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Abstract

This report has been prepared on behalf of Stanley Black & Decker, Inc.to support the attached application
for a 2.4GHz Bluetooth Transmitter. The test report and application are submitted for a Frequency
Hopping Spread Spectrum (FHSS) Transmitter under Part 15.247 of the FCC Rules and under Innovation
Science and Economic Development (ISED) Canada RSS-247, Issue 2 (2/2017). This test Report
documents the test configuration and test results for the Stanley Black & Decker, Inc., DCR0O08. The
information provided in this report is only applicable to device herein documented, as the EUT.

The radiated emissions portion of the testing was performed in the Free-space Anechoic Chamber Test-
site (FACT) 3m Chamber of Washington Laboratories, Ltd., located at 4840 Winchester Boulevard, Suite
#5. Frederick, MD 21703. Site description and site attenuation data have been placed on file with the
FCC's Sampling and Measurements Branch at the FCC laboratory in Columbia, MD.

Washington Laboratories, Ltd. has been accepted by the FCC and approved by ANAB under Testing
Certificate AT-1448 as an independent test laboratory. The Washington Laboratories, Ltd. ISED Canada
number is 3035A.

The Stanley Black & Decker, Inc., DCR008 complies with the requirements for a FHSS Bluetooth
Transmitter under Part 15.247 of the FCC Rules and under Innovation Science and Economic
Development (ISED) Canada RSS-247, Issue 2 (2/2017).

Revision History Description of Change Date
Rev 0 Initial Release November 17, 2022
Rev 1 TCB Comments; Dated 2/1/2023 February 6, 2023
Rev 2 TCB Comments; Dated 2/15/2023 February 16, 2023
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1 Introduction

1.1 Compliance Statement

The Stanley Black & Decker, Inc., DCR008 complies with the requirements for a FHSS Bluetooth
Transmitter under Part 15.247 of the FCC Rules and under Innovation Science and Economic
Development (ISED) Canada RSS-247, Issue 2 (2/2017).

1.2 Test Scope

Tests for radiated and conducted (at antenna terminal) emissions were performed. All measurements were
performed in accordance with C63.10 “ANSI Procedures for Compliance Testing of Unlicensed Wireless
Devices”. The measurement equipment conforms to ANSI C63.2 Specifications for Electromagnetic
Noise and Field Strength Instrumentation. Table 1 provides the series and results of testing for compliance
with for a FHSS device; full test results are shown in subsequent report sub-sections.

1.3 Testing Algorithm

The DCRO008, Bluetooth Speaker was provided to the test laboratory, in two sample configurations: (1) a
conducted (at the antenna port) sample and (2) a wireless radiated (PCB trace antenna) sample. The EUT
low, center, and high channels were tunable through the support laptop’s interface. Prior to all testing,
the transmitter power was adjusted [via software] to the maximum allowable setting withing the support
software, indicated by a numerical value of “8”. This setting achieved the reported peak transmit output
power denoted in Table 2. The EUT was tested in a manner that produced the worst-case emission levels,
which are provided in the test results data section(s) of this report.
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1.4 Test Location

All measurements herein were performed at Washington Laboratories, Ltd. test center in Frederick, MD.
Site description and site attenuation data have been placed on file with the FCC's Sampling and
Measurements Branch at the FCC laboratory in Columbia, MD. Washington Laboratories, Ltd. has been
accepted by the FCC and approved by ANAB under Testing Certificate AT-1448 as an independent test
laboratory. The Washington Laboratories, Ltd. ISED Canada number is 3035A.

1.5 Contract Information

Customer: Stanley Black & Decker, Inc.
Purchase Order Number: V603822
Quotation Number: 73709

1.6 Test and Support Personnel

Washington Laboratories, LTD  Ryan Mascaro
Customer Representative Cedric Valiente

1.7 Test Dates

11/9/2022 — 11/14/2022 & 2/6/2023 (also see Section 4 of this report)

Report 17918-01 Rev 2 Page-9 of 130
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Table 1: Certification Testing Summary and Compliance Results
FCC ISED Canada .

Rule Part Rule Part Test Description Result
15.247(b)(1) RSS-247; 5.4(b) Transmit Output Power Pass
15.247(a)(1) RSS-247; 5.1(a) Channel Occupied Bandwidth Pass

2.1049
15.247 (a)(1)(iii) RSS-247; 5.1(d) Number of Channels Used Pass
15.247 (a)(1)(iir) RSS-247; 5.1(d) Time of Occupancy (Dwell Time) Pass
15.247(a)(1) RSS-247; 5.1(b) Channel Carrier Separation Pass

15.247(d) RSS-247; 5.5 Bandedge Compliance (20dB) Pass

DA 00-705

15.247(d) RSS-247; 5.5 Conducted Spurious Emissions Pass

15.205(a) RSS-Gen; 8.9 General Field Strength Requirements Pass

15.209(a) RSS-Gen; 8.10

15.205 RSS-Gen; 6.8 Antenna Requirement Pass +
15.207 RSS-Gen; 8.8 AC Powerline Conducted Emissions Pass

+ the EUT employs a custom PCB trace antenna; designed and manufactured by the Applicant. The
EUT does not have an antenna connector.

Report 17918-01 Rev 2
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2 Test Results

2.1 Transmitter Output Power

For frequency hopping systems operating in the 2400 MHz to 2483.5 MHz band, that employ at least 75
non-overlapping hopping channels, the maximum conducted output power (measured at the antenna port)
shall not exceed 30 dBm (1 Watt). For all other frequency hopping systems, inclusive of the EUT, in the
2400 MHz to 2483.5 MHz band the maximum conducted output power (measured at the antenna port)
shall not exceed 21 dBm (125 mW). Additionally, ISED Canada requires that the EIRP shall not exceed
4 Watts, except as provided in RSS-247, Section 5.4(e).

2.1.1 Measurement Method and Results

This test was performed as specified in ANSI C63.10 (2013), Section 7.8.5.

The EUT was configured in a fully-modulated mode, with the hopping stopped.

The EUT employs a PCB trace antenna with a maximum gain of -1.5 dBi.

3.96 +-1.5 = 2.46 dBm EIRP (calculated), which is far below the 4W limit for Canada.

