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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: Energous Corporation
3590 North First Street
San Jose, CA 95134 USA

EUT DESCRIPTION: WPT Client Device with BLE
MODEL.: MS-300a
SERIAL NUMBER: DD0372062004
DATE TESTED: NOVEMBER 22-29, 2017
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Complies

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. All indications of Pass/Fail in this report are opinions
expressed by UL Verification Services Inc. based on interpretations and/or observations of test
results. Measurement Uncertainties were not taken into account and are published for
informational purposes only. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL Verification Services Inc. and all revisions are duly
noted in the revisions section. Any alteration of this document not carried out by UL Verification
Services Inc. 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, any
agency of the Federal Government, or any agency of any government.

Approved & Released For

UL Verification Services Inc. By: Prepared By:
a» 7.
d -[tfoom__,/
DAN CORONIA ERIC YU
OPERATIONS LEADER TEST ENGINEER
UL VERIFICATION SERVICES INC. UL VERIFICATION SERVICES INC.
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2,
FCC CFR 47 Part 15, KDB 558074 D01 v04, ANSI C63.10-2013.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, Fremont, California, USA. Line conducted emissions are measured only at the
47173 address. 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.

47173 Benicia Street 47266 Benicia Street
X] Chamber A (IC:2324B-1) Chamber D (IC:22541-1)
[[] Chamber B (IC:2324B-2) Chamber E (IC:22541-2)
[] Chamber C (IC:2324B-3) Chamber F (IC:22541-3)
Chamber G (IC:22541-4)
Chamber H (IC:22541-5)

/N

The above test sites and facilities are covered under FCC Test Firm Registration # 208313.

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0. The full
scope of accreditation can be viewed at http://ts.nist.qov/standards/scopes/2000650.htm.
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4. CALIBRATION AND UNCERTAINTY
41. 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

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

4.3. MEASUREMENT UNCERTAINTY

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

Parameter Uncertainty
Worst Case Conducted Disturbance, 9KHz to 0.15 MHz 3.84 dB
Worst Case Conducted Disturbance, 0.15 to 30 MHz 3.65dB
Worst Case Radiated Disturbance, 9KHz to 30 MHz 3.15dB
Worst Case Radiated Disturbance, 30 to 1000 MHz 5.36 dB
Worst Case Radiated Disturbance, 1000 to 18000 MHz 4.32dB
Worst Case Radiated Disturbance, 18000 to 26000 MHz 4.45 dB
Worst Case Radiated Disturbance, 26000 to 40000 MHz 5.24 dB

Uncertainty figures are valid to a confidence level of 95%.
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5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The MS-300a is a wireless power transfer (WPT) client device designed for use with MS-300
wireless charging system that delivers RF energy to a Client Device seeking to be charged
when positioned within the Charging Zone. The MS-300 transfers RF energy to the MS-300a at
a frequency of 913 MHz; the system does not transmit information at this frequency. Data
communication, for example for the authentication of client devices, is performed through
standard 2.4 GHz Bluetooth LE protocols.

The MS-300 / MS-300a fall under FCC Part 18.107(c) it because they are designed to generate
and use RF energy locally to charge domestic consumer electronic devices. The MS-300
transfers RF energy from the front of the transmitter and creates a pocket around the
authenticated Client Device (MS-300a) that will be charged. The MS-300a uses this energy to
charge internal batteries. The system is intended to be used by the general public in a
residential or office environment.

The MS-300a can be charged at any point within the Charging Zone of the MS-300 if three
conditions are met; all self-checks passed, the device is determined to be positioned in the
Charging Zone, and the device is receiving sufficient power to charge. Full details related to the
MS-300 WPT charger are provided in the filing for the device under FCC ID 2ADNG-MS300.

This report covers the Bluetooth Low Energy portion of the EUT.

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum peak conducted output power as follows:

Frequency Mode Output Power | Output Power
Range (dBm) (mw)
(MHz)

2402 - 2480 BLE -1.55 0.70

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

Frequency Band
(GHz)
2402-2480 -2.63

Antenna Gain (dBi)

5.4. SOFTWARE AND FIRMWARE

The firmware installed in the EUT during testing was 3.0.2.79
The software installed in the EUT during testing was Windows Command Prompt / eCLI
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5.5. WORST-CASE CONFIGURATION AND MODE

Radiated band edge, harmonics, and spurious emissions from 1 GHz to 18 GHz were performed
with the EUT was set to transmit at the Low/Middle/High channels.

Radiated emission below 30MHz, below 1GHz, above 18GHz, and power line conducted
emission were performed with the EUT was set to transmit at the channel with highest output
power as worst-case scenario.

The fundamental of the EUT was investigated in three orthogonal orientations X, Y, & Z, and it
was determined that X-Axis orientation was worst-case orientation; therefore, all final radiated
testing was performed with the EUT in X-Axis orientation.

Worst-case data rates as provided by the applicant are:

BLE: 1 Mbps.
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5.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Laptop DELL M4800 N/A N/A
AC/DC Adapter DELL LA130PM121 N/A N/A
Debug Board Energous N/A 011-0415 N/A

/10 CABLES

1 UsB 1 uUsB Unshielded 1 Debug Board to Laptop
2 DC Power 1 DC Unshielded 1
3 AC Power 1 AC Unshielded 1
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TEST SETUP

The EUT is connected to the test laptop through USB cable. Test software exercised the EUT.

SETUP DIAGRAM

DEBUG BOARD

AC MAINS
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6. TEST AND MEASUREMENT EQUIPMENT

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

report:
TEST EQUIPMENT LIST
Description Manufacturer Model Asset Cal Due

Antenna, Broadband Hybrid, 30MHz to .

