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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: ENERGOUS CORPORATION
3590 NORTH FIRST STREET
SAN JOSE, CA 95134 U.S.A.

EUT DESCRIPTION: WIRELESS CHARGER

MODEL NUMBER: NF-230

SERIAL NUMBER: DD017211400D

DATE TESTED: FEBRUARY 28, 2018 — MARCH 06, 2018

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/Fall 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 U.S. government.
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Reviewed By:

\Q/

TINA CHU
SENIOR PROJECT ENGINEER
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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
Chamber A (1C:2324B-1) Chamber D (1C:22541-1)
Chamber B (1C:2324B-2) Chamber E (I1C:22541-2)
[J Chamber C (IC:2324B-3) Chamber F (1C:22541-3)
Chamber G (I1C:22541-4)
Chamber H (1C:22541-5)

Ogjoioit

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.gov/standards/scopes/2000650.htm.
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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

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

4.3. MEASUREMENT UNCERTAINTY

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

Parameter Uncertainty
Conducted Disturbance, 9KHz to 0.15 MHz 3.84dB
Conducted Disturbance, 0.15 to 30 MHz 3.65dB
Radiated Disturbance, 9KHz to 30 MHz 3.15dB
Radiated Disturbance, 30 to 1000 MHz 5.36 dB
Radiated Disturbance,1000 to 18000 MHz 4.32 dB
Radiated Disturbance, 18000 to 26000 MHz 4.45 dB
Radiated Disturbance,26000 to 40000 MHz 5.24 dB
Occupied Channel Bandwidth +0.39 %

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

5.1. DESCRIPTION OF EUT

The EUT is a single client RF near-field, contact charger that operates when a receiving device
is placed on the charger pad’s surface. The charger pad uses BLE to pair with the receiving
device, and transmits a continuous carrier wave signal at 918 MHz frequency.

5.2. MAXIMUM OUTPUT POWER

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

Freguency Range Mode Output Power Output Power
(MHz) (dBm) (mw)
2402 - 2480 BLE -0.65 0.86
5.3. DESCRIPTION OF AVAILABLE ANTENNAS
Frequency Band Antenna Peak Gain
(GHz) (dBi)
2.4 0.53
5.4. SOFTWARE AND FIRMWARE

The firmware installed in the EUT during testing was 3.0.1.64.
The software installed in the EUT during testing was Direct Test Mode 1.23.0.0
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5.5. WORST-CASE CONFIGURATION AND MODE

Radiated band edge, harmonics, and spurious emissions from 1 GHz to 18GHz 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 EUT is a tabletop device. Therefore, all final radiated testing was performed with the EUT in
tabletop orientation.

Worst-case data rate as provided by the client was:

BLE: 1 Mbps.
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DATE: MARCH 12, 2018

5.6.

SUPPORT EQUIPMENT

DESCRIPTION OF TEST SETUP

Laptop AC/DC Adapter Dell LA130PM121 CN-0VJCH5-72438-66L-0D19-A03 NA
Laptop Dell M4800 3074 NA
AC/DC Adapter CUI INC SMI10-S 3517HB NA

I/O CABLES (CONDUCTED TEST)

1 AC 1 AC Unshielded 1 AC Mains to AC/DC Adapter
2 DC 1 DC Unshielded 1.5 AC/DC Adapter to Laptop

3 USB 1 UART Unshielded 2 EUT to Laptop

4 Antenna 1 SMA Unshielded 0.05 To spectrum analyzer

5 usB 1 micro USB | Unshielded 1 EUT to AC/DC adapter

I/O CABLES (RADIATED TEST)

1 AC 1 AC Unshielded 1 AC Mains to AC/DC Adapter
2 DC 1 DC Unshielded 1.5 AC/DC Adapter to Laptop

3 usB 1 UART Unshielded 2 EUT to Laptop

4 USB 1 micro USB | Unshielded 1 EUT to AC/DC adapter

I/O CABLES (AC POWER CONDUCTED TEST)

1 USB

micro USB

Unshielded

EUT to AC/DC adapter
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TEST SETUP-CONDUCTED TEST

The EUT was connected to the test laptop via USB cable. Test software exercised the EUT.

SETUP DIAGRAM

4 —
Spectrum EUT 3
Analyzer
Laptop
2
5
AC/DC Adapter
i 1
AC MAINS
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TEST SETUP- RADIATED TEST

The EUT was powered by an AC/DC adapter via USB cable. Test software exercised the EUT.

SETUP DIAGRAM

Antenna/Amp
Radiated Test

Spectrum Analyzer

ACI/DC
adapter 1

AC MAINSS LISN .
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TEST SETUP- AC LINE CONDUCTED TEST

The EUT was powered by an AC/DC adapter via USB cable. Test software exercised the EUT.

SETUP DIAGRAM

;I:.ﬂ"\]

Spectrum Analyzer
EUT

ACI/DC
adapter

AC MAINSS LISN

- ] 0 I o N S g

Conducted Test
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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, Active Loop 9KHz to 30MHz COM-POWER AL-130R PRE0165308 | 12/18/2018
Amplifier, 10KHz to 1GHz, 32dB INg'I(')I'?\Il?I\/'\IAé\NT 310N T300 12/11/2018
Spectrum Analyzer, PXA 3Hz to 44GHz Keysight N9030A T1466 04/11/2018
Antenna, Horn 1-18GHz ETS Lindgren 3117 T863 06/09/2018
Amplifier, 1 to 18GHz Miteq AFS4225'?§_14021800' T493 12/16/2018
Antenna, Broadband Hybrid, 30MHz to Sunol Sciences B3 T899 06/15/2018
2000MHz
o SONOMA
Amplifier, 10KHz to 1GHz, 32dB INSTRUMENT 8447D T10 02/14/2019
Spectrum Analyzer, PXA 3Hz to 44GHz Keysight N9030A T1454 01/08/2019
Antenna Horn, 18 to 26GHz ARA MWH-1826/B T449 06/12/2019
Amplifier, 1 to 26.5GHz 23.5dB gain Keysight 84498 T404 07/23/2018
Minimum
Spectrum Analyzer, PXA, 3Hz to 44GHz Keysight N9030A-544 T1113 12/21/2018
Power Meter, P-series single channel Keysight N1912A T1245 05/12/2018
Power Sensor Keysight N1921A T413 06/22/2018
AC Line Conducted
EMI TEST RECEIVER 10Hz-26.5GHz Rohde & Schwarz ESCI7 PRE0176493 02/21/2019
LISN for Conducted Emissions CISPR-16 Fischer 50/250-25-2-01 T1310 06/15/2018
Power Cable, Line Conducted Emissions UL PG1 T861 08/31/2018
UL AUTOMATION SOFTWARE
Radiated Software UL UL EMC Ver 9.5, Dec 01, 2016
Conducted Software UL UL EMC Ver 8.0, Feb 15, 2018
AC Line Conducted Software UL UL EMC Ver 9.5, May 26, 2015

NOTES:

1. Equipment listed above that calibrated during the testing period was set for test after the

calibration.

2. Equipment listed above that has a calibration due date during the testing period, the testing is
completed before equipment expiration date.
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7. MEASUREMENT METHODS

On Time and Duty Cycle: KDB 558074 D01 v04, Section 6.