Table 2: Transmitter Output Power — Test Results

i Mode Peak Power

Modulation (Data Rate) Frequency (MHz) (dBm)
.- 2402 MHz 3.80
GESK (1Mbae) 2441 MHz 3.96
P 2480 MHz 3.01
2402 MHz 3.76
/ADQPSK (22,3;'53) 2441 MHz 3.85
P 2480 MHz 3.76
2402 MHz 3.76
8DPSK (333;'55) 2441 MHz 3.76
P 2480 MHz 3.77

Report 17918-01 Rev 2 Page-11 of 130
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Figure 1: GFSK (1Mbps) — Low Channel, Peak Power Output
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Figure 2: GFSK (1Mbps) — Center Channel, Peak Power Output
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Figure 3: GFSK (1Mbps) — High Channel, Peak Power Output
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Figure 4: n/4ADQPSK (2Mbps) — Low Channel, Peak Power Output
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Figure 5: 1/4DQPSK (2Mbps) — Center Channel, Peak Power Output
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Figure 6: 1/4DQPSK (2Mbps) — High Channel, Peak Power Output
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Figure 7: 8DPSK (3Mbps) — Low Channel, Peak Power Output

=5 Agilent 13:48:52 MNow 9, 2622

Eef 15 dBm Atten 18 dB
"eak

#F

L

3 HH
£0° | Marker
swp [ 2.401796600 GHz

3.76 dBm

AGE @ GHz
#Il_llE: H 5131 MH:

Report 17918-01 Rev 2

Page-18 of 130



Stanley Black & Decker, Inc. w FCC & ISED Canada
DCRO008 Certification Test Report

Figure 8: 8DPSK (3Mbps) — Center Channel, Peak Power Output
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Figure 9: 8DPSK (3Mbps) — High Channel, Peak Power Output
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Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of
25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency
hopping systems operating in the 2400 MHz to 2483.5 MHz band may have hopping channel carrier
frequencies that are separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel,
whichever is greater, provided the systems operate with an output power no greater than 125 mW.

The occupied bandwidth of a frequency hopping channel is the 20dB emission bandwidth, measured with
the hopping stopped. The system shall hop to channel frequencies that are selected at the system hopping
rate from a pseudo randomly ordered list of hopping frequencies.

2.2.1 Measurement Method and Results

This test was performed as specified in ANSI C63.10 (2013), Section 6.9.2

The EUT was configured in a fully-modulated mode, with the hopping stopped.

Table 3: Channel Occupied Bandwidth — Test Results

Modulation Mode Frequency 20dB 99%
(Data Rate) (MHz2) Bandwidth Bandwidth
oHS 2402 MHz 861.2 kHz 839.7 kHz
GESK (1Mbps) 2441 MHz 862.2 kHz 840.5 kHz
P 2480 MHz 862.3 kHz 849.0 kHz
DM 2402 MHz 1.19 MHz 1.12 MHz
T/4DQPSK (2Mbpe) 2441 MHz 1.19 MHz 1.12 MHz
P 2480 MHz 1.19 MHz 1.12 MHz
DM 2402 MHz 1.20 MHz 1.13 MHz
8DPSK (3Mbpe) 2441 MHz 1.23 MHz 1.13 MHz
P 2480 MHz 1.23 MHz 1.13 MHz
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Figure 10: GFSK (1Mbps) — Low Channel, Occupied Bandwidth

% Agilent 18:11:36 Now 9, 2822

Ref 15 dEm Atten 16 dB
eak

kH= #\BH 186 kHz

Occupied Bandwidth Occ BH % Pwr
839.7107 kHz % dB

Transmit Freq Error
¥ B Bandwidth

Report 17918-01 Rev 2 Page-22 of 130



Stanley Black & Decker, Inc. w FCC & ISED Canada
DCRO008 Certification Test Report

Figure 11: GFSK (1Mbps) — Center Channel, Occupied Bandwidth
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Figure 12: GFSK (1Mbps) — High Channel, Occupied Bandwidth
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Figure 13: n/4ADQPSK (2Mbps) — Low Channel, Occupied Bandwidth
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Figure 14: n/4ADQPSK (2Mbps) — Center Channel, Occupied Bandwidth
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Figure 15: n/4ADQPSK (2Mbps) — High Channel, Occupied Bandwidth
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Figure 16: 8DPSK (3Mbps) — Low Channel, Occupied Bandwidth
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Figure 17: 8DPSK (3Mbps) — Center Channel, Occupied Bandwidth
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Figure 18: 8DPSK (3Mbps) — High Channel, Occupied Bandwidth
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Frequency hopping systems in the 2400 MHz to 2483.5 MHz band shall use at least 15 channels. The
average time of occupancy on any channel shall not be greater than 400 ms within a period of 400 ms
multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or
suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are
used.

2.3.1 Measurement Method and Results

This test was performed as specified in ANSI C63.10 (2013), Section 7.8.1 and 7.8.3

The EUT was configured in a fully-modulated mode, with the hopping enabled.

Table 4: Number of Channels Used — Test Results

Modulation (Dal\t/laolg(;te) ChanlileJI-srUse d Requirement
GFSK (1I|:\)/||-b|gs) 79 Channels 15 Channels
1/ADQPSK (22,3;1) 79 Channels 15 Channels
8DPSK (g’“[ﬂ’g';) 79 Channels 15 Channels
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Figure 19: GFSK (1Mbps) — Number of Channels Used, Plot 1
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Figure 20: GFSK (1Mbps) — Number of Channels Used, Plot 2
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Figure 21: n/4ADQPSK (2Mbps) — Number of Channels Used, Plot 1
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Figure 22: n/4ADQPSK (2Mbps) — Number of Channels Used, Plot 2
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Figure 23: 8DPSK (3Mbps) — Number of Channels Used, Plot 1
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Figure 24: 8DPSK (3Mbps) — Number of Channels Used, Plot 2
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2.4 Time of Occupancy (Dwell Time)

Frequency hopping systems in the 2400 MHz to 2483.5 MHz band shall use at least 15 channels. The
average time of occupancy on any channel shall not be greater than 400 ms within a period of 400 ms
multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or
suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are

used.

2.4.1 Measurement Method and Results

This test was performed as specified in ANSI C63.10 (2013), Section 7.8.4.

