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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: Valve Corporation
10900 NE 4" st
Suite 500
Bellevue, WA 98004
EUT DESCRIPTION: Vigor Wireless Dongle
MODEL.: 1002
SERIAL NUMBER: Prototype
DATE TESTED: April 28, 2015 — June 12, 2015

June 29, 2015 — July 9, 2015

APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Pass

UL LLC tested the above equipment in accordance with the requirements set forth in the above
standards. All indications of Pass/Falil in this report are opinions expressed by UL LLC 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 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, any agency of the Federal
Government, or any agency of any government.

Approved & Released For

UL LLC By: Tested By:
L’j- /'/—-J ‘/_Z-r-_if______ i
oot >
Bart Mucha MICHAEL FERRER
Staff Engineer Program Manager
UL LLC UL LLC
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with ANSI C63.4-2009, FCC
CFR 47 Part 2, FCC CFR 47 Part 15.

Testing Deviation - EUT was tested 1.5m height for above 1GHz Radiated Emissions in
accordance TCB Conference call Dec 2014.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 333 Pfingsten
Road, Northbrook, IL 60062 USA.

UL NBK is accredited by NVLAP, Laboratory Code 100414-0. The full scope of accreditation
can be viewed at http://ts.nist.gov/Standards/scopes/1004140.htm

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

Sample Calculations

Radiated Field Strength and Conducted Emissions data contained within this report is
calculated on the following basis:

Field Strength (dBuV/m) = Meter Reading (dBuV) + AF (dB/m) - Gain (dB) + Cable Loss (dB)
Conducted Voltage (dBuV) = Meter Reading (dBuV) + Cable Loss (dB) + LISN IL (dB)
Conducted Current (dBuA) = Meter Reading (dBuV) + Cable Loss (dB) - Transducer Factor
(dBohms)
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DATE: July 9, 2015

4.3.

MEASUREMENT UNCERTAINTY

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

Test Range Equipment Uncertainty k=2
Radiated Emissions | 9k-30MHz E-Field Loop 2.14dB
Radiated Emissions | 30-200MHz Bicon 10m Horz 4.27dB
Radiated Emissions | 30-200MHz Bicon 10m Vert 4.28dB
Radiated Emissions | 200-1000MHz | LogP 10m Horz 3.33dB
Radiated Emissions | 200-1000MHz | LogP 10m Vert 3.39dB
Radiated Emissions | 30-200MHz Bicon 3m Horz 3.30dB
Radiated Emissions | 30-130MHz Bicon 3m Vert 4.84dB
Radiated Emissions | 130-200MHz Bicon 3m Vert 4.94dB
Radiated Emissions | 200-1000MHz | LogP 3m Horz 3.46dB
Radiated Emissions | 200-1000MHz | LogP 3m Vert 4.98dB
Radiated Emissions | 1-6GHz Horn 5.02dB
Radiated Emissions | 6-18GHz Horn 5.34dB
Radiated Emissions | 18-26GHz Horn 6.60dB
Conducted Ant Port | 30MHz-26GHz | Spectrum Analyzer | 2.94

Uncertainty figures are valid to a confidence level of 95%.
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DATE: July 9, 2015

5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The EUT is a USB Dongle that communicates with a wireless controller. It contains a 2.4GHz

transmitter.

5.2. MAXIMUM OUTPUT E-FIELD STRENGTH

The transmitter has a maximum output E-field as follows:

Frequency Range Mode Output PK E-field Output AV E-field
(MHz) Strength Strength
(dBuV/m) (dBuV/m)
2402-2480 X 100.99 88.76
5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes an attached PCB monopole Antenna, with a maximum gain of 2.15 dBi.

5.4. WORST-CASE CONFIGURATION AND MODE

The worst-case axis is X-axis. The EUT was programmed with a power table.

Channel Power Setting
2 -12
3 -6
4-79 0
80 -6
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FCC ID: 2AES41002
5.5. DESCRIPTION OF TEST SETUP
SUPPORT EQUIPMENT
Support Equipment List

Description Manufacturer Model

EUT Valve 1002

Laptop Lenovo T420
/O CABLES

1/0 Cable List
Cable |Port # of identical [Connector |Cable Type [Cable Length|Remarks
No ports Type (m)
1 usB 1 USB 10 <3m Only used for testing
TEST SETUP

The EUT is connected to a laptop with a USB extension cable. Extension cable used to isolate EUT from
Laptop.
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SETUP DIAGRAM FOR TESTS

EUT

Laptop
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REPORT NO: 10723179A
FCC ID: 2AES41002

DATE: July 9, 2015

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 T No. | Cal Date | Cal Due
Radiated Software uL UL EMC Ver 9.5, May 20, 2015
Conducted Software UL UL EMC Ver 9.5, Oct 24 2014
EMI Test Receiver Rohde & Schwarz |[ESCI EMC4328 [20141230 20151231
Bicon Antenna Electro-Metrics EM-6912A EMC4070 |20141014 20151030
Log-P Antenna Chase UPA6109 EMC4313 |20141119 20151130
Spectrum Analyzer Rohde & Schwarz |[ESU EMC4323 |20141216 20151231
Antenna Array UL BOMS EMC4276 (20141201 20151231
EMI Test Receiver Agilent N9030A EMC4360 (20141219 20151219
EMI Test Receiver Rohde & Schwarz ESR EMC4377 (20150401 20160430
LISN Solar 8602-50-TS-50-N EMC4052 (20150109 20160109
LISN Solar 8602-50-TS-50-N EMC4064 (20150109 20160109
Loop Antenna EMCO 6502/1 EMC4026 (20150420 20160430
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7. TEST RESULTS

7.1.1. OCCUPIED 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 5% of the
Occupied bandwidth. The VBW is set to 3 times the RBW. The sweep time is coupled. The spectrum
analyzer internal bandwidth function is utilized.