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

Occupied BW (99%): ANSI C63.10-2013 Section 6.9.3

Output Power: KDB 558074 D01 v04, Section 9.1.3.

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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8. ANTENNA PORT TEST RESULTS

8.1. ON TIME, DUTY CYCLE

LIMITS

None; for reporting purposes only.

PROCEDURE

KDB 558074 Zero-Span Spectrum Analyzer Method.

ON TIME AND DUTY CYCLE RESULTS

Mode ON Time| Period |Duty Cycle Duty Duty Cycle 1/B
B X Cycle [Correction Factor|Minimum VBW
(msec) [ (msec)| (linear) (%) (dB) (kHz)
BLE 0.182 0.625 0.291 29.10% 5.36 5.504
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DUTY CYCLE PLOTS

DUTY CYCLE BLE

' Keysight Spectrum Analyzer - Swept SA

[E=E |

L [ R [s0@ DC |
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ALIGN AUTO [09:52:06 AMFeb 28, 2018
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8.2.

BLE

8.2.1. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)

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

RESULTS
Channel Frequency | 6dB Bandwidth | Minimum Limit
(MH2z) (MH2z) (MH2z)
Low 2402 0.6240 0.5
Middle 2440 0.6240 0.5
High 2480 0.6540 0.5

6dB LOW CH

. Keysight Spectrum Analyzer - APV8.0(021418) 12506, Conducted A

=& =Sl

L | RF [s0e bc |

| | SENSE:INT|

| [09:52:38 PMMar 01, 2018

[Center Freq 2.402000000 GHz

Ref Offset 10.5 dB
‘ILD dBidiv. Ref 30.00 dBm
og

IFGain:Low

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

#Avg Type: RMS TRAEEl 358 Frequency

Avg|Hold: 20/20 T WA
DErlP

Auto Tune|

200

2.402000000 GHz|

Center Freq,

2.400500000 GHz|

StartFreq|

2.403500000 GHz|

Stop Freq

JAuto

CF Step
300.000 kHz
Man

Freq Offset|
0 Hz|

Center 2.402000 GHz
#Res BW 100 kHz

MSG

#VBW 300 kHz

Span 3.000 MHz,

Scale Type

Lin

Sweep 1.533 ms {1001 pts)

STATUS
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6dB MID CH

o Keysight Spectrum Analyzer - APVB.0(021418

),12506, Conducted A

= o]
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L [
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StartFreq|
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Auto Man
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8.2.2.99% BANDWIDTH

LIMITS

None; for reporting purposes only.

RESULTS
Frequency 99% Bandwidth
Channel (MH2) (MHz)
Low 2402 1.0229
Middle 2440 1.0254
High 2480 1.0248

OBW LOW CH

| Keysight Spectrum Analyzer - APv8.0{021418),12506, Conducted A

=]

| RF [soq bc |

| SENSE:INT]

[09:53:
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L
Center

[
‘ Center Freq: 2.402000000 GHz

Freq 2.402000000 GHz
NFE

‘ #FGain:Low

—w— Trig: Free Run
#Atten: 30 dB

Radio

Avg[Hold: 20120

Radio

Std: None

Device: BTS

Ref Offset 105 dB

10 dB/div Ref 20.00 dBm

Log
100

0.00

Frequency

Center Freq|]
2.402000000 GHz|

-10.0

-20.0

-30.0

-40.0

-50.0

-60.0

-70.0

Center 2.402 GHz
#Res BW 18 kHz

#VBW 351 kHz

Span 2 MHz

#Sweep 100 ms

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

Total Power

1.0229 MHz

4.388 kHz
1.275 MHz

% of OBW Power
x dB

-6.07 dBm

99.00 %
-26.00 dB

CF Step
200.000 kHz|

Auto Man

Freq Offset|
0 Hz|
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OBW MID CH

. Keysight Spectrum Analyzer - APV8.0(021418),12506, Conducted A

RF [soq oc | |

| SENSE:INT] [

[10:06:30 PMMar 01, 2018

[
ICenter Freq 2.440000000 GHz
NFE

‘ Center Freq: 2.440000000 GHz

‘ #FGainiLow

—w— Trig: Free Run
#Atten: 30 dB

Radio Std: None

Avg|Hold: 20/20

Radio Device: BTS

Ref Offset 10.5 dB

0 dB/div Ref 20.00 dBm

= o]

Frequency

1
Log
100

0.00

-10.0

Center Freq
2.440000000 GHz|

-20.0

-30.0

-40.0

-50.0
-60.0

-70.0 |
I \

Center 2.44 GHz
#Res BW 18 kHz

#VBW 51 kHz

Span 2 MHz
#Sweep 100 ms

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

OBW HIGH CH

Total Power

1.0254 MHz

9.007 kHz
1.264 MHz

% of OBW Power
x dB

-6.19 dBm

99.00 %
-26.00 dB

CF Step
200.000 kHz|

Auto Man

Freq Offset|
0 Hz|

| Keysight Spectrum Analyzer - APv8 0{021418),12506, Conducted A

[ESEEE |

L | RF [s02 oc | [

| SENSE:INT] |

[10:11:00 PMMar 01, 2018

ICenter Freq 2.480000000 GHz
NFE

‘ Center Freq: 2.480000000 GHz

‘ #IFGain:Low

—»— Trig: FreeRun
#Atten: 30 dB

Radio Std: None

Avg|Hold: 20/20

Radio Device: BTS

Ref Offset 10.5 dB

10 dB/div Ref 20.00 dBm

Frequency

Log
100

0.00

-10.0

Center Freq|
2.480000000 GHz

-20.0
-30.0

-40.0

-50.0

-60.0
-70.0

Center 2.48 GHz
#Res BW 18 kHz

#VBW 51 kHz

Span 2 MHz
#Sweep 100 ms

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

Total Power

1.0248 MHz
6.575 kHz
1.301 MHz

% of OBW Power
x dB
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DATE: MARCH 12, 2018

8.2.3. AVERAGE POWER

LIMITS

None; for reporting purposes only.

The cable assembly insertion loss of 10.3 dB (including 10 dB pad and 0.3 dB cable) was
entered as an offset in the power meter to allow for direct reading of power.

RESULTS
ID: 12506 Date: |3/1/2018
Channel Frequency AV power
(MHz) (dBm)
Low 2402 -0.8
Middle 2440 -0.93
High 2480 -1.07
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8.2.4. 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.

