmin | +50 °C during low temperature tests
Relative humidity content 49 %
Barometric pressure 990 hPato 1010 hPa
Viom |24 'V DC by external power supply
Power supply Vmax |30 V DC by external power supply
Vmin |18 V DC by external power supply

6 Test item

6.1 General description

Kind of test item

Radar sensor

Model name

MWMC-L2M-EP-10-V1

S/N serial number

DUT_AA (Normal Operation Mode): 4 000 017 0 716 095
DUT_AB (Normal Operation Mode): 4 000 017 0 716 106
DUT_AC (Stop Mode 122.025 GHz): 4 000 017 0 716 092
DUT_AD (Stop Mode 122.500 GHz): 4 000 017 0 716 105
DUT_AE (Stop Mode 122.975 GHz): 4 000 017 0716 101
DUT_AF (Stop Mode 122.975 GHz): 4 000 017 0 716 096

Hardware status

05-8697A, 05-8698, 05-8699 (applies to all DUTs)

Software status -/-
Firmware status FW01.00 (applies to all DUTs)
Frequency band 116 - 123 GHz

Type of radio transmission :
Use of frequency spectrum :

Modulated carrier

Type of modulation

FMCW

Number of normal operation
modes :

1

Antenna

Integrated antenna

Power supply

18 V to 30 V DC by external power supply

Temperature range

0°Cto 65°C

© cetecom advanced GmbH
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6.2 Additional information

The content of the following annexes is defined in the QA. It may be that not all of the listed annexes are
necessary for this report, thus some values in between may be missing.

Test setup and EUT photos are included in test report:
e 1-9305-25-13-01_TR1-A101-R01 (External photographs of EUT)
e 1-9305-25-13-01_TR1-A102-R01 (Internal photographs of EUT)
e 1-9305-25-13-01_TR1-A103-R02 (Test set-up photographs)
o Note: The referenced photos show EUT delivered by the customer in this project, not necessarily the
exact one used for the specific tests. EUT identification shown in the photos may differ.

Additional measurement reports:
e 1-9305-25-13-02_TR1-A201-R01.pdf

© cetecom advanced GmbH Page 8 of 44
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7 Description of the test setup

Typically, the calibrations of the test apparatus are commissioned to and performed by an accredited calibration
laboratory. The calibration intervals are determined in accordance with the DIN EN ISO/IEC 17025. In addition to
the external calibrations, the laboratory executes comparison measurements with other calibrated test systems
or effective verifications. Weekly chamber inspections and range calibrations are performed. Where possible, RF
generating and signaling equipment as well as measuring receivers and analyzers are connected to an external
high-precision 10 MHz reference (GPS-based or rubidium frequency standard).

In order to simplify the identification of the equipment used at some special tests, some items of test equipment
and ancillaries can be provided with an identifier or number in the equipment list below (Lab/Item).

Agenda: Kind of Calibration

k/cal calibration / calibrated EK limited calibration

Ne/cnn  not required (k, ev, izw, zw not required) zw  cyclical maintenance (external cyclical
maintenance)

Ev/chk  periodic self verification izw internal cyclical maintenance

Ve long-term stability recognized g blocked for accredited testing

vikl! Attention: extended calibration interval

NKI Attention: not calibrated *) next calibration ordered / currently in progress

cpu check prior usage

© cetecom advanced GmbH Page 9 of 44
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7.1 Shielded semi anechoic chamber

The radiated measurements are performed in vertical and horizontal plane in the frequency range from 30 MHz
to 1 GHz in semi-anechoic chambers. The EUT is positioned on a non-conductive support with a height of 0.80 m
above a conductive ground plane that covers the whole chamber. The receiving antennas are conform to
specifications ANSI C63. These antennas can be moved over the height range between 1.0 m and 4.0 m in order
to search for maximum field strength emitted from EUT. The measurement distances between EUT and receiving
antennas are indicated in the test setups for the various frequency ranges. For each measurement, the EUT is
rotated in all three axes until the maximum field strength is received. The wanted and unwanted emissions are
received by spectrum analyzers where the detector modes and resolution bandwidths over various frequency
ranges are set according to requirement ANSI C63.

Site# 3462C-1 by Industry Canada |
Tmtod m !

— EMI receiver i

RAM - radiation '* i
absorbent material [ !
turntable / !

tri-log antenna | |

equipment under test E | antenna controller I

| |

I

| —| relay switch unit [

]

| |

]

| — power supply i

]

0.8m | non conductive table | i
i

! |

i

| |

I |

]

turntable i

] * optional signaling i

direction ijlrotation (3607) - azimuth reflecting ground plane J unit '

Measurement distance: tri-log antenna 10 meter

FS=UR+CL + AF
(FS-field strength; UR-voltage at the receiver; CL-loss of the cable; AF-antenna factor)

Example calculation:
FS [dBuV/m] = 12.35 [dBuV] + 1.90 [dB] + 16.80 [dB/m] = 31.05 [dBuV/m] (35.69 uV/m) @ distance

© cetecom advanced GmbH Page 10 of 44
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Equipment table:
Lab / . . Kind of Last Next
No. ltem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
. Analyzer- Spitzenberger +
1 na. || eﬁg:::yef <o | mpedence-System | Spies GmbH & Co. UOZ%S;” 0 40(_]8333 51 cal 09.12.2025 | 31.12.2027
P Y AIS16/1 KG
2 na. Antenna Tower | Antenna Tower 2175 | £, -indgren GmbH 64762 300003745 |  cnn /- /-
/ Taufkirchen
Rohde & Schwarz
. EMI Test Receiver Messgeratebau
8 n.a. EMI Test Receiver ESR3 9kHz-3.6GHz GmbH / 102587 300005771 cal 08.12.2025 | 31.12.2026
Memmingen
Positioning Positioning ETS-Lindgren GmbH n n
4 na. Controller Controller 2090 / Taufkirchen 64672 300003746 cenn / /
5 n.a. Power Supply Power Supply 6032A Hewlett Packard 2920A04466 | 300000580 cnn -/- -/-
Semi anechoic Semi anechoic 300000551
6 n-a. chamber chamber 3000023 MWB AG 7’ -0000 enn ” ”
7 n.a. Switch-Unit Switch-Unit 3488A Hewlett Packard 2719A14505 | 300000368 cpu -/- -/-
Schwarzbeck MESS-
TRILOG Broadband | TRILOG Broadband 300005379
8 n.a. Antenna Antenna VULB9163 ELEKTRO'I'\IIK OHG/ 1029 0000 cal 07.11.2025 | 30.11.2027
Schonau
EMCO Elektronik 300004394
9 n.a. Turntable Turntable 2089-4.0 GmbH / Gilching -/- 0000 cnn -/- -/-