RESULTS
Channel Frequency 99% Bandwidth 20dB Bandwidth
(MH2z) (MHz) (MH2z)
Low 2402 0.622 0.462
Middle 2440 0.577 0.464
High 2480 0.555 0.465
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99% BANDWIDTH

BANDWIDTH LOW CH

Agilent Spectrum Analyzer - Dccupied BW
T RF S0 D . ALIGNAUTO 34 PM Apr 28, 2015
Center Freq 2.402000000 GHz | Center Freq: 2.402000000 GHz Radio Std: None Trace/Detector
=5 Trig:Free Run Avg|Hold:> 10/10
#IFGain:Low #Atten: 10 dB Radio Device: BTS

10 cBidiv Ref 3.00 dBm
Log

-7.00

Clear Write

Average|

Max Hold

Min Hold|

Center 2.402 GHz Span 10 MHz
Res BW 6.8 kHz #VBW 22 kHz Sweep 205.7 ms

. . Detector|
QOccupied Bandwidth Total Power -1.92 dBm Peakh

647.76 kHz Men

Transmit Freq Error 6.021 kHz OBW Power 99.00 %
x dB Bandwidth 461.9 kHz x dB -20.00 dB

Agilent Spectrum Analyzer - Occupied BW

o . ALIGNAUTOD 11511 PM Apr 28, 2015

Ref Value 3.00 dBm Center Freq: 2.402000000 GHz Radio Std: None Trace/Detector
= Trig:Free Run Avg|Hold:> 10/10

#IFGain:Low #Atten: 10 dB Radio Device: BTS

10 dBidiv Ref 3.00 dBm
Log

Clear Write

Average|

Max Hold

Min Hold|

Center 2.402 GHz Span 10 MHz
Res BW 6.8 kHz #VBW 22 kHz Sweep 650.2 ms

. . Detector|
Occupied Bandwidth Total Power -4.51 dBm Sample

621.79 kHz Man

Transmit Freq Error -9.681 kHz OBW Power 99.00 %
x dB Bandwidth 435.7 kHz x dB -20.00 dB

|STATUS ‘
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99% BANDWIDTH MID CH

Agilent Spectrum Analyzer - Occupied BW
T

s00 ALIGN AUTO 16:12 PM Apr 28, 2015

RF oC
ICenter Freq 2.440000000 GHz

#IFGain:Low

‘ Center Freq: 2.440000000 GHz
— Trig:Free Run Avg|Hold>10/10
#Atten: 10 dB

adio Std: None

Radio Device: BTS

10 cBidiv Ref 3.00 dBm

Trace/Detector

Log
-7.00

Clear Write|

Center 2.44 GHz

Span 10 MHz
Res BW 6.8 kHz

#VBW 22 kHz Sweep 205.7 ms

Average|

Max Hold

Min Hold|

Total Power -1.50 dBm

Occupied Bandwidth
610.26 kHz

Detector|
PeakP|
Man|

Transmit Freq Error
x B Bandwidth

12.675 kHz OBW Power
464.0 kHz x dB

99.00 %
-20.00 dB

Agilent Spectrum Analyzer - Occupied BW

RF SENSEINT ALIGN AUTO 15:50 PM Apr 28, 2015

ICenter Freq 2.440000000 GHz Center Freq: 2.440000000 GHz
— Trig:Free Run AvglHold>10/10
#IFGain:Low #Atten: 10 dB

Radio Std: None

Radio Device: BTS

10 Bidiv Ref 3.00 dBm
Log

Trace/Detector

Clear Write|

87 D‘l |

Span 10 MHz
Sweep 650.2 ms

Center 2.44 GHz

Res BW 6.8 kHz #VBW 22 kHz

Average|

Max Hold

Min Hold|

Total Power -4.59 dBm

Occupied Bandwidth
577.31 kHz

Detector|
Sample M|
Man|

Transmit Freq Error
x dB Bandwidth

22.659 kHz OBW Power
445.9 kHz x dB

99.00 %
-20.00 dB

|STATUS ‘
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99% BANDWIDTH HIGH

