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ABSTRACT

The purpose of the antenna development kit (CC-Antenna-DK2) is to ease the decision of which type of
low-cost antenna can be implemented as well as give an estimation of the performance that can be

achieved.
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CC-Antenna-DK2

2.1.2 Board #2: Compact 2.4 GHz PCB Antenna

Figure 14. Board #2 — Compact 2.4 GHz PCB Antenna

Table 6. PCB Size and BOM for Board #2

Size Width (mm) Height (mm)
PCB Board 35 44
GND 26 34
Reference Designator Part Number Value
Z6 RK73Z1ETTP 0Q
z7 DNM —
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Figure 15. Impedance and SWR Measurement With No Matching Components
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A.2 Board #2: Compact 2.4 GHz PCB Antenna
A.2.1 2.40 GHz
Table 64. Board #2: OTA Evaluation Results (2.40 GHz)
Test Description Test Result
Total Radiated Power —1.96 dBm
Peak EIRP 2.67 dBm
Directivity 4.63 dBi
Efficiency -1.96 dB
Efficiency 63.62 %
Peak Gain 2.67 dBi
NHPRP 45° -3.81 dBm
NHPRP 45°/TRP -1.85dB
NHPRP 45°/TRP 65.30%
NHPRP 30° -5.64 dBm
NHPRP 30°/TRP -3.68 dB
NHPRP 30°/TRP 42.89%
NHPRP 22.5° -6.91 dBm
NHPRP 22.5°/TRP -4.95 dB
NHPRP 22.5°/TRP 32.00%
UHRP -5.36 dBm
UHRP/TRP -3.40 dB
UHRP/TRP 45.75%
LHRP -4.62 dBm
LHRP/TRP -2.66 dB
LHRP /TRP 54.25%
PGRP (0-120°) -3.63 dBm
PGRP/TRP -1.67 dB
PGRP/TRP 68.15%
Front/Back Ratio 4.81
PhiBW 91.1°
PhiBW Up 40.6°
PhiBW Down 50.6°
ThetaBW 30.3°
ThetaBW Up 13.8°
ThetaBW Down 16.5°
Boresight Phi 105°
Boresight Theta 150°
Maximum Power 2.67 dBm
Minimum Power -12.21 dBm
Average Power -1.78 dBm
Max/Min Ratio 14.88 dB
Max/Avg Ratio 4.44 dB
Min/Avg Ratio -10.43 dB
Worst Single Value -21.64 dBm
Worst Position Azi = 255°; Elev = 105°; Pol = Horizontal
Best Single Value 2.23 dBm
Best Position Azi = 0°; Elev = 135°; Pol = Vertical
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Board #2: Compact 2.4 GHz PCB Antenna

Table 65. Board #2: RP_2400.000_tot

AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

0 25| 068 -038 107] 099 034 022 0.4 0.48 256| 149 314| 166
15| 255 078 0.25 038| 084| -253] 075 0.26 151 027| 164 4| 228
30| =219 099 008| 292| 164 2| 255 4 085| -225| 041 467 279
45| 189| 132 206| 525 592 -114| 015| -227| 467 122] 087| 881 305
60| 199| 195 -415 46| 477 327 114 09 22 16| 002| 248 225
75| 205 226 42| 384 19| =225 479| 383 083 0.28 155  -0.89 17
90| 59| =237 31|  3837| 113| 198 672 -104| 347 0.09 234| 029 19

105| 157 275 213| 223 -144| 371| 759| 677| 535 0.21 267| 059 .78
120| -184| 335 -185| 168 -206| -425| 472| 345 319 019 236| 092| 1.6
135| -185| 823| -137| -132| -255| 347 125| 055 A4.73| A1 104 154 44
150| -165| =282| 076 081 -324| 358 -0.05 112 14| o088 091 =273 427
165 43| =212] 025 04| 242 547 198 092| 348 041  -069 41| 156
180| -136| -1.84 0.05 003| 021 -432| 497| 304| 411 123 029| 461 164
195  -1.98| 241 07 002 013 26| 62| 347 752| 879 198 417| 181
210 229| 357 =215 18| 131 194 12| 29 76| 516| 724 348 237
205| 228|  434| 346| -677| 345| 422| 628| 683| -415| 295 -424| 382| 276
240| 235 372| 381| -1056| 555| 993 866| 9.8 63| 367 41| 481| 222
255|  247| 306| -362| -929| -1087 79| 08| 895 768 453 057 535 12
270| -289| -312| -326| -7.16| -1221| -797| -829| 48| -251| -363| -064| 639 -0.71
285 29| =297| =215| 474| 666| 942| 1024 457 043| -136| 0.2 63| 035
300 -226| -223| -083| -302| -319| 564| 622| 443 051 -0.15 054| 569 -028
315|  264| 147 026 124| 066 224 2| 415 0.54 0.4 149] 531 053
330 259 -067 046 082 108 163 04| 303 0.23 0.16 192 443 .02
345| 264| 059| 017| 066 152 1] 087 199 0.67 0.87 118| 425 139
360 25| 068 -038 107] 099 034 022 04 0.48 256 149 314 166
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Table 66. Board #2: RP_2400.000_hor
AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

