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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

1. ATTESTATION OF TEST RESULTS

COMPANY NAME: LEA Professional
635 S. Lafayette Blvd, Building 113, Suite 109
South Bend, IN 46601, USA

EUT DESCRIPTION: Internet of Things Amplifier Connection Series
MODEL.: Connect Series 704D
Serial Number: 298190007
RECEIVED DATE: 2020-02-04
DATE TESTED: 2020-02-26 to 2020-02-27
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Complies
ISED RSS-247 Issue 2 Complies
ISED RSS-GEN Issue 5 Complies

Note: Report covers radiated spot checks only to verify radio module still compliant in host unit.
It is the host manufacturer’s responsibility to provide the module documentation upon request.

UL LLC tested the above equipment in accordance with the requirements set forth in the above
standards. The test results show that the equipment tested is capable of demonstrating
compliance with the requirements as documented in this report.

The results documented in this report apply only to the tested sample, under the conditions and
modes of operation as described herein. It is the manufacturer's responsibility to assure that
additional production units of this model are manufactured with identical electrical and
mechanical components. All samples tested were in good operating condition throughout the
entire test program. Measurement Uncertainties are published for informational purposes only
and were not taken into account unless noted otherwise.

This document may not be altered or revised in any way unless done so by UL LLC and all
revisions are duly noted in the revisions section. Any alteration of this document not carried out
by UL LLC will constitute fraud and shall nullify the document. This report must not be used by
the client to claim product certification, approval, or endorsement by NVLAP, NIST, or any
agency of the U.S. Government.
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Project Engineer
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Engineer
UL — Consumer Technology Division
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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2,
FCC CFR 47 Part 15, ANSI C63.10-2013, KDB 996369 D04 Module Integration Guide vO1,
KDB 558074 D01 15.247 Meas Guidance v05r02, RSS-GEN Issue 5, and RSS-247 Issue 2.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 12 Laboratory
Drive, Research Triangle Park, NC 27709, USA and 2800 Perimeter Park Dr., Suite B,
Morrisville, NC 27560, USA. The following table identifies which facilities were utilized for
radiated emission measurements documented in this report. Specific facilities are also
identified in the test results sections

12 Laboratory Dr. 2800 Perimeter Park Dr.

ISED Site Code: 2180C

|:| Chamber A RTP |:| North Chamber
|:| Chamber C RTP |X| South Chamber

The above test sites and facilities are covered under FCC Test Firm Registration # 703469.
Chambers above are covered under Industry Canada company address and respective code.

UL LLC (RTP) is accredited by NVLAP, Laboratory Code 200246-0
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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

4. CALIBRATION AND UNCERTAINTY

4.1. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

RADIATED EMISSIONS

Where relevant, the following sample calculation is provided:

Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) + Cable
Loss (dB) — Preamp Gain (dB)

36.5dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

MAINS CONDUCTED EMISSIONS

Where relevant, the following sample calculation is provided:

Final Voltage (dBuV) = Measured Voltage (dBuV) + Cable Loss (dB) + Limiter Factor (dB) +
LISN Insertion Loss.

36.5dBuV + 0dB +10.1 dB+ 0 dB =46.6 dBuV

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests
performed on the apparatus:

PARAMETER UNCERTAINTY
Worst Case Radiated Disturbance + 4.88dB

Uncertainty figures are valid to a confidence level of 95%.
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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

5. EQUIPMENT UNDER TEST
5.1. EUT DESCRIPTION

The EUT is an internet of things amplifier connection series. The EUT contains a 2.4GHz WLAN
radio.

5.2. MAXIMUM OUTPUT POWER

Power not measured in this report. Radiated spurious spot checks performed to ensure radio
module remains compliant when installed in host EUT. For the testing contained in this report,
the transmission power levels of the radio module was set at the levels intended to be used by
the end product manufacturer. It is the responsibility of the end product manufacturer to ensure
the end product power levels are the same or lower than the power levels found in the module
report and to provide the radio module test reports upon request.

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes a FlexPIFA antenna with antenna gain of 2.0 dBi.

5.4. SOFTWARE AND FIRMWARE

The test utility software used during testing was Microchip serial bridge “MCHPRT” V1.4.6.4.

5.5. WORST-CASE CONFIGURATION AND MODE

Radiated emissions spot checks, 1GHz to 18 GHz, were performed to verify the radio module is
still compliant in host unit when operating in worst-case mode and channel that the end product
manufacturer intends to use. It is the manufacturer’s responsibility to provide module
documentation upon request.