Agilent Spectrum Analyzer - Occupied BW.
RF

CH

ALIGN AUTO 01:16:58 Pt Apr 28, 2015

ICenter Freq 2.480000000 GHz

#IFGain:Low

‘ Center Freq: 2.480000000 GHz
Trig: Free Run
#Atten: 10 dB

Radio Std: None

Avg[Hold:>10/10

Radic Device: BTS

10 dBldiv

Ref 3.00 dBm
fiLog

Trace/Detector

-7.00

-17.0

Clear Write

Center 2.48 GHz
Res BW 6.8 kHz

#VBW 22 kHz

Span 10 MHz
Sweep 205.7 ms

Average|

Max Hold|

Min Hold|

Occupied Bandwidth
588.99 kHz
24.073 kHz
464.8 kHz

Transmit Freq Error
x dB Bandwidth

Total Power

OBW Power

x dB

-1.60 dBm

Detector|
PeakP|
Man

99.00 %
-20.00 dB

ALIGH AUTO 01:17:21 Pt Apr 26, 2015

ICenter Freq 2.480000000 GHz

#IFGain:Low

Center Freq: 2.480000000 GHz
T— Trig:Free Run
#Atten: 10 dB

Avg[Hold:>10/10

Radio Std: None

Radic Device: BTS

10 dBlidiv
Log

Ref 3.00 dBm

Trace/Detector

-7.00

Clear Write

Center 2.48 GHz
Res BW 6.8 kHz

#VBW 22 kHz

Span 10 MHz
Sweep 650.2 ms

Average|

Max Hold|

Min Hold|

Occupied Bandwidth
554.77 kHz

16.342 kHz
456.4 kHz

Transmit Freq Error
x dB Bandwidth

Total Power

OBW Power
x dB

-4.90 dBm

Detector|
Sample P
Man

99.00 %
-20.00 dB

|s'rA'rUs ‘
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7.2.RADIATED EMISSIONS

LIMIT

IC RSS-210, A2.9
FCC 15.249

Operation within the bands 902-928 MHz, 2400-2483.5 MHz, 5725-5875 MHZ, and 24.0—

24.25 GHz.

(a) Except as provided in paragraph (b) of this section, the field strength of emissions from
intentional radiators operated within these frequency bands shall comply with the following:

Fisld Fisld
sirangth of strangth of
Fundamental frequency fundamental | harmonics
(rnillivaltss {rmic rovalts!
mstar) mster)
Qo2L28 MHz ... 50 RO
2400-2483 5 MHz ...l 50 RO
EF2E-BRTE MHz ... 50 RO
2402425 GHz .o 250 2500

(d) Emissions radiated outside of the specified frequency bands, except for harmonics, shall be
attenuated by at least 50 dB below the level of the fundamental or to the general radiated emission
limits in § 15.209, whichever is the lesser attenuation.

) Measura-

Fraquancy (MHz) (m'i:nzl:?n’h?malllgrr:ﬂgatgr] W?;ntcl:nla:a-
(metars)

0.008-0480 ... | 2400F(kHZ) 200
0AS-1T05 e | 24000F(kHZ) 30
1705200 . |30 30
88 e 10D 3
822168 ... 160 3
216880 L | 200 3
Abowve 980 ... | 500 3

“Except as provided in paragraph (g), fundamental emis-
sions from intentional radiators opsrating under this ssction
shall not be kcated in the frequancy bands 54-72 MHz, 7&-
88 MHz, 174-216 MHz or 470206
within thess frequency bands is permitted under other sec-
tions of thiz part, &.g., $§15.231 and 15241,

Hz. However, oparation
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RESULTS

C63.4 sect. 4.2.2(e) Average voltage measurements using spectrum analyzer reduced video
bandwidth

PK: RBW 1MHz, VBW 1MHz
AV: RBW 1MHz, VBW 10Hz
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FCC ID: 2AES41002

7.2.1. FUNDAMENTAL FREQUENCY RADIATED EMISSION

Valve
usb Dongle
Test Meter Antenna Corrected 47CFR
Frequenc Reading Factor  Gain/Loss Reading 47CFR  Margin  Part15 Margin  Azimuth Height
y(GHz)  (dBuv)  Detector dB/m  (dB) dBuV/m  Part 15 PK (dB) AV (dB) [Degs]  [em] Polarity
24401 7451 Pk 219 458  100.99 114 -13.01- - 245 114 H
244 62.28 Av 219 458  88.76 114 2524 9% -5.24 245 114 H
24401 72.77 Pk 219 458  99.25 114 1475 - - 240 100V
244 60.52 Av 219 4.58 87 114 -27 9% -7 240 100 v
24022 65.53 Pk 218 458 9191 114 -22.09 - - 32 99V
24021 49.76 Av 218 458  76.14 114 -37.86 9 -17.86 32 9V
24022 68.3 Pk 218 458  94.68 114 -1932- - 329 101 H
24021 55.91 Av 218 458 8229 114 3171 9% -1 329 101 H
248 69.03 Pk 2 436 9539 114 -18.61- - 329 100 H
248 5671 Av 22 436  83.07 114 -3093 9% -10.93 329 100 H
24799 65.88 Pk 2 436 9224 114 2176 - - 327 9V
2.4801 53.5 Av 22 436 79.86 114 -34.14 9% -14.14 327 9V
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7.2.2. TRANSMITTER RESTRICTED BAND EDGES

RESTRICTED BANDEDGE (LOW CHANNEL, HORIZONTAL)