0 -119| -1218| -11.87| -1498| -11.88 -15.6 -9.79 -9.21 -9.63 -875| -1213| -15.08| -12.39

15 7.9 75| -1068| -12.87| -1455| -2021| -1417| -10.14 7.36| -1259 927 -17.29 -8.81

30 -4.97 -5.24 921 | -1434| -21.06| -1465| -17.64| -1547 -891| -1017 -83 -85 -6.13

45 -3.2 -4.03 74| -1326| -1373] -1045| -1076] -15.34 -12.3 -7.82 -4.39 -4.44 -3.93

60 2.41 -3.63 -5.99 -8.23 7.72 -9.42 -6.68| -13.49 -7.76 -4.51 -0.51 -2.57 252

75 -2.18 -3.03 -4.47 -4.94 -3.42 728| -11.15| -1853 -6.27 1.3 1.49 -1.38 -2.06

90 -2.19 -2.84 -3.41 -3.96 2,37 599 | -13.97| -15.35 -6.82 0.01 1.88 -1.65 26

105 -3.24 3.7 -3.71 -4 -3.22 -6.95| -13.28 -17.4 -8.33 -0.43 1.25 -3.54 -3.73

120 -5.71 -5.68 48 -5.23 -5.08 964| -11.82| -1426| -12.47 237 -0.35 -6.35 -5.07

135 -8.92 -9.87 6.3 -6.82 825 -15.24 -939| -1365| -20.01 -7.31 374 -11.38 -7.14

150| -12.48| -17.16 -8.64 -825| -10.35| -14.99 927| -13.78 98] -13.87 -9.05| -17.63| -10.04

165| -19.23| -1418| -13.95| -11.89 985| -1123| -1151| -1285 945| -12.97 -10.7| -13.56 -13.8

180| -1353 892 -10.99 -961| -1285| -10.05 979 -13.04| -1145 -17.7 86| -1028] -11.13

195 -9.01 -6.46 5.2 -557| -1058| -10.63 -11.9 -875| -13.39| -13.06 -9.48 -8.66 -6.93

210 -6.23 -6.02 -3.39 -5.29 -4.42 811|  -17.14 97| -13.08 764  -11.71 -7.69 -4.85

225 -4.19 5.9 -3.9 -7.61 -3.76 -8.11 132  -12.62 -7.71 -6.59 -6.81 -7.35 3.7

240 -3.15 -4.96 -5.46| -11.92 742|  -11.08| -10.36| -13.93 -7.34 -5.82 -2.87 -7.05 -2.87

255 -2.67 -3.91 566| -12.86| -16.41| -12.98 -10.6| -21.64 147 -5.34 -0.97 -6.59 226

270 -3.37 -3.66 -4.31 971 -16.49 -149| -1205| -1298| -15.71 -5.75 -0.73 -7.09 -2.51

285 -4.41 -3.6 -3.24 -839| -1316| -1551| -1265| -1025| -10.06 -7.81 -1.51 -6.79 -3.31

300 -5.02 -3.68 3.1 -9.44 -13.7| -1645| -11.39 -9.26 77| -11.05 -3.15 -6.69 -4.38

315 -7.33 -5.54 5.09| -1394| -1488| -1546| -10.78 -9.86 -6.87| -15.35 -5.35 -7.07 -6.76

330| -10.94 -9.08 -858| -20.15| -16.44| -11.66 -9.53 -10.4 -6.86| -14.51 -8.64 -6.37| -10.67

345| -1891| -13.78| -1444| -1962| -16.03| -11.53 -6.68| -10.26 798| -1079| -17.68 733  -16.81