2000MHz w/4dB Pad Sunol Sciences Corp. JB1 T130 10/16/2018

Antenna, Active Loop 9kHz-30MHz COM-POWER AL-130R T1866  10/10/2018

Antenna, Horn 1-18GHz ETS-Lindgren 3117 T862  06/09/2018

Antenna, Horn 18-26.5GHz ARA MWH-1826/B T89 05/26/2018

Power Meter, P-series single channel Agilent (Keysight) N1911A T1264 07/08/2018
Technologies

Power Sensor, P — series, 50MHz to Agilent (Keysight)

18GHz, Wideband Technologies N1921A T413 | 06/20/2018

Amplifier, 1-26.5GHz Agilent (Keysight) 84498 T404  07/05/2018
Technologies

Amplifier, 10kHz-1GHz Agilent (Keysight) 8447D T15  08/26/2018
Technologies

Spectrum Analyzer, PXA, 3Hz to 44GHz Agilent (Keysight) N9030A T1466  04/11/2018
Technologies

Spectrum Analyzer, PXA, 3Hz to 44GHz Agilent (Keysight) N9030A T1454  12/15/2018
Technologies

LISN FISCHER FCC-LISN-50/250-25-2-01 T1310 01/17/2018

Receiver, 10kHz-7GHz ROHDE & SCHWARZ ESR T1436 01/06/2018
Test Software List

Description Manufacturer Model Version

Radiated Software UL UL EMC Ver 9.5, Dec 01, 2016

Conducted Emissions Software uL UL EMC Ver 9.5, May 26, 2015

Antenna Port Software UL UL RF Ver 6.0, Jan 19, 2017
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7. ANTENNA PORT TEST RESULTS
71. MEASUREMENT METHODS

6 dB BW: KDB 558074 D01 v04, Section 8.1.

Output Power: KDB 558074 D01 v04, Section 9.1.1.

Power Spectral Density: KDB 558074 D01 v04, Section 10.2.

Out-of-band emissions in non-restricted bands: KDB 558074 D01 v04, Section 11.0.

Out-of-band emissions in restricted bands: KDB 558074 D01 v04, Section 12.1.

Band-edge: KDB 558074 D01 v04, Section 12.1.

AC Power Line Conducted Emissions: ANSI C63.10-2013, Section 6.2.
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7.2, ON TIME, DUTY CYCLE

LIMITS

None; for reporting purposes only.

PROCEDURE

KDB 558074 Zero-Span Spectrum Analyzer Method.

ON TIME AND DUTY CYCLE RESULTS

. . Duty Duty |Duty Cycle 1T
Mode |(3) ':n.‘rsu:ce; (Pr:::; Cycle x | Cycle | Correction | Minimum
(linear) (%) |Factor (dB) |VBW (khz)
BLE 0.172 0.625 0.275 | 27.52% 5.60 5.814

DUTY CYCLE PLOTS

| DUTY CYCLE BLE MODE |

= KgyscthSped:’umAnﬂymu B = =
NSE:INT] [ AUGNALT 01:40:38 AM Now 23, 2017 e |
E rker 3A 625 000 us Avg Type: RMS TRACE 56 Marker
PNO: Fast —»— Trig: FreeRun TYPE(W
IFGain:Low Atten: 10 dB DET|A

Select Marker»
3

10 d8/div._ Ref 0.00 dBm
Log

FixedD]

Center 2.440000000 GHz Span 0 Hz|
Res BW 8 MHz #VBW 50 MHz* Sweep 1.000 ms (1001 pts)

WMEE—-_
209.0 us -56.06 dBm
172.0us (B) 1.33dB
625.0 us (A) 0.04dB

Properties»

Sowo~NOOs

STATUS
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7.3.1. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS
6 dB Bandwidth | Minimum Limit
Channel Frequency (MHz2) (MHz2)
Low 2402 0.600 0.5
Middle 2440 0.682 0.5
High 2480 0.608 0.5

6dB LOW CH

‘= Keysight Spectrum Analyzer - APvIA1(102017)12506, Chamber A =T

X RF 50 © SENSE:INT ALIGN AUT 12:30:09 AM Nov 29, 2017
enter Freq 2.402000000 GHz #Avg Type: RMS TRaCE[T] 3156
ﬁ 9 PNO: Wide —»— Trig: Free Run Avg|Hold: 20120 TVRE| My

IFGain:Low #Atten: 40 dB DeT|P

Frequency

Auto Tune|
Ref Offset 10.5 dB
f% afE'J'du.- Ref 30.00 dBm

Center Freq
2.402000000 GHz,

StartFreq
2.401000000 GHz,

¥R T I Stop Freq
2403000000 GHz

CF Step
200.000 kHz,
uto Man

Freq Offset
0 Hz|

Scale Type
Lin|

A
Center 2.402000 GHz Span 2.000 MHz|[-°¢
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts};

MG STATUS|
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6dB MID CH

== Keysight Spectrum Analyzer - APvT4.1(102017)12506, Chamber A ==
T — - — T T S

iF 50 ¢ C | SENSE:INT] ALIGN A [12:01:29 AM Nov 29, 2017 | E——
enter Freq 2.440000000 GHz #Avg Type: RMS e[ 233586

E » PNO: Wide —»— 1rig: Free Run AvglHold: 20120

IFGain:Low #Atten: 40 dB

Auto Tune

Ref Offset 105 dB
10de/div - Ref 30.00 dBm
Log

CenterFreq
2.440000000 GHz

StartFreq
2.439000000 GHz

Stop Freq
2.441000000 GHz,

CF Step
200.000 kHz

Auto Man

Freq Offset
0 Hz!