CH 02 RESTRICTED Horizontal

11BUL EMC Test System 29 Jun 2815

Preliminary Radiaoted Emissions

Ualve

188 2 46Hz USE Dongle

Tx CH @2, Horizontol
Power Level= —12dBm
gp RED:Pk, GREEN:Av

BandEdge PK Limit

2,365 SMHz/ 2,415

Freguency (GHz?
BE PASS CH-B3 Horizontal Power Level 8dB.DAT % Rev 9.5 B3 Jun 2815

Valve

2.4GHz USB Dongle
Tx CH 02, Horizontal
Power Level=-12dBm
RED:Pk, GREEN:Av

Test Meter Antenna Corrected
Marker  Frequency Reading(d Gain Gain/Loss Reading BandEdge PKMargin BandEdge Margin  Azimuth  Height
No. (GHz) Buv) Detector dB/m  (dB) dBuV/m  PKLimit (dB) AV Limit  (dB) [Degs]  [cm] Polarity
1 23955  32.56 Pk 21.8 467 59.03 74 1497 - - 329 100 H
2 24 4124 Pk 2.8 461 6765 74 635 - - 329 100 H
324022 6276 Pk 21.8 458  89.14 - - - - 329 100 H
4 23% 134 AV 2.8 469  39.89 74 3411 54 -1411 329 100 H
5 24 1357 AV 21.8 461 3998 74 3402 54 -1402 329 100 H
6 24021 50.4 AV 2.8 458 7678 - - - - 329 100 H
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CH 03 RESTRICTED Horizontal
|1 pUL EMC Teot System 29 Junm 2815  13:58: 14

Preliminory Rodioted Emissions

Ualve

2.4GHz USB Dongle
Tx CH @3, Horizaontol
Power Level= -6dBm

RED:Pk, GREEN:Av

BandEdge PK Limit

1 el

WWMW” I
48 g

2.365 S5MH=z/ 2.415
Fregquency (GHz)

BE PASS CH-B3 Horizontal Powsr Level BdB.DAT * Rev 9.5 83 Jun 2815

Valve
2.4GHz USB Dongle
Tx CH 03, Horizontal
Power Level= -6dBm
RED:Pk, GREEN:Av
Test Meter Antenna Corrected

Marker  Frequenc Reading(d Gain Gain/Loss Reading BandEdge PK Margin BandEdge Margin ~ Azimuth  Height
No. y(GHz)  Bw) Detector dB/m  (dB) dBuV/m  PKLimit (dB) AV Limit  (dB) [Degs]  [cm] Polarity

1 2392 3676 Pk 218 466 6322 74 1078 - - 329 100 H

2 24 42.9 Pk 2.8 461 6931 74 469 - - 329 100 H

3 24031 6839 Pk 21.8 458 9477 - - - - 329 100 H

4 239 BIAN 2.8 468  40.18 74 3382 54 -13.82 329 100 H

5 24 1367 AV 21.8 461  40.08 74 3392 54 1392 329 100 H

6 24031  56.03 AV 21.8 458 8241 - - - - 329 100 H
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CH 04 RESTRICTED Horizontal
! 1BUL EMC Test System 29 Jun 2815 13:54:26
Preliminary Radiaoted Emissions

Ualve

2.46Hz USB Dongle
Tx CH @4, Horizontal
Power Level= BdBm
RED:Pk, GREEN:Av

@
o

BandEdge PK Limit

~J
o

E
5
3 6B
m
el

TR n..V\iMMN‘MJWJMMMMM !

5BW"WW““" (LRI
4p

SMHz/ 2,415

Freguency (GHz)
Rev 9.5 B3 Jun 2815

Valve
2.4GHz USB Dongle
Tx CH 04, Horizontal
Power Level= 0dBm
RED:Pk, GREEN:Av
Test Meter Antenna Corrected

Marker  Frequenc Reading(d Gain Gain/Loss Reading BandEdge PK Margin BandEdge Margin ~ Azimuth  Height
No. y(GHz) BuVY)  Detector dB/m  (dB) dBuV/m  PKLimit (dB) AV Limit  (dB) [Degs]  [cm] Polarity

1 23957 39.02 Pk 21.8 467 6549 74 851 - - 329 100 H

2 24 4452 Pk 2.8 461 7093 74 307 - - 329 100 H

324082 7266 Pk 218 458  99.04 - - - - 329 100 H

4 23%1 1407 AV 218 466  40.53 74 3347 54 1347 329 100 H

5 24 BN 21.8 461 4013 74 3387 54 1387 329 100 H

6 24041  60.29 AV 218 458  86.67 - - - - 329 100 H
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

RESTRICTED BANDEDGE (LOW CHANNEL, VERTICAL)