360 -11.9| -1218| -11.87| -1498| -11.88 -15.6 -9.79 -9.21 -9.63 -875| -1213| -15.08| -12.39
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Table 67. Board #2: RP_2400.000_ver
Afg;‘:)‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;
0 -3.03 -1 0.7 0.96 -1.36 -0.47 -0.73 -1.02 0.04 223 -1.88 -3.43 -2.04
15 -4.05 -1.82 -0.11 0.17 -1.03 26 -0.96 -0.16 0.91 0.03 -2.46 -4.2 -3.37
30 -5.44 -3.03 -0.46 -3.24 -1.69 2.24 -2.69 -1.16 0.36 -3.02 -1.19 -6.99 55
45 -7.76 -4.65 -3.56 -6 6.7 -1.68 -0.55 -2.49 -5.49 0.65 -343| -12.48 -10.4
60| -12.34 -6.88 -8.76 -7.07 -7.83 -4.48 -2.56 -1.14 -3.61 0.38 971 1931 -1445
75| -17.44| -10.14 -16.4|  -10.32 7.21 -3.89 -5.94 -3.98 -2.29 -489| -17.19| -1063| -12.68
90| -1047| -12.34| -1475| -12.33 -7.21 -4.18 763| -12.07 -6.16| -17.23 -7.67 597 -10.13
105 -6.53 -9.81 -7.27 -6.96 -6.17 65 -8.95 -7.16 -8.4 -8.4 -2.88 -3.65 -6.19
120 -4.13 -7.16 -4.92 -4.21 -5.06 -5.73 -5.67 35 -3.74 -4.22 -0.96 239 -3.42
135 28 -4.29 -3.06 275 -3.92 -3.76 -1.97 -0.77 -1.79 23 -0.72 -2.01 -2.34
150 -2.02 298 -1.53 -1.67 -4.18 -39 -0.61 0.98 -2.07 -1.08 -1.64 -2.88 -1.89
165 -1.37 2.4 -0.44 -0.72 -3.29 -6.81 -2.49 0.74 -4.75 0.2 -1.14 -4.62 -1.83
180 -1.63 279 0.3 -0.47 -0.45 -5.67 6.7 35 5 -1.33 -0.31 -5.98 -2.16
195 -2.94 -4.59 -2.61 -1.44 -0.25 -3.34 -2.05 5 -8.82| -10.82 -2.83 -6.07 -3.41
210 -4.53 7.23 -8.2 -4.37 -4.22 -3.13 -1.31 -3.99 -9.04 -8.78 -9.16 -5.56 -5.98
225 -6.77 954 -1355| -14.33| -15.07 -6.51 -7.27 -8.16 -6.68 -5.41 -7.74 -6.37 -9.85
240 -10.12 -9.78 -882| -1627| -10.73| -1626| -1357| -12.07| -13.01 -7.75 -6.87 -876| -10.83
255| -15.86| -10.56 789 -11.81] -1229 -9.51 -7.98 -9.19 -864| -12.22 -112]  -11.39 -7.86
270| -12.65 -12.4 996 -1069| -14.24 -896| -10.66 -5.59 273 776| -17.34| -1463 -5.42
285 -822| -11.69 -8.68 -7.19 7.77|  -1064| -13.95 -5.93 -0.6 -2.48 -6.42| -15.99 34
300 -5.54 7.72 -4.75 -4.14 -3.59 -6.02 7.79 -6.16 0.2 -0.51 -1.88| -12.54 2.41
315 -4.45 -3.63 -1.24 -1.48 -0.83 -2.46 -2.61 -5.51 -0.33 0.28 0.48| -10.09 -1.72
330 -3.27 -1.35 -0.12 -0.87 1 2,08 -0.96 -3.9 -0.72 0.01 1.53 -8.87 -1.52
345 275 -0.8 -0.34 -0.72 1.44 1.4 -2.19 -2.69 0.04 0.56 1.12 -7.19 -1.52
360 -3.03 -1 0.7 0.96 -1.36 -0.47 -0.73 -1.02 0.04 2.23 -1.88 -3.43 -2.04
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Figure 100. Board #2 (2.40 GHz): Theta = 0, Phi=0 Figure 101. Board #2 (2.40 GHz): Theta = 180, Phi = 0

. 287

Figure 102. Board #2 (2.40 GHz): Theta = 90, Phi = 0 Figure 103. Board #2 (2.40 GHz): Theta = 90, Phi = 180

Figure 104. Board #2 (2.40 GHz): Theta = 90, Phi = 270 Figure 105. Board #2 (2.40 GHz): Theta = 90, Phi = 90
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Board #2: Compact 2.4 GHz PCB Antenna

A.2.2 2.44 GHz

Table 68. Board #2: OTA Evaluation Results (2.44 GHz)

Test Description Test Result
Total Radiated Power -2.06 dBm
Peak EIRP 2.78 dBm
Directivity 4.84 dBi
Efficiency -2.06 dB
Efficiency 62.30 %
Peak Gain 2.78 dBi
NHPRP 45° -4.02 dBm
NHPRP 45° / TRP -1.96 dB
NHPRP 45° / TRP 63.68 %
NHPRP 30° -5.85 dBm
NHPRP 30° / TRP -3.80 dB
NHPRP 30° / TRP 41.71 %
NHPRP 22.5° -7.15dBm
NHPRP 22.5° / TRP -5.09 dB
NHPRP 22.5° / TRP 30.97 %
UHRP -5.52 dBm
UHRP / TRP -3.47 dB
UHRP / TRP 45.03 %
LHRP -4.65 dBm
LHRP / TRP -2.60 dB
LHRP / TRP 54.97 %
PGRP (0-120°) -3.80 dBm
PGRP / TRP -1.74 dB
PGRP / TRP 66.93 %
Front/Back Ratio 7.63
PhiBW 121.5°
PhiBW Up 44.7°
PhiBW Down 76.8°
ThetaBW 43.3°
ThetaBW Up 29.8°
ThetaBW Down 13.6°
Boresight Phi 105°
Boresight Theta 150°
Maximum Power 2.78 dBm
Minimum Power -14.52 dBm
Average Power -1.66 dBm
Max/Min Ratio 17.30 dB
Max/Avg Ratio 4.44 dB
Min/Avg Ratio -12.86 dB
Worst Single Value -21.71 dBm
Worst Position Azi = 270°; Elev = 60°; Pol = Horizontal
Best Single Value 2.13 dBm