The EUT was configured in a fully-modulated mode, with the hopping enabled.

The limits prescribed in this section shall be defined as follows:

79cHan * 0.4 second = 31.6 second period

Time of Occupancy Limit = 0.4s/31.6s

A multiplier factor of 6.32 shall be employed to extrapolate the total average time of occupancy of any
channel over a 31.6 second period. This factor is based on a 5 second transmitter evaluation.

5*6.32=31.6
Table 5: Time of Occupancy — Test Results
Transmissions Transmissions Single EUT Occupanc

Modulation . . Transmission | Occupancy ‘pancy

in 5 seconds in 31.6 seconds . Limit
Period Dwell

GFSK 14 89 2.91 ms 258.9 ms 400 ms
n/ADQPSK 16 101 2.95 ms 297.9 ms 400 ms
8DPSK 16 101 2.95 ms 297.9 ms 400 ms
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Figure 25: GFSK Transmitter 5-Second Evaluation (Hopping)
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*in this case, it appears that there may only be seven full-power transmitter hops; however, after further
investigation there are actually 14 individual transmitter hops in a given 5-second evaluation period. See
next plot for detailed measurement.
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Figure 26: GFSK Transmitter Evaluation (Hopping) — Single Dwell Time
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Figure 27: n/4ADQPSK Transmitter 5-Second Evaluation (Hopping)
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* in this case, it appears that there may only be eight full-power transmitter hops; however, after further
investigation there are actually 16 individual transmitter hops in a given 5-second evaluation period. See
next plot for detailed measurement.
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Figure 28: n/4ADQPSK Transmitter Evaluation (Hopping) — Single Dwell Time
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Figure 29: 8DPSK Transmitter 5-Second Evaluation (Hopping)

= Agilent 18:51:52 Novw 11, 2822

Fef 15 dBm Atten 16 dE

*in this case, it appears that there may only be eight full-power transmitter hops; however, after further
investigation there are actually 16 individual transmitter hops in a given 5-second evaluation period. See
next plot for detailed measurement.
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Figure 30: 8DPSK Transmitter Evaluation (Hopping) — Single Dwell Time
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2.5 Channel Carrier Separation

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of
25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency
hopping systems operating in the 2400 MHz to 2483.5 MHz band may have hopping channel carrier
frequencies that are separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel,
whichever is greater, provided the systems operate with an output power no greater than 125 mW. Each
frequency must be used equally on the average by each transmitter.

25.1 Measurement Method and Results

This test was performed as specified in ANSI C63.10 (2013), Section 7.8.2

The EUT was configured in a fully-modulated mode, with the hopping stopped.

The minimum separation requirement is based on two-thirds of the 20 dB bandwidth.

The EUT was evaluated at the low, center, and high channels, and a few other random channels that the
transmitter employs. All of the hopping channel carriers are separated by exactly 1.0 MHz, regardless of

the modulation mode.

Table 6: Channel Carrier Separation — Test Results

Minimum .
Modulation Mode ZOdB Separation EUT Carrier
(Data Rate) Bandwidth Requi Separation
equirement
DH5
GFSK (1Mbps) 862.2 kHz 574.8 kHz 1.0 MHz
2DH5
n/4DQPSK (2Mbps) 1.19 MHz 793.3 kHz 1.0 MHz
3DH5
8DPSK (3Mbps) 1.23 MHz 820.0 kHz 1.0 MHz
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Figure 31: GFSK (1Mbps) — Channel Separation

=% Agilent 11:54:45 MNow 18, 2622

Fi:n::_~:-’f 15 dBEm Atten 18 dB

#\JBH 3868 kHz

Report 17918-01 Rev 2 Page-46 of 130



Stanley Black & Decker, Inc. w FCC & ISED Canada
DCRO008 Certification Test Report

Figure 32: n/4ADQPSK (2Mbps) — Channel Separation
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Figure 33: 8DPSK (3Mbps) — Channel Separation
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2.6 Bandedge Compliance (Antenna Port Conducted)

In any 100 kHz bandwidth, outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the
highest level of the desired power, based on either an RF conducted or a radiated measurement, provided
the transmitter demonstrates compliance with the peak conducted power limits.

2.6.1 Measurement Method and Results

This test was performed as specified in ANSI C63.10 (2013), Section 7.8.1 and 7.8.6.

The EUT was configured in a fully-modulated mode, with the hopping enabled.

Table 7: Bandedge Compliance — Test Results

Modulation Mode Low Channel High Channel
(Data Rate) (2402 MHz) (2480 MHz)
GFSK (1%'?)35) 47.61dB 54.11 dB
n/ADQPSK (ZZI\EZIJ;) 48.07 dB 51.46 dB
8DPSK (;\[zg;) 49.73 dB 51.54 dB
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Figure 34: GFSK (1Mbps) — Lower Band Edge
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Figure 35: GFSK (1Mbps) — Upper Band Edge
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Figure 36: n/4ADQPSK (2Mbps) — Lower Band Edge
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Figure 37: n/4ADQPSK (2Mbps) — Upper Band Edge
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Figure 38: 8DPSK (3Mbps) — Lower Band Edge
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Figure 39: 8DPSK (3Mbps) — Upper Band Edge
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2.7 Conducted Spurious Emissions

In any 100 kHz bandwidth, outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the intentional
radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the
highest level of the desired power, based on either an RF conducted or a radiated measurement, provided
the transmitter demonstrates compliance with the peak conducted power limits.

2.7.1 Measurement Method and Results

This test was performed as specified in ANSI C63.10 (2013), Section 7.8.8 and 11.11.

The EUT was configured in a fully-modulated mode, with the hopping stopped.

The amplitude of the EUT carrier frequency was measured to determine the emissions limit (20 dB below
the carrier frequency amplitude). The emissions outside of the allocated frequency band were then scanned
from 30 MHz to 25 GHz, to include the 10th harmonic of the fundamental

The reduced testing procedures outlined in ANSI C63.10 (2013), Section 5.6.2 and 5.6.2.2 were also
employed. The spurious emission test data correlating to the center channel of all three modulation modes
is provided below. The worst-case mode (GFSK) was utilized to provide the spurious emission test data
for the low and high channels.

