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Abstract

This report has been prepared on behalf of Stanley Black & Decker, Inc. to document the testing results
of the Bluetooth Antenna that is contained as part of the applicant’s transmitter assembly, seeking
authorization under FCC ID: YJ7-NA230951. The information provided within this report is only
applicable to the device herein documented as the EUT.

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.

Revision History Description of Change Date

Rev 0 Initial Release July 15, 2024
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1 Introduction

1.1 Test Scope

Testing was to determine the isotropic gain of the PCB meander trace antenna used with the Gen2 BLEM,
P/N: NA230951.

1.2 Contract Information

Customer: Stanley Black & Decker, Inc.
Purchase Order Number: APO566008
Quotation Number: 74751

1.3 Test and Support Personnel
Washington Laboratories, LTD Ryan Mascaro

Customer Representative Kirwan Magdamo

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 FCC
test laboratory (ISED Canada Number 3035A).

1.5 Environmental Conditions
Environmental conditions during all testing
Ambient Temperature: 20.2°C (£3°)
Relative Humidity: 51 % (+ 7.5%)
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2 Equipment Under Test, Antenna

2.1 EUT Ildentification & Description

The results obtained relate only to the item(s) tested.

Table 1: Antenna Summary

EUT FCC ID: YJ7-NA230951

EUT Name: Gen2 BLEM (3.3VDC)
Manufacturer: Stanley Black & Decker Inc.
Antenna Type: PCB Meander Trace
Antenna Gain: - 6.48 dBi

Testing Date: 7/8/2024

The Stanley Black & Decker, Inc. Gen 2 BLE Module (FCC ID: YJ7-NA230951) is a single limited
modular transmitter that employs a PCB trace antenna with -6.48 dBi of gain (peak).

The final test data is provided below.
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Figure 1: Antenna and PCB Photograph, As Tested

* photo taken by WLL on 7/8/2024.
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2.2 Test Configuration

Figure 2: EUT Test Configuration

Ye— 3meters >I
150cm High Test Table
Si | [ ]
Gerlgr]stor SA
RF Absorbers RX Antenna, Known Gain
Test Turn|Table 0-360 s
= GRP
2.2.1 Test Equipment Used
Table 2: Test Equipment List and Calibration Due Dates
Test Name: Antenna Gain Testing Test Date: 7/8/2024
Asset # Manufacturer/Model Description Cal. Due
00004 ARA, DRG-118/A ANTENNA, HORN 6/7/2027
00605 AGILENT, N1911A POWER METER 6/21/2025
00992 KEYSIGHT, N5173B SIGNAL GENERATOR 11/27/2024
00806 MINI-CIRCUITS, 3061 HF COAX CABLE, SMA 12/26/2024
00825 CABLE ASSOCIATES, MTC10 6-METER COAX CABLE, SMA 6/14/2025

WLL Report 18802-0951 Rev 0
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3 Test Results

3.1 Antenna Pattern

3.1.1 Test Procedure Summary

Antenna gain testing was performed on the Bluetooth meander-trace antenna. The test frequency was
chosen in the center of the 2.4GHz unlicensed ISM band. A CW at 2440.0 MHz was supplied to the
transmit path of the PCB trace. All measurement system losses and attenuations are accounted for. A
verification/investigation was performed to determine the orientation of the PCB that produced the worst-
case emissions. The worst-case orthoginal postion was maintined for the remainder of the testing. The
spectrum analyzer was placed in max hold mode, and the turn table was set to rotate at an RPM setting of
12%. The turn-table was rotated from 0 to 360 degrees, in 2-degree steps.

3.1.2 Radiated Data Reduction and Reporting

The following formula is a widely accepted link budget for calculating power received at the receiver:

Prx  =Ptx + Grx— Ltx — FSPL — Grx — Lrx

where,

Prx = measured by the receive spectrum analyzer, in dBm

Prx = transmit power (or drive level into the antenna feed), in dBm
Grx = the final peak gain of the AUT, in dBi

Lrx = cable loss on the transmit side, in dB

Grx = the known gain of the receive antenna, in dBi

Lrx = cable loss on the receive side, in dB

FSPL = 20log,o(d) + 20 log,o(f) + 20logs, (4%?) —Grx — Gre *

* FSPL is a factor of frequency and distance only, provided the gain at either end is ignored.

WLL Report 18802-0951 Rev 0 Page-10 of 22
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This link budget formula can be rearranged and used to calculate the gain of an unknown transmitting
antenna, provided the remaining values are known.