RESULTS

ID: 12506 Date: |3/1/2018

Channel Frequency Peak Power Limit Margin
Reading
(MHz) (dBm) (dBm) (dB)

Low 2402 -0.65 30 -30.65
Middle 2440 -0.72 30 -30.72
High 2480 -0.92 30 -30.92
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REPORT NO: 12150954-E1V2 DATE: MARCH 12, 2018
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8.2.5. 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
Channel | Frequency PSD Limit Margin
(MHz) (dBm) (dBm) (dB)
Low 2402 -16.97 8 -24.97
Middle 2440 -17.52 8 -25.52
High 2480 -18.13 8 -26.13

CPSD LOW CH

| Keysight Spectrum Analyzer - APv8 0{021418),12506, Conducted A = | & Jmslf
R [soq oc | | SENSE:INT] [ [09:54:11 PMMar 01, 2018

| F T
[Center Freq 2.402000000 GHz i #Avg Type: RMS TRACE[T2 345 6 Frequency
NFE PNO: Wide —»—~ 1rig: FreeRun Avg|Hold: 1001100 ks

TYF WA
|FGainiLow  #Atten: 30 dB oerlP

Auto Tune|
Ref Offset 105 dB

10 dBidiv. Ref 20.00 dBm
Log

Center Freq
2.402000000 GHz|

StartFreq|
2.401000000 GHz|

StopFreq
2.403000000 GHz

CF Step
200.000 kHz|
Auto Man

Freq Offset
0 Hz|

Scale Type

Center 2.402000 GHz Span 2.000 MHz Lin
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 67.80 ms (1001 pts)

MSG STATUS
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CPSD MID CH

o Keysight Spectrum Analyzer - APVB.0(021418

),12506, Conducted A

= o]

RF [soq oc |

SENSE:INT] [

[10:06:57 PMMar 01, 2018

L [
[Center Freq 2.440000000

[
GHz

NFE

Ref Offset 105 dB
Ref 20.00 dBm

PNO: Wide —»— 1rig: FreeRun
IFGain:Low #Atten: 30 dB

#Avg Type: RMS
Avg[Hold: 1001100

TRACE

Frequency

Auto Tune|

10 dBfdiv
Log

Center Freq
2.440000000 GHz|

StartFreq
2.439000000 GHz|

Stop Freq
2.441000000 GHz|

CF Step
200.000 kHz|

Auto Man

Freq Offset|
0 Hz|

Center 2.440000 GHz
#Res BW 3.0 kHz

MSG

CPSD HIGH CH

#VBW 9.1 kHz

Span 2.000 MHz
Sweep 67.80 ms (1001 pts)

STATUS

Scale Type

Lin|

| Keysight Spectrum Analyzer - APv8 0{021418),12506, Conducted A

= o s

RF [soq oc |

SENSE:INT] [

[10:11:27 PMMar 01, 2018

-
[Center Freq 2.480000000
NFE

[
GHz

Ref Offset 105 dB
Ref 20.00 dBm

10 dBldiv
Log

PNO: Wide —»— 1rig: FreeRun

IFGain:Low #Atten: 30 dB

#Avg Type: RMS
Avg[Hold: 100100

TRACEl 73456

Frequency

T ¥
m—:r|F

Auto Tune|

100

Center Freq
2.480000000 GHz|

StartFreq|
2.479000000 GHz|

StopFreq
2.481000000 GHz

CF Step
200.000 kHz|

Auto Man

Freq Offset
0 Hz|

Center 2.480000 GHz
#Res BW 3.0 kHz

MSG

#VBW 9.1 kHz
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8.2.6. 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

=]

RF [soq  bc

| SENSE:INT] [ | 09:54:48 PMMar 01,2018

E Keysight Spectrum Analyzer - APv8.0(021418),12506, Conducted A

L
[Center Freq 2.400000000 GHz

NFE

PNO: Wide —»— 1rig: Free Run

#Avg Type: RMS TRAEEl

Frequency

AvglHold: 1001100 v [pre
#Atten: 30 dB oet|P

Ref Offset 105 dB
1L%gdB.rdiv Ref 20.00 dBm

Auto Tune|

2.400000000 GHz|

Center Freq|

2.395000000 GHz|

StartFreq

2.405000000 GHz|

Stop Freq

Center 2.400000 GHz
#Res BW 100 kHz

X

#VBW 300 kHz

-
2.402 00 GHz
2.400 00 GHz
2.399 74 GHz

Span 10.00 MHz,
Sweep 5.000 ms (1001 pts)

Auto Man

CF Step
1.000000 MHz

-0.806 dBm

-61.121 dBm
-48.442 dBm

Freq Offset|
0 Hz|

Scale Type
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CBE MID CH

. Keysight Spectrum Analyzer - APV8.0(021418),12506, Conducted A

= o]

SENSE:INT]

[ [10:07:31 PMMar 01,2018

L [ rRF [so@ ocC | [
Eenter Freq 2.440000000 GPHNg: Wide% Trig: Free Run

NFE
#Atten: 30 dB

IFGain:Low

Ref Offset 105 dB

10 dBidiv. - Ref 20.00 dBm
Log

#Avg Type: RMS TRACE

Frequency

Avg[Hold: 1001100

Auto Tune|

2.440000000 GHz|

Center Freq

2.435000000 GHz|

StartFreq

2.445000000 GHz|

Stop Freq

Auto

CF Step
1.000000 MHz|
Man

Freq Offset|
0 Hz|

Center 2.440000 GHz
#Res BW 100 kHz

MSG

#VBW 300 kHz

CBE HIGH CH

Span 10.00 MHz

Scale Type

Lin|

Sweep 5.000 ms (1001 pts)

STATUS

| Keysight Spectrum Analyzer - APv8 0{021418),12506, Conducted A

= o s

SENSE:INT]

[ [10:12:26 PMMar 01,2018

L | RF [s0@ bc | I
[Center Freq 2.48350&200 GPHNS: e Trig: FreeRun

IFGain:Low #Atten: 30 dB

#Avg Type: RMS TRACEl 3456

Frequency

AvglHold: 1001100 TYPE[M ¥
m—:r|F

Ref Offset 105 dB
Ref 20.00 dBm

10 dB/div
Log

Auto Tune|

2.483500000 GHz|

Center Freq

2.478500000 GHz|

StartFreq|

£00
700

2.488500000 GHz|

StopFreq

Center 2.483500 GHz

#Res BW 100 kHz #VBW 300 kHz

-1.147 dBm
-49.404 dBm
-50.679 dBm

1 N f 2.479 99 GHz
f 2.487 70 GHz
f 2.483 50 GHz

o
ZzZZ

Y-S YR

WA VORI S X ]~ T FuncTon ] Focronwom

Span 10.00 MHz
Sweep 5.000 ms (1001 pts)

Auto

CF Step
1.000000 MHz|
Man

Freq Offset
0 Hz|

Scale Type
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CSPUR LOW CH

. Keysight Spectrum Analyzer - APV8.0(021418),12506, Conducted A

= o]

[s0Q

DC |

| SENSE:INT] [ [09:55:23 PMMar 01, 2018

L | RF
[Center Freq 13.

015000000 GHz

#Avg Type: RMS

Frequency

NFE
I

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

Ref Offset 10.5 dB

10 dB/div._ Ref 30.00 dBm
Log

Auto Tune|

13.015000000 GHz|

Center Freq

StartFreq
30.000000 MHz|

-40.0

E00

&00

26.000000000 GHz

Stop Freq

Start 30 MHz
#Res BW 100 kHz

240

ZZZZ

25.81

YRR YO SRy

CSPUR MID CH

MRRIMODE[TRETSCLT X 1 v ___ [ _FUNCTION ] FUNCTIONWIDTH FUNCTIONVALUE TR

4.804 0 GHz
7.206 0 GHz

Stop 26.00 GHz

#VBW 300 kHz Sweep 957.3 ms (40001 pts)