The selected EUT configuration was chosen to maximize emissions. EUT intended to operate in
only one orientation. Therefore, all testing performed with the EUT in its intended orientation

Worst-case data rates as provided by the client were:

802.11n HT20mode: MCSO
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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Use Product Type Manufacturer Model Comments
EUT Amplifier LEA Professional | DANTE Enabled | COVers Non-DANTE enabled
models by similarity
AE Computer Dell XPS13 None
AE Analog Signal Agilent 33120A None
Generator
AE |Analog Signal Amplifier] Radio Design Labs FP-UBC2 None
Amplifier output Loads| Custom LEA designed 2 channel 4 Ohm 600W non
AE - . ;
(x2) and sourced inductive load
AE | USBtoEthemet Startech USB31000S None
adapter
AE DHCP server GL-iNet GL-MT300N-V2 None
AE Network Switch Netgear GS105PE None
AE POE Injector Intellinetsolutions 524179 None

Note: EUT - Equipment Under Test, AE - Auxiliary/Associated Equipment, or SIM - Simulator (Not Subjected to Test)

1/0 CABLES
Caiklz S?i?:llc?e
Port # Name Type* Max. >3m d Comments
(YIN) | (yyny
0 Enclosure N/E — — None
1 Mains AC N N None
2 Ethernet /0 Y N RJ45
(10/100Mbps)
3 Amplifier Output I/0 Y N Barrier Block
4 Audio Input I/0 Y N Barrier Block
5 GPIO /10 Y N Barrier Block
6 DANTE /10 Y N RJ45; Two Ports — Pri and Sec
(10/100/1000Mbps)

*Note:

IAC = AC Power Port DC = DC Power Port N/E = Non-Electrical

/0 = Signal Input or Output Port (Not Involved in Process Control)

TP = Telecommunication Ports
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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

TEST SETUP

The EUT is configured as a standalone device.

SETUP DIAGRAM FOR TESTS

24\de
adapler

——CH1 input (shielded wisted pair)—»
¥LR splitter cable

——CH2 input (shielded twisted pair)—»
Analog Signal
Generator Analog Signal
TkHz sinewave Amplifier
690mY

[——CH3 input (shielded twisted pair)—
XLR splitter cable
——CH4 input (shielded twisted pair)—»

- “H1 output (twisted pair)
Amplifier Load

Channel 1 & 2

H2 output (twisted pair)

) CH3 output (twisted pair)
12Vde Amplifier Load LEA

adapter / Channel 1 &2 Hab output (twisted pair) Amplifier Under Test

FOE Injector < Metwork Port (Cat 5e)
Metwork Switch #1

120vac [€———Dante Primary (Cal Se)——————»
ALK

equipment Dante Secondary (Cat Se)

DHCP Server

USB to Ethernet
Adapter Power Source for DUT IEC cable-—m
Computer

POE Injector [———(CAT 5e)—» Network Switch #2

Ben Carroll
LEA Professional
1211719
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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

6. MEASUREMENT METHOD
Duty Cycle: ANSI C63.10-2013 Section 11.6

Radiated Spurious Emissions: ANSI C63.10-2013 Sections 6.3, 6.5, and 6.6.
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REPORT NO: R12777555-E2
FCC ID: 2ADHKATWILC1000U

DATE: 2020-02-28
IC: 20266-ATWILC1000UB

7. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this

report:

Test Equipment Used - Radiated Disturbance Emissions Test Equipment (Morrisville - South Chamber)

Equip ID Description Manufacturer Model Number Last Cal. Next Cal.
1-18 GHz
Double-Ridged
AT0072 Waveguide Horn ETS Lindgren 3117 2019-04-22 | 2020-04-22
Antenna, 1 to 18 GHz
Gain-Loss Chains
S-SACO03 Gain-loss string: Various Various 2019-03-13 | 2020-03-13
1-18GHz
Receiver & Software
SA0025 Spectrum Analyzer Agilent NOO030A 2019-02-28 | 2020-02-28
Version 9.5
SOFTEMI EMI Software UL June 15, 2019 NA NA
Additional Equipment
used
s/n 181474409 Environmental Meter Fisher Scientific 15-077-963 2018-07-27 | 2020-07-27
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REPORT NO: R12777555-E2
FCC ID: 2ADHKATWILC1000U

DATE: 2020-02-28

IC: 20266-ATWILC1000UB

8. ON TIME AND DUTY CYCLE RESULTS

LIMITS

None; for reporting purposes only.