© cetecom advanced GmbH
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7.2 Shielded fully anechoic chamber

Site# 3462C-2 & 3 by Industry Canada

— EMI receiver

n direction of rotation (360°) - elevation
‘ hom antenna

m

| =

c

2z . -

= equipment under test amplifier audio &video
2 —_— | system

E U

=

® turntable /

antenna controller

—] relay switch unit

- power supply

direction of rutation:(SEU“} - azimuth RAM — radiation absorbent material optional signaling

unit

loop antenna
service panel — AC, DC, §
USB, RS232, N and SMA
turntable E 3

Al

Measurement distance: horn antenna 3 meter; loop antenna 3 meter

FS=UR+ CA + AF
(FS-field strength; UR-voltage at the receiver; CA-loss of the signal path; AF-antenna factor)

Example calculation:
FS [dBuV/m] = 40.0 [dBpV] + (-35.8) [dB] + 32.9 [dB/m] = 37.1 [dBuV/m] (71.61 pV/m) @ distance

OP=AV+D-G+CA
(OP-radiated output power; AV-analyzer value; D-free field attenuation of measurement distance;
G-antenna gain+amplifier gain; CA-loss signal path)

Example calculation:
OP [dBm] =-65.0 [dBm] + 50 [dB] - 20 [dBi] + 5 [dB] =-30 [dBm] (1 pW)

-

© cetecom advanced GmbH Page 12 of 44
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Equipment table:
Lab/ M . Kind of Last Next
No. ltem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
Agilent
4U RF Switch 4U RF Switch Technologies 300004509 n n
1 na Platform Platform L4491A | Deutschiand GmbH /| MY30000037 | =500 enn / /
Boblingen
. Active Loop Antenna EMCO Elektronik g 300000256
2 n.a Active Loop Antenna 6502 GmbH / Gilching 8905-2342 0000 cal 16.07.2025 | 31.07.2027
. Anechoic chamber 300000996
3 n.a Anechoic chamber FAC 3/5m MWB / TDK 87400/02 0000 cpu -/- -/-
Rohde & Schwarz
DC Power Supply Messgeratebau 102850 / 300005517
4 n.a DC Power Supply HMP2020 GmbH / 101699 -0000 cal 02.12.2025 | 31.12.2027
Memmingen
Rohde & Schwarz
. EMI Test Receiver Messgeratebau 300003555
5 n.a EMI Test Receiver ESU26 GmbH / 100037 -0000 cal 11.12.2025 | 31.12.2026
Memmingen
NEXIO EMV-
6 n.a Ng)élf?wi’\rlv_ Software BAT EMC Nexio -/- 30(_)883882 cnn -/- -/-
V2022.0.32.0
. .. | Switch / Control Unit 300000199
7 n.a Switch / Control Unit 3488A Hewlett Packard -/- -0000 cnn -/- -/-

© cetecom advanced GmbH
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7.3 Radiated measurements > 18 GHz

RF cable
DC block spectrum analyzer

€ -

signaling unit power supply

horn antenna

1
1
1
1
1
1
1
1
1
1
1
:
1
M RF cable
! EUT ( —-— e == + eﬁ?;gfl spectrum analyzer
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

power supply

Measurement distance: horn antenna e.g. 75 cm

FS=UR+ CA + AF
(FS-field strength; UR-voltage at the receiver; CA-loss signal path & distance correction; AF-antenna factor)

Example calculation:
FS [dBuV/m] = 40.0 [dBpV] + (-60.1) [dB] + 36.74 [dB/m] = 16.64 [dBuV/m] (6.79 uV/m) @ distance

OP=AV+D-G+CA
(OP-radiated output power; AV-analyzer value; D-free field attenuation of measurement distance;
G-antenna gain+amplifier gain; CA-loss signal path)

Example calculation:
OP [dBm] =-59.0 [dBm] + 44.0 [dB] - 20.0 [dBi] + 5.0 [dB] = -30 [dBm] (1 pW)

Note: conversion loss of mixer is already included in analyzer value.