The EUT complies with the requirements for spurious emissions at the antenna port.

The final test data is provided in the following plots.
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Figure 40: GFSK (1Mbps) Low Channel, Conducted Spurious — Plot 1
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Figure 41: GFSK (1Mbps) Low Channel, Conducted Spurious — Plot 2
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Figure 42: GFSK (1Mbps) Low Channel, Conducted Spurious — Plot 3
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Figure 43: GFSK (1Mbps) Low Channel, Conducted Spurious — Plot 4
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Figure 44: GFSK (1Mbps) Low Channel, Conducted Spurious — Plot 5
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Figure 45: GFSK (1Mbps) Low Channel, Conducted Spurious — Plot 6
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Figure 46: GFSK (1Mbps) Center Channel, Conducted Spurious — Plot 1
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Figure 47: GFSK (1Mbps) Center Channel, Conducted Spurious — Plot 2
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Figure 48: GFSK (1Mbps) Center Channel, Conducted Spurious — Plot 3
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Figure 49: GFSK (1Mbps) Center Channel, Conducted Spurious — Plot 4
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Figure 50: GFSK (1Mbps) Center Channel, Conducted Spurious — Plot 5
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Figure 51: GFSK (1Mbps) Center Channel, Conducted Spurious — Plot 6
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Figure 52: GFSK (1Mbps) High Channel, Conducted Spurious — Plot 1

4 Agilent 13:32:39 Now 11, 2622

ef 5 dBm Atten 16 dB

PRSS LIMIT1

"
20 barker
sip | 2.480000000 GHZ

2.7/6 dBm

#\BH 386 kHz

Report 17918-01 Rev 2

Page-71 of 130



Stanley Black & Decker, Inc. w FCC & ISED Canada
DCRO008 Certification Test Report

Figure 53: GFSK (1Mbps) High Channel, Conducted Spurious — Plot 2
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Figure 54: GFSK (1Mbps) High Channel, Conducted Spurious — Plot 3
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Figure 55: GFSK (1Mbps) High Channel, Conducted Spurious — Plot 4
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Figure 56: GFSK (1Mbps) High Channel, Conducted Spurious — Plot 5
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Figure 57: GFSK (1Mbps) High Channel, Conducted Spurious — Plot 6
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Figure 58: n/4ADQPSK (2Mbps) Center Channel, Conducted Spurious — Plot 1
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Figure 59: n/4ADQPSK (2Mbps) Center Channel, Conducted Spurious — Plot 2
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Figure 60: ©/4DQPSK (2Mbps) Center Channel, Conducted Spurious — Plot 3
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Figure 61: 7/4ADQPSK (2Mbps) Center Channel, Conducted Spurious — Plot 4
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Figure 62: n/4ADQPSK (2Mbps) Center Channel, Conducted Spurious — Plot 5
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Figure 63: 7/4ADQPSK (2Mbps) Center Channel, Conducted Spurious — Plot 6
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Figure 64: 8DPSK (3Mbps) Center Channel, Conducted Spurious — Plot 1
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Figure 65: 8DPSK (3Mbps) Center Channel, Conducted Spurious — Plot 2
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Figure 66: 8DPSK (3Mbps) Center Channel, Conducted Spurious — Plot 3
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Figure 67: 8DPSK (3Mbps) Center Channel, Conducted Spurious — Plot 4
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Figure 68: 8DPSK (3Mbps) Center Channel, Conducted Spurious — Plot 5
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Figure 69: 8DPSK (3Mbps) Center Channel, Conducted Spurious — Plot 6

4 Agilent 12:47:09 Now 11, 2622

Fef § dBm Atten 16 dB

PRSS LIMIT1

o |Marker
swn [24.922500000 GHz
-37.66 dBm

#\BH 386 kHz

Report 17918-01 Rev 2

Page-90 of 130



Stanley Black & Decker, Inc. w FCC & ISED Canada
DCRO008 Certification Test Report

2.8  General Field Strength Requirements — Radiated Emissions

2.8.1 Requirements

Compliance Standard: FCC Part 15.205 and 15.209

FCC Compliance Limits
Frequency Range 3m Limit
30 - 88 MHz 100 pVv/m (QP)
88 — 216 MHz 150 pV/m (QP)
216 — 960 MHz 200 pV/m (QP)
> 960 MHz 500 uV/m (AVG) 5000 pV/m (Peak)

2.8.2 Test Procedure Summary

The requirements of FCC Part 15, RSS-Gen, and ICES-003 call for the EUT to be placed ona 1m X 1.5m
non-conductive motorized turntable at a height of 80cm for radiated testing of frequencies up to 1000
MHz, and a height of 1.5m for testing of frequencies above 1000 MHz. Please note that the radiated
emissions measured during this testing, were performed at a distance of 3-meters.

An initial pre-scan of the EUT was performed to identify any emissions that exceed, or come within 6dB
of, the applicable limit. This pre-scan was performed a with the employment of a spectrum analyzer peak
detector function. The highest amplitude (worst-case) emissions noted during the pre-scan were selected
for final compliance measurements.

The emissions from the EUT were measured continuously at every azimuth by rotating the turntable.
Broadband log periodic and double-ridged horn antennas were mounted on an antenna mast to determine
the height of maximum emissions. The height of the antenna was varied between 1 and 4 meters. The
output of the antenna was connected to the input of the spectrum analyzer and the emissions in the
frequency range of 30 MHz to 25 GHz were evaluated. The EUT peripherals were placed on the table in
accordance with ANSI C63.4. Cables were varied in position to produce maximum emissions. Both the
horizontal and vertical field components were measured.
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The detector function was set to quasi-peak for measurements below 1 GHz. The measurement bandwidth
of the spectrum analyzer system was set to at least 120 kHz, with all post-detector filtering no less than
10 times the measurement bandwidth. For measurements above 1 GHz, both the peak and the average
levels are recorded, using a measurement bandwidth of 1 MHz. For average measurements, a video
bandwidth setting of 10 Hz was used, in the case of video averaging; otherwise, an EMI AVG detector
shall be employed.