2597000000 GHz|
Auto

CF Step

Man

-1.75 dBm
-40.27 dBm
-42.34 dBm
-33.25 dBm

20 GHz

24 GHz

Freq Offset|
0 Hz|

Scale Type

Lin|

' Keysight Spectrum Analyzer - APV8 0{021418),

12506, Conducted A

= o s

SENSE:INT] [ [10:08:11 PMMar 01, 2018

RF [soq oc |
0

-
[Center Freq 13.01500000i
NFE

GHz #Avg Type: RMS TRACE| 3456

Frequency

TYPE|M waaasass

PNO: Fast —»— 1rig: FreeRun

IFGain:Low #Atten: 40 dB DeT|P

Ref Offset 105 dB

10 dB/div. Ref 30.00 dBm
Log

Auto Tune|

13.015000000 GHz|

Center Freq

StartFreq|
30.000000 MHz|

E00

&0

26.000000000 GHz

StopFreq

Start 30 MHz
#Res BW 100 kHz

24
4.8
7.3
259

f
f
f
f

ZZZZ

(YRR Yo STXY Y

A x| v [ FUNTO FUNC TH FUNCTION VALUE _Jig

Stop 26.00 GHz

#VBW 300 kHz Sweep 957.3 ms (40001 pts)

2597000000 GHz|
Auto

CF Step

Man

-3.78 dBm
-41.73 dBm
-41.17 dBm
-33.73 dBm

40 0 GHz
80 0 GHz
200 GHz
49 4 GHz

Freq Offset
0 Hz|

Scale Type
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CSPUR HIGH CH

. Keysight Spectrum Analyzer - APV8.0(021418),12506, Conducted A

= o]

[s0e bc | | | SENSE:INT] |

[10:13:27 PMMar 01, 2018

L [ RF
[Center Freq 13.015000000 GHz ] #Avg Type: RMS
NFE PNO: Fast —#— 1rig: FreeRun
IFGain:Low #Atten: 40 dB

TRACE 3456
TYPE|M WA

Frequency

DeET|P

Ref Offset 10.5 dB

Auto Tune|

10 dB/div._ Ref 30.00 dBm
Log

Center Freq
13.015000000 GHz|

StartFreq
30.000000 MHz|

Start 30 MHz

1 N 24800 GHz -1.87 dBm
4.960 0 GHz -4211 dBm
7.440 0 GHz -42.84 dBm

241620 GHz -33.87 dBm

ZZZ

O~ oo
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Stop 26.00 GHz

#Res BW 100 kHz #VBW 300 kHz Sweep 957.3 ms (40001 pts)
-

Stop Freq
26.000000000 GHz|

CF Step
2597000000 GHz|
Auto Man

Freq Offset|
0 Hz|

Scale Type

Lin|
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9. RADIATED TEST RESULTS

9.1. LIMITS AND PROCEDURE

LIMITS

FCC 8§15.205 and §15.209

Frequency Range Field Strength Limit Field Strength Limit
(MH2) (uV/m) at 3m (dBuV/m) at 3 m
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 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.

KDB 414788 OATS and Chamber Correlation Justification

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.

OATs and chamber correlation testing had been performed and chamber measured test result
is the worst case test result.
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9.2. TRANSMITTER ABOVE 1GHZ

9.2.1. RESTRICTED BANDEDGE (LOW CHANNEL)

LOW CHANNEL HORIZONTAL

{ o5l Fremont Sm Chamber B 3 Mor 2818 15:54:50
Restricted Bondedge
- Project Number: 12158954
T Client:Energous
Config:EUT *+ Support Equipment
Mode :BLE_2482_H
195 Tested by: 12586 JM
95
N
/]
=
8 [
£ Peok Limit CdBuU/m) / \
3 75 -
a |
o
S } \
|
65 ; ‘
55 Average Limit (dBul/m) i
Y
g ! || Mwm
i [
115 s A b M bk i At ki fo ot
PR A 3 it ot A RN A P ot s e A e et e ety o
35 :
2.31 18 . 5MH=z/ 2.415
Frequency (GHz)
Range (GHz) RBU/UBH Ref/Attn  Det/Avg Tupe Sueep Pts #5ups/Mode Fosition | Range (GHz) RBW/ VBl Ref/Atin  Det/Avg Type Sueep Pte ¥oups/Mode Fosition
1:2.31-2.415 1MC-6dB)/3M 189/12 PEAK/Pur Avg(RMS)  Insec(Auta) 8808  MAXH 187 degs 2:2.31-2, 415 1M(-6dB)/3M 189/12 AVER/Pur Avg (RMS. Insec(Auto) 8068  1@BTAVG 187 degs H
Low CH Boandedge - H.TST 38915 28 Dec 2615 Rev 9.5 @1 Dec 2016
Marker Frequency Meter Det AF 1863 Amp/CBI/FItr/Pad DC Corr (dB) Corrected Average Limit Margin Peak Limit (dBuvim) PK Azimuth Height Polarity
(GHz) Reading (dB/m) (dB) Reading (dBuVim) (dB) Margin (Degs) (cm)
(dBuVv) (dBuV/m) (dB)
2 *2.374 38.09 Pk 319 21 0 48.69 - g 74 25.31 107 380 H
1 *2.39 6.87 Pk 2 -21. 0 47.57 - - 74 -26.43 107 380 H
3 +2.39 7.02 RMS 2 21 536 43.08 54 1092 - - 107 380 H
7 +2.39 7.18 RMS 2 21 536 43.24 54 -10.76 - - 107 380 H

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

UL Fremont,5m Chamber B

12 3 Mar 2818 14:21:31

Restricted Bondedge

Project Number: 12158954
Client:Energous

Config:EUT * Support Equipment
Mode:BLE_2482_U

Tested by: 12586 JM

Peak Limit (dBuU/m)

£
~
>
5
s}
<

Limit (dBulk

2.31 18 . 5MHz/

Frequency (GHz)

Range (6Hz) REU/UBH Ref/Attn  Det/Avg Tupe Sueep Pte  #sups/Mode Fosition

Range (6z) RBU/ VBl Ref/ftin  Det/Avg Type Sucep Pte #5ups/fiode Fosition

BLE 2482 U.DAT 30915 28 Dec 2815 Rev 9.5 A1 Dec 2016

Marker Frequency Meter Det AF 1863 Amp/CDI/FItr/Pad DC Corr (dB) Corrected Average Limit Margin Peak Limit (dBuvim) PK Azimuth Height Polarity
(GHz) Reading (dB/m) (dB) Reading (dBuVIm) (dB) Margin (Degs) (cm)
(dBuv) (dBuV/m) (dB)
4 *2.36 27.05 RMS 319 -21.3 5.36 43.01 54 -10.99 - - 110 129 Vv
2 *2.376 38.16 Pk 319 -21.3 0 48.76 - - 74 -25.24 110 129 \
1 *2.39 35.65 Pk 32 -21.3 [ 46.35 - - 74 -27.65 110 129 \
3 *2.39 24.92 RMS 32 -21.3 5.36 40.98 54 -13.02 - - 110 129 Vv

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

RMS - RMS detection
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9.2.2. AUTHORIZED BANDEDGE (HIGH CHANNEL)

HIGH CHANNEL HORIZONTAL

UL Fremont,5m Chamber B 3 Mar 2818 15:26:41

125

Restricted Bandedge

Project Number: 12158954
Client:Energous

Config:EUT * Support Equipment
Mode :BLE_2488_H

Tested by: 12586 JM

imit CdBul/

€
~
>
3
&)
T

Averoge Limit (dBulU/m)