© cetecom advanced GmbH Page 14 of 44
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Equipment table:
Lab / . . Kind of Last Next
No. ltem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
. Harmonic Mixer 3- . .
1 na, | Harmonic Mixer3- | oo 0470 gHg | Radiometer Physics 100014 300004156 cal 15.07.2025 | 15.07.2026
Port, 110-170 GHz GmbH -0000
FS-Z170
. Harmonic Mixer 3- . .
2 na, | HarmonicMixer3- | o 40900 gH | Radiometer Physics 200001 300004157 cal 06.08.2025 | 06.08.2026
Port, 140-220 GHz GmbH -0000
SAM-220
s Harmonic Mixer 3- . .
3 na, | HarmonicMixer3- | o, 500305 GH | Radiometer Physics 100002 300004158 cal 11.07.2025 | 11.07.2026
Port, 220-325 GHz GmbH -0000
SAM-325
Harmonic Mixer 3- Rohde & Schwarz
Harmonic Mixer 3- Messgeratebau 300006096
4 n.a. Port, 325-500GHz Port, 325-500GHz GmbH / 101016 -0000 cal 09.07.2025 | 09.07.2026
FS-Z500 )
Memmingen
Harmonic Mixer 3- Rohde & Schwarz
Harmonic Mixer 3- . . Messgeratebau 300005788
5 n.a. Port, 50-75 GHz Port, 5027755GHz FS GmbH / 101578 -0000 cal 13.03.2026 | 31.03.2027
Memmingen
Harmonic Mixer 3- Rohde & Schwarz
Harmonic Mixer 3- y . Messgeratebau 300004691
6 n.a. Port, 60-90 GHz Port, 6OZ<3;JOGH2 FS GmbH / 101555 -0000 cal 01.09.2025 | 30.09.2026
Memmingen
Harmonic Mixer 3- Harmonic Mixer 3- R&Zi:;arsaﬁzggﬂz 300006202
7 n.a. port, 60-90 GHz port, 60—;3900GH2 FS- GmbH / 102152 -0000 cal 13.03.2026 | 31.03.2027
Memmingen
Harmonic Mixer 3- Rohde & Schwarz
Harmonic Mixer 3- Messgeratebau 300004959
8 n.a. Port, 75-110 GHz Port,75-z111100GHz FS- GmbH / 101411 -0000 cal 01.09.2025 | 30.09.2026
Memmingen
Harmonic Mixer 3- Rohde & Schwarz
Harmonic Mixer 3- Messgeratebau 300005581
9 n.a. port, 90-140 GHz port, 902114:)0GHZ FS GmbH / 101119 -0000 cal 06.08.2025 | 06.08.2026
Memmingen
Horn Antenna 18,0- Horn Antenna 18,0- . 102 300001747
10 n.a. 40,0 GHz 40,0 GHz LHAF180 Microw.Devel 39180-103-021 0000 cal 16.01.2026 | 31.01.2028
. - Low Noise Amplifier,
Low Noise Amplifier, !
Broadband 18-50 . 300006364
11 n.a. Broadbélljg 18-50 GHz BZT-18005000- B&Z Technologies 27888-27890 -0000 cpu -/- -/-
550835-SL2525-SL
Rohde & Schwarz
Power Supply HMP Messgeratebau
12 n.a. Power Supply 2020 GmbH / 121993 140607461 cal 15.05.2025 | 31.05.2027
Memmingen
Signal- and Rohde & Schwarz
13 na. Signat- and Spectrum Analyzer | Messgerdtebau 101332 300005935 cal 28.01.2026 | 31.01.2027
Spectrum Analyzer GmbH / -0000
FSW50 .
Memmingen
’ Standard Gain Horn
14 na, | Stepdard Gan Hom | 395 500 GHz Flann Microwave 273se0 | 309000097 | epu /- /-
570240-20 1785-2a
Std. Gain Horn Std. Gain Horn
15 n.a. Antenna 114-173 Antenna 114-173 Flann -/- 30(_]883399 cnn /- /-
GHz GHz 2924-20
Std. Gain Horn Std. Gain Horn
16 n.a. Antenna 145-220 Antenna 145-220 Flann -/- 30(_]883(?00 cnn /- /-
GHz GHz 3024-20
Std. Gain Horn Std. Gain Horn 300002442
17 n.a. Antenna 18.0-26.5 Antenna 18.0-26.5 Narda Microwave 8205 cal 16.01.2026 | 31.01.2028
-0000
GHz GHz 638
Std. Gain Horn Std. Gain Horn
18 n.a. Antenna 217-330 Antenna 217-330 Flann 233278 30[_’883360 cnn -/- -/-
GHz GHz 32240-20
Std. Gain Horn Std. Gain Horn 300000570
19 n.a. Antenna 26.5-40.0 Antenna 26.5-40.0 Narda 82-16 0000 cal 16.01.2026 | 31.01.2028
GHz GHz V637
Std. Gain Horn Std. Gain Horn
20 n.a. Antenna 33.0-50.1 Antenna 33.0-50.1 Flann 57 40[_’888383 cnn -/- -/-
GHz GHz 2324-20
Std. Gain Horn Std. Gain Horn
21 n.a. Antenna 49.9-75.8 Antenna 49.9-75.8 Flann -/- 30[_’883383 cnn -/- -/-
GHz GHz 2524-20
. Std. Gain Horn
22 n.a. Sid. Gain Hom Antenna 60-90 GHz Thomson CSF -/- 300000814 cpu -/- -/-
Antenna 60-90 GHz COR 60.90 -0000
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Std. Gain Horn Std. Gain Horn

23 n.a. Antenna 73.8-112 Antenna 73.8-112 Flann -/- 30(_)883388 cnn -/- -/-
GHz GHz 2724-20
Std. Gain Horn Std. Gain Horn

24 n.a. Antenna 92.3-140 Antenna 92.3-140 Flann -/- 30(_)883393 cnn -/- -/-
GHz GHz 2824-20
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7.5 Fundamental emission measurement using an RF detector (ANSI C63.10-2020 9.9)

The measurements are performed according to ANSI C63.10-2020 chapter 9.9.

7.5.1 Step 1: ANSI C63.10-2020 9.9 a) - d.1)

mm-wave RF detector
DSO & amplifier Measurement
(instrumentation system) 2antenna

EUT

- D B e he LU LU
dw
Gwm
Waveguide
Cable connectors

Description of the measurement:

e The measurement instrument is a mm-wave RF detector, and an amplifier is inserted to increase the
signal to noise ratio. The output is connected to the 50 Q input of a DSO.

e To carry out radiated measurements, the measurement antenna for the fundamental frequency band is

connected.