PROCEDURE

ANSI C63.10 Zero-Span Spectrum Analyzer Method.

ON TIME AND DUTY CYCLE RESULTS

Mode ON Time | Period | Duty Cycle Duty Duty Cycle
B X Cycle Correction Factor
(msec) | (msec) (linear) (%) (dB)
802.11n HT20 1.301 1.348 0.965 96.51% 0.31
DUTY CYCLE PLOTS
R
| [} i

Center 2.437000000 GHz
Res BW 8 MHz

usa File <PICTURE.PNG> saved

1215
1301 ms
1348 ms

#VBW 50 MHz
FONCTIO!

77.6¢
)
A

Gglorars

DUTY CYCLE

Span 0 Hz
Sweep 5.000 ms (1001 pts)
CTION VALUE.
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REPORT NO: R12777555-E2
FCC ID: 2ADHKATWILC1000U

9. RADIATED TEST RESULTS

LIMITS

FCC §15.205 and §15.209

RSS-GEN, Section 8.9 and 8.10

DATE: 2020-02-28
IC: 20266-ATWILC1000UB

Frequency Range Field Strength Limit | Field Strength Limit
(MHz) (uV/m) at3 m (dBuV/m) at 3 m
0.009-0.490 2400/F(kHz) @ 300 m -
0.490-1.705 24000/F(kHz) @ 30 m -
1.705 - 30 30 @ 30m -
30 -88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54

TEST PROCEDURE

The EUT is placed 1.5 m above the ground plane for measurement above 1GHz. The antenna
to EUT distance is 3 meters. The EUT is configured in accordance with ANSI C63.10. The EUT
is set to transmit in a continuous mode.

For pre-scans above 1 GHz the resolution bandwidth is set to 1 MHz; the video bandwidth is set
to 30 KHz for peak measurements.

For final measurements above 1 GHz the resolution bandwidth is set to 1 MHz; the video
bandwidth is set to 3 MHz for peak measurements and as applicable for average
measurements. The average measurement method used is voltage averaging.

The spectrum from 1 GHz to 18 GHz is investigated with the transmitter set to 2412 MHz and
2437MHz.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The

EUT is rotated through 360 degrees to maximize emissions received. The antenna is scanned

from 1 to 4 meters above the ground plane to further maximize the emission. Measurements are
made with the antenna polarized in both the vertical and the horizontal positions.

Base on FCC 15.31 (f) (2): measurements may be performed at a distance closer than that

specified in the regulations; however, an attempt should be made to avoid making
measurements in the near field.

Page 14 of 20

UL LLC
12 Laboratory Dr., RTP, NC 27709; USA TEL:(919) 549-1400
This report shall not be reproduced except in full, without the written approval of UL LLC



REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

9.1. TRANSMITTER ABOVE 1 GHz

9.1.1. TX ABOVE 1 GHz 802.11n HT20 MODE IN THE 2.4 GHz BAND

1TX Antenna 1 MODE

BANDEDGE (LOW CHANNEL, CH 1)

HORIZONTAL RESULT

12|:Test Facility: UL Morrisville 26828 Feb 26 23:12:15
Restricted Bandedge
Project Number: 12777555
115 Client: LEA
Test Location: S-SAC
Mode: 1Tx, 1in HT28, 2412MHz
195 Tested by: 11993
gl:
8|:
N | Peck Limit toBuu/m
= 7
[an]
S
65
sol..fverage Limit (dBuU/m)
45 e TR Y i
3|:
2.31 18.5MHz/ 2.415

Frequency (GHz)

RBW/VBL Ref/Atin  Det/fvg Ty #Supa/Mode  Label
Horizor

Range (GHz) s Swoep Pis
1:2.31-2.415 IM(-6dB1/3M 187/18 PEAK/Pur Avg(RMS)  2BmsecCAuto) BEE8  MAXH