TS PN N U T ORI PRI T W A RPN T it b ALt i b AW
Wity oy bl

d

A
o Pt Mo AP A A A B oot

.46 18. 3MH=z/ 2.563
Frequency (GHzJ

Range (GHz) REU/UBU Ref/Attn  Det/Avg T #5wps/Mode  Position | Range (GHz) RBU/ VB Ref/Attn  Det/Avg Type
2:2°.46-2.563

Upe Sueep Pts Pte #Sups/Mode Fosition
1:2.46-2.563 NC-BdB)/M 109/12 PEAK/Pur Pvg(RMS)  Insec(uta) 838D MAYH 25 degs H| 20 6 25 dogs

Susep
MC-6B)/M 18912 AVER/Pur Avg(RNS)  fnscc(Auto) 8080 1BBTAUG degs H

High CH Bandedge - H.TST 38915 28 Dec 2815 Rev 9.5 @1 Dec 2016

DATA

Marker Frequency Meter Det AF 7863 AmpICbI/FItr/Pad DC Corr (B) Corrected Average Limit Margin Peak Limit (dBuV/m) PK Azimuth Height Polarity
(GHz) Reading (dB/m) (d8) Reading (dBuV/m) (d8) Margin (Degs) (cm)
(dBuv) (dBuv/m) (B)
1 *2.484 39.44 Pk 325 -213 0 50.64 - - 74 -23.36 25 266 H
2 *2.484 40.62 Pk 325 -21.3 0 51.82 - - 74 -22.18 25 266 H
3 *2.484 26.31 RMS 325 -21.3 5.36 42.87 54 -11.13 - - 25 266 H
4 *2.488 27.39 RMS 325 -213 5.36 43.95 54 -10.05 - - 25 266 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
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REPORT NO: 12150954-E1V2 DATE: MARCH 12, 2018
FCCID: 2ADNG-NF230

HIGH CHANNEL VERTICAL

UL Fremont,5m Chamber B

12 3 Mar 2818 15:42:11

Restricted Bondedge

Project Number: 12158954
Client:Energous

Config:EUT + Support Equipment
Mode :BLE_2488_U

Tested by: 12586 JM

imit CdBul/in

£
~
>
5
s}
<

Averoge Limit (dBulU/m)

2.46 8. 3MAz/
Frequency (GHz)

Range (6Hz) REU/UBH Ref/Attn  Det/Avg Tupe Sueep Pte #sups/Mode Fosition | Range (BHZ) RBU/ VBl Ref/ftin  Det/Avg Type Sucep Pte #5ups/fiode Fosition

High CH Bandedge — U.TST 3@915 28 Dec 2615 Rev 9.5 A1 Dec 2016

Marker Frequency Meter Det AF 1863 AmpIChI/FItr/Pad BC Corr (aB) Corrected Average Limit Margin Peak Limit (dBUV/m) PK AZimuth Feight Polarity
(GH2) Reading (dB/m) (dB) Reading (dBuV/m) (d8) Margin (Degs) (cm)
(dBuV) (dBuV/m) (dB)
1 *2.484 40.02 Pk 325 -21.3 0 51.22 74 -22.78 235 382 Vv
2 *2.484 40.17 Pk 325 -21.3 0 51.37 - - 74 -22.63 235 382 \
3 *2.484 26.49 RMS 325 -21.3 5.36 43.05 54 -10.95 - - 235 382 \
4 2.514 27.18 RMS 32.6 -21.1 5.36 44.04 54 -9.96 - - 235 382 \

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

RMS - RMS detection
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REPORT NO: 12150954-E1V2 DATE: MARCH 12, 2018
FCCID: 2ADNG-NF230

9.2.3. HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

:UL Fremont,5m Chamber B 3 Mor 2018 13:34: 11

[N

Radioted Emissions 3-Meters

- Project Number: 12150954
18 Client:Energous
Confg:EUT + Support Equipment

Mode :BLE_HARM_2482
95 Tested by: 12506 JM

85

Peak Limit (dBuU/m
75

C(dBuU/m)

Avg Limit (dBuU/m)

Frequency (GHz)

Range (GHz) RBU/UB Ref/Attn  Det/Avg Tupe ey < #5wpsMode Fosition | Ronge (6Hz) REU/ VBl
1:123 1H(-648)/3 167/18 PEAK/Par Aug(RMS)  7Tmsec(Auto) 6988 MAXH 0-363degs | 3:3°18 1H(-6dB>/3

Ref/ftin  Det/fvg Type e Pts  #oups/fode Fosition
/WK 87/8 PEAK/Pir R 8- 350k

=
i} ur Avg(RNS)  574nsec(Auto) 18k MAXH

FCC Part15C 2.4GHz RSE.TST 383915 26 Jun 2815 Rev 9.5 @1 Dec 2016

LOW CHANNEL VERTICAL
~UL Fremont,5m Chamber B 3 Mar 2818 13:34: 11

Rodioted Emissions 3-Meters

[N

95 ETA?JeDt Number : 12158954
ient:Energous
Config:EUT + Support Equipment
Mode :BLE_HARM_2482
95 Tested by: 12586 JM

85

Peck Limit (dBulU/m)
75

65

CdBul/m)

Avg Limit (dBuU/m)
1

o

55

45

35

Frequency (GHz)

Range (GHz) RBLI/UBW Ref/Attn  Det/Avg Tupe ey Pts #5ups/Mode Position | Renge (GHz) RBU/UBl Ref/Attn Det/Avg Tupe ey Pts  $oups/Mode

FCC Part15C 2.4GHz RSE.TST 38915 26 Jun 2815 Rev 9.5 81 Dec 2016
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DATA
Marker Frequency Meter Det AF T863 Amp/Cbl/Fltr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) Margin (Degs) (cm)
(dBuVv) (dBuV/m) (dB)

4 *1.501 34.13 PK2 28.2 -21.2 0 41.13 - - 74 -32.87 274 234 H
*15 18.19 MAv1 28.2 -21.2 5.36 30.55 54 -23.45 - - 274 234 H
1 *1.243 34.83 PK2 28.7 -22.3 0 41.23 - - 74 -32.77 280 226 \
*1.242 23.77 MAv1 28.7 -22.3 5.36 35.53 54 -18.47 - - 280 226 \
2 *1.308 35.31 PK2 28.9 -21.9 0 4231 - - 74 -31.69 270 219 \
*1.308 23.81 MAv1 28.9 -21.9 5.36 36.17 54 -17.83 - - 270 219 \
5 *4.694 38.93 PK2 34.2 -30.4 0 42.73 - - 74 -31.27 259 123 H
*4.692 28.16 MAv1 34.2 -30.5 5.36 37.22 54 -16.78 - - 259 123 H
6 *11.855 33.6 PK2 38.6 -24 0 48.2 - - 74 -25.8 247 116 H
*11.854 2297 MAv1 38.6 -23.9 5.36 43.03 54 -10.97 - - 247 116 H
3 3.167 40.01 PK2 33 -30.7 0 42.31 - - - - 247 110 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAV1 - KDB558074 Option 1 Maximum RMS Average
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DATE: MARCH 12, 2018

MID CHANNEL HORIZONTAL

UL Fremont,5m Chamber B

I

185

95

Client:Energous
Confi

Mode : BLE_HARM_244@
Tested by: 12506 JM

85

Rodioted Emissions 3-Meters
Project Number: 12158954

(EUT + Support Equipment

3 Mor 2018 14:31:37

Peak Limit (dBuU/m

75

65

C(dBul/m)

Avg Limit (dBuU/m)
55

45

1

2
SSW

Frequency (GHz)

Range (GHz) REL/UBW
1:173 B

Det/Avg Tupe
1H(-6d8)/ 30k FE

Ref/Attn
107/18 EAK/Pur Avg (RHS)

Susep
Tnsec(Auto.