To ensure that the support laptop did not interfere with radiated measurements of frequencies above 1GHz,
the applicant has completely disabled the WiFi capabilities within the computer’s bios. For measurements
of frequencies below 1000 MHz, the laptop and the AC/DC power supply were shielded from the test site
via the use of EMF/EMI Faraday Blankets. Overall, the support laptop, and power supply, did not impact
the 3m radiated emissions testing due to the shielding effectiveness of these protective materials.

2.8.3 Radiated Data Reduction and Reporting

To convert the raw spectrum analyzer radiated data into a form that can be compared with the FCC limits,
it is necessary to account for various calibration factors that are supplied with the antenna(s) and other
measurement equipment. These factors include the antenna factor ((AF)(in dB/m)), cable loss factors
((CF)(in dB)), and the pre-amplifier gain [if applicable] ((G)(in dB)). These correction values are
algebraically added to the raw Spectrum Analyzer Voltage (in dBuV) to obtain the corrected radiated
electric field, which shall be the final corrected logarithm amplitude ((Corr. Meas.)(in dBuV/m)). This
logarithm amplitude is then compared to the FCC limit, which has been converted to a unit of log in
dBuv/m.

Example:

Spectrum Analyzer Voltage: VdBuV (SA)

Antenna Correction Factor: AFdB/m

Cable Correction Factor: CFdB

Pre-Amplifier Gain (if applicable): GdB

Electric Field: EdBuV/m =V dBuV (SA) + AFdB/m + CFdB - GdB

To convert from linear units of measure: dBuV/m = 20LOG(uV/m)
To convert FCC limits, based on Dmeasure: ~ 3m Limit = 10m Limit + 20LOG(10/3)
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Environmental Conditions During Radiated Emissions Testing

Ambient Temperature: 20 °C
Relative Humidity: 55 %

2.8.4 Measurement Method and Results

The reduced testing procedures outlined in ANSI C63.10 (2013), Section 5.6.2 and 5.6.2.2 were employed.
The radiated spurious emission test data correlating to the center channel of all three modulation modes
is provided below. The worst-case mode, with regard to peak power output, (GFSK) was utilized to
provide the radiated spurious emission test data for the low and high channels.

The EUT was configured in a fully-modulated mode, with the hopping stopped.

The EUT was tested while positioned in the worst-case orientation, based the three-axes orthogonal plane
evaluation of the fundamental field strength at 3-meters.

The EUT complies with the requirements this section.

There were no emissions detected in the frequency range of 18 GHz — 25 GHz.

Table 8: Radio Fundamental, EUT Axis Evaluation (GFSK, Center Channel)

Frequenc Polarit SA Level Corr. Corr. Corr.
(I\(lez) y H/V y (dBuV) Factors Level Level Detector | Comments
(dB) (dBuv/m) | (uV/m)
2441.00 V 109.6 -17.4 92.2 40725.8 Peak X-Axis
2441.00 V 111.3 -17.4 93.9 49530.2 Peak Y-AXxis
2441.00 V 113.1 -17.4 95.7 60655.5 Peak Z-AXis
2441.00 H 113.9 -17.4 96.8 69003.3 Peak X-AXis
2441.00 H 111.0 -17.4 93.6 47793.6 Peak Y-AXxis
2441.00 H 111.9 -17.4 94.5 52950.5 Peak Z-AXxis
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Table 9: Radiated Emissions Test Data — 30 MHz to 1000 MHz
Frequency Corr. Limit Turn Table | Antenna
Detector Meas. Delta (dB
(MH2) duarmy | (@Buv/m) (@B) | (deg) (cm)
Peak 27.699 -- -- 270 Vert, 150
71.982
QP 24.381 40 -15.619 270 Vert, 150
Peak 29.420 -- -- 180 Vert, 130
95.946
QP 26.715 44 -17.285 180 Vert, 130
Peak 29.683 -- -- 180 Vert, 120
167.958
QP 25.685 44 -18.315 180 Vert, 120
Peak 33.201 -- -- 0 Horiz, 120
263.874 _
QP 30.526 46 -15.474 0 Horiz, 100
Peak 31.216 -- - 90 Vert, 100
407.777
QP 25.40 46 -20.600 90 Vert, 100
Peak 36.357 -- -- 0 Horiz, 100
977.987 _
QP 29.180 54 -24.820 0 Horiz, 100

For measurements of frequencies below 1000 MHz, the EUT was tuned to the center channel (2441 MHz)
and set to a fully-modulated mode using GFSK. Changing the modulation type, or carrier center frequency,
had no impact on the emissions in the frequency range of 30 MHz to 1000 MHz.

The plots provided on the following page, represent the 3m radiated emissions test data that correlate to

the tabular data provided in Table 9. (30 MHz to 1000 MHz).
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Table 10: Radiated Emissions Test Data — 1 GHz to 25 GHz (GFSK, Low Channel)

Frequency Detector Corr. Meas. Limit Delta I;tﬂ; Antenna
(GH2) (dBuV/m) (dBuV/m) (dB) (deg) (cm)
Peak 51.580 74 -22.420 180 Vert, 150
153 Avg 49.637 54 -4.363 180 Vert, 150
Peak 52.542 74 -21.458 130 Horiz, 150
153 Avg 51.315 54 -2.685 130 Horiz, 150
> 390 Peak 42.734 74 -31.266 130 Horiz, 150
Avg 29.686 54 -24.314 130 Vert, 150
2.402 Peak 93.313 - - 130 Horiz, 150
£ 219 Peak 57.404 74 -16.596 0 Horiz, 150
Avg 34.979 54 -19.021 0 Horiz, 150
£ 951 Peak 58.679 74 -15.321 0 Vert, 150
Avg 34.955 54 -19.045 0 Vert, 150
- Peak 49.689 74 -24.311 0 Vert, 150
Avg 35.122 54 -18.878 0 Vert, 150
Peak 50.710 74 -23.290 0 Vert, 150
10.948
Avg 36.555 54 -17.445 0 Vert, 150

The plots provided on the following page, represent the 3m radiated emissions test data that correlate to
the tabular data provided in Table 10. (GFSK, Low Channel).
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Pre-scan and Final Data (Vertical) — GFSK, Low Channel
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Figure 70: GFSK (1Mbps) Low Channel — 6 GHz to 9 GHz (Corrected Field Strength)
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Figure 71: GFSK (1Mbps) Low Channel — 9 GHz to 18 GHz (Corrected Field Strength)
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Table 11: Radiated Emissions Test Data — 1 GHz to 25 GHz (GFSK, Center Channel)