Best Position

Azi = 90°; Elev = 150°; Pol = Horizontal
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Table 69. Board #2: RP_2440.000_tot
AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

0 -1.86 -0.49 0.34 -0.59 -1.22 -0.73 -1.31 279 -0.13 0.74 -1.68 -3.42 -1.74

15 1.1 -0.49 -0.36 -0.85 2.32 -3.69 -1.83 -1.46 -0.26 -1.59 278 -2.69 -0.86

30 -0.57 -1.11 -0.43 -2.28 1.8 56 -4.21 2.8 0.86 -5.91 0.14 -1.54 0

45 -0.61 -2.06 -0.64 -3.95 -2.39 -1.79 0.47 279 -3.02 -0.5 135 -0.95 0.33

60 -1.16 -2.58 -1.52 -3.96 -3.36 -4 -1.47 0.66 276 1.93 1.18 -0.79 0.69

75 -1.36 -3.04 275 -3.19 -1.89 36 -5.66 -1.29 -1.1 1.36 1.65 -0.58 0.13

90 -1.32 -3.67 -3.04 -2.24 -0.82 -3.28 -6.19 -7.42 -3.86 0.29 2.46 0 -0.51

105 -1.32 -4.1 -2.19 1,72 0.3 -3.89 -6.39| -10.85 -7.06 -0.54 2.78 0.26 -0.23

120 -0.74 2.74 122 -1.37 -0.21 -3.87 -4.48 -6.48 -5.73 -1.59 2.17 -0.21 -0.12

135 0.14 -1.68 -0.48 -0.48 -1.38 -3.37 21 15 -2.08 -1.78 0.78 -1.34 -0.45

150 0.35 -1.49 0.17 0.01 -2.34 45 1.8 0.63 -1.14 0.26 -0.24 2.3 -0.66

165 -0.14 -1.37 0.01 0.65 -0.56 -5.51 -4.88 0.31 -2.82 1.04 0.41 -2.63 -0.29

180 -1.1 1.9 -1.21 0.95 0.78 -3.34 -7 -5.56 -3.74 -2.36 0.02 279 0.27

195 -2.02 -33 2.92 -0.31 -0.65 -1.78 -1.37 -3.92 -837| -12.15 -3.74 -2.74 -0.36

210 239 -3.95 -4.67 -3.64 -4.49 -3.12 -2.49 -2.26 -5.1 -4.04 -6.3 -2.98 -1.41

225 -2.79 -3.59 -5.41 -8.52 -5.87 -6.14 -9.92 6.2 275 -4.43 -1.99 -4.23 -1.38

240 2.8 -3.28 -5.83 -6.47 -8.17 -5.48 958 -11.13 7.22 -4.5 0.04 -4.85 -1.07

255 -2.45 279 -6.18 -5.83| -13.59 -6.61 -7.86| -10.24 -4.63 27 0.39 -5.58 -0.67

270 216 -2.05 -5.75 676 -1452 76 -8.54 -4 -0.82 -1.89 0.51 -6.38 -0.46

285 217 -2.07 -4.85 -5.59 7.4 -8.09 7.4 232 0.49 -1.35 0.71 -7.15 -0.31

300 -2.55 -1.82 -2.58 -2.59 -4.68 -4.05 -4.34 26 0.59 -0.94 1.22 -6.03 -0.01

315 219 -1.18 -0.87 -1.49 -3.16 -0.83 -1.53 252 0.28 -0.86 1.9 -4.55 0.02

330 -2.33 -1.03 0.18 -1.47 -1.43 -0.23 0.38 278 0.19 -0.29 2.5 -3.58 -0.1

345 -2.66 -0.6 0.49 -1.71 0.01 1.4 0.07 -1.85 0.8 0.15 2.21 -3.62 -0.73

360 -1.86 -0.49 0.34 -0.59 -1.22 -0.73 -1.31 -2.79 -0.13 0.74 -1.68 -3.42 -1.74
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Board #2: Compact 2.4 GHz PCB Antenna