¢ Radiated measurements are performed by placing the measurement antenna at a distance to the EUT
that meets the measurement distance requirements for final radiated measurements as specified in

ANSI C63.10-2020 chapter 9.1.4. (see chapter 10).

e The measurement antenna is placed in the main beam of the EUT and then the measured signal of the

fundamental emission is maximized.

e The peak voltage is recorded from the DSO and the average voltage during the ON time of the EUT is

recorded from the DSO.

e This procedure is repeated for every relevant EUT operating configuration (e.g. different operating

modes)

© cetecom advanced GmbH
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Equipment table:
Lab/ M . Kind of Last Next
No. ltem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
. Oscilloscope Tektronix UK Ltd. / 300004169
1 n.a. Oscilloscope DPO5054 Berkshire C010174 -0000 cal 02.12.2025 | 31.12.2027
Agilent
Power Supply Technologies 400000396
2 n.a Power Supply E3632A Deutschland GmbH / MY40001320 0000 cal 04.12.2024 | 31.12.2027
Boblingen
Agilent
Power supply Technologies 300004851
3 n.a Power supply N5767A Deutschland GmbH / US14J1569P 0000 cal 06.12.2023 | 31.12.2026
Boblingen
RF-detector 90-140 | RF-detector 90-140
GHz (F-Band GHz (F-Band - ) 300006119 n n
< N4 | positive Amplitude | Positive Amplitude | S29€ Millimeter inc. 073541 -0000 cpu 4 4
Detector) Detector)
Waveguide Taper- | Waveguide Taper- n 300001615 " "
S na transitions transitions several Flann / -0000 cpu d d
Std. Gain Horn Std. Gain Horn
6 n.a Antenna 114-173 Antenna 114-173 Flann -/- 30(_)883399 cnn -/- -/-
GHz GHz 2924-20
} o Waveguide Amplifier
7 na Wa"g%‘fﬂ%g’ﬂ‘z’“f'er 90-140 GHz VDI- VDI 01.01.2013 30(_)885534 cpu -/ -/
WR8.0AMP
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7.5.2 Step 2: ANSI C63.10-2020 9.9 d.2) — d.6)

Same as step 1 Changed for step 2
. R,
— T e
Wavegulde variable attenuator mm-wave source
mm-wave RF detector -~ ™~
DSO & amplifier Multiplier Generator

(instrumentation system)

N T T

Cable Waveguide Waveguide gaple
connectors connectors

Description of the measurement:

e The measurement antenna is disconnected from the RF input port of the instrumentation system (ANSI
C63.10-2020 9.9 d.2)).

e Afterwards, a mm-wave source (consisting of a signal generator and a frequency multiplier) is
connected to the RF input of the instrumentation system via a waveguide variable attenuator (ANSI
C63.10-2020 9.9 d.3)).

e The output signal of the mm-wave source is unmodulated and its frequency is adjusted to the center of
the frequency range occupied by the transmitter.

e Finally, the amplitude of the mm-wave source and the variable attenuator is adjusted such that the DSO
indicates a voltage equal to the peak voltage recorded in step 1.
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Equipment table:
Lab/ M . Kind of Last Next
No. [tem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
. Oscilloscope Tektronix UK Ltd. / 300004169
1 n.a. Oscilloscope DP0O5054 Berkshire C010174 0000 cal 02.12.2025 | 31.12.2027
Agilent
Power Supply Technologies 400000396
2 n.a Power Supply E3632A Deutschland GmbH / MY40001320 -0000 cal 04.12.2024 | 31.12.2027
Boblingen
RF-detector 90-140 | RF-detector 90-140
GHz (F-Band GHz (F-Band - B 300006119 n n
& na | positive Amplitude | Positive Amplitude | S29€ Millimeter inc. 073541 0000 cpu / /
Detector) Detector)
SG Extension SG Extension
4 n.a Module 110-170 Module 110-170 VDI US53250018 30(_)885340 cpu -/- -/-
GHz GHz E8257DV06
Signal Generator Rohde & Schwarz
5 na Signal Generator 100 kHz - 40 GHz Messgeréitebau 183320 300006330 cal 07.01.2025 | 31.01.2028
100 kHz - 40 GHz GmbH / -0000
SMB100A .
Memmingen
. . Waveguide Amplifier
6 na Wa"z%‘_’ﬂ%g’ﬂ‘;“f'er 90-140 GHz VDI- VDI 01.01.2013 30(_)888534 cpu /- /-
WR8.0AMP
. . Flann Microwave
Waveguide Waveguide . . n n
7 n.a Attenuator Attenuator 29582-10 Ltd. / Bodmin, 325166 / cnn / /
Cornwall
Waveguide Taper- Waveguide Taper- . 300001615 n n
. na transitions transitions several Flann / -0000 cpu / /
WG Rotar WG Rotary Flann Microwave
9 n.a Attenuatos; Attenuator 29110 Ltd. / Bodmin, 325183 140607514 cpu -/- -/-
UG387/U-MOD-AC Cornwall
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7.5.3 Step 3: ANSI C63.10-2020 9.9 d.7) = d.10)
Changed for step 8 Same as step 2
., e,
- N T —
Waveguide variable attenuator mm-wave source
/_H
External
Analyzer mixer Multiplier Generator
N <
cable Y/aveguide Waveguide (aple
connectors connectors

Description of the measurement:

e The waveguide variable attenuator is disconnected from the RF input port of the instrumentation
system.
e Without changing any settings, the waveguide variable attenuator is connected to a power
measurement system.
e As power measurement system, an external mixer (encompassing the frequency range of the
unmodulated signal of the mm-wave source) combined with a spectrum analyzer is used.
In case of the unmodulated signal of the mm-wave source, this power measurement system is
equivalent to a wideband mm-wave power meter with a thermocouple detector.
e The power is measured and noted.
e Step 2 and step 3 are repeated for the average voltage recorded in step 1.