Pts
) 6088 M

REU/VBL

Heps/Made  Position
i §-363 1M(-6dB>/30

Range (GHz)
J6degs | 3:3-18

Ref/Attn Det/Avg Tupe
87/8 PEAK/Pur Avg(R!

Pt=  #Sups/Mode  Position
AK/Par fvg (RIS o) 18k MAXH 2

FCC Part15C 2.4GHz RSE.TST 3@915 26 Jun 2815

MID CHANNEL VERTICAL

Rev 9.5 B1 Dec 2816

H:UL Fremont,5m Chamber B

3 Mor 2018 14:31:37

185

g5

Client:Energous

Mode :BLE_HARM_244B
Tested by: 12586 M

385

Rodioted Emissions 3-Meters
Project Number: 12158954

Config:EUT + Support Equipment

Peck Limit (dBulU/m

75

(dBulU/m)

Avg Limit (dBuU/m)

Frequency (GHz)

Range (GHz) EE Ref/Attn  Det/Avg Tupe

Pts

#3ups/Mode  Position | Renge (GHz) REU/VBL

Ref/Atin

Det/fug Type Pts  $oups/fiode Position

FCC Part15C 2. 4GHz RSE. TST 3@915 26 Jun 2815
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DATA
Marker Frequency Meter Det AF T863 Amp/Cbl/Fltr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) Margin (Degs) (cm)
(dBuVv) (dBuV/m) (dB)
1 1.435 33.63 Pk 28.3 -21.6 0 40.33 - - 0-360 103 H
2 *1.245 35.52 PK2 28.7 -22.3 0 41.92 - - 74 -32.08 35 121 H
*1.245 23.69 MAv1 28.7 -22.3 5.36 35.45 54 -18.55 - - 35 121 H
4 *1.209 34.86 PK2 28.1 -22.6 0 40.36 - - 74 -33.64 41 151 \
*1.211 23.02 MAv1 28.2 -22.8 5.36 33.78 54 -20.22 - - 41 151 \
5 *1.452 35.07 PK2 28.3 -21.6 0 41.77 - - 74 -32.23 50 169 \
*1.452 235 MAv1 28.3 -21.6 5.36 35.56 54 -18.44 - - 50 169 \
6 *3.998 39.45 PK2 335 -315 0 41.45 - - 74 -32.55 80 146 \
*3.997 28.75 MAv1 33.5 -31.5 5.36 36.11 54 -17.89 - - 80 146 \
3 3.482 40.06 PK2 327 -315 0 41.26 - - 53 117 H

* - indicates frequency in CFR47 Pt 15/ IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAvV1 - KDB558074 Option 1 Maximum RMS Average
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DATE: MARCH 12, 2018

HIGH CHANNEL HORIZONTAL

UL Fremont,5m Chamber B

3 Mor 2018

I

185

Rodioted Emissions 3-Meters
Project Number: 12158954

95

Client:Energous

Config:EUT + Support Equipment
Mode : BLE_HARM_2450

Tested by: 12586 JM

85

14:57:089

75

65

CdBul/m)

Avg Limit (dBulU/m?

55

45

5
35 TMMA:K"\ i, M
knadbn

18
Frequency (GHz)

18

Range (GHz) RBU/UED Ref/Attn  Det/Avg Tupe
1:153 NC-6dB)/30 107/18 PEAK/Pur Avg(RIS)

Sueep Prs
TTnsec(futa) 6388

Heps/Mode  Position | Range (6Hz)
H 3 =18

RBU/VEl Ref/ftin  Det/Avg Type E
e 8-363degs | 3:3 r

ueep t
M(-6dB)/30k  87/B PERK/Pur Avg(RMS)  574nsec(Auto) 18k

Pts #5ups/Mode Position
MAXH B-36Bdegs H

FCC Porti15C 2.4GHz RSE.TST 3@S15 26 Jun 2615

HIGH CHANNEL VERTICAL

Rev 9.5 A1 Dec 2016

:UL Fremont,5m Chamber B

3 Mor 2018

14:57:89

[N

Rodioted Emissions 3-Meters

Pro ject Number: 12158954

185

95

Clicnt:Energous
Config:EUT * Support Equipment
Mods : BLE_HARM_2480
Tested by: 12586 JM

85

Peak Limit (dBulU/m)

75

(dBuU/m)

Avg Limit (dBulU/m)

Frequency (GHz)

18

Range (GHz) [EE Ref/Attn  Det/Avg Tupe Sueep

Pts  #5wps/Mode Position

Range (6Hz) RBU/UBH Ref/Atin Det/Avg Tupe Sucep

Pts  #Sups/fiode Position

FCC Port15C 2.4GHz RSE.TST 3@515 26 Jun 2815
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DATA
Marker Frequency Meter Det AF T863 Amp/Cbl/Fltr/ DC Corr (dB) Corrected Avg Limit Margin Peak Limit PK Azimuth Height Polarity
(GHz) Reading (dB/m) Pad (dB) Reading (dBuV/m) (dB) (dBuV/m) Margin (Degs) (cm)
(dBuVv) (dBuV/m) (dB)
5 *1.248 47.89 PK2 28.7 -22.1 0 54.49 - - 74 -19.51 45 400 H
*1.249 23.6 MAv1 28.8 -22.3 5.36 35.46 54 -18.54 - - 45 400 H
1 *1.097 35.88 PK2 27.6 -23 0 40.48 - - 74 -33.52 57 276 \
*1.098 23.84 MAv1 27.6 -23 5.36 33.8 54 -20.2 - - 57 276 \
6 *5.026 37.76 PK2 34.4 -29.4 0 42.76 - - 74 -31.24 52 247 H
*5.027 26.94 MAv1 344 -29.3 5.36 374 54 -16.6 - - 52 247 H
3 *3.588 39.85 PK2 33.1 -31.7 0 41.25 - - 74 -32.75 70 228 \
*3.588 28.71 MAv1 33.1 -31.7 5.36 35.47 54 -18.53 - - 70 228 \
4 *4.955 39.31 PK2 34.4 -30.9 0 42.81 - - 74 -31.19 76 205 \
*4.954 28.51 MAv1 344 -30.9 5.36 37.37 54 -16.63 - - 76 205 \
1 1.796 36.23 PK2 30.2 -21.2 0 45.23 - - 62 270 \

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
PK2 - KDB558074 Method: Maximum Peak
MAV1 - KDB558074 Option 1 Maximum RMS Average

Page 41 of 51

UL VERIFICATION SERVICES INC.

FORM NO: CCSUP4701lI

47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.