Table 70. Board #2: RP_2440.000_hor

AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

0| -099| -1089| -1033| -1356| -1094| -2157| -10.78| -10.06| -10.04| -9.92| -1364| -1508| -12.31
15|  662| -688| -861| 1139 -11.02| -183| -14.62 98| 911| 317| A127| -667| -84
30| 357| 536 803 943 -172| 1647| -1526| 1156 -9.72| -1099| -884| 765 -3.92
45| 236| 486 7| 941 -1206| 1379 9.06| 956 -1361| -7.56| -424| -348| 143
60| 188| 422 507| 674 675 177| 1006| -1264| 877 42| 020 48| 035
75|  1.46| 373| 359 38| 341| 841| -1143| 722| 623 -1.06 159  -067 05
90| 166 42| 325 291 =214| 716| -1067| -1226| 653 0.08 213| 093] 097
105 27| 58| 332| 356 -244| 869 -1283| 1223 835 075 165| 207| 114
120 42| 769| 397 56| -441| -1364| -1613| -1357| -1402| -3.08 01| 414 202
135|  636| -1114| 592 7| 57| -1743| -1396| -1412| -1409| -902| -321| 752 382
150 -1017| -1952| 921 851 -1143| 4217| -971| -1297 76| 2012 857| -1451| -6.82
165| 1582| 1463| -1112| 924 927| -1096| -1009| 125 -716| -1355| -11.97| -1695| -10.38
180| 1556|  -9.46 84| -673| 955 -11.08| -1377| 1229| -1258| -1659| 9.06| -10.7| -1047
195| 1132| 781 566 44| 778|971 1095 842| 1501| -13.45 92| 792 79
210| 788| 696 -547| -499| 03| -7.75| 1151| -1002| 133| -788| -924| -697| 536
225| 539| 587 785 916| -6.21 74| A722| 1353| 845 745 494 734 314
240| 368| 457 997| -1524| -1009| -952| 1081 -1623| 852| 583 163 -7.71 2
255| 264| -321| -799| 1135 -17.36| -11.97| -898| -1949| -1212| -4.18 003 749| 135
270| 245 22| 606 89| 2171 4027| 921| 1054 -1247| -427 027| 687 133
285| 315| 277| -609| 894 2044 -1027| 842| -657| -893| 609 -037| 761 238
30| 531 42| 681 986| 1935 941| 755 54| 654 923 128 748  -4.00
315| 745| 578 779 1239 -1996| -911| 669| 529| -609| 1325  -3.31 8| 661
330| -1058| -1047| -1388| -17.17| 2062 959| 6.13| -7.66| -7.02| 1515 6.67| 845  -9.25
345 17.38| -1814| 19.73| 1748 -17.95| -11.28 63| 928 829 -1152| 1478 863 -12.73
360| -1099| -1089| -1033| -1356| -1094| -2157| -1078| -1006| -1004| 992| -1364| -1508| -12.31
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Table 71. Board #2: RP_2440.000_ver
AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

0 -2.43 -0.9 -0.04 -0.81 -1.71 -0.76 -1.83 -3.69 -0.59 0.35 -1.97 -3.72 -2.14

15 253 -1.62 -1.06 -1.25 -2.95 -3.84 -2.07 215 -0.87 1.9 -3.44 -2.87 1.77

30 -3.6 -3.15 -1.26 -3.21 -1.92 -5.99 -4.56 -2.82 0.46 -7.52 -0.45 -2.76 -2.25

45 -5.41 -5.28 -1.78 -5.41 -2.88 -2.08 -0.05 -3.82 -3.42 -1.45 -0.06 -4.51 -4.43

60 -9.31 -7.6 -4.04 -7.21 -6.01 -4.79 2.1 0.45 -4.01 0.71 -4.22 -9.16 -6.02

75| -17.76| -11.36| -10.34| -12.02 7.21 -5.35 -7 1.4 -2.69 234 -1677| -17.63 -8.54

90 -126| -13.12| -16.32| -10.74 -6.63 -5.56 -8.1 -9.16 724  -12.91 -8.89 -7.12|  -1053

105 -6.99 -8.98 -8.6 -6.34 -4.4 -5.64 -751| -16.49| -12.95| -13.87 -3.62 -3.56 -7.43

120 -3.34 -4.41 45 -3.43 2.29 -4.35 -4.79 -7.42 -6.42 -6.96 -2.03 -2.45 -4.61

135 -0.96 2.2 -1.95 -157 -2.09 -3.54 -2.39 -1.74 -2.36 -2.68 -1.42 -2.54 -3.14

150 -0.06 -1.56 -0.37 -0.65 2.92 -5.32 -2.57 0.44 225 0.22 -0.93 257 -1.87

165 -0.26 -1.58 -0.34 0.18 -1.19 -6.96 -6.43 -0.01 -4.81 0.89 0.15 2.8 -0.73

180 -1.26 2,74 213 0.14 0.35 -4.14 -8.03 -6.6 -4.35 252 -0.55 -3.56 -0.12

195 -2.57 -5.2 -6.23 -2.45 -1.59 -2.55 -1.88 -5.82 -9.44| -18.05 -5.19 -4.3 -1.19

210 -3.83 695 -12.44 -9.36 -9.76 -4.96 -3.07 -3.06 -5.81 -6.36 -9.38 -5.19 -3.64

225 -6.26 75 -9.08| -17.16| -17.11| -1213| -10.82 -7.09 -4.11 -7.43 -5.07 -7.14 -6.17

240 -10.13 -9.19 -7.95 -7.09| -1264 -765| -1564| -12.74| -13.09 -10.3 -4.92 -8.01 -8.22

255| -16.09| -13.15| -10.86 -727| -15.96 81| -1428] -1078 -5.48 -809| -1057| -10.07 -9.04

270| -14.02| -16.99| -17.25| -10.85| -15.44| -1097| -16.98 -5.08 -1.13 -564| -1204| -16.06 -7.89

285 9.11| -1031] -10.89 -8.28 762  -1244| -14.24 -4.36 -0.04 -3.13 -5.86| -17.17 -4.53