Equipment table:

Lab/ . : Kind of Last Next
No. ltem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
WG Rotar WG Rotary Flann Microwave
1 n.a. Attenuato); Attenuator 29110 Ltd. / Bodmin, 325183 140607514 cpu -/- -/-
UG387/U-MOD-AC Cornwall
. . Flann Microwave
Waveguide Waveguide . o n n
e na Attenuator Attenuator 29582-10 Ltd. /Bodmin, 325166 / cnn / /
Cornwall
Signal Generator | Signal Generator R&Z‘s’i i?&@ﬁ:ﬂz 300006330
3 n.a 9 100 kHz - 40 GHz 9 183320 cal 07.01.2025 | 31.01.2028
100 kHz - 40 GHz GmbH / -0000
SMB100A .
Memmingen
Signal- and Rohde & Schwarz
4 na Signal- and Spectrum Analyzer |  Messgerdtebau 101560 300006179 cal 18.12.2025 | 31.12.2026
Spectrum Analyzer GmbH / -0000
FSW50 .
Memmingen
SG Extension SG Extension
5 n.a Module 110-170 Module 110-170 VDI US53250018 30(_]885540 cpu -/- -/-
GHz GHz E8257DV06
. Harmonic Mixer 3- . .
6 na, | HarmonicMixer3- | 5o 0470 gL, | Radiometer Physics 100014 300004156 cal 15.07.2025 | 15.07.2026
Port, 110-170 GHz FS-7170 GmbH -0000
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7.5.4 Step 4: ANSI C63.10-2020 9.9 e)

The final values of the peak and average output power of the EUT are calculated according to ANSI C63.10-2020
99e).

The peak and average substitution power at the input to the measurement instrument is corrected for any
external gain and/or attenuation between the measurement antenna and the measurement instrument that was
not included in the substitution power measurement.

7.5.5 Pictures of exemplary substitution, fundamental emission 116-123 GHz

Step 1 (see chaptery ):

28500000

mm-wave RF detector Measurement
& amplifier antenna

(instrumentation system)
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Step 2 (see chapter 7.5.2):

Waveguide variable
attenuator

mm-wave RF detector
& amplifier
(instrumentation system)
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Step 3 (see chapter 7.5.3):

External mixer (connected
to spectrum analyzer)

Waveguide variable
attenuator
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7.6 AC conducted
AC conducted
EUT RF cable
EMI receiver

EUT table

AC power cable
(80 cm)

FS=UR+CF+VC

2 line V — network
relay matrix

power transformer

conductive ground plane

(FS-field strength; UR-voltage at the receiver; CR-loss of the cable and filter; VC-correction factor of the ISN)

Example calculation:

FS [dBuV/m] = 37.62 [dBuV] + 9.90 [dB] + 0.23 [dB] = 47.75 [dBuV/m] (244.06 uV/m) @ distance

© cetecom advanced GmbH

Page 25 of 44




Test report no.: 1-9305-25-13-08_TR1-R02-P0102

cetecom

advanced
Equipment table:
Lab/ . . Kind of Last Next
No. ltem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
Rohde & Schwarz
. EMI Test Receiver Messgeratebau
1 n.a EMI Test Receiver ESR3 9kHz-3.6GHz GmbH / 102981 300006318 cal 05.12.2025 | 31.12.2026
Memmingen
Spitzenberger +
Analyzer-Impedence- | Analyzer-lmpedence- : U02076 07/0 | 400001751
2 n.a System System AIS16/1 Spies Gr}?(l;)H & Co. 1023 -0000 cal 09.12.2025 | 31.12.2027
Rohde & Schwarz
Two-Line V-Network | Two-Line V-Network Messgeratebau
g n.a (LISN) (LISN) ESH3-Z5 GmbH / 892475/017 | 300002209 cal 09.12.2025 | 31.12.2027
Memmingen
4 n.a Power Supply Power Supply 6032A Hewlett Packard 2920A04466 | 300000580 cnn -/- -/-
Rohde & Schwarz
Hochpass 150 kHz Messgeratebau 300003798 i i
5 n.a Hochpass 150 kHz E7.25 GmbH / 100010 0000 cpu / /
Memmingen
7.7 Environmental conditions
Equipment table:
Lab/ . . Kind of Last Next
No. ltem Equipment Type Manufacturer Serial No. INV. No. Calibration | Calibration | Calibration
L Harmonic Mixer 3- . .
1 na | HarmonicMixer3- | o 0470 grz | Radiometer Physics 100014 300004156 cal 15.07.2025 | 15.07.2026
Port, 110-170 GHz GmbH -0000
FS-Z170
Agilent
Power supply Technologies 300004851
2 n.a Power supply N5767A Deutschland GmbH / US14J1569P 0000 cal 06.12.2023 | 31.12.2026
Boblingen
Signal- and Rohde & Schwarz
3 na Signal- and Spectrum Analyzer | Messgerdtebau 101332 300005935 cal 28.01.2026 | 31.01.2027
Spectrum Analyzer GmbH / -0000
FSW50 )
Memmingen
Std. Gain Horn Std. Gain Horn
4 n.a Antenna 114-173 Antenna 114-173 Flann -/- 30(_’83&399 cnn -/- -/-
GHz GHz 2924-20
CTS Clima
5 n.a Temperature Test Temperature Test Temperatur Systeme 064023 300003540 calchk 11.07.2024 | 11.07.2026
Chamber Chamber T-40/50 ; -0000
GmbH / Hechingen
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8  Sequence of testing

8.1 Sequence of testing radiated spurious 9 kHz to 30 MHz

Setup
e The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.
e If the EUT is a tabletop system, it is placed on a table with 0.8 m height.
e Ifthe EUT is a floor standing device, it is placed directly on the turn table.

e Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.10.

e The AC power port of the EUT (if available) is connected to a power outlet below the turntable.
e Measurement distance is 3 m (see ANSI C 63.10) - see test details.
e EUT is set into operation.

Premeasurement*
e The turntable rotates from 0° to 315° using 45° steps.
e The antenna heightis 1T m.

e At each turntable position the analyzer sweeps with positive-peak detector to find the maximum of all
emissions.