FAX: (510) 661-0888




REPORT NO: 12150954-E1V2 DATE: MARCH 12, 2018
FCCID: 2ADNG-NF230

9.3. WORST-CASE BELOW 30MHz

SPURIOUS EMISSIONS BELOW 30 MHz (WORST-CASE CONFIGURATION)

ANTENNA LOOP FACE ON AND FACE OFF

UL Fremont,5m Chamber A 5 Mar 2818 14:15:408

RF Emissions
Project Number: 12158954

Client:Energous
Config!EUT + Support Equipment
Mode:lorst Case Below 38MHz
Tested by: 12586 JM

Peak L]

i}
)
s}
>
5
o
T

LTI

== 1 8
Frequency (MHz2

Range (HHz) REL/ VBl Ref/Attn Det/Avg Tuype Suezp Pls  #5ups/Mode Fosition Range (HHz) En Ref/Attn Det/Avg Type Sueep Pte #Sups/Mode Fosition

1088915 38AC-383/918 9174 PEAK/Por Avg(RNS)  47Emsec(Auto) 16k MAKH §-360degs

2:.15-, 1BkC-3dB) /30 87/8 PEAK/Pur Avg(RMS)  3neec(Autn) B-360degs
1BkC-3d6)/38k  87/8 PEAK/Pur Avg(RS)  dnses (Auto) 8- 360egs

4:1.705-38 1BkC-350/30k  67/8 PEAK/Pur Avg(RNS)  BTnsec(futod 27k §-360degs

FCC 15.263 Below 3@MHz TST 36915 23 Jon 2618 Rev 8.5 Bl Dec 2816

DATA

Marker Frequency Meter Det Toop Chi Dist Corr Corrected Peak Margin Avg Limit Margin Peak Margin Avg Limit Margin Azimuth
(MHz) Reading Antenna (d8) 300m Reading Limit (dB) (dBuV/m) (dB) Limit (dB) (dBuv/m) (dB) (Degs)
(dBuV) (dB/m) (dBuVolts) (dBuV/m) (dBuV/m)
6 .01643 52.37 Pk 147 1 0 -12.83 3.27 -76.1 43.27 -56.1 - 0-360
1 .03133 46.97 Pk 15.2 1 0 -17.73 7.67 -75.4 37.67 -55.4 0-360
2 .0604 43.4 Pk 143 1 -80 -22.2 1.96 -74.16 31.96 -54.16 0-360
7 .0644 41.75 Pk 14.2 1 -80 -23.95 1.41 -75.36 31.41 -55.36 - - - - 0-360
8 42387 43.02 Pk 13.7 1 0 -23.18 - - - - 35.06 -58.24 15.06 -38.24 0-360
3 42537 44.65 Pk 138 1 0 -21.45 - - - - 35.03 -56.48 15.03 -36.48 0-360
Marker Frequency Meter Det Toop Chr Dist Corr Corrected QP Limit Margin AZimuth
(MHz) Reading Antenna () 30m Reading (dBuv/m) (d8) (Degs)
(dBuV) (dB/m) (dBuVolts)
4 .82907 38.93 Pk 13. 1 -40 12.93 29.24 -16.31 0-360
9 .83238 36.63 Pk 13. 1 -40 10.63 29.21 -18.58 0-360
10 1.65991 29.5 Pk 14. 2 -40 3.9 23.23 -19.33 0-360
5 1.65994 30.07 Pk 142 2 -40 4.47 23.23 -18.76 0-360

Pk - Peak detector
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9.4. WORST-CASE 30MHz TO 1GHz

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

HORIZONTAL PLOT

:UL Fremont,5m Chamber B 3 Mor 2018 12:37:53
Rodioted Emissions - 3 Meters

a5 ETmJe:t Number : 12158954
ient : Emergous

Config:EUT * Support Equipment

Mode :orst Case Below 1GHz

75 Tested by: 12586 JM

9

65

55

45 uu7ml

CdBul/mJ

) Pyl ﬂ j

v

2] 18900
Frequency (MHz)

Range (HHz) REW/UBW Ref/Attn  Det/fvg Tupe RBI

op Sueep Pts  #sups/Mode FPosition | Renge (PHz Bl Ref/ftin  Det/fvg Ty 5ups/Hode
1:30-280 128(-608) /10 57/18 PEAK/LogPur—Video  Insec(Auta) 4080 MAYH 0-363degs | 3:200-1688 120

/1 g Tupe Sucep Pis Fositian
k(-6dB)/ 1M 97/1B PEAK/LogPur-Uideo  Jnscc(Auto) 8088 MAXH 8-3fdegs H

FCC Port15C 38-1@@8MH= TST 3@S15 15 Jul 2@14 Rev 9.5 @1 Dec 20816

VERTICAL PLOT

:UL Fremont,5m Chamber B 3 Mor 2018 12

9

Rodioted Emissions - 3 Meters

85 ErI‘DJel:t Number : 12158954
ient:Energous

Config:EUT + Support Equipment

Mode:lorst Cose Below 1GHz

75 Tested by: 12586 JM

65

55

45 uu7md

CdBul/m)

2] 106868
Frequency (MHz)

Range CHHz) REU/UB Ref/Attn  Det/Avg Tupe ey Pts  #5ups/Mode Fosition | Range (PHz) RBU/UBl Ref/ftin  Det/Avg Type Sucep Pts  #5ups/fode Fosition

FCC Port15C 3@-1AA8MHz  TST 3@S15 15 Jul 2@14 Rev 9.5 @1 Dec 2816
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DATA
Marker Frequency Meter Det AF T899 (dB/m) Amp/Cbl (dB) Corrected QPk Limit (dBuV/m) Margin Azimuth Height Polarity
(MHz) Reading Reading (dB) (Degs) (cm)
(dBuVv) (dBuVv/m)
2 48.0672 47.17 Pk 12.3 -28.6 30.87 40 -9.13 0-360 400 H
1 48.0672 56.83 Pk 12.3 -28.6 40.53 40 .53 0-360 100 \
48.1032 55.22 Qp 12.2 -28.6 38.82 40 -1.18 219 116 \
6 96.3597 41.54 Pk 13.2 -28 26.74 43.52 -16.78 0-360 100 V
3 96.4022 45.6 Pk 13.2 -28 30.8 43.52 -12.72 0-360 300 H
4 144.2271 45.43 Pk 16.9 -27.4 34.93 43.52 -8.59 0-360 200 H
7 144.2271 47.97 Pk 16.9 -27.4 37.47 43.52 -6.05 0-360 100 \
8 192.392 49.25 Pk 15.3 -26.9 37.65 43.52 -5.87 0-360 100 V
5 192.5621 47.15 Pk 15.4 -26.9 35.65 43.52 -7.87 0-360 200 H
192.3603 46.42 Qp 15.3 -26.9 34.82 43.52 -8.7 129 106 V
9 336.0177 45.51 Pk 17.8 -25.9 37.41 46.02 -8.61 0-360 100 H
12 384.524 38.63 Pk 19.1 -26 31.73 46.02 -14.29 0-360 100 \
10 384.724 45.26 Pk 19.1 -26 38.36 46.02 -7.66 0-360 100 H
11 455.3332 43.04 Pk 20.9 -26 37.94 46.02 -8.08 0-360 100 H

Pk - Peak detector
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DATE: MARCH 12, 2018

9.5.