CH 02 Bandedge, Vertical

| WBUL EMC Test System 29 Jun 2815 14:15:63

Preliminory Rodioted Emissions

Ualve

2.4GHz USB Dongle
Tx CH @3, Vertical
Power Level= -6dBm

RED:Pk, GREEN:Av

BandEdge PK Limit

2.365 S5MH=z/ 2.415
Fregquency (GHz)

BE PASS CH-B3 Horizontal Powsr Level BdB.DAT * Rev 9.5 83 Jun 2815

Valve

2.4GHz USB Dongle
Tx CH 02, Vertical
Power Level=-12dBm
RED:Pk, GREEN:Av

Test Meter Antenna Corrected
Marker  Frequency Reading(d Gain Gain/Loss Reading BandEdge PKMargin BandEdge Margin  Azimuth Height
No. (GHz) ~ Buv)  Detector dB/m  (dB) dBuV/m  PKLimit  (dB) AV Limit  (dB) [Degs]  [cm] Polarity
12399  30.35Pk 218 4.65 56.8 o172 - - 34 103V
2 24 3594 Pk 218 461 6235 74 1165 - - 34 103V
324022 5861 Pk 218 458 8499 - - - - 34 103V
4 239 132 AV 218 469  39.69 74 3431 5 -1431 34 103V
5 24 133AV 218 461 3971 74 3429 54 -14.29 34 103V
6 24021 4516 AV 218 458 7154 - - - - 34 103V
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REPORT NO: 10723179A

FCC ID: 2AES41002

DATE: July 9, 2015

CH 03 Bandedge, Vertical

B

UL EMC Test System

29 Jun 2815

Preliminary Radiaoted Emissions

Ualve

2.46Hz USB Dongle
Tx CH @3, Vertical
Power Level= -6dBm

RED:Pk, GREEN:Av

BandEdge PK Limit

£
~
>
3
fia)
o

2.365

BE PASS CH-B3 Hori

Valve

2.4GHz USB Dongle
Tx CH 03, Vertical
Power Level= -6dBm
RED:Pk, GREEN:Av

Test Meter
Marker  Frequenc Reading(d

zontal Powsr Level BdB.DAT

Antenna
Gain

No. y(GHz)  Buv)  Detector dB/m

12397 3292 Pk
2 24 3193 Pk
324032 63.03 Pk
42395 132NV
5 24 1337 AV
6 24031  50.69 AV

238
218
2138
218
2138
28

4.65
4.61
458
4.68
4.61
4.58

5MH=/

Fregquency (GHz)

Corrected
Gain/Loss Reading BandEdge PK Margin BandEdge Margin

7107 -

Page 22 of 45

2.

415

Rev 9.5 83 Jun 2815

dBuV/m  PKLimit (dB) AV Limit  (dB)
59.37 74 1463 -
64.34 74 966 -
8941 -
39.8 74 342 54 142
39.78 74 3422 5 -1422

34
34
34
34
34
34

Azimuth  Height
[Degs]

[em] Polarity
103V
103V
103V
103V
103V
103V

UL LLC

333 Pfingsten Rd., Northbrook, IL 60062, USA

FORM NO: CCSUP4701i

TEL: (847) 272-8800

This report shall not be reproduced except in full, without the written approval of UL LLC



REPORT NO: 10723179A

FCC ID: 2AES41002

DATE: July 9, 2015

CH 04 Bandedge, Vertical

"B

UL EMC Test System

29 Jun 2815

Preliminary Radiated Emissions

Ualve

2.4GHz USB Dongle
Tx CH @4, Uertical
Fower Level= BdBm

RED:Pk, GREEN;Av

BandEdge PK Limit

5MHz/
Freguency (GHz?

2.

415

Rev 9.5 A3 Jun 2015

Valve

2.4GHz USB Dongle
Tx CH 04, Vertical
Power Level= 0dBm

RED:Pk, GREEN:Av
Test Meter Antenna Corrected
Marker  Frequenc Reading(d Gain/Loss Reading BandEdge PK Margin BandEdge Margin  Azimuth  Height
No. y(GHz) BuY)  Detector dB/m dBuV/m  PKLimit (dB) AV Limit  (dB) [Degs]  [cm] Polarity
1 23968  35.06 Pk A8 465 6L51 741249 - 34 103V
2 24 39.23 Pk 28 461 6564 7 836 - 34 103V
324042 6743 Pk A8 458 9381 - 34 103V
4 23961 13440V A8 466 399 7% 341 5 -141 34 103V
5 24 13 AV 218 461 3983 74 3417 54 -1417 3 103V
6 24041 5507 AV 218 458 8145 - 34 103V
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

RESTRICTED BANDEDGE (HIGH CHANNEL, HORIZONTAL)

CH 80 RESTRICTED, Horizontal

! WBUL EMC Test System 29 Jun 2815 13:43:23

Preliminory Rodiaoted Emissions

Ualve

2.46Hz USB Dongle
Tx CH 89, Horizontal
Power Level= -6dBm
RED:Pk, GREEN:Av

BandEdge PKI Limit

SMHz/ 2.5885

Freguency (GHz)
Rev 9.5 B3 Jun 2815

Valve

2.4GHz USB Dongle
Tx CH 80, Horizontal
Power Level=-6dBm
RED:Pk, GREEN:Av

Test Meter Antenna Corrected

Marker  Frequenc Reading(d Gain Gain/Loss Reading BandEdge Margin  BandEdge Margin  Azimuth Height
No. y(GHz)  Bw) Detector dB/m  (dB) dBuV/m  PKLimit (dB) AV Limit  (dB) [Degs]  [cm] Polarity