Frequency Detector Corr. Meas. Limit Delta _'II_';ngr; Antenna
(GH2) (dBuVv/m) (dBuVv/m) (dB) (deg) (cm)

Peak 54.022 74 -19.978 180 Horiz, 150

159 Avg 51.818 54 -2.182 180 | Horiz, 150

Peak 53.995 74 -20.005 0 Horiz, 150

1536 Avg 49.607 54 -4.393 0 Horiz, 150

2.441 Peak 94.830 -- -- 90 Horiz, 150

Peak 56.572 74 -17.428 180 Horiz, 150

>202 Avg 35.652 54 -18.348 180 Vert, 150

5 299 Peak 61.097 74 -12.903 300 Vert, 150

Avg 35.182 54 -18.818 190 Horiz, 150

£ 950 Peak 51.141 74 -22.859 0 Horiz, 150

Avg 36.177 54 -17.823 0 Vert, 150

— Peak 50.371 74 -23.629 90 Vert, 150

Avg 35.968 54 -18.032 90 Vert, 150

10.134 Peak 51.760 74 -22.240 180 Horiz, 150

Avg 37.210 54 -16.790 180 Horiz, 150

The plots provided on the following page, represent the 3m radiated emissions test data that correlate to
the tabular data provided in Table 11. (GFSK, Center Channel).
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Pre-scan and Final Data (Vertical) - GFSK, Center Channel
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Figure 72: GFSK (1Mbps) Center Channel — 6 GHz to 9 GHz (Corrected Field Strength)
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Figure 73: GFSK (1Mbps) Center Channel — 9 GHz to 18 GHz (Corrected Field Strength)
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Table 12: Radiated Emissions Test Data — 1 GHz to 25 GHz (GFSK, High Channel)

Frequency Detector Corr. Meas. Limit Delta _'II_';ngr; Antenna
(GH2) (dBuVv/m) (dBuVv/m) (dB) (deg) (cm)
L35 Peak 52.821 74 -21.179 150 Horiz, 150

' Avg 41.347 54 -12.653 150 | Horiz, 150
2.480 Peak 91.572 - - 150 Horiz, 150
Peak 57.59 74 -16.410 150 Vert, 150

2.4835
Avg 30.701 54 -23.299 0 Vert, 150
290 Peak 57.915 74 -16.085 0 Horiz, 150
' Avg 35.053 54 -18.947 0 Horiz, 150
oo Peak 66.477 74 -7.523 0 Vert, 150
' Avg 35.078 54 -18.922 0 Vert, 150
— Peak 49.208 74 -24.792 270 Vert, 150
' Avg 35.662 54 -18.338 270 Vert, 150
Peak 54.201 74 -19.799 270 Vert, 150

16.874
Avg 38.115 54 -15.885 270 Vert, 150

The plots provided on the following page, represent the 3m radiated emissions test data that correlate to
the tabular data provided in Table 12. (GFSK, High Channel).
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Pre-scan and Final Data (Vertical) - GFSK, High Channel
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Figure 74: GFSK (1Mbps) High Channel — 6 GHz to 9 GHz (Corrected Field Strength)
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Figure 75: GFSK (1Mbps) High Channel — 9 GHz to 18 GHz (Corrected Field Strength)
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Table 13: Radiated Emissions Test Data — 1 GHz to 25 GHz (n/4DQPSK, Center Channel)

Frequency Detector Corr. Meas. Limit Delta :I'r:tslr; Antenna
(GH2) (dBuVv/m) (dBuVv/m) (dB) (deg) (cm)

Peak 52.723 74 -21.277 270 Horiz, 150

1536 Avg 49.939 54 -4.061 270 Horiz, 150

1990 Peak 49.034 74 -24.966 180 Vert, 150

Avg 29.086 54 -24.914 180 Vert, 150

2.441 Peak 93.943 -- -- 270 Horiz, 150

£ 180 Peak 55.405 74 -18.595 270 Vert, 150

Avg 34.884 54 -19.116 270 Vert, 150

5 214 Peak 59.855 74 -14.145 75 Horiz, 150

Avg 35.181 54 -18.819 75 Horiz, 150

Peak 50.877 74 -23.123 0 Vert, 150

>9% Avg 35.832 54 -18.168 0 Horiz, 150

584 Peak 49.868 74 -24.132 0 Vert, 150

Avg 35.162 54 -18.838 0 Vert, 150

11267 Peak 51.732 74 -22.268 0 Vert, 150

Avg 36.999 54 -17.001 0 Vert, 150

The plots provided on the following page, represent the 3m radiated emissions test data that correlate to
the tabular data provided in Table 13. (n/4DQPSK, Center Channel)
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Pre-scan and Final Data (Vertical) — n/4DQPSK, Center Channel
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Figure 76: n/4ADQPSK (2Mbps) Center Channel — 6 GHz to 9 GHz (Corrected Field Strength)
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Figure 77: n/4ADQPSK (2Mbps) Center Channel — 9 GHz to 18 GHz (Corrected Field Strength)
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Table 14: Radiated Emissions Test Data — 1 GHz to 25 GHz (8DPSK, Center Channel)

Frequency Detector Corr. Meas. Limit Delta _I-I__;ngr; Antenna
(GHz) (dBuV/m) (dBuV/m) (dB) (deg) (cm)

Peak 52.724 74 -21.276 270 Horiz, 150

1536 Avg 48.37 54 -5.63 270 Horiz, 150

1950 Peak 42.863 74 -31.137 0 Vert, 150

Avg 27.225 o4 -26.775 0 Vert, 150

2.441 Peak 93.642 -- -- 270 Horiz, 150

Peak 56.578 74 -17.422 180 Vert, 150

>187 Avg 35.04 54 -18.96 180 Vert, 150

£ 921 Peak 58.622 74 -15.378 0 Vert, 150

Avg 34.997 94 -19.003 0 Horiz, 150

Peak 50.478 74 -23.522 180 Vert, 150

1997 Avg 36.122 54 -17.878 180 Vert, 150

15703 Peak 54.801 74 -19.199 180 Vert, 150

Avg 38.900 54 -15.100 180 Vert, 150

The plots provided on the following page, represent the 3m radiated emissions test data that correlate to
the tabular data provided in Table 14. (8DPSK, Center Channel)
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Pre-scan and Final Data (Vertical) — 8DPSK, Center Channel
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Figure 78: 8DPSK (3Mbps) Center Channel — 6 GHz to 9 GHz (Corrected Field Strength)
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Figure 79: 8DPSK (3Mbps) Center Channel — 9 GHz to 18 GHz (Corrected Field Strength)
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2.9 AC Powerline Conducted Emissions