Final measurement

¢ Identified emissions during the pre-measurement are maximized by the software by rotating the turntable
from 0° to 360°.

e Loop antenna is rotated about its vertical axis for maximum response at each azimuth about the EUT.
(For certain applications, the loop antenna plane may also need to be positioned horizontally at the
specified distance from the EUT)

e The final measurement is done in the position (turntable and elevation) causing the highest emissions
with quasi-peak (as described in ANSI C 63.10).

e Final levels, frequency, measuring time, bandwidth, turntable position, correction factor, margin to the
limit and limit will be recorded. A plot with the graph of the premeasurement and the limit is stored.

*)Note: The sequence will be repeated three times with different EUT orientations.
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8.2 Sequence of testing radiated spurious 30 MHz to 1 GHz

Setup
e The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.
e If the EUT is a tabletop system, a table with 0.8 m height is used, which is placed on the ground plane.
e Ifthe EUT is a floor standing device, it is placed on the ground plane with insulation between both.
e Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.10.
e The AC power port of the EUT (if available) is connected to a power outlet below the turntable.
e Measurement distance is 10 m or 3 m (see ANSI C 63.10) - see test details.
e EUT is set into operation.
Premeasurement

The turntable rotates from 0° to 315° using 45° steps.

The antenna is polarized vertical and horizontal.

The antenna height changes from 1 m to 3 m.

At each turntable position, antenna polarization and height the analyzer sweeps three times in peak to
find the maximum of all emissions.

Final measurement

The final measurement is performed for at least six highest peaks according to the requirements of the
ANSI C63.4.

Based on antenna and turntable positions at which the peak values are measured the software maximize
the peaks by changing turntable position + 45° and antenna height between 1 and 4 m.

The final measurement is done with quasi-peak detector (as described in ANSI C 63.10).

Final levels, frequency, measuring time, bandwidth, antenna height, antenna polarization, turntable angle,
correction factor, margin to the limit and limit are recorded. A plot with the graph of the premeasurement
with marked maximum final results and the limit is stored.
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8.3 Sequence of testing radiated spurious 1 GHz to 18 GHz

Setup
e The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.
e If the EUT is a tabletop system, a 2-axis positioner with 1.5 m height is used.
e Ifthe EUT is a floor standing device, it is placed directly on the turn table.
e Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.10.
e The AC power port of the EUT (if available) is connected to a power outlet below the turntable.
e Measurement distance is 3 m (see ANSI C 63.10) - see test details.
e EUT is set into operation.
Premeasurement

The turntable rotates from 0° to 315° using 45° steps.

The antenna is polarized vertical and horizontal.

The antenna heightis 1.5 m.

At each turntable position and antenna polarization the analyzer sweeps with positive peak detector to
find the maximum of all emissions.

Final measurement

The final measurement is performed for at least six highest peaks according to the requirements of the
ANSI C63.4.

Based on antenna and turntable positions at which the peak values are measured the software maximizes
the peaks by rotating the turntable from 0° to 360°. This measurement is repeated for different EUT-table
positions (0° to 150° in 30°-steps) and for both antenna polarizations.

The final measurement is done in the position (turntable, EUT-table and antenna polarization) causing the
highest emissions with Peak and RMS detector (as described in ANSI C 63.10).

Final levels, frequency, measuring time, bandwidth, turntable position, EUT-table position, antenna
polarization, correction factor, margin to the limit and limit are recorded. A plot with the graph of the
premeasurement with marked maximum final results and the limit is stored.
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8.4 Sequence of testing radiated spurious above 18 GHz

Setup

e The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.

e Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.10.

e The AC power port of the EUT (if available) is connected to a power outlet.

e The measurement distance is as appropriate (e.g. 0.5 m).

e The EUT is set into operation.

Premeasurement
e The test antenna is handheld and moved carefully over the EUT to cover the EUT’'s whole sphere and
different polarizations of the antenna.

Final measurement
e The final measurement is performed at the position and antenna orientation causing the highest
emissions with Peak and RMS detector (as described in ANSI C 63.10).
e Final levels, frequency, measuring time, bandwidth, correction factor, margin to the limit and limit are
recorded. A plot with the graph of the premeasurement and the limit is stored.
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8.5 Sequence of testing radiated spurious above 50 GHz with external mixers

Setup
e The equipment is set up to simulate normal operation mode as described in the user manual or defined
by the manufacturer.
e Auxiliary equipment and cables are positioned to simulate normal operation conditions as described in
ANSI C 63.10.
e The AC power port of the EUT (if available) is connected to a power outlet.
e The measurement distance is as appropriate for far field (e.g. 0.25 m).
e The EUT is set into operation.
Premeasurement

The test antenna with external mixer is handheld and moved carefully over the EUT to cover the EUT’s
whole sphere and different polarizations of the antenna.
Caution is taken to reduce the possible overloading of the external mixer.

Final measurement

The final measurement is performed at the position and antenna orientation causing the highest
emissions with Peak and RMS detector (as described in ANSI C 63.10).

As external mixers may generate false images care is taken to ensure that any emission measured by the
spectrum analyzer does indeed originate in the EUT. Signal identification feature of spectrum analyzer is
used to eliminate false mixer images (i.e., it is not the fundamental emission or a harmonic falling
precisely at the measured frequency).

Final levels, frequency, measuring time, bandwidth, correction factor, margin to the limit and limit are
recorded. A plot with the graph of the premeasurement and the limit is stored.
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9 Measurement uncertainty
Test case Uncertainty
Equivalent isotropically radiated power (e.i.r.p.) ggggﬁ:je\(/ja\;lu: ;; gg
Permitted range of operating frequencies + 100 kHz
Conducted unwanted emissions in the spurious domain (up to 18 GHz) +1dB
Radiated unwanted emissions in the spurious domain (up to 18 GHz) +3.5dB
Conducted unwanted emissions in the spurious domain (18 to 40 GHz) t4dB
Radiated unwanted emissions in the spurious domain (18 to 40 GHz) +4dB
Conducted unwanted emissions in the spurious domain (40 to 50 GHz) +4.5dB
Radiated unwanted emissions in the spurious domain (40 to 50 GHz) +4.5dB
Conducted unwanted emissions in the spurious domain (above 50 GHz) +5dB
Radiated unwanted emissions in the spurious domain (above 50 GHz) +5dB
DC and low frequency voltages +3%
Temperature +1°C
Humidity +3%
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10 Far-field boundary consideration for measurements above 18 GHz

Description:
The measurement distance for all final radiated measurements is chosen in accordance with ANSI C63.10-2020

chapter 9.1.4.
All measurements are made in the far-field of the measurement antenna.