300 -5.83 -5.56 -4.64 -3.49 -4.83 -5.54 -7.16 -5.83 -0.34 -1.64 -2.38 115 -2.16

315 -3.87 -3.03 -1.86 -1.86 -3.25 -1.53 -3.11 -5.79 -0.86 -1.12 0.34 -7.16 -1.04

330 -3.03 -1.55 0 -1.59 -1.48 -0.77 -0.72 -4.49 -0.73 -0.43 1.94 -5.3 -0.67

345 -2.81 -0.67 0.45 -1.83 -0.06 -1.87 -1.07 271 0.23 -0.16 2.12 -5.26 -1.01

360 -2.43 -0.9 -0.04 -0.81 -1.71 -0.76 -1.83 -3.69 -0.59 0.35 -1.97 -3.72 -2.14
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Figure 108. Board #2 (2.44 GHz): Theta = 90, Phi =0

Figure 110. Board #2 (2.44 GHz): Theta = 90, Phi = 270

Figure 107. Board #2 (2.44 GHz): Theta = 180, Phi = 0
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Figure 109. Board #2 (2.44 GHz): Theta = 90, Phi = 180

Figure 111. Board #2 (2.44 GHz): Theta = 90, Phi = 90
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A.2.3 2.48 GHz
Table 72. Board #2: OTA Evaluation Results (2.48 GHz)
Test Description Test Result
Total Radiated Power -1.46 dBm
Peak EIRP 3.14 dBm
Directivity 4.61 dBi
Efficiency -1.46 dB
Efficiency 71.40 %
Peak Gain 3.14 dBi
NHPRP 45° -3.25 dBm
NHPRP 45° / TRP -1.79 dB
NHPRP 45° / TRP 66.24 %
NHPRP 30° -4.94 dBm
NHPRP 30° / TRP -3.48 dB
NHPRP 30° / TRP 44.88 %
NHPRP 22.5° -6.14 dBm
NHPRP 22.5° / TRP -4.68 dB
NHPRP 22.5° / TRP 34.06 %
UHRP -4.17 dBm
UHRP / TRP -2.71 dB
UHRP / TRP 53.56 %
LHRP -4.79 dBm
LHRP / TRP -3.33 dB
LHRP / TRP 46.44 %
PGRP (0-120°) -2.75 dBm
PGRP / TRP -1.29 dB
PGRP / TRP 74.30 %
Front/Back Ratio 3.40
PhiBW 80.0°
PhiBW Up 38.5°
PhiBW Down 41.4°
ThetaBW 90.4°
ThetaBW Up 60.4°
ThetaBW Down 30.0°
Boresight Phi 345°
Boresight Theta 30°
Maximum Power 3.14 dBm
Minimum Power -13.65 dBm
Average Power -1.21 dBm
Max/Min Ratio 16.79 dB
Max/Avg Ratio 4.35dB
Min/Avg Ratio -12.44 dB
Worst Single Value -21.69 dBm
Worst Position Azi = 345°; Elev = 60°; Pol = Horizontal
Best Single Value 3.12 dBm
Best Position Azi = 345°; Elev = 30°; Pol = Vertical
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Table 73. Board #2: RP_2480.000_tot
AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

0 0.94 0.87 177 0.5 13 0.72 -2.49 -6.52 -2.66 0.16 -1.39 -2.06 -0.56

15 0.31 05 0.41 1.89 -0.44 0.93 0.3 -3.91 235 0.43 2.71 117 -0.37

30 -0.53 -0.58 -0.06 2.31 1.06 -3.39 16 0.83 1.16 -3.61 0.09 -1.18 -0.45

45 -1.44 -1.57 -0.58 -0.16 -0.75 1.22 0.47 -0.3 -1.64 -0.6 1.07 -2.26 -0.19

60 -2.08 -2.57 -2.75 -2.29 -4.46 2,92 -0.11 1.62 -4.16 2.12 0.1 252 -0.65

75 -1.82 -3.5 -3.77 -3.1 -3.16 -3.64 -1.91 0.66 -0.85 1.33 0.19 -2.07 -1.64

90 -2.03 -4.06 -3.66 -3.38 -0.97 -1.43 257 -2.63 -1.59 0.05 1.32 -1.19 -1.06

105 -2.02 -3.37 -3.12 -2.65 0.21 -1.12 212 -3.92 -3.45 -0.89 1.94 -1.03 -0.66

120 -0.79 -3.06 -1.24 -0.66 0.24 -1.43 -0.57 -0.97 -3.03 -1.03 1.52 -1.41 -0.45

135 0.42 26 0.01 0.27 -0.67 -1.76 0.41 0.98 -1.47 -0.66 0.2 -2.03 -0.08

150 0.65 -1.13 0.54 1.15 -1.68 -1.99 0.33 1.08 222 0.29 -0.84 -2.83 0.76

165 0.02 -0.83 0.76 2.07 0.09 1.9 -1.72 -1.66 -3.79 -0.16 -0.26 -3.29 1.27

180 -0.36 -1.55 0.09 2.56 1.65 -1 273 -8.12 -4.47 -7.38 -0.47 -4.54 0.69

195 -0.44 -2.15 -1.84 1.86 0.56 0.44 0.49 269| -10.46 -8.05 -4.02 -47 -0.23

210 -1.19 257 -3.12 -1.34 27 -0.39 -2.68 -4.85 -3.47 295 -6.22 -4.88 -0.88

225 -1.65 -2.93 -3.19 -5.76 -5.85 556 | -10.96 -8.92 -3.32 -4.7 -1.65 -5.23 -1.31