1 248 69.03 Pk 2 436 9539 - - - - 329 100 H

2 2483 43.6 Pk 2.1 437 7007 74 393 - - 329 100 H

32481 4024 Pk 2.1 437 6671 129 - - 329 100 H

4 248 5671 AV Py 436 8307 - - - - 329 100 H

5 2485 1389 AV 2.1 437 4036 74 3364 54 -13.64 329 100 H

6 24878 13.82 AV 22.1 4.38 40.3 74 -337 54 -137 329 100 H
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

CH 79 RESTRICTED, Horizontal

| WBUL EMC Test System 29 Jun 2815 13:48:19

Prelimincary Rodiaoted Emissions

Ualve

2. 46Hz USB Dongle
Tx CH 79, Horizontal
Power Level= BdBm

RED:Pk, GREEN:Av

BandEdge PKi Limit

£
~
>
3
fia)
o

2.4585 5MH=z/ 2.5885
Fregquency (GHz)

BE CH-88 Horizontal.DAT * Rev 9.5 83 Jun 2815

Valve

2.4GHz USB Dongle
Tx CH 79, Horizontal
Power Level= 0dBm
RED:Pk, GREEN:Av

Marker No Test Frequ Meter Rea Detector EMC03167Gain/Loss (Corrected BandEdge Margin (dEBandEdge Margin (dE Azimuth [C Height [cm Polarity

124719 7273 Pk 2 436 99.09 - - - - 329 100 H
2 24835 4459 Pk 2.1 437 7106 2% - - 329 100 H
324887 3847 Pk 21 437 6494 74 906 - - 329 100 H
4 24791 60.4 AV 2 436 8676 - - - - 329 100 H
5 24835 1401 AV 2.1 437 4048 74 3352 54 -13%2 329 100 H
6 24877  1383AV 21 438 4031 74 -33.69 54 -13.69 329 100 H
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

RESTRICTED BANDEDGE (HIGH CHANNEL, VERTICAL)

CH 80 RESTRICTED, Vertical

! WBUL EMC Test System 29 Jun 2815 13:37:39

Preliminory Rodiaoted Emissions

Ualve

2.46Hz USB Dongle
Tx CH 89, Uertical
Power Level= -6dBm
RED:Pk, GREEN:Av

BandEdge PKI Limit

2.4585 SMHz/ 2.5885

Freguency (GHz)
BE CH-88 Horizontal .DAT ¥ Rev 9.5 B3 Jun 2815

Valve

2.4GHz USB Dongle
Tx CH 80, Horizontal
Power Level=-6dBm

RED:Pk, GREEN:Av
Test Meter Antenna Corrected

Marker ~ Frequenc Reading(d Gain  Gain/loss Reading BandEdge Margin  BandEdge Margin  Azimuth Height
No. y(GHz) Buv)  Detector dB/m  (dB) dBuV/m  PKLimit (dB) AV Limit  (dB) [Degs]  [cm] Polarity

1 248 69.03Pk 2 436 9539 - - - - 329 100 H

2 2483 436Pk 21 437 7007 o393 - - 329 100 H

3 24851 40.24 Pk 21 437 6671 o129 - - 329 100 H

4 248 S6TLAV 2 436 8307 - - - - 329 100 H

524835 1389 AV 21 437 4036 74 3364 54 -13.64 329 100 H

6 24878 13NV 21 438 403 7o 337 5 137 329 100 H
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REPORT NO: 10723179A
FCC ID: 2AES41002

DATE: July 9, 2015

CH 79 RESTRICTED, Vertical

"B

2.4585

BE CH-8@ Horizontol .DAT %

UL EMC Test System

29 Jun 2815 13:34:34

Preliminory Rodiated Emissions

Ualve

2.46Hz USB Dongle
Tx CH 79, Uertical
Power Level= BdBm
RED:Pk, GREEN:Av

BandEdge PKI Limit

5MH=z/ 2.5885

Freguency (GHz?

Rev 9.5 A3 Jun 2015

Valve

2.4GHz USB Dongle
Tx CH 79, Vertical
Power Level= 0dBm
RED:Pk, GREEN:Av

Test Meter

Marker  Frequenc Reading(d
No. y(GHz)  Bw)

1 24789 6887 Pk
2 24835 4048 Pk
3 24877 35.65Pk
4 24791 5653 AV
5 24835 1381 AV
6 2487  1379AV

Detector dB/m

Antenna

n
2.1
2.1

0
2.1
2.1

436
437
438
436
437
438

Corrected
Gain/Loss Reading BandEdge Margin

BandEdge Margin  Azimuth Height

dBuV/m  PKLimit (dB) AV Limit  (dB) [Degs]  [cm] Polarity
95.23 - - - - 327 99V
66.95 7705 - - 37 99V
62.13 7 1187 - - 327 99V
82.89 - - - - 37 99V

40.28 74 337 5 1372 327 9V
40.27 74 3373 54 -13.73 327 9V
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