Far-field boundary for mm-wave antennas:

dtar = 2 % Dgim?/A

with

drar Far-field boundary distance
Ddgim  Antenna dimension

A wavelength

Fundamental emission measurements (OBW) - far-field boundary:

Antenna frequency range | Highest measured frequency Dim A dfar
[GHZ] [GHZ] [cm] [em] [em]
110-170 170 0.85 0.18 8.19

Spurious emission measurements - far-field boundary:

Antenna frequency range | Highest measured frequency Ddim A dfar
[GHZ] [GHZ] [em] [em] [em]
10-18 18 7.6 16.66 69.36

18-26.5 26.5 3.4 1.13 20.44
26.5-40 40 2.2 0.75 12.91
40-50 50 2.77 0.60 25.58
50-75 75 1.85 0.40 17.11
60-90 90 2.74 0.33 45.05
75-110 110 1.24 0.27 11.28
90-140 140 1.02 0.22 9.72
110-170 170 0.85 0.18 8.19
140 - 220 220 0.68 0.14 6.78
220-325 325 0.43 0.09 4.01
325-500 500 0.26 0.06 2.25
500 -750 750 0.35 0.04 6.12
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11 Summary of measurement results
X No deviations from the technical specifications were ascertained
O There were deviations from the technical specifications ascertained
0 This test report is only a partial test report.
The content and verdict of the performed test cases are listed below.
TC identifier Description verdict date Remark
RF-Testing FCC 47 CFR Part 15 (dated 2020-08-24) see below 2026-06-18 -/-
Test specification Test case Tempc-.zr.ature Power Pass | Fail | NA NP Remark
clause conditions | supply
Occupied bandwidth & . .
§15.258 (b)(4), T X Nominal Nominal .
§15.258 (d) Emission bandw@th & Extreme Extreme I O O O complies
Frequency stability
Maximum E.LL.R.P. /
§15.258 (b) Transmitter output Nominal Nominal X | | | complies
power
Spurious Emissions /
§15.258 (c) Transmitter unwanted Nominal Nominal X | | | complies
emissions
Conducted emissions
§15.207 <30 MHz Nominal Nominal | X O O O complies
(AC power line)

Note: NA = Not applicable; NP = Not performed
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12 Basic information of the DUT

Basic information of the DUT as declared by the customer:

General information: see chapter “6 Test item”

Equipment class: ] Fixed point-to-point transmitters located outdoors
] Transmitters with an emission bandwidth of less than 100 MHz
X Else

Note: Operation on board an aircraft or a satellite is prohibited. (§15.258 (d))

13 Additional comments

Reference documents: None
Special test descriptions: None
Configuration descriptions: None
Test devices (EUT):

e DUT_AA, DUT_AB: The normal operation mode (NM, intended use) is used.
e DUT_AC: The below described Stop-Mode (low frequency) is used.

e DUT_AD: The below described Stop-Mode (middle frequency) is used.

e DUT_AE, DUT_AF: The below described Stop-Mode (high frequency) is used.

Associated equipment (AE):
e AE1T: Mount for DUT incl. plate reflector
e AE2: Power supply (FULLPOWER®, Model SAW30-240-1000G, Input 100-240V~, Output 24.0V-)

Additional test modes: ] No test modes available
] Special test modes/special software (see description below)

= Stop-Modes (see description below)

Stop-Modes:
In addition to the normal operation mode, Stop-Modes are used, in which the frequency sweep is stopped at the
following positions in the range of operation:

e Stop-Mode, low frequency: 122.025 GHz
e Stop-Mode, middle frequency: 122.500 GHz
e Stop-Mode, high frequency: 122.975 GHz

Software provided by the manufacturer:
e No software required.
e When turned on, the device immediately starts up in one of the modes described above.
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14 Measurement results
14.1 Occupied bandwidth & emission bandwidth & frequency stability

Description:

Measurement of the bandwidth and the frequency stability of the wanted signal (fundamental emission) under
temperature and supply voltage variations.

Limits and provisions:

Designated frequency band

116 GHz - 123 GHz

§15.258 (d):

Fundamental emissions must be contained within the frequency bands specified in this section during all
conditions of operation. Equipment is presumed to operate over the temperature range -20 to + 50 degrees
Celsius with an input voltage variation of 85% to 115% of rated input voltage, unless justification is presented to
demonstrate otherwise.

Measurement:
Measurement parameter: 6 dB bandwidth
Detector: Pos-Peak
Resolution bandwidth: 100 kHz
Video bandwidth: 300 kHz
Trace-Mode: Max Hold
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Measurement results:
6 dB bandwidth at normal conditions:
EUT Mode Test condition f. [GHZ] fu [GHZ] Bandwidth [MHZz]
DUT_AA NM Thom / Vihom 122.024 122.971 947
Frequency stability (15.258(d)):
Bandwidth measurement for frequency stability tests: 6 dB bandwidth
Test condition Frequency f. [GHz] Frequency fy [GHz] Bandwidth [MHZz]
-20 °C / Vhom 122.027 122.969 942
-10 °C / Vhom 122.027 122.969 942
0 °C / Vhom 122.027 122.969 942
10 °C / Viom 122.026 122.968 942
20 °C / Vmin 122.027 122.968 941
20 °C / Vmax 122.027 122.970 943
30 °C / Vihom 122.026 122.970 944
40 °C / Vnom 122.027 122.973 946
50 °C / Viom 122.026 122.973 946

Note:
e Device tested: DUT_AA
e Mode tested: Normal operation mode (NM)

e Detailed measurement results: see measurement report 1-9305-25-13-02_TR1-A201-R01.pdf

Verdict: Compliant
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14.2 Maximum E.I.R.P. / Transmitter output power

Description:

Measurement of the maximum radiated E.I.R.P. of the wanted signal.