240 -1.83 -3.03 -3.42 -4.74 -10.8 -4.79 -628| -13.26 -7.18 -4.19 -0.18 -6.04 -1.26

255 -1.84 -3.43 -3.77 -3.14| -1365 -4.87 -9.47 -9.24 -3.99 -2.43 -0.53 -7.23 -1.37

270 -1.79 -3.44 -2.82 -3.68 911 -895| -10.88 -5.89 -0.97 211 -0.39 -7.28 08

285 -1.15 259 -1.54 -3.24 5.42 -7.49 -6.36 -4.62 -0.11 274 0.27 -6.41 05

300 -0.43 22 -0.18 -1.61 -3.97 -3.29 -3.96 -4.74 -0.25 2.71 1.03 -5.68 -0.26

315 0.03 -0.97 1.2 0.08 272 -0.73 253 -4.95 -0.54 254 1.49 -5.29 0.4

330 0.93 0.34 2.66 1.4 -1.36 1.33 -0.25 -6.21 -1.65 -2.79 1.68 -4.74 -1.02

345 135 1.18 3.14 1.09 0.33 1.02 0.35 -6.65 242 -2.86 1.31 -3.77 -1.13

360 0.94 0.87 1.77 0.5 1.3 0.72 -2.49 -6.52 -2.66 0.16 -1.39 -2.06 -0.56
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Table 74. Board #2: RP_2480.000_hor
AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

o| -10.89| -12.83| -1051| -13.66 952| -1386| -1031| -10.16| -12.09 -657| -1285| -1129| -17.12

15 -8.29 -8.35 -8.05 -11 -849| -1474| -1375 -7.35 -9.65 7.1 -9.99 -19.9] -10.72

30 -6.26 -5.83 -6.11 -858| -1328| -2037| -15.62 -8.47 -6.45 -7.01 99| -11.26 -5.78

45 -4.55 -4.28 -5.36 -828| -1027| -1266| -12.69 -9.59 -8.83 -6.36 -7.13 -6.29 -3.64

60 -2.88 -3.42 -4.73 -6.34 7.22 7.22 969 | -16.47 -8.34 -5.11 -2.62 -3.34 27

75 -2 -3.69 -4.13 -4.39 -45 -5.67 -7.05| -15.62 -6.69 -2.61 -0.12 -2.21 25

90 -2.47 -4.77 -3.99 -3.64 -2.09 -4.27 -8.43 -10.7 -7.15 1.1 1.12 -2.16 -1.76

105 -3.73 -5.9 -4.93 -4.85 -2.15 -483| -10.33 -11.4 -8.13 -1.41 1.05 -2.91 -1.38

120 -4.23 -8.58 -6.22 -5.88 -4.84 -8.08| -13.09| -1562| -13.62 -4.19 -0.93 -4.56 -2.06

135 512| -13.96 -7.62 -7.34 -811| -1845| -1573| -1649| -1451| -10.31 -5.25 -7.24 -3.88

150 -844| -21.41| -1059| -11.08| -1055| -11.47| -1278| -13.08 86| -18.04| -1229] -11.48 -7.06

165| -1531| -1271| -12.28 963 -11.46 -876| -10.03 -8.87 -866| -1421| -1327| -1462| -10.93

180 -19.91 -8.65 -6.87 -465| -1054| -1475| -14.09 -11.7| -13.08| -21.08 -10.1 -124| 1577

195| -11.54 -7.27 -4.49 -2.67 -5.34 -768| -19.06| -1196| -1725| -1261| -10.73 961 -11.24

210 -6.82 -6.39 -4.62 -3.28 3.8 535 -11.147 -9.47| 1155 -8.92 -11.1 -8.17 -6.33

225 -4.14 -5.41 -6.21 -6.53 -6.78 626| -12.33| -11.64 -8.06 -7.87 -5.79 -7.72 -3.67

240 -2.66 -4.26 -6.39 -881| -16.08| -1058| -16.05| -14.86| -10.88 -5.61 229 -8.26 -1.97

255 -2.01 -3.88 -4.79 579| -1665| -17.76| -1571| -2065| -14.51 -4.56 -1.07 -9.17 -1.56

270 -2.03 -3.58 -3.24 -398| -1199| -1094| -1478| -12.48 -12.7 -4.71 -0.94 -8.18 12

285 -2.21 -3.25 242 -412]  -10.02 -8.83| -11.56 -7.19 -9.24 -5.74 -1.69 -7.02 -1.76