2.9.1 Requirements

Compliance Standard: FCC Part 15.207

FCC Compliance Limits

Class-A-Digital-Device Class B Digital Device
Frequency Range
Quasi-peak Average Quasi-peak Average
0.15-0.5 MHz 19-dBpV 66-dBpV 66 to 56 dBuV 56 to 46 dBuV
0.5-5MHz F9-dBp 86-dB LV 56 dBpV 46 dBuV
0.5-30 MHz F3-dBpv 80-cB LV 60 dBuvV 50 dBuvV

2.9.2 Test Procedure

The requirements of FCC Part 15 and ICES-003 call for the EUT to be placed on an 80cm-high 1 X 1.5-
meter non-conductive table above a ground plane. Power to the EUT was provided through a Solar
Corporation 50 €/50 pH Line Impedance Stabilization Network bonded to a 3 X 2-meter ground plane.
The LISN has its AC input supplied from a filtered AC power source. Power was supplied to the
peripherals through a second LISN. The peripherals were placed on the table in accordance with ANSI
C63.4. Power and data cables were moved about to obtain maximum emissions.

The 50 Q output of the LISN was connected to the input of the spectrum analyzer and the emissions in
the frequency range of 150 kHz to 30 MHz were measured. The detector function was set to quasi-peak,
peak, or average as appropriate, and the resolution bandwidth during testing was at least 9 kHz, with all
post-detector filtering no less than 10 times the resolution bandwidth. For average measurements, the post-
detector filter was set to 10 Hz.

These emissions must meet the limits specified in §15.207 for quasi-peak and average measurements.
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Environmental Conditions During Conducted Emissions Testing

Ambient Temperature: 16 °C
Relative Humidity: 44 %

2.9.3 Conducted Data Reduction and Reporting

The comparison between the Conducted emissions level and the FCC limit is calculated as shown in the
following example:

Spectrum Analyzer Voltage: VdBuV/(raw)

LISN Correction Factor: LISN dB

Cable Correction Factor: CFdB

Voltage: VdBuV = V dBuV (raw) + LISN dB + CF dB

2.9.4 Test Data

The EUT complies with the Class B Conducted Emissions requirements.

The Conducted Emissions test data is provided in the table below.

The EUT was coupled to the AC mains network indirectly, through the support laptop.
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Table 15: AC Power Conducted Emissions Test Data

NEUTRAL /L1

Level Level | Cable | LISN Level Level Limit | Limit | Margin | Margin

o | AVG | Loss | Corr | OF Avg QP | AVG | QP | AVG

(dBpV) | (dBpv) | (dB) | (dB) (fB"J{,) (5;;;) (@BuV) | (@BUv) | (@B) | (dB)

Frequency
(MHz)

0.188 42.5 27.2 9.9 0.5 53.0 37.7 64.1 54.1 -11.2 | -135

0.249 34.9 22.6 9.9 0.4 45.3 33.0 61.8 51.8 -16.5 | -18.8

0.313 30.5 175 9.9 0.4 40.8 27.8 59.9 49.9 -19.1 | -22.1

2.116 27.6 170 | 101 | 0.3 38.0 27.4 56.0 46.0 -18.0 | -18.6

6.216 225 13.0 | 104 | 05 335 24.0 60.0 50.0 -26.5 | -26.0

10.603 21.0 133 | 106 | 0.7 32.3 24.6 60.0 50.0 -27.7 | -254

PHASE / L2

Level Level | Cable | LISN Level Level Limit | Limit | Margin | Margin

QP | AVG | Loss | corr | 9P Avg QP | AVG | QP | AVG

(dBpv) | (@Buv) | (@B) | (dB) (dCEfJ{,) ((f;JQ) (@Buv) | @Buv) | (@B) | (@B)

Frequency
(MHz)

0.151 41.0 23.4 9.9 0.5 51.4 33.8 65.9 55.9 -145 | -22.1

0.191 41.2 27.8 9.9 0.4 51.5 38.1 64.0 54.0 -12.5 | -15.9

0.307 32.0 21.2 9.9 0.3 42.3 315 60.1 50.1 -17.8 | -18.6

0.509 28.2 18.0 9.9 0.3 38.4 28.2 56.0 46.0 -176 | -17.8

1.205 28.3 19.0 9.9 0.3 38.5 29.2 56.0 46.0 -17.5 | -16.8

4.030 27.0 15.0 103 | 04 37.7 25.7 56.0 46.0 -18.3 | -20.3
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3 Equipment Under Test

3.1 EUT Identification & Description

The Stanley Black & Decker, Inc., DCR008 is a Bluetooth speaker that operates in the 2.4 GHz band.

3.2 Test Configuration

For the purposes of testing, the DCR008 was powered by a +5\VVDC provided by a USB cable from the
support laptop. Table 15 provides further details pertaining to the EUT.

Figure 80: EUT Sample Diagram — Device Specifications
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Table 16: Radio Device Summary

Manufacturer and Applicant:

Stanley Black & Decker, Inc.

FCCID: YJ7DCRO008

IC ID: 9082A-DCRO008
HVIN: DCRO008

Serial Number of Unit Tested: See Table 16
FCC Rule Part: §15.247

TX Frequency Range:

2402 MHz — 2480 MHz

Maximum Peak Output Power:

3.96 dBm (2.5 mW)

Modulation:

GFSK, n/4DQPSK, 8DPSK

Date Rate:

1Mbps, 2Mbps, 3Mbps

Number of Channels:

79

FCC Emission Designator:

1M23F1D (recommended or TCB to correct)

ISED Emission Designator:

1M13F1D (recommended or TCB to correct)

Keying:

Automatic

Type of Information:

BT V5.2 (A2DP, AVRCP, HFP)

Antenna Manufacturer:

Stanley Black & Decker, Inc.