When the above formula is rearranged to solve for the gain of the transmitter antenna:

Grx = Prx + Lrx — Grx + FSPL — P1x + Ltx
where,
Grx = the final peak gain of the AUT, in dBi
Prx = measured by the receive spectrum analyzer, in dBm
Prx = transmit power (or drive level into the antenna feed), in dBm
Grx = the known gain of the receive antenna, in dBi
Lrx = cable loss on the transmit side, in dB
Lrx = cable loss on the receive side, in dB
FSPL = 20log,0(d) + 20 log,o(f) + 20logy, (4%1) —Grx — G *
* FSPL is a factor of frequency and distance only, provided the gain at either end is ignored.
Therefore,
Grx =-53.345+4.58 - 8.0 + 49.74 - 0.0 + 0.55 = -6.48

WLL Report 18802-0951 Rev 0 Page-11 of 22
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Table 3: Worst Case Orientation(s) Test Data

RX SA Turn Turn
Antenna EUT Level Prx GRrx Lx FSPL Lrx Final Grx Table SA Table
Polarit Axis Prx (dBm) (dB) (dB) (dB) (dB) (dBi) (Degrees) Trace RPM

y (dBm) (%)
-58.987 0 8.00 0.55 49.74 4,58 -12.12 0-360 Max Hold 12

Y -58.175 0 8.00 0.55 49.74 4,58 -11.31 0-360 Max Hold 12

-53.345 0 8.00 0.55 49.74 4.58 -6.48 0-360 Max Hold 12

H X -54.344 0 8.00 0.55 49.74 458 -8.58 0-360 Max Hold 12
H Y -55.322 0 8.00 0.55 49.74 4,58 -9.56 0-360 Max Hold 12
H Z -59.050 0 8.00 0.55 49.74 458 -13.29 0-360 Max Hold 12

Please note that the highest EUT gain was recorded as -6.48 dBi. The orientation that produced this gain
shall be employed for the final antenna pattern plot, which is provided on the next page. The following

settings were employed:

RX Antenna

EUT Axis
SA, RBW
SA, VBW
Detector

Z axis

y axis

= Vertical

=Y

=1MHz
=3 MHz

= Peak

X axis

WLL Report 18802-0951 Rev 0
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Figure 3: NA230951, Final Antenna Pattern vs Azimuth (Worst-Case Data)

Unkown Antenna Gain vs. Azimuth 0
344 348352 356 4 8

12
33640 18 20
33z 24
328 28
324 52
320 36
316 40
312 44
308 48
304 =2
300 o8
296 50
292 B
288 o
- 72
280 .
276 0
272 #
268 5
- a2
260 %
e 100
- 104
248 10
pan 112
S 116
1 120
. 124
s 128
224 132
- 136
e 140
212 144
208 148
204 1152
200 196 61 160

192188184150 175172168

WLL Report 18802-0951 Rev 0 Page-13 of 22



Stanley Black & Decker, Inc. w
NA230951 (PCB Trace Antenna) Antenna Test Report

3.1.3 Complete Test Data

Table 4: NA230951 Antenna (2.44GHz) vs. Azimuth, Final Test Data

(dBm) (dBm) (dB) (dB) (dB) (dB) @Bi) | (Degrees)
756.029 0 8.00 055 49.74 458 2916 0
56,765 0 8.00 055 49.74 458 29.90 2
57,765 0 8.00 055 49.74 458 -10.90 4
58.181 0 8.00 055 49,74 458 1131 6
57,505 0 8.00 2055 49.74 458 -10.64 8
56,583 0 8.00 055 49.74 458 971 10
55,886 0 8.00 2055 49.74 458 9.02 12
56,044 0 8.00 055 49.74 458 917 14
'57.266 0 8.00 055 49,74 458 -10.40 16
'59.138 0 8.00 055 49.74 458 1227 18
260.95 0 8.00 055 49.74 458 -14.08 20
759,598 0 8.00 055 49.74 458 1273 22
57.834 0 8.00 055 49,74 458 -10.96 24
'57.355 0 8.00 055 49.74 458 110,49 26
58.11 0 8.00 055 49.74 458 11.24 28
'59.866 0 8.00 055 49.74 458 713.00 30
61,415 0 8.00 055 49.74 458 1455 32
61.355 0 8.00 055 49,74 458 “14.49 34

60,5 0 8.00 055 49.74 458 13.63 36
759,508 0 8.00 055 49.74 458 1264 38
758,702 0 8.00 055 49,74 458 11.83 40
57,733 0 8.00 2055 49.74 458 -10.86 42
57.778 0 8.00 2055 49,74 458 71091 44
59,385 0 8.00 2055 49.74 458 1252 46
61.467 0 8.00 2055 49,74 458 "14.60 48
61772 0 8.00 2055 49.74 458 "14.90 50
759.819 0 8.00 2055 49.74 458 12.95 52
58.271 0 8.00 2055 49,74 458 -11.40 54
'57.765 0 8.00 2055 49.74 458 -10.90 56
'58.046 0 8.00 2055 49.74 458 1118 58
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(dBm) (dBm) (dB) (dB) (dB) (dB) @Bi) | (Degrees)
'58.945 0 8.00 055 49.74 458 12.08 60
60275 0 8.00 055 49,74 458 1341 62
260,792 0 8.00 055 49.74 458 13.92 64
61.948 0 8.00 055 49.74 458 715.08 66
260,729 0 8.00 055 49.74 458 13.86 68
60,715 0 8.00 055 49.74 458 13.85 70
260.456 0 8.00 055 49.74 458 1359 72
260,365 0 8.00 2055 49.74 458 1350 74
260,229 0 8.00 055 49.74 458 1336 76
'59.99 0 8.00 055 49.74 458 1312 78