Scale Type

A
|Center 2.440000 GHz Span 2.000 MHz| Lin
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms |1 001 pts)

MSG STATUS

6dB HIGH CH

w Keysight Spectrum Analyzer - APv1.4.1(102017),12506, Chamber A === 1-
% - | FF | E| 1 | SENSE:INT] ] ALIGN AUTD  [12:45:25 AM Nov 29, 2047 | -1
enter Freq 2.480000000 GHz #Avg Type: RMS TRacE[ 56
4 PNO: Wide —»— 1rig: Free Run Avg|Hold: 20120 TVPE| My

IFGain:Low #Atten: 40 dB peT|P

Frequency

Auto Tune

Ref Offset 10.6 dB

Ii_O dB/div. - Ref 30.00 dBm
og

CenterFreq
2.480000000 GHz|

StartFreq
2.479000000 GHz|

Stop Freq
2.481000000 GHz,

CF Step
200.000 kHz|
Auto Man

Freq Offset
0 Hz

Scale Type
A

|Center 2.480000 GHz Span 2.000 MHz; Lin
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)

MSG STATUS|
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7.3.2. 99% BANDWIDTH

LIMITS

None; for reporting purposes only.

Test Procedure

The transmitter output is connected to the spectrum analyzer. The RBW is set to 1% to 3% of
the 99 % bandwidth and to 1% of the span. The VBW is set to 3 times the RBW. The sweep
time is coupled. The spectrum analyzer internal 99% bandwidth function is utilized.

RESULTS
Frequency 99% Bandwidth
Channel (MHz) (MHz)
Low 2402 1.0414
Middle 2440 1.0475
High 2480 1.0574

OBW LOW CH

Agilent Spectrum Analyzer - Occupied BW
. - T

[Center Freq 2.402000000 GHz

HIFGain:Low

EHGE:INT ALIGN A
Center Freq: 2.402000000 GHz
Avg|Hold: 1010

Trig: Free Run
#Atten: 10 dB

08:50:48 AM Dec 28, 2017
Radio Std: None

Radic Device: BTS

Ref Offset 105 dB

10 dBidiv Ref 10.00 dBm

Log

Frequency

2.402000000 GHz

CenterFreq

Center 2.402 GHz
#Res BW 18 kHz

#VBW 51 kHz

Span 2 MHz
Sweep 5.933 ms

Qccupied Bandwidth

Transmit Freq Error
x dB Bandwidth

Total Power

1.0414 MHz
-16,050 kHz
1.279 MHz

OBW Power
x dB

2.35 dBm

|Auto Man

CF Step
200.000 kHz|

99.00 %

Freq Offset
0 Hz|

-26.00 dB
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OBW MID CH

Agilent Spectrum Analyzer - O«
RE

S0 DC
2.440000000 GHz

#IFGain:Low

|08:46:21 AM Dec 28, 2017
Radio Std: None

Radio Device: BTS

Ref Offset 10.5 dB

10 dBidiv Ref 10.00 dBm

Log

Frequency

2.440000000 GHz

CenterFreq

Center 2.44 GHz
Res BW 18 kHz

#/BW 51 kHz

Span 2 MHz
Sweep 5.933 ms|

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

OBW HIGH CH

Total Power

1.0475 MHz
-17.344 kHz
1.283 MHz

OBW Power
x dB

| RF 50 & [
enter Freq 2.480000000 GHz

#IFGain:Low

Trig: Free Run
#Arten: 10 dB

ENSE:INT
I Center Fraq: 2.430000000 GHz
Avg|Hold: 1010

2.23 dBm

Auto

CF Step
200.000 kHz|
Man

99.00 %

Freq Offset,
0 Hz|

-26.00 dB

STATUS

ALIGNALUTO | 08:53:00 AM Dex 28, 2017
Radio Std: None

Radio Device: BTS

Ref Offset 10.5 dB

10 dBidiv Ref 10.00 dBm

Log

Frequency

2.480000000 GHz

CenterFreq|

Center 2.48 GHz
Res BW 18 kHz

#VBW 51 kHz

Span 2 MHz
Sweep 5.933ms

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

Total Power

1.0574 MHz
-20.370 kHz
1.323 MHz

OBW Power
x dB

2.45 dBm

JAuto

CF Step
200,000 kHz|
Man|

99.00 %

Freq Offset,
0 Hz|

-26.00 dB

STATUS
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DATE: JANUARY 05, 2018

MODEL: MS-300a

7.3.3. AVERAGE POWER

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 10.5 dB (consisting of 10 dB pad and 0.5 dB cable) is
entered as an offset in the power meter to enable direct reading of the power. The power meter

is gated to measure average power during the ON time of the transmitter.

RESULTS
Frequency AV Power
Channel (MH2) (dBm)
Low 2402 -1.93
Middle 2440 -1.93
High 2480 -1.97
TEST _
ENGINEER: 12506 Date: 11/27/17
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MODEL: MS-300a

7.3.4. OUTPUT POWER

LIMITS

FCC §15.247 (b)

The maximum antenna gain is less than or equal to 6 dBi, therefore the limit is 30 dBm.

TEST PROCEDURE

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 10.5 dB (consisting of 10 dB pad and 0.5 dB cable) is
entered as an offset in the power meter to enable direct reading of the power. The power meter
is gated to measure peak power during the ON time of the transmitter.