Limits and provisions:

§15.258 (b):
Emission levels within the 116-123 GHz, 174.8-182 GHz, 185-190 GHz and 244-246 GHz bands shall not exceed
the following equivalent isotropically radiated power (EIRP) limits as measured during the transmit interval:

(M)

(2)

(3)

The average power of any emission shall not exceed 40 dBm and the peak power of any emission shall not
exceed 43 dBm; or

For fixed point-to-point transmitters located outdoors, the average power of any emission shall not exceed
82 dBm and shall be reduced by 2 dB for every dB that the antenna gain is less than 51 dBi. The peak power
of any emission shall not exceed 85 dBm and shall be reduced by 2 dB for every dB that the antenna gain is
less than 51 dBi. The provisions in this paragraph (b)(2) for reducing transmit power based on antenna gain
shall not require that the power levels be reduced below the limits specified in paragraph (b)(1) of this section.

The peak power shall be measured with a detection bandwidth that encompasses the entire occupied
bandwidth within the intended band of operation, e.g., 116-123 GHz, 174.8-182 GHz, 185-190 GHz or 244-246
GHz. The average emission levels shall be measured over the actual time period during which transmission
occurs.

Transmitters with an emission bandwidth of less than 100 MHz must limit their peak radiated power to the
product of the maximum permissible radiated power (in milliwatts) times their emission bandwidth divided
by 100 MHz. For the purposes of this paragraph (b)(4), emission bandwidth is defined as the instantaneous
frequency range occupied by a steady state radiated signal with modulation, outside which the radiated power
spectral density never exceeds 6 dB below the maximum radiated power spectral density in the band, as
measured with a 100 kHz resolution bandwidth spectrum analyzer. The center frequency must be stationary
during the measurement interval, even if not stationary during normal operation (e.g., for frequency hopping
devices).
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Measurement:
Measurement parameter
Detector: Pos-Peak (RF-Detector)
Video bandwidth: 10 MHz

Measurement procedures:
Fundamental emission using an RF detector: ANSI C63.10-2020 9.9

Measurement results:

Overview of final measurement results:

Peak Applicable Limit Average Applicable Limit
EUT Mode co::;:on E.LR.P. Peak E.L.R.P. E.LR.P. Average E.I.R.P.
[dBm] [dBm] [dBm] [dBm]
DUT_AA NM | Tnom/ Viom 19.6 43.0 18.2 40.0
Note:

e Applicable peak E.I.LR.P. limit:
6 dB bandwidth (EBW) is larger than 100 MHz, see chapter 14.1.

Hence, no adjustment of the peak E.I.R.P. limit necessary.
(Adjustment only necessary for transmitters with an EBW of less than 100 MHz, as stated in

§15.258(b)(4))

Verdict: Compliant
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Detailed measurement steps (according to ANSI C63.10-2020 9.9):

The measurement is performed according to ANSI C63.10-2020 9.9.

Details on the measurement steps and block diagrams of the measurement setup can be found in chapter “7.5
Fundamental emission measurement using an RF detector (ANSI C63.10-2020 9.9)".

Measstigiment Msaafaur:]eer?eernt Formula [Unit] DUT_AA, Normal operation mode
Measurement distance dw [m] 0.5
Gain ofarrr]liiiirement Gu [dBi] 195
R Peak voltage Vpeak [MV] 9
Average voltage during
the ON time Vaig [mV] 6
2) Freq‘;fanv‘;ysogjﬂ:eemm' Faource [MHZ] 122496
Power rz:sizzig*for the Pocar [dB] 291
3) Powerpmeasured for the
average value* Pave [dBm] -30.5
Peak E.I.R.P. of the EUT | E.I.R.P.peak [dBmM] 19.6
4) Average E.I.R.P. of EUT
(during the ON time) E.L.R.P.avg [dBM] 18.2
Note:

e The frequency of the mm-wave source is adjusted to the center of the frequency range occupied by the
transmitter.
e Calculation of the EIRP from the radiated measurement in the far-field using Equation (22) of ANSI
C63.10-20209.2.2:

E.L.R.P.[dBm] = 21.98 — 20 log(A[m]) + 20 log (dulm]) + P[dBm] - GuldBi]

A [m] =300 / fsource [MHZ]

where

@)

O O O O

E.I.R.P. is the equivalent isotropic radiated power, in dBm

A is the wavelength of the emission under investigation (300/f[MHz]), in m
dwm is the measurement distance, in m
P is the power measured at the output of the waveguide variable attenuator, in dBm

Gw is the gain of the measurement antenna, in dBi

*The measured power P includes all applicable instrument correction factors up to the connection to
the waveguide connector (e.g. of the waveguide variable attenuator).
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Plot 1: Step 1 - DUT_AA, NM, Peak voltage & Average voltage during the ON time (Oscilloscope)
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Plot 2: Step 2 - Substitution, adjusted voltage equal to the peak voltage of step 1 (Oscilloscope)
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Plot 3: Step 2 - Substitution, adjusted voltage equal to the average voltage (during ON time) of step 1
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Plot 4: Step 3- Substitution, Power measured for the peak value (Mixer + Analyzer)
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Plot 5: Step 3- Substitution, Power measured for the average value (Mixer + Analyzer)
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15 Document history
Version Applied changes Date of release
TR1-RO1 Initial release 2026-06-18
TR1-R02-P0102,
Test report divided into two parts 2026-06-18
TR1-R02-P0202
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