300 -3.16 -4.84 -3.71 55| -11.34 -8.88 96 -5.61 -6.65 -8.43 27 -7.78 -3.25

315 -5.47 -6.76 -5.82 -894| -1369| -10.26 -8.98 -6.13 598| -11.79 -4.2 -8.32 -5.28

330 -9.09| -10.37 -9.47| -16.66 181 -1257 -7.56 -8.9 771  -13.33 -7.34 -9.78 -9.26

345| -15.06| -16.35| -20.36| -20.65| -21.69| -12.06 -8.03| -1282| -10.16| -10.77 -14.4 929 -13.91

360 -10.89| -12.83| -10.51| -13.66 952| -1386| -10.31| -10.16| -12.09 -657| -1285| -11.29| -17.12
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Table 75. Board #2: RP_2480.000_ver
AZi("‘o)“‘h 0°(dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) Zgg; Zgg; 233) z(fg; zgg; Zgg;

0 0.65 0.68 1.51 0.33 0.93 0.57 -3.28 -8.99 -3.19 -0.88 -1.72 -2.61 -0.65

15 -0.34 -0.11 -0.26 1.66 -1.18 0.81 0.13 -6.53 -3.25 -0.41 -3.61 -1.23 -0.79

30 -1.89 212 1.3 1.94 0.9 -3.48 -1.78 0.28 0.33 -6.26 -0.37 -1.63 -1.96

45 -4.34 -4.9 234 -0.88 -1.26 -1.54 0.26 -0.84 -2.56 -1.94 0.36 -4.44 238

60 -9.84| -10.08 -7.09 -4.46 -7.73 -4.94 -0.62 1.55 -6.26 1.21 321  -10.14 -4.9

75| -1569| -17.31| -14.83 -9 -8.93 -7.92 -3.49 0.56 -2.16 092 -11.44| -17.05 -9.12

90| -1221| -1228| -1493| -156.78 -7.41 -4.63 -3.87 -3.36 -3.01 63| -12.26 -8.16 -9.36

105 6.9 -6.91 7.8 -6.65 -3.57 -3.53 -2.83 -4.77 -526| -10.34 5.4 -5.57 -8.81

120 -3.41 -4.49 29 222 -1.37 2.49 -0.82 -1.12 -3.43 -3.89 213 -4.29 -5.53

135 -1 293 -0.82 -0.56 -1.54 -1.85 0.31 0.9 -1.69 -1.15 -1.26 -3.58 242

150 0.08 117 0.19 0.88 2.29 -2.51 0.12 0.91 -3.35 0.23 -1.16 -3.47 -0.02

165 -0.11 -1.12 0.54 1.76 -0.23 2.9 -2.42 -2.58 5.5 -0.34 -0.48 -3.63 1

180 -0.4 -2.49 -0.88 1.65 1.37 -1.18 3.06| -10.64 -5.11 -7.57 -0.97 -5.32 0.59

195 -0.79 -3.74 -5.24 -0.02 -0.73 -0.29 0.44 324 -11.49 -9.93 -5.07 -6.38 -0.59

210 258 -4.9 -8.45 -5.76 -9.21 -2.07 -3.34 -6.69 -4.21 -4.22 -7.93 -7.63 234

225 -5.25 -6.55 62| -1363| -13.01| -1385| -16.62| -12.25 -5.1 -7.55 -3.76 -8.84 -5.08

240 -9.42 -9.11 -6.47 69| -1233 -6.12 -6.76| -18.36 -9.6 -9.75 -432|  -10.02 -9.47

255| -16.02| -1355| -10.57 -654| -16.67 51| -10.65 -9.56 -4.39 -6.55 -9.86| -11.65| -15.01

270| -14.41| -1841| -1319| -1541| -1225| -1331| -13.15 -6.96 -1.27 -5.56 -967| -1457| -11.42

285 778 1112 -891| -1059 727| -13.24 7.92 -8.11 -0.67 -5.75 -414| 1519 -6.48

300 -3.73 -5.62 273 -3.9 -4.84 -47 -5.34| -12.18 -1.37 -4.06 -1.36 -9.84 3.3

315 -1.41 2.3 0.24 05 -3.08 -1.24 364| -11.18 -2.01 -3.09 0.12 -8.28 2.1

330 0.47 -0.05 2.38 1.33 -1.45 1.15 -1.15 -9.57 -2.89 -3.19 1.1 -6.37 1,72

345 1.25 1.1 3.12 1.06 03 0.8 -0.33 -7.85 -3.22 -3.62 1.2 5.2 -1.36

360 0.65 0.68 1.51 0.33 0.93 0.57 -3.28 -8.99 -3.19 -0.88 -1.72 -2.61 -0.65
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Figure 112. Board #2 (2.48 GHz): Theta = 0, Phi=0 Figure 113. Board #2 (2.48 GHz): Theta = 180, Phi = 0

Figure 114. Board #2 (2.48 GHz): Theta = 90, Phi =0 Figure 115. Board #2 (2.48 GHz): Theta = 90, Phi = 180

Figure 116. Board #2 (2.48 GHz): Theta = 90, Phi = 270 Figure 117. Board #2 (2.48 GHz): Theta = 90, Phi = 90
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