RESULTS
Peak Power . .
Frequency - Limit Margin
Channel Readin
(MHz) ( dBm)g (dBm) | (dB)
Low 2402 -1.58 30 -31.58
Middle 2440 -1.55 30 -31.55
High 2480 -1.62 30 -31.62
TEST )
ENGINEER: 12506 Date: 11/27/17
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7.3.5. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)

The power spectral density conducted from the transmitter to the antenna shall not be greater
than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

RESULTS
Frequency PSD Limit Margin

Channel | " MHz) | (dBm) | (dBm) | (dB)
Low 2402 | -18.735 8 26.735
Middle 2440 | -18.758 8 126.758
High 2480 | -18.958 8 -26.958

CPSD LOW CH

"= Keysight Spectrum Analyzer - APvi A 1(102017) 12506, Chamber A

oL F 5 D
[Center Freq 2.402000000 GHz

PNO: Wide —»— 1rig: Free Run
IFGain:Low #Atten: 40 dB

Ref Offset 10.5 dB
ﬂo defdiv  Ref 30.00 dBm
og

==

ALIGN AUTO 12:34:40 AM Nov 29, 2017
#Avg Type: RMS TRACE] [

Frequency

Avg|Hold: 1001100 TYPE[M iy
peT|P

Auto Tune

A

CenterFreq
2.402000000 GHz,

StartFreq
2.401500000 GHz,

Stop Freq
2.,402500000 GHz|

Auto Man

CF Step
100.000 kHz

Freq Offset
0Hz

Center 2.4020000 GHz
#Res BW 3.0 kHz #VBW 9.1 kHz

MSG

Span 1.000 MHz

Scale Type

Lin

Sweep 33.93 ms (1001 pts)|

STATUS.
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CPSD MID CH

== Keysight Spectrum Analyzer - APvT4.1(102017)12506, Chamber A ==
T — - — T S

— - - | SENSE:INT| ALIGN A [12:10:20 AM Nov 29, 2017 |

enter Freq 2.440000000 GHz #Avg Type: RMS e[ 315 €
E - PNO: Wide —»— 1rig: Free Run AvglHold: 100/100 TYPE[M
IFGain:Low #Atten: 40 dB oeT|P

Frequency

Auto Tune

Ref Offset 105 dB
10de/div - Ref 30.00 dBm
Log

CenterFreq
2.440000000 GHz

StartFreq
2.439000000 GHz

Stop Freq
2.441000000 GHz,

CF Step
200.000 kHz

Auto Man

Freq Offset
0 Hz!

Scale Type
A

|\Center 2.440000 GHz Span 2.000 MHz| Lin
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 67.80 ms |1 001 pts)

MSG STATUS

CPSD HIGH CH

T Keyight Spactrim Analyzes - APv7 4 J000IT) 12506, Charber & e ST
P i DC SENSEINT 12:49:12 AM Nov 29, 2017 |

Frequency

enter Freq 2.480000000 G T #AvgType:RMS
E BERED 1 2 PHNE:Mde —— Trig: Free Run Avg|Hold: 100/100 TYPE| M

IFGain:Low #Atten: 40 dB CETIP

Auto Tune
Ref Offset 10.5 dB
Ii% éﬁss'dw Ref 30.00 dBm

Center Freq
2.480000000 GHz|

StartFreq
2.479500000 GHz

StopFreq
2.480500000 GHz

CF Step
100.000 kHz

Auto Man

Freq Offset
0 Hz!

Scale Type

Lin

‘Center 2.4800000 GHz Span 1.000 MHz|
i#Rfs BW 3.0 kHz #VBW 9.1 kHz Sweep 33.93 ms |1 001 pts)

MSG STATUS.
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7.3.6. CONDUCTED BANDEDGE AND SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)

Output power was measured based on the use of a peak measurement, therefore the required
attenuation is 20 dB.

RESULTS

CBE LOW CH

‘= Keysight Spectrum Analyzer - APvT.4 1(102017)12506, Chamber A ==

- ALIGN AUTC __[12:36:12 AM Nov 29, 2017 r—
enter Freq 2.400000000 GHz #Avg Type: RMS TRAGE| 56
¢ - PNO: Wide —+— 1rig: Free Run Avg|Hold: 1001100 i -

IFGain:Low #Atten: 40 dB

Auto Tune

Ref Offset 10.56 dB

WLU deidiv._ Ref 30.00 dBm
og

CenterFreq
2.400000000 GHz

StartFreq
2.395000000 GHz

Stop Freq
2.405000000 GHz,

A
Center 2.400000 GHz Span 10.00 MHz CF Step
#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 pts) 1.000000 MHz,
i = - - |Auto Man

2.401 96 GHz -1.662 dBm
2.400 00 GHz -36.952 dBm
2.308 63 GHz -36.852 dBm Freq Offset
0 Hz

Scale Type

LSOO~ E W

~

;
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CBE MID CH

‘= Keysight Spectrum Analyzer - APV 1(102017)12506, Chamber A [ [ e e

L | [ [500 OC SE il | ALIGN AUTO  [12:13:24 AM Nov 29, 2017 | Frequency
enter Freq 2.440000000 GHz PAva Typa: RMS T 5 6

¢ - PNO: Wide —»— 17ig: Free Run Avg|Held: 1001100 TII]Z:!E i

IFGain:Low #Atten: 40 dB
Auto Tune

Ref Offset 10.5 dB
ii_%éﬁE."dl': Ref 30.00 dBm

CenterFreq
2.440000000 GHz

StartFreq
2.435000000 GHz

Stop Freq
2.445000000 GHz,

CF Step
1.000000 MHz

Auto Man

Freq Offset
0 Hz!