Antenna Type:

PCB Trace, “Meander Line” (Peak Gain: -1.5 dBi)

Antenna Connector:

N/A

Calculated EIRP:

2.46 dBm (based on declared gain)

Measured EIRP from F/S:

96.8dBuV/m + 20LOG(3) — 104.7 = 1.64 dBm EIRP

Interface Cables:

See Table 18

Software/Firmware:

Normal Operation, No Special Settings

Pulsed Transmitter:

No

Duty Cycle:

Hopping Stopped 73% (72.85ms/100ms)

Hopping Active 74% (297.9ms/400ms)

Power Source & Voltage:

+5VDC from USB (+4.2VDC Final to TX Module)

ISED — RSS-102, Annex A:

+5.609 W/m? @ 5mm

Highest TX Spurious Emission:

24.922 GHz (Conducted) -37.66 dBm (Peak)

1.535 GHz (3m, Radiated); 51.828 dBuV/m (AVG)
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Figure 81: EUT Block Diagram — Testing Configuration
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Table 17: System Configuration List
Description Model (HVIN) Part Number Serial Number Revision
Bluetooth Speaker DCRO008 WB-2833 200 N/A
Bluetooth Speaker DCR008 WB-2833 168 N/A
Bluetooth Speaker DCRO008 WB-2833 6 N/A

Table 18: Support Equipment

Item Model/Part Number Serial Number
Laptop Support Only to Fix Frequencies N/A
N/A N/A N/A
N/A N/A N/A
Table 19: Cable Configuration
Port . Termination
|dentification Connector Type Cable Length Shielded (Y/N) Point
Charging Port USB-C <3m No +5DVC Source
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3.3 Measurements

3.3.1 References
ANSI C63.2 (1/2016) Specifications for Electromagnetic Noise and Field Strength Instrumentation

ANSI C63.4 (1/2014) American National Standard for Methods of Measurement of Radio-Noise
Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz

ANSI C63.10 (6/2013) American National Standard of Procedures for Compliance Testing of Unlicensed
Wireless Devices

3.4 Measurement Uncertainty

All results reported herein relate only to the equipment tested. The basis for uncertainty calculation uses
ANSI/NCSL Z540-2-1997 (R2002) with a type B evaluation of the standard uncertainty. Elements
contributing to the standard uncertainty are combined using the method described in Equation 1 to arrive
at the total standard uncertainty. The standard uncertainty is multiplied by the coverage factor to determine
the expanded uncertainty which is generally accepted for use in commercial, industrial, and regulatory
applications and when health and safety are concerned (see Equation 2). A coverage factor was selected
to yield a 95% confidence in the uncertainty estimation.

Equation 1: Standard Uncertainty

a’ b* c’
u. = + 5 + — > + — > + .
div,” div," div,
Where:
uc = standard uncertainty
a, b,c,. = individual uncertainty elements
Diva, b, ¢ = the individual uncertainty element divisor based on the
probability distribution
Divisor = 1.732 for rectangular distribution
Divisor = 2 for normal distribution
Divisor = 1.414 for trapezoid distribution
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Equation 2: Expanded Uncertainty

U =ku,

Where:

U = expanded uncertainty

Kk = coverage factor

Kk <2 for 95% coverage (ANSI/NCSL Z540-2 Annex G)
uc = standard uncertainty

The measurement uncertainty complies with the maximum allowed uncertainty from CISPR 16-4-2.
Measurement uncertainty is not used to adjust the measurements to determine compliance. The expanded
uncertainty values for the various scopes in the WLL accreditation are provided in Table 20 below.

Table 20: Expanded Uncertainty List

Expanded
Scope Standard(s) Unczrtainty

Conducted Emissions CISPR11, CISPR22, CISPR32, CISPR14, FCC Part 15 +2.63dB

Radiated Emissions CISPR11, CISPR22, CISPR32, CISPR14, FCC Part 15 +455dB
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4 Test Equipment

Table 21: Test Equipment List

Test Name: Benchtop RF Emissions Test Date: 11/9/2022 & 11/10/2022
Asset # Manufacturer/Model Description Cal. Due
00823 AGILENT, N9010A EXA SPECTRUM ANALYZER 5/26/2023
00528 AGILENT, E4446A SPECTRUM ANALYZER 3/25/2023
00897 TELEDYNE, 921-0101 SMA COAXIAL CABLE 12/21/2022
Test Name: Radiated Emissions Test Date: 11/11/2022 & 11/14/2022
Asset # Manufacturer/Model Description Cal. Due
00823 AGILENT, N9010A EXA SPECTRUM ANALYZER 5/26/2023
00644 SUNOL SCIENCES CORP. BICONALOG ANTENNA 11/14/2024
00626 ARA, DRG-118/A HORN ANTENNA 8/20/2023
00977 JUNKOSHA, MWX322 ARMORED COAX. CABLE 1/3/2023
00806 MINI-CIRCUITS SMA COAXIAL CABLE 5/5/2023
00834 ULTIFLEX, UFA 2108 SMA COAXIAL CABLE 12/22/2022
00276 ELECTRO-METRICS RF PRE-AMPLIFIER 5/5/2023
00066 B&Z (HP), BZ-01002650 PRE-AMPLIFIER 5/5/2023
00742 PENN ENG., WR284 WAVEGUIDE PASS FILTER | Cal. Before Use
00281 ITC. 21A-3A1 WAVEGUIDE PASS FILTER | Cal. Before Use
00721 WEINSCHEL, DS109 TUNABLE ATTENUATOR | Cal. Before Use
Test Name: AC Mains Conducted Emissions Test Date: 2/6/2023
Asset # Manufacturer/Model Description Cal. Due
00823 AGILENT, N9010A EXA SPECTRUM ANALYZER 5/26/2023
00895 HP, 11947A TRANSIENT LIMITER 2/23/2023
00125 SOLAR, LISN 8028-50-TS-24-BNC 9/14/2023
00126 SOLAR, LISN 8028-50-TS-24-BNC 9/14/2023
00330 WLL, BNC CABLE CE SITE 1 CABLE 5/6/2023
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