Range (BHz) RBU/VEN Ref/Attn  Det/fvg Tupe Sue Toups/Made  Label
ntal | 2:2.31-2.415 ~60B)/ 3 Horizontal - A

ep Pto
187718 AUERAGIL fvg 2lnsec(Auto) 8300 1BITAVG

RADIATED EMISSIONS
Marker| Frequency | Meter | Det |AT0072 |Amp/Cbl/Fitr/Pad| DC |[Corrected| Average |Margin| Peak PK |Azimuth|Height|Polarity
(GHz) Reading| (dB/m) (dB) Corr | Reading | Limit (dB) Limit [Margin| (Degs) | (cm)
(dBuv) (dB) |(dBuV/m)|(dBuVv/m) (dBuVv/m)| (dB)

1 * ** 239 40.39 | Pk 31.9 -24 0 48.29 - 74 -25.71| 337 204 H

2 * ** 238796 | 45.52 | Pk 31.9 -24 0 53.42 - - 74 -20.58 | 337 204 H

3 * ** 239 24.72 |ADV| 31.9 -24 31 32.93 54 -21.07 - - 337 204 H

4 * ** 238938 | 25.68 |ADV| 31.9 -24 31 33.89 54 -20.11 - - 337 204 H
* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
** - indicates frequency in Taiwan NCC LP0002 Restricted Band
Pk - Peak detector
ADV - Linear Voltage Average
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REPORT NO: R12777555-E2 DATE: 2020-02-28
FCC ID: 2ADHKATWILC1000U IC: 20266-ATWILC1000UB

VERTICAL RESULT

12KTES(Z Facility: UL Morrisville 2828 Feb 26 23:21:16
Restricted Bandedge
15 Project Number: 12777555
Client: LEA
Test Location: S-SAC
Mode: 1Tx, 1in HT28, 2412MHz
185 Tested by: 11993
gl:
8|:
N | Peak Limit CoBuV/m)
s 7
@
o
6|:
5o Averogs Limit CoBuU/m) e
1
la
45
4
=
3 : o5
2.31 18.5MHz/ 2.415
Frequency (GHz)
Rongs (GHz) REU/UBH Ref /Atin  Det/fvg Type Suep Pts  Fowps/fode Label Ronge (6H) RE/VBU Ref/Attn  Dot/fvg Type Sueep Pts  Foups/fods Label

RADIATED EMISSIONS

Marker| Frequency | Meter | Det |AT0072 |Amp/Cbl/Fitr/Pad| DC |[Corrected| Average |Margin| Peak PK |Azimuth|Height|Polarity
(GHz) Reading| (dB/m) (dB) Corr | Reading | Limit (dB) Limit [Margin| (Degs) | (cm)
(dBuv) (dB) |(dBuv/m)|(dBuV/m) (dBuVv/m)| (dB)

1 * ** 239 42.46 | Pk 31.9 -24 0 50.36 - 74 -23.64 44 195 Vv

2 * ** 238833 | 48.43 | Pk 31.9 -24 0 56.33 - - 74 -17.67 44 195 Vv

3 * ** 239 25.54 |ADV| 31.9 -24 31 33.75 54 -20.25 - - 44 195 Vv

4 * ** 238922 | 26.48 |ADV| 31.9 -24 31 34.69 54 -19.31 - - 44 195 Vv
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
** - indicates frequency in Taiwan NCC LP0002 Restricted Band
Pk - Peak detector
ADV - Linear Voltage Average
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REPORT NO: R12777555-E2
FCC ID: 2ADHKATWILC1000U