Scale Type

A
|Center 2.440000 GHz Span 10.00 MHz| Lin
[#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 Qt;)_@

MSG STATUS.

CBE HIGH CH
= Keysight Spectrum Analyzer - APv7.A 1(102017)12506, Chamber A ==
S T T T I st il 1 To [1zs0:18AMNov29.2017 [ |

Eenter Freq 2.483500000 GHz "

#Avg Typ:ﬁ‘l:ﬂ.s- : 23456 Frequency
PNO: Wide —»— 1rig: Free Run Avg|Held: 100100 TVRE[M vttt
IFGain:Low #Atten: 40 dB

Auto Tune
Ref Offset 10.5 dB
WLD dBidiv__ Ref 30.00 dBm

og

CenterFreq
2.483500000 GHz|

StartFreq
2.478500000 GHz,

Stop Freq
2.488500000 GHz,

A
Center 2.483500 GHz Span 10.00 MHz| CF Step

#Res BW 100 kHz #VBW 300 kHz Sweep 5.000 ms (1001 pts)||  1.000000 MHz
- — ——— |Auto Man

— |
2.479 96 GHz 1.764 dBm
248470GHz  -30.643 dBm
2.483 50 GHz 40.722 dBm Freq Offset
0 Hz

Scale Type
Lin

STATUS|
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CSPUR LOW CH

= Keysight Spectrum Analyzer - ARV 41(102017).12506, Chamber A

%emer Freq 13.0'i 5ﬁ0bﬁ00 GHz

PNO: Fast —»— 1rig: FreeRun
IFGain:Low #Atten: 40 dB

== |

Frequency

Ref Offset 10.56 dB
Ref 30.00 dBm

Auto Tune

10 dBidiv
Log

A

CenterFreq
13.015000000 GHz

StartFreq
30.000000 MHz

Stop Freq
26.000000000 GHz

Start 30 MHz
es BW 100 kHz #VBW 300 kHz

Stop 26.00 GHz.
Sweep 957.3 ms (40001 pts|

S I T T I S A A
N 1 f 2.402 0 GHz -2.66 dBm

1 4.804 0 GHz -40.08 dBm

7.206 0 GHz -39.97 dBm
24.030 2 GHz -32.43 dBm

R HE ]
(HERE ;
N 1

ON WIDTH FUNC UE

- |Auto Man

CF Step
2 597000000 GHz

Freq Offset
0 Hz!

Scale Type

Log Lin

STATUS.

I

CSPUR MID CH

w Keysight Spectrum Analyzer - APY74.1(102017).12506, Chamber A
T T o

Eenter Freq 13.015000000 GHz

PNO: Fast —»— 1rig: FreeRun
#Atten: 40 dB

 SENSE:INT]

IFGain:Low

[12:19:17 AM Nov 29, 2017
TRACE
TvPeL
oeT|P

Ref Offset 10.5 dB

10 dB/idiv__ Ref 30.00 dBm
Log

A

Start 30 MHz

Res BW 100 kHz #VBW 300 kHz

Stop 26.00 GHz'

[E=mr =

Frequency

Sweep 957.3 ms (40001 pts

-20.74 dBm
-39.92 dBm
-40.17 dBm
-32.83dBm

STATUS.
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CSPUR HIGH CH

== Keysight Spectrum Analyzer - APv7.4.1(102017) 12506, Chamber A e ==
L T F 1 &a 0 | SE T e |

F 500 DC SENSE:INT] O [12:51:54 AM Nov 29, 2017
|Center Freq 13.015000000 GHz 2

Frequency

ALIGN AT
| #Avg Type: RMS
PNO: Fast —»— 1rig: FreeRun
IFGain:Low #Atten: 40 dB

Auto Tune

Ref Offset 10.5 dB
‘LE',SB‘U“’ Ref 30.00 dBm

CenterFreq
13.015000000 GHz

01

StartFreq
30000000 MHz

Stop Freq
26.000000000 GHz

A
Start 30 MHz Stop 26.00 GHz CF Step
es BW 100 kHz #VBW 300 kHz Sweep 957.3 ms (40001 pts) | 2597000000 GHz

o = —— = Wi

W wopelTre[sel —————% T v T —Foucron | FUncronvor] —Funconval:
7 2.480 0 GHz -5.91 dBm
4.960 0 GHz 38,41 dBm
7.440 0 GHz 39.92 dBm Freq Offset
255871 GHz 32.28 dBm 0Hz

Scale Type

STATUS.
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8. RADIATED TEST RESULTS

8.1. LIMITS AND PROCEDURE

LIMITS

FCC 8§15.205 and §15.209

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uV/m) at 3 m (dBuV/m) at 3 m
0.009-0.490 2400/F(kHz) @ 300m -
0.490-1.705 24000/F(kHz) @ 30m -
1.705-30.0 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 on a non-conducting table 80 cm above the ground plane for measurement
below 1GHz; 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 measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements. Peak detection is used
unless otherwise noted as quasi-peak.

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 spectrum from 1 GHz to 18 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band. Below 1GHz and above 18GHz
emissions, the channel with the highest output power was tested.