7.2.3. HARMONICS AND SPURIOUS EMISSIONS ABOVE 1GHz

CH 02

| 1BUL EMC Test System 2 Jul 2815 151342

Preliminory Rodicoted Emissions

Ualve

USBDongle

TX LoCh 2, 24B2MH=z,
Fower Level -12dB
Red=Hor Green=lUert

47 CFR Part 15 PK

| Sl P

A ‘IUJ‘I'“I“‘I ’l‘”h pt‘|l’ ir . il

A8, oy . 1 i ! [ PR

| Ilp'-"lf{"]“;”.l‘nv“.‘~'v“"*‘ e G bt A h b Lt

 Jo TN TR 1, b Ly o Akl d
:r.w,‘. &' " i ;

el R
i

I T ' T
4B b it gl 0

34

| 25
Freguency (GHz2

RE1 1-25GHz LoCh 2 scon X-Axis DAT * Rev 9.5 @3 Jun 2015
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

Valve

USBDongle

TX LoCh 2, 2402MH;z,
Power Level -12dB
Red=Hor Green=Vert

Test Meter Antenna Corrected 47 CFR

Frequency Reading Gain Gain/Loss Reading 47CFR Margin  Part15 Margin  Azimuth Height

(GHz) (dBuV)  Detector dB/m  (dB) dBuV/m  Part 15 PK (dB) AV (dB) [Degs]  [cm] Polarity
1.5995 77.97 Pk 282 5433 51.84 74 2216 - - 143 100 v
15985  56.86 Av 282 5434 3072 74 -43.28 54 -23.8 143 100V

Pk - Peak detector
Av - Average detection
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REPORT NO: 10723179A
FCC ID: 2AES41002

DATE: July 9, 2015

CH 40

UL EMC Test Sgstem
11a

47 CFR Part 15 PK

27 Moy 2815 [A9:13:45

Freliminary Rodioted Emissions

Ualwve

ush Dongle

2448 MH=z

Red=Hor Green=Uert

|
e ‘i‘l i
TR .

Siillar

e L

' JL‘MN*‘JQII‘Uﬂndhﬁ
T

..»k‘l T
N’JJ.LLH
L

5] 25

Freguency (GHz2

¥ not soved ¥

Rsv 9.5 18 May 2615

During prescan, no Emissions found within 5dB of the limit, therefore no further measurements

needed.
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

CH 80

BUL EMC Test System 2 Jul 2815 16:14: 36

Freliminary Rodioted Emissions

Ualve

USBDongle

TX LaCh B84, 248BMHz
Fower Level -6dB
Red=Hor Green=Uert

47 CFR Part 15 PK

| 25

Freguency (GHz2
RE1 1-26GH=z LoCh 2 scom X-Axis . DAT * Rev 9.5 B3 Jun 26815
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REPORT NO: 10723179A
FCC ID: 2AES41002

DATE: July 9, 2015

Valve

USBDongle

TX LoCh 80, 2480MHz
Power Level -6dB
Red=Hor Green=Vert

Test Meter Antenna Corrected
Frequency Reading Gain Gain/Loss Reading 47CFR  Margin Margin ~ Azimuth Height
(GHz) (dBuv)  Detector dB/m  (dB) dBuV/m  Part 15 PK (dB) (dB) [Degs]  [cm] Polarity
1.5931 78.91 Pk 282 5442 52.69 74 -2131- - 278 148 H
15994 72,09 Av 282 5433 4596 74 -28.04 54 -804 278 148 H
1.5963 81.05 Pk 282  -54.35 54.9 74 -19.1- 139 127V
15931  75.19 Av 282 5441 4898 74 -25.02 54 502 139 127V
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

7.2.4. WORST-CASE BELOW 1 GHz

SPURIOUS EMISSIONS 30 TO 1000 MHz

PLOT
180

UL EMC Test System 29 May 28135 1415031

%Rodiated Emi=sions

; ; oo HValve
98 1 e 1Dangle
i i A [ICH 48 TX

i Red: Horizontal Green: Uertica

m)l
©J

S
&

dBlulolts/meter)
(@]
&J

[}
=

b
ol
’ rw“,ww'lhw
Ll

m
I

7o
Frequency (MHzD

Ronge: (=) RELABY Ref/fttn  Det/fvg Mode REIL/LEL Fef/fttn  Det/fvg Hode S

. Siep Fio Wups]  Ronge 0 wep  Pls dopatbde Fo
1:38-2H8 IBCEBIAMN S PEMKAogfurliden  Bneec(futo) B NH | 3:29-T608 1BCEBI 928 PERK/Logfur—ideo | Bnsectiuto) BRI MR [

# not soved # Rev 9.5 28 May 2815
During Prescan, no emissions found within 5dB of the limit, therefore no further
measurements needed.
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

SPURIOUS EMISSIONS 9kHz TO 30 MHz

PLOT
| 2 DL EMC Test Systen 9 Jul 2815 18.41:27

;33 Rodiated Emissions

H ; ; Valve
189} froseeeeats 1USB Dongle

i ; ; TX MidCh 2448MH=z
H : ! X—FAxis
=] _I ‘ ___i_ |Red ! Emissions

[89]
=l

~J
o

@]
I

dEtulalts/meter)
an

I
J

L
M

Frequency (MHz2

Forge (Hiiz) FBUAEN Ref/fittn  Det/fvg Hode Sueep Fts  Hiups Range (MHz) RENALEN Ref/fttn  Det/fvg Hode Sueep Pis 45ups/thde  Po
| .15 PRI T Rt PEAKALOGPar Video 7. Zsectfuto) 48BI  HAXH
20151 (-Gf) /108 928 FEAKAogPurliden  Zmsec(futnl 48B1  HAKH
3-8 O (-GaE) /108 9248 FEAK L ogPurMiden  728nsec(fute) 48B1  HAIH