DATE: 2020-02-28
IC: 20266-ATWILC1000UB

HARMONICS AND SPURIOUS EMISSIONS

MID CHANNEL, CH 6 RESULTS

11KTest Facility: UL Morrisville 2828 Feb 27 22:44:52
Rodiated Emissions 3-Meters
Project Number: 12777555
185 Client: LEA
Test Location: S-5AC
Mode: 1Tx, 11n HTZ28, 2437MHz
95 Tested by: 119393
85
Peak Limit (dBulU/m
75
e
3 5
3 6 \
@
o
~ Avg Limit CdBul/m) ,[
55
[
6
45 1 g ; ‘u4 W
e W ; S
35 i N A
WW Mol Fweld WYY
25
1 18 18
Frequency (GHz)
Ronge (6Hz) REU/UB Ref/Attn  Det/Avg Tupe Sueep Pts  fowps/fode  Lobel Range (6H2) REW/UEN Ref/fittn  Det/Avg Tupe Suecp Pts  fups/flade  Label ‘
1173 INC-6dB)/30  1BT/1B  PEAK/Por Avg(RHS)  77mcectAuto) 6088 MAXH Horizental | 3:3-18 1H(-6e8)/30k 87/ PERK/Fur Avg(RMS)  STmcacthuta) 18k MAKH Horizontal
FCC Part!15C 2.4GHz RSE.TST Rev 9.5 12 Jun 2819
11KTest Facility: UL Morrisville 2828 Feb 27 22:44:52
Rodiated Emissions 3-Meters
Project Number: 12777555
185 Client: LEA
Test Location: S-SAC
Mode: 1Tx, 11n HTZ28, 2437MHz
(=1} Tested by: 11933
85
Peak Limit (dBulU/m
75
‘e
3 5
S =}
@
K
~ Avg Limit CdBuUU/m)
55
8 18
5 9
4 Q
o
1 BT |17 e Do e WER e e
25
1 18 18
Frequency (GHz)
Ronge (GHz) RBL/VBU Ref/Attn  Det/fvg Type Sweep Pts  #Swps/VMode Label Renge (BHz) RBU/VBY Ref/Attn  Det/fvg Type Sweep Pts  #Sups/Made  Label
FCC Part!15C 2.4GHz RSE.TST Rev 9.5 12 Jun 2819
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REPORT NO: R12777555-E2

FCC ID: 2ADHKATWILC1000U

DATE: 2020-02-28

IC: 20266-ATWILC1000UB

RADIATED EMISSIONS

Marker| Frequency | Meter | Det | AT0072 |Amp/Cbl/Fltr/Pad|DC Corr|Corrected| Avg Limit | Margin| Peak PK  |Azimuth |Height [Polarity
(GHz) Reading (dB/m) (dB) (dB) | Reading |(dBuV/m)| (dB) Limit | Margin | (Degs) | (cm)
(dBuv) (dBuVv/m) (dBuv/m)| (dB)

2 * ¥% 227902 | 44.88 | PK2 31.8 -23.5 0 53.18 - - 74 -20.82 96 130 H
* *¥% 227993 | 33.67 | ADV| 318 -23.5 31 42.28 54 -11.72 - - 96 130 H

3 **2.59328 | 41.84 | PK2 32.3 -25.1 0 49.04 - - 74 -24.96 104 106 H
**2.59332 | 29.69 | ADV | 323 -25.1 31 37.2 54 -16.8 - - 104 106 H

4 * *¥% 268555 | 43.67 | PK2 32.3 -25.6 0 50.37 - - 74 -23.63 55 103 H
* *¥% 268714 | 31.99 | ADV | 323 -25.6 31 39 54 -15 - - 55 103 H

8 * *¥% 228019 | 45.41 | PK2 31.8 -23.5 0 53.71 - - 74 -20.29 43 144 \Y
* *¥% 227973 | 33.54 | ADV | 318 -23.5 31 42.15 54 -11.85 - - 43 144 \Y

9 * *¥% 268502 | 46.52 | PK2 32.3 -25.6 0 53.22 - - 74 -20.78 36 240 \Y
* *% 268834 | 34.85 | ADV | 323 -25.6 31 41.86 54 -12.14 - - 36 240 \Y

5 * *% 187238 | 42.48 | PK2 34 -30.7 0 45.78 - - 74 -28.22 27 133 H
* *% 187189 | 29.56 | ADV 34 -30.7 31 33.17 54 -20.83 - - 27 133 H

6 |***12.18248| 36.18 | PK2 38.9 -23.9 0 51.18 - - 74 -22.82 297 243 H
* *¥%12.18279| 22.44 | ADV | 38.9 -23.9 31 37.75 54 -16.25 - - 297 243 H

10 |* **12.19141| 38.55 | PK2 38.9 -23.9 0 53.55 - - 74 -20.45 173 161 \Y
* *%12.19141| 24.88 | ADV | 38.9 -23.9 31 40.19 54 -13.81 - - 173 161 \Y

7 2.19787 33.92 | Pk 31.4 -23.2 0 42.12 - - - - 0-360 | 101 \Y
1 2.1982 34.14 | Pk 31.5 -23.2 0 42.44 - - - - 0-360 99 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band

** - indicates frequency in Taiwan NCC LP0002 Restricted Band

PK2 - Maximum Peak
ADV - Linear Voltage Average
Pk - Peak detector
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10. SETUP PHOTOS

RADIATED SPURIOUS EMISSIONS

RADIATED SPURIOUS BACK PHOTO ABOVE 1GHz
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END OF TEST REPORT
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