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.
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8.2. RESTRICTED BANDEDGE (LOW CHANNEL)

LOW CHANNEL HORIZONTAL

Trace Markers

Marker Frequency Meter Det AFT862 (dB/m) ‘Amp/Cbi/Fitr/Pad (dB) DC Corr (dB) Corrected ‘Average Limit (dBuV/m) Margin Peak Limit (dBuV/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (em)
(dBuv) (dBuv/m)
1 *2.39 46.49 Pk 318 -23.2 0 55.09 - - 74 -18.91 7 111 H
2 *2.39 47.6 Pk 31.8 -23.2 0 56.2 - - 74 -17.8 7 111 H
3 *2.39 28.69 RMS 318 -23.2 5.6 42.89 54 -11.11 7 111 H
4 *2.389 30.96 RMS 318 -23.2 5.6 45.16 54 -8.84 7 111 H

* - indicates frequency in CFR47 Pt 15 - Restricted Band
Pk - Peak detector
RMS - RMS detection
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LOW CHANNEL VERTICAL

Trace Markers

Marker Frequency Meter Det AFT862 (dB/m) ‘Amp/Cbi/Fitr/Pad (dB) DC Corr (dB) Corrected ‘Average Limit (dBuV/m) Margin Peak Limit (dBuV/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (em)
(dBuv) (dBuv/m)
1 *2.39 41.3 Pk 318 -23.2 0 49.9 - - 74 -24.1 71 363 \
2 *2.39 41.32 Pk 31.8 -23.2 0 49.92 - - 74 -24.08 71 363 v
3 *2.39 26.99 RMS 318 -23.2 5.6 41.19 54 -12.81 - - 71 363 \
4 *2.389 27.78 RMS 31.8 -23.2 5.6 41.98 54 -12.02 - - 71 363 \

* - indicates frequency in CFR47 Pt 15 - Restricted Band
Pk - Peak detector
RMS - RMS detection
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8.3. AUTHORIZED BANDEDGE (HIGH CHANNEL)

HIGH CHANNEL HORIZONTAL

I"\\i.

M'“dhum-l R Lo i
e

Trace Markers

Marker Frequency Meter Det AFT862 (dB/m) ‘Amp/Cbi/Fitr/Pad (dB) DC Corr (dB) Corrected ‘Average Limit (dBuV/m) Margin Peak Limit (dBuV/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (dB) (dB) (Degs) (em)
(dBuv) (dBuv/m)
1 *2.484 55.75 Pk 323 -23.1 0 64.95 - - 74 -9.05 190 124 H
2 *2.484 56.04 Pk 323 -23.1 0 65.24 - - 74 -8.76 190 124 H
3 *2.484 285 RMS 323 -23.1 5.6 433 54 -10.7 - - 190 124 H
4 *2.484 37.54 RMS 323 -23.1 5.6 52.34 54 -1.66 - - 190 124 H

* - indicates frequency in CFR47 Pt 15 - Restricted Band
Pk - Peak detector
RMS - RMS detection
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HIGH CHANNEL VERTICAL

Trace Markers

Marker Frequency Meter Det ‘AF 1862 (dB/m) ‘Amp/Cbi/Fitr/Pad (dB) DC Corr (dB) Corrected ‘Average Limit (dBuv/m) Margin Peak Limit (dBuV/m) PK Margin ‘Azimuth Height Polarity
(GHz) Reading Reading (d8) (d8) (Degs) (cm)
(dBuv) (dBuv/m)
1 2484 54.68 Pk 323 231 o 63.88 74 1012 67 388 v
2 2484 54.94 Pk 323 231 o 64.14 - 74 9.86 67 388 v
3 2484 34.75 RMS 323 231 56 4955 54 445 67 388 v
a *2.484 34.86 RMS 323 231 56 49,66 54 438 67 388 v

* - indicates frequency in CFR47 Pt 15 - Restricted Band

Pk - Peak detector
RMS - RMS detection
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8.4. HARMONICS AND SPURIOUS EMISSIONS 1 TO 18 GHz

LOW CHANNEL HORIZONTAL

LOW CHANNEL VERTICAL

Page 32 of 47
UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701I
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.




REPORT NO: 11717038-E1V2 DATE: JANUARY 05, 2018
FCC ID: 2ADNG-MS300a MODEL: MS-300a

Radiated Emissions

Frequency Meter Det AFT862 Amp/Cbl/Fitr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuv/m) (dB) (dBuV/m) (dB) (Degs) (cm)
(dBuv) (dBuv/m)
*4.804 41.88 PK2 34.2 -27.7 0 48.38 - - 74 -25.62 3 124 H
*4.804 31.93 MAv1 34.2 -27.7 5.6 44.03 54 -9.97 - 3 124 H
*4.881 36.74 PK2 341 -273 0 43.54 - - 74 -30.46 218 385 H
*4.882 24.23 MAv1 34.1 -27.3 5.6 36.63 54 -17.37 - 218 385 H
*5.014 41.87 PK2 343 -28.4 0 47.77 - 74 -26.23 351 114 H
*5.014 25.78 MAv1 343 -28.4 5.6 37.28 54 -16.72 - - 351 114 H
*4.803 38 PK2 34.2 -27.7 0 44.5 - 74 -29.5 176 105 A
*4.804 26.75 MAv1 34.2 -27.7 5.6 38.85 54 -15.15 - - 176 105 v
*4.815 35.79 PK2 34.2 -27.6 0 42.39 - - 74 -31.61 172 254 2
*4.814 23.82 MAv1 34.2 -27.6 5.6 36.02 54 -17.98 - - 172 254 Vv
*5.015 37.44 PK2 343 -28.4 0 43.34 - - 74 -30.66 341 392 A
*5.015 25.07 MAv1 34.3 -28.4 5.6 36.57 54 -17.43 - - 341 392 v

* - indicates frequency in CFR47 Pt 15 - Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average
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MID CHANNEL HORIZONTAL

MID CHANNEL VERTICAL
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Radiated Emissions

Frequency Meter Det AFT862 Amp/Cbl/Fltr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (em)
(dBuv) (dBuv/m)