WORST-CASE ABOVE 18 GHz

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

HORIZONTAL PLOT

UL EMC

6 Mar

2818 12:12:23

185

g5

RF Emissions
Order Number: 12158954

Client :Energous

Conf iguration EUT + Support Equipment
Mode :Worst Case Akove 15-26GHz
Tested by / SN:12586 JM

25

Peck Limit (dBul/ml

Avg Limit CaBull/md

(dBuVolts) Horizontal

Freguency t(GHz2

REWABL
THC-3dB)/3H

Raf/ttn  Det/fivg Tups S

Range_(BHz)
1:18-26 5/8

P eop Pts  4Superode
PEAK/LogPur-Video  |4meecCAuta)  SEBT  MAXH

Lobe! REN/ VB Refffitin  Detfvg Tupe Sueep F

Horizontal

Range (GHz)

Ha  #oupa/Made  Label

18-28GHz Teet TST 30915 6 Jom 2815

VERTICAL PLOT

Rev 9.5 19 Dct 2016

UL EMC

6 Mar

2818 12:12:23

185

g5

RF Emissions

Order Numbker: 12158954

a5

Client :Energous

Conf igurat ioni EUT + Support Ecuipmernt
Mode :llorst Case Akove 18-26GH=z
Tested by / SN:12586 JM

Peak Limit (dBul/ml

Avg Limit CdBull/md

C(dBuNalts) Vertical

Frequency (GHz)

Range (GHz) REU/UB Ref/Attn Dat/fivg Tupe Suesp

Pte tupsifode Lobel Renge (6Hz) REW/VEL! Ref/Atin  Det/fvg Tupe Susep

Pis  fSups/lade  Label

{8-P66Hz Test TS5T 38915 6 Jon 2815

Page 45 of 51

Rev 3.5 19 Oct 2A16

UL VERIFICATION SERVICES INC.

47173 BENICIA STREET, FREMONT, CA 94538, USA

FORM NO: CCSUP4701lI

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: 12150954-E1V2 DATE: MARCH 12, 2018
FCCID: 2ADNG-NF230

DATA

Marker Frequency Meter Det T449 AF Amp/Cbl (dB) Dist Corr Corrected Avg Limit Margin Peak Limit PK
(GHz) Reading (dB/m) (dB) Reading (dBuV/m) (dB) (dBuV/m) Margin

(dBuVv) (dBuVolts (dB)

)

1 19.471 32.45 Pk 32.7 -24.8 -9.5 30.85 54 -23.15 74 -43.15

2 19.549 32.6 Pk 32.7 -25.1 -9.5 30.7 54 -23.3 74 -43.3
3 23.548 34.87 Pk 33.9 -24.8 -9.5 34.47 54 -19.53 74 -39.53
4 22.152 33.74 Pk 33.4 -24.7 -9.5 32.94 54 -21.06 74 -41.06
5 22.825 34.43 Pk 33.5 -25.2 -9.5 33.23 54 -20.77 74 -40.77
6 24.927 34.17 Pk 34.3 -24.3 -9.5 34.67 54 -19.33 74 -39.33

Pk - Peak detector
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10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

Frequency of Emission (MHz) Quasi-;?eoankduaed Limit (dB:\Ye)rage
0.15-0.5 66 to 56 * 5610 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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LINE 1 RESULTS

UL Fremont, CA CE Room 14:42:36
Conducted RFI Uoltoge

Project No: 12158954

Client Nams:Energous

EUT Config:EUT + Support Equipment
Test Uolt/Freq: 128U / 6BHz

Test By:12586 JM

5 Closs B Avg

dBulU Line-Lt

Frequency (MHz)

Rar
|

nge (HHz) REl/UBY Ref/fttn Det/fAvg Mode
5-38 h(~6dB) /- 82/18 0p/Co

Pls  Fowps/fode Lo

Sueep d bel Range (MHz) RBH/UBL Ref/fttn  Det/Avg Mode Sueep. Pte  #Sups/fode Label
18/2.25kHz  13.3k 1/URIT Line-LI

1

Fort 15C BLE Low Channel .DAT 12746 26 Feb 2618 Rev 9.5 26 May 2815

WORST EMISSIONS

Range 1: Line-L1 .15 - 30MHz
Marker Frequency Meter Det LISN LC Corrected CFR 47 Margin CFR 47 Margin
(MHz) Reading L1 Cables Reading Part 15 (dB) Part 15 (dB)
(dBuv) C1&C3 dBuv Class B Class B
QP Avg

1 .19613 27.38 Qp 0 0 27.38 63.77 -36.39 - -
2 .19725 11.71 Ca 0 0 11.71 - - 53.73 -42.02
3 5775 21.87 Qp 0 0 21.87 56 -34.13 - -
4 57975 14.61 Ca 0 0 14.61 - - 46 -31.39
5 1.02525 14.21 Qp 0 1 14.31 56 -41.69 - -
6 1.02525 9 Ca 0 A1 9.1 - - 46 -36.9
7 1.797 10.63 Qp 0 A1 10.73 56 -45.27 - -
8 1.7925 4.14 Ca 0 1 4.24 - - 46 -41.76
9 6.77288 28.59 Qp 0 .2 28.79 60 -31.21 - -
10 6.77288 12.9 Ca 0 2 13.1 - - 50 -36.9
11 7.476 30.15 Qp 0 2 30.35 60 -29.65 - -
12 7.48388 13.98 Ca 0 .2 14.18 - - 50 -35.82

Qp - Quasi-Peak detector
Ca - CISPR average detection
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LINE 2 RESULTS

UL Fremont, CA CE Room 1 Mar 2818 14:42:36
Conducted RFI Uoltoge

Project No: 12158954

Client Nams:Energous

EUT Config:EUT + Support Equipment
Test Uolt/Freq: 128U / 6BHz

Test By:12586 JM

5> Closs B Avg

dBulU Line-L2

Frequency (MHz)

Range (Hz) REl/UBY Ref/fttn Det/fAvg Mode Sueep Pis  #Sups/Mode Lobel Range (MHz) RBH/UBL Ref/fttn  Det/Avg Mode Suesp Ptz #Sups/fode Labe

Fort 15C BLE Low Channel .DAT 12746 26 Feb 2618 Rev 9.5 26 May 2815

WORST EMISSIONS

Range 2: Line-L2 .15 - 30MHz
Marker Frequency Meter Det LISN LC Corrected CFR 47 Margin CFR 47 Margin
(MHz) Reading L2 Cables Reading Part 15 (dB) Part 15 (dB)
(dBuv) C2&C3 dBuv Class B Class B
QP Avg

13 .18825 27.98 Qp 0 0 27.98 64.11 -36.13 - -
14 .20288 13.47 Ca 0 0 13.47 - - 53.49 -40.02
15 .57975 27.21 Qp 0 0 27.21 56 -28.79 - -
16 .58087 21.54 Ca 0 0 21.54 - - 46 -24.46
17 1.02412 21.62 Qp 0 1 21.72 56 -34.28 - -
18 1.023 15.52 Ca 0 A1 15.62 - - 46 -30.38
19 1.797 18.31 Qp 0 A1 18.41 56 -37.59 - -
20 1.797 11.99 Ca 0 1 12.09 - - 46 -33.91
21 6.774 30.19 Qp 0 .2 30.39 60 -29.61 - -
22 6.77288 17.83 Ca 0 2 18.03 - - 50 -31.97
23 7.51875 30.73 Qp 0 2 30.93 60 -29.07 - -
24 7.51875 19.92 Ca 0 .2 20.12 - - 50 -29.88

Qp - Quasi-Peak detector
Ca - CISPR average detection
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