60 0 8.00 055 49.74 458 13.13 80

260.56 0 8.00 055 49.74 458 13.69 82
61,033 0 8.00 2055 49.74 458 1416 84
61.33 0 8.00 055 49.74 458 “14.46 86
61,521 0 8.00 2055 49.74 458 14.65 88
61.295 0 8.00 055 49.74 458 14.43 90
260,947 0 8.00 055 49.74 458 -14.08 92
260,531 0 8.00 055 49.74 458 -13.66 94
260,532 0 8.00 055 49.74 458 713.66 9%
261,204 0 8.00 055 49.74 458 1433 98
61.99 0 8.00 055 49,74 458 1512 100

62.3 0 8.00 055 49.74 458 1543 102

61.8 0 8.00 055 49,74 458 14.93 104
61.021 0 8.00 2055 49,74 458 14.15 106
260.5769 0 8.00 055 49.74 458 1371 108
260,378 0 8.00 055 49.74 458 1351 110
260,403 0 8.00 2055 49.74 458 1353 112
-60.065 0 8.00 055 49,74 458 13.20 114
759,335 0 8.00 2055 49.74 458 1247 116

58.9 0 8.00 2055 49.74 458 1203 118
58,678 0 8.00 055 49,74 458 1181 120
758,755 0 8.00 2055 49.74 458 -11.89 122

58.8 0 8.00 055 49,74 458 1193 124
58.78 0 8.00 2055 49.74 458 11.01 126
758,965 0 8.00 055 49,74 458 12,10 128
'59.476 0 8.00 2055 49.74 458 1261 130
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(dBm) (dBm) (dB) (dB) (dB) (dB) @Bi) | (Degrees)
'59.647 0 8.00 055 49.74 458 1278 132
'59.315 0 8.00 055 49,74 458 1245 134
58,832 0 8.00 055 49.74 458 11.96 136
'58.85 0 8.00 055 49.74 458 11.98 138
59.11 0 8.00 055 49.74 458 1204 140
59.12 0 8.00 055 49.74 458 1225 142
58,526 0 8.00 055 49,74 458 “11.66 144
58.19 0 8.00 2055 49.74 458 11.32 146
5857 0 8.00 055 49,74 458 11.70 148
759.199 0 8.00 055 49.74 458 1233 150
'59.208 0 8.00 055 49,74 458 1234 152
58,748 0 8.00 055 49,74 458 11.88 154
58,456 0 8.00 2055 49.74 458 11.59 156
58.311 0 8.00 2055 49,74 458 1144 158
'57.952 0 8.00 2055 49.74 458 -11.08 160
5755 0 8.00 055 49.74 458 -10.68 162
57.03 0 8.00 055 49.74 458 -10.36 164
57523 0 8.00 055 49.74 458 -10.65 166
57,697 0 8.00 055 49.74 458 710.83 168
57,741 0 8.00 055 49.74 458 -10.87 170
57,501 0 8.00 2055 49,74 458 10.72 172
57.73 0 8.00 055 49.74 458 -10.86 174
'57.868 0 8.00 055 49.74 458 11,00 176
57.782 0 8.00 2055 49,74 458 1091 178
'57.66 0 8.00 055 49.74 458 -10.79 180
57035 0 8.00 055 49,74 458 110,37 182