*4.879 41.94 PK2 341 -273 0 48.74 - - 74 -25.26 265 101 H
*4.88 32.66 MAv1 34.1 -27.3 5.6 45.06 54 -8.94 - - 265 101 H
*5.014 411 PK2 343 -28.4 0 47 - - 74 -27 230 133 H
*5.015 25.38 MAv1 343 -28.4 5.6 36.88 54 -17.12 - 230 133 H
*4.88 38.69 PK2 341 -273 0 45.49 - - 74 -28.51 352 101 \Y
*4.88 26.89 MAv1 34.1 -27.3 5.6 39.29 54 -14.71 - - 352 101 Vv
5.151 36.88 PK2 34.4 -26.7 0 44.58 - - - - 132 194 H
6.448 33.55 PK2 35.8 -23.8 (] 45.55 - - - - 153 206 v
13.602 32.99 PK2 39.2 -18.8 0 53.39 - - - - 334 105 \Y

* - indicates frequency in CFR47 Pt 15 - Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAv1 - KDB558074 Option 1 Maximum RMS Average
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HIGH CHANNEL HORIZONTAL

HIGH CHANNEL VERTICAL
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Radiated Emissions

Frequency Meter Det AFT862 Amp/Cbl/Fltr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Margin Azimuth Height Polarity

(GHz) Reading (dB/m) Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) (dB) (Degs) (em)
(dBuv) (dBuv/m)

*1.065 37.84 PK2 27.3 -23.9 0 41.24 - 74 -32.76 128 369 \Y
*1.063 24.37 MAv1 27.3 -23.9 5.6 33.37 54 -20.63 - - 128 369 \
*4.96 43.05 PK2 34.2 -27.9 0 49.35 - - 74 -24.65 267 119 H
*4.96 32.93 MAv1 342 -27.9 5.6 44.83 54 -9.17 - 267 119 H

*5.016 41.23 PK2 343 -28.4 0 47.13 - - 74 -26.87 255 135 H

*5.016 25.39 MAv1 343 -28.4 5.6 36.89 54 -17.11 - - 255 135 H
1.868 36.28 PK2 31 -23.2 0 44.08 - - - - 36 270 H
213 40.71 PK2 311 -233 (] 48.51 - - - - 181 102 v
12.979 19.67 MAv1 39.3 -18.6 5.6 45.97 - - - - 5 113 \Y
12.98 31.51 PK2 39.3 -18.6 0 52.21 - - - - 5 113 \

* - indicates frequency in CFR47 Pt 15 - Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAvV1 - KDB558074 Option 1 Maximum RMS Average
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8.5. WORST-CASE BELOW 30 MHz

SPURIOUS EMISSIONS BELOW 30MHz (WORST-CASE CONFIGURATION)

FACE ON AND FACE OFF PLOTS

[
V(=3B 30
-1

NOTE: KDB 414788 OATS and Chamber Correlation Justification

- Based 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.

- OATs and chamber correlation testing had been performed and chamber measured test result
is the worst case test result.

Trace Markers

Marker Frequency Meter Det Loop Cbl Dist Corr Corrected QP Limit Margin Azimuth
(MHz) Reading Antenna (dB) 30m Reading (dBuV/m) (d8) (Degs)
(dBuv) (dB/m) (dBuVolts)

8 66712 36.27 Pk 116 1 -40 7.97 31.13 -23.16 0-360
1 72765 36.5 Pk 116 1 -40 8.2 30.38 -22.18 0-360
7 86373 34.59 Pk 11.6 1 -40 6.29 28.89 -22.6 0-360
3 1.07178 31.55 Pk 116 2 -40 335 27.02 -23.67 0-360
2 1.17476 29.85 Pk 116 2 -40 1.65 26.23 -24.58 0-360
9 1.30423 30.05 Pk 11.6 2 -40 1.85 25.32 -23.47 0-360
10 1.80299 26.79 Pk 117 2 -40 -1.31 29.5 -30.81 0-360
11 15.98819 14.59 Pk 10.2 6 -40 -14.61 29.5 -44.11 0-360
12 18.22043 13.12 Pk 9.9 6 -40 -16.38 29.5 -45.88 0-360
6 21.06051 12.04 Pk 9.6 7 -40 -17.66 29.5 -47.16 0-360
5 23.88592 12.95 Pk 9.2 7 -40 -17.15 29.5 -46.65 0-360
4 27.19603 11.72 Pk 8.8 8 -40 -18.68 29.5 -48.18 0-360

Pk - Peak detector
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8.6. WORST-CASE BELOW 1 GHz

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)

HORIZONTAL PLO

05—
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VERTICAL PLOT

=

DATA

Trace Markers

Marker Frequency Meter Det AF T130 (dB/m) Amp/Cbl (dB/m) DC Corr (dB) Correcte QPk Limit Margin Azimuth Height Polarity
(MHz) Reading d (dBuV/m) (dB) (Degs) (cm)
(dBuVv) Reading
(dBuV/m)
2 *136.9152 32.39 Pk 174 -26 0 23.79 43.52 -19.73 0-360 200 H
3 *131.0061 31.51 Pk 17.9 -26 0 23.41 43.52 -20.11 0-360 300 H
1 70.0454 33.81 Pk 121 -26.7 0 19.21 40 -20.79 0-360 100 H
4 148.4782 35.35 Pk 16.6 -25.9 0 26.05 43.52 -17.47 0-360 100 \4
5 297.0126 39.13 Pk 17.3 -24.6 0 31.83 46.02 -14.19 0-360 300 \4
6 519.7416 36.64 Pk 21.7 -25.3 0 33.04 46.02 -12.98 0-360 200 \