# not soved # Rev 9.5 B3 Jumn 2015
During Prescan, no emissions found within 5dB of the limit, therefore no further
measurements needed.
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

8. AC POWER LINE CONDUCTED EMISSIONS

LIMITS
FCC §15.207 (a)
RSS-Gen 7.2.2
Fregquency of Emission (MHz) Conducted Limit (dBuV)
uasi-peak Average
0.15-0.5 6 to 56 560 to 46
0.5-5 56 46
5-30 Gl S0
" 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 C63.4.

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.
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REPORT NO: 10723179A
FCC ID: 2AES41002

DATE: July 9, 2015

RESULTS

6 WORST EMISSIONS

Manufacturer:Valve
Model#Dongle
Mode:TX CH 40
Voltage:120V 60Hz
QP=Red CaV=Grn

Trace Markers

Test Meter Transducer Gain/Loss Corrected Limit:1l 3 4 5 6
No. Frequency Reading Factor Factor Reading (dB(uVolts))
(MHz) (dB) (dB)

Line = L1 .15 = 30MHZ —=——=————m— o

1 .1815 36.67dBuvV Qp .1 11.9 48.67 - 64.42 - - -
Margin (dB) - -15.75 - - -

2 .18825 20.04dBuv Ca .1 11.7 31.84 - - 54.11 - -
Margin (dB) - - -22.27 - -

3 .24225 27.23dBuVvV Qp .1 11.3 38.63 - 62.02 - - -
Margin (dB) - -23.39 - - -

4 .24675 14.48dBuV Ca .1 11.2 25.78 - - 51.87 - -
Margin (dB) - - -26.09 - -

5 5.0865 20.44dBuvV Qp .1 10.7 31.24 - 60 - - -
Margin (dB) - -28.76 - - -

6 5.091 15.93dBuV Ca .1 10.7 26.73 - - 50 - -
Margin (dB) - - -23.27 - -

Line = L2 .15 = 30MHZ —=——=— === m— e e

7 .1815 36.36dBuvV Qp .1 12 48.46 - 64.42 - - -
Margin (dB) - -15.96 - - -

8 .186 19.66dBuV Ca .1 11.8 31.56 - - 54.21 - -
Margin (dB) - - -22.65 - -

9 .24225 28.74dBuv Qp .1 11.4 40.24 - 62.02 - - -
Margin (dB) - -21.78 - - -

10 .24675 14.04dBuvV Ca .1 11.3 25.44 - - 51.87 - -
Margin (dB) - - -26.43 - -

11 5.127 22.19dBuv Qp .1 10.9 33.19 - 60 - - -
Margin (dB) - -26.81 - - -

12 5.12475 17.68dBuvV Ca .1 10.9 28.68 - - 50 - -
Margin (dB) - - -21.32 - -

LIMIT 3: CISPR 22/11 Group 1 Class B QP

LIMIT 4: CISPR 22/11 Group 1

Op - Quasi-Peak detector
Ca - CISPR Average detection

Class B AV
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REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

LINE 1 RESULTS

UL EMC Test System 29 May 2815 144227
: : : oo ‘ Conducted RFI Uoltage

Manufacturer:Ualve
Maode [#Dong le
Mods: TX CH 48
Voltage: 128V bbHz
OF=Red Cal=Grn

L0
m

co
N

~J
M

mp}
=

Closs B 0P |

I
a

CdBtulalt=s2d Line - L1

L
(mp}

1@
Frequency (MHz2

Rarge MH  Det WU UBH Py Typ Sesp Pis Fopofodd  Range 0HD Det B fig Iy Seep Ple fopok Ld

¥ not saved * Rev 9.5 24 Oct 2814

Page 37 of 45

UL LLC FORM NO: CCSUP4701i
333 Pfingsten Rd., Northbrook, IL 60062, USA TEL: (847) 272-8800
This report shall not be reproduced except in full, without the written approval of UL LLC



REPORT NO: 10723179A DATE: July 9, 2015
FCC ID: 2AES41002

LINE 2 RESULTS

UL EMC Test System 29 May 2815 144227
: : : oo ‘ Conducted RFI Uoltage

Manufacturer:Ualve
Maode [#Dong le
Mods: TX CH 48
Voltage: 128V bbHz
OF=Red Cal=Grn

co
N

~J
M

|

'CISPR 22/11 Group | Closs B 0P |

I
a

CdBtulalt=s2d Line - L2

L
(mp}

TG

Frequency (MHz2

Rarge MH  Det WU UBH Py Typ Sesp Pis Fopolfdd  Rage OHD Dt A0 B g Ty Seep Ple fopok Ld

¥ not saved * Rev 9.5 24 Oct 2814
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