56,9 0 8.00 2055 49.74 458 -10.03 184
56,616 0 8.00 055 49.74 458 975 186
56,28 0 8.00 2055 49.74 458 941 188
56.37 0 8.00 2055 49.74 458 2950 190
56,488 0 8.00 055 49.74 458 20,62 192
56,408 0 8.00 2055 49.74 458 2054 104
56,181 0 8.00 055 49.74 458 931 196
756,003 0 8.00 2055 49.74 458 913 198
55776 0 8.00 055 49.74 458 891 200
55728 0 8.00 2055 49.74 458 -8.86 202
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(dBm) (dBm) (dB) (dB) (dB) (dB) @Bi) | (Degrees)
56.01 0 8.00 055 49.74 458 914 204
756.904 0 8.00 055 49.74 458 710.03 206
57,702 0 8.00 055 49.74 458 10.83 208
'57.99 0 8.00 055 49,74 458 1112 210
'57.954 0 8.00 055 49.74 458 11.08 212
57,628 0 8.00 055 49.74 458 -10.76 214
57.454 0 8.00 055 49,74 458 110,58 216
57234 0 8.00 2055 49.74 458 710.36 218
56.785 0 8.00 055 49.74 458 9.9 220
56,243 0 8.00 055 49.74 458 937 222
'55.945 0 8.00 055 49.74 458 29.08 224
56.44 0 8.00 055 49,74 458 957 226
56,821 0 8.00 2055 49.74 458 9.95 228
'57.037 0 8.00 055 49,74 458 1017 230
56.8 0 8.00 2055 49.74 458 9.93 232
756,955 0 8.00 055 49.74 458 210,09 234
'57.867 0 8.00 055 49.74 458 -11.00 236
58.72 0 8.00 055 49.74 458 11.85 238
'58.756 0 8.00 055 49.74 458 11.89 240
58,624 0 8.00 055 49.74 458 11.75 242
'58.443 0 8.00 2055 49,74 458 1157 244
58,614 0 8.00 055 49.74 458 11.74 246
'58.33 0 8.00 055 49,74 458 “11.46 248
58.23 0 8.00 055 49.74 458 11.36 250
58,153 0 8.00 055 49.74 458 11.28 252
758,507 0 8.00 055 49,74 458 11.64 254
58.45 0 8.00 2055 49.74 458 1158 256
57.88 0 8.00 055 49,74 458 1101 258
'56.85 0 8.00 2055 49.74 458 29.98 260
756,322 0 8.00 2055 49.74 458 29.45 262
56.07 0 8.00 055 49.74 458 29.20 264
55,842 0 8.00 2055 49.74 458 8.97 266
55,547 0 8.00 055 49.74 458 8.68 268
5511 0 8.00 2055 49.74 458 8.24 270
54.773 0 8.00 2055 49,74 458 7.90 272
'54.696 0 8.00 2055 49.74 458 7.83 274
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(dBm) (dBm) (dB) (dB) (dB) (dB) @Bi) | (Degrees)
54.78 0 8.00 055 49.74 458 791 276
55 0 8.00 055 49.74 458 813 278
54.88 0 8.00 055 49.74 458 8.01 280
54.641 0 8.00 2055 49,74 458 777 282
'54.428 0 8.00 055 49.74 458 756 284
54,352 0 8.00 055 49.74 458 7.48 286
54.45 0 8.00 055 49.74 458 758 288
54.44 0 8.00 2055 49.74 458 757 290
54,525 0 8.00 055 49,74 458 7.66 202
'54.65 0 8.00 055 49.74 458 778 204
54,724 0 8.00 2055 49.74 458 7.85 206
54.97 0 8.00 055 49.74 458 8.10 208
54.818 0 8.00 2055 49.74 458 7.95 300
54.783 0 8.00 055 49.74 458 791 302
54,675 0 8.00 2055 49.74 458 781 304
54,56 0 8.00 055 49.74 458 7.6 306
54,267 0 8.00 055 49.74 458 7.40 308
54218 0 8.00 055 49.74 458 735 310
'54.328 0 8.00 055 49,74 458 7.46 312
54,467 0 8.00 055 49.74 458 7.60 314
54,234 0 8.00 055 49.74 458 736 316
53,764 0 8.00 055 49.74 458 6.89 318
53.56 0 8.00 055 49.74 458 6.6 320
53.424 0 8.00 055 49.74 458 6.55 322
53,345 0 8.00 055 49.74 458 6.48 324
53.47 0 8.00 055 49.74 458 -6.60 326
'53.835 0 8.00 2055 49.74 458 6.97 328
54.7 0 8.00 055 49.74 458 7.83 330
55,288 0 8.00 2055 49.74 458 8.42 332
55,369 0 8.00 2055 49.74 458 -850 334
'54.96 0 8.00 055 49.74 458 8.0 336
54,495 0 8.00 2055 49.74 458 763 338
'54.364 0 8.00 055 49.74 458 7.49 340
54,394 0 8.00 2055 49.74 458 752 342
54575 0 8.00 2055 49,74 458 771 344
554 0 8.00 2055 49.74 458 853 346
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(dBm) (dBm) (dB) (dB) (dB) (dB) @Bi) | (Degrees)
'56.26 0 8.00 055 49.74 458 29.39 348
57.08 0 8.00 055 49.74 458 10.41 350
5753 0 8.00 055 49.74 458 -10.66 352
'57.297 0 8.00 2055 49,74 458 1043 354
756,201 0 8.00 055 49.74 458 9.42 356
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4 Test Setup Photographs

Figure 4: Antenna Gain Testing (View #1)
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Figure 5: Antenna Gain Testing (View #2)
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Figure 6: Antenna Gain Testing (View #3)

* Z-axis, worst-case
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