* - indicates frequency in CFR47 Pt 15 - Restricted Band
Pk - Peak detector
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8.7. WORST-CASE ABOVE 18 GHz

SPURIOUS EMISSIONS 18 TO 26 GHz (WORST-CASE CONFIGURATION)

HORIZONTAL PLOT

UL EMC
s epoiis

- } parel
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Elﬁ-_’-‘ﬁ&‘l: Test . TST 38915 & Jon 2815

VERTICAL PLOT

UL EMC
s epoiis

Elﬁ-_’-‘ﬁ&‘l: Test . TST 38915 & Jon 2815
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Data

Trace Markers

Marker Frequency Meter Det T89 AF Amp/Cbl Dist Corr Corrected Avg Limit Margin Peak Limit PK Margin
(GHz) Reading (dB/m) (dB) (dB) Reading (dBuVim) (dB) (dBuVim) (dB)
(dBuv) (dBuVolts)
1 18.741 36.4 Pk 32.6 -24.6 -9.5 34.9 54 -19.1 74 -39.1
2 19.688 36.94 Pk 325 -25.1 -9.5 34.84 54 -19.16 74 -39.16
3 23.431 36.67 Pk 33.3 -24.4 -9.5 36.07 54 -17.93 74 -37.93
4 18.714 36.32 Pk 325 -24.6 -9.5 34.72 54 -19.28 74 -39.28
5 21.79 35.7 Pk 333 -24.8 -9.5 34.7 54 -19.3 74 -39.3
6 23.278 36.27 Pk 335 -24.7 -9.5 35.57 54 -18.43 74 -38.43

Pk - Peak detector
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9. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

Frequency of Emission (MHz) Conducted Limit (dBuV)
Quasi-peak | Average
0.15-0.5 66 to 56 * 56 to 46 *
0.5-5 56 46
5-30 60 50

*Decreases with the logarithm of the frequency.

TEST PROCEDURE

The EUT is placed on a non-conducting table 40 cm from the vertical ground plane and 80 cm
above the horizontal ground plane. The EUT is configured in accordance with ANSI C63.10.

The receiver is set to a resolution bandwidth of 9 kHz. Peak detection is used unless otherwise
noted as quasi-peak or average.

Line conducted data is recorded for both NEUTRAL and HOT lines.

RESULTS
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9.1. EUT POWERED BY HOST PC VIA USB CABLE

LINE 1 RESULTS

WORST EMISSIONS

Range 1: Line-L1.15 - 30MHz

Marker Frequency Meter Det LISN L1 LC Cables Limiter (dB) Corrected CFR 47 Part QP Margin CFR 47 Part Av(CISPR)M
(MHz) Reading C1&C3 Reading 15 Class C (dB) 15 Class C argin
(dBuV) dBuV Qp Avg (dB)
1 .21975 27.55 Qp 0 0 10.1 37.65 62.83 -25.18 - -
2 .23325 15.71 Ca 0 0 10.1 25.81 - - 52.33 -26.52
3 .3975 18.89 Qp 0 0 10.1 28.99 57.91 -28.92 - -
4 .39525 14.36 Ca 0 0 10.1 24.46 - - 47.95 -23.49
5 .55275 24.4 Qp 0 0 10.1 34.5 56 -21.5 -
6 .5505 13.72 Ca 0 0 10.1 23.82 - - 46 -22.18
7 79575 20.1 Qp 0 0 10.1 30.2 56 -25.8 -
8 79575 10.03 Ca 0 0 10.1 20.13 - - 46 -25.87
9 1.3965 16.59 Qp 0 1 10.1 26.79 56 -29.21 - -
10 1.383 8.91 Ca 0 1 10.1 19.11 - - 46 -26.89
11 8.13525 33.93 Qp 0 2 10.2 44.33 60 -15.67 -
12 8.13525 27.57 Ca 0 2 10.2 37.97 - - 50 -12.03

Qp - Quasi-Peak detector

Ca - CISPR average detection
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LINE 2 RESULTS

WORST EMISSIONS

Range 2: Line-L2 .15 - 30MHz
Marker Frequency Meter Det LISN L2 LC Cables Limiter (dB) Corrected CFR 47 Part QP Margin CFR 47 Part Av(CISPR)M
(MHz) Reading C2&C3 Reading 15 Class C (dB) 15 Class C argin
(dBuV) dBuV Qp Avg (dB)
13 .1995 25.97 Qp 0 0 10.1 36.07 63.63 -27.56 - -
14 .20175 20.08 Ca 0 0 10.1 30.18 - - 53.54 -23.36
15 .2625 24.64 Qp 0 0 10.1 34.74 61.35 -26.61 - -
16 .2625 11.05 Ca 0 0 10.1 21.15 - - 51.35 -30.2
17 4425 18.24 Qp 0 0 10.1 28.34 57.01 -28.67 - -
18 44025 4.92 Ca 0 0 10.1 15.02 - - 47.06 -32.04
19 .50775 19.51 Qp 0 0 10.1 29.61 56 -26.39 - -
20 .501 10.13 Ca 0 0 10.1 20.23 - - 46 -25.77
21 .8925 18.67 Qp 0 0 10.1 28.77 56 -27.23 - -
22 .8925 13.17 Ca 0 0 10.1 23.27 - - 46 -22.73
23 8.17125 23.75 Qp 0 2 10.2 34.15 60 -25.85 - -
24 8.16225 17.92 Ca 0 2 10.2 28.32 - - 50 -21.68

Qp - Quasi-Peak detector

Ca - CISPR average detection
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