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1 Compact 2.4 GHz PCB Antenna

1.1 Layout and Implementation

Small changes of the antenna dimensions may have large impact on the performance.
Therefore it is strongly recommended to make an exact copy of the reference design to
achieve optimum performance. The easiest way to implement the antenna is to import the
gerber or DXF file showing the antenna layout. These files are named IFA_USB.spl and
IFA_USB.dxf respectively and are included in the CC2511 USB dongle reference design
available from http://www.ti.com\lpw. The imported file can be used as a template when
drawing the antenna. By using this procedure it should be possible to make an exact copy. If
the PCB CAD tool being used does not support import of DXF or gerber files, Figure 3 and
Table 1 should be used to ensure correct implementation. It is recommended to generate a
gerber file for comparison with IFA_USB.spl when making a manual implementation. Most
gerber viewers have the possibility to import several gerber files at the same time. Thus by
placing the gerber file, showing the manually implemented antenna, on top of IFA_USB.spl it
is easy to verify that the antenna is correctly implemented. It is also recommended to use the
same thickness and type of PCB material as used in the reference design. Information about
the PCB can be found in a separate readme file included in the reference design. To
compensate for a thicker/thinner PCB the antenna could be made slightly shorter/longer.
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Figure 3: Antenna Dimensions

L1 3.94 mm
L2 2.70 mm
L3 5.00 mm
L4 2.64 mm
L5 2.00 mm
L6 4.90 mm
W1 0.90 mm
w2 0.50 mm
D1 0.50 mm
D2 0.30 mm
D3 0.30 mm
D4 0.50 mm
D5 1.40mm
D6 1.70 mm

Table 1: Antenna Dimensions
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2 Compact 2.4 GHz PCB Antenna

2.1 2.40 GHz

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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RP_2400.000_tot

Az‘;{‘)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 23;; g‘g) 2 jg; 23;; 2:;;

0 25| -068| -0.38 107 -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| -0.99 008| -292| 164 2| 25 A 085| -225| -041| -467| -279
45| 189| 32| 206| 525 592| 14| 015| 227| 467 122| -087| 381 305
60| -199| 195 415 46| 477 321|114 0.9 22 16| 002 -248| 225
75|  205| 226 42| 384 49| -225| 479 383 -083 0.28 155|  -0.89 A7
90| 59| 237 34| 337|443 198| -672| -104|  -347 0.09 234 029 19

105|  457| 275| 213| -223| -144| 371| -759| -677| 535 0.21 267| -059| 178
120| 184| -335| -185| -168| -206| -425| -472| -315| 319| -0.19 236] 092 -1.16
135|  -185| -323| 137| -132| -255| -347| 125| -055| 73| 111 104 154 A
150| -165| -282| -076| -081| -324| 358  -0.05 112 14| 08| 091 =273 21
165 43| 212| 025 04|  242| 547 198 092| 348 041] 069 41| 156
180 136 184 0.05 003| 021 -432| -497| 304 411| 123 029 461 164
195  198| 241 07 002 0.13 26| 162| 347 752 879 198| 417| 181
210]  229| 357 215 8] 131 194 2] 295 76|  546| -724| -348| 237
225|  228| -434| -346| -677| -345| -422| -628| 683| -415| 295 -424| -382| -276
240|  235| 372| -381| -1056| -555| 993| -866| -9.89 63| -367| 41| 481 222
255|  247| 306| -362| -929| -1087 79| 08| -895| 768 -453| -057| 535 12
270|  289| 312| -326| -7.46| -1221| 7.97| -829| -486| -251| -363| -064| 639  -0.71
285 29| -297| 215| -474| -666| -942| -1024| -457| -043| -1.36] -0.29 63| 035
300| -226] 223 083 -302| 319| -564| -622| 443 051] -015 054| -569|  -0.28
315| 264|147 026 -124| -066| 224 2| 415 0.54 0.4 149] 531| -053
330|  250|  -067 046 082 108] 163 04| 303 0.23 0.16 192 443|102
345| 264 -059| -017| -066 152 4] 087 199 0.67 0.87 118| 425 139
360 25| -068| -0.38 107]  -099] -034] 022 04 0.48 256|  -149|  -314| 166
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RP_2400.000_hor

Az‘;{‘)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 23;; g‘g) 2 jg; 23;; 2:;;
0| 19| -1218| -1187| -1498| -1188| -156| -979| 921| -963| -875| -1213| -1508| -12.39
15 7.9 75| 1068| -1287| -1455| -2021| -1417| -1014|  736| -1259| 927| -1729|  -8.81
30|  497| -524| 921| -1434| 2106| -1465| -17.64| -1547| -891| 1047 83 85| 613
45 32| 403 74| 1326| -1373| -1045| -10.76| -1534| -123|  7.82| -439| -444| 393
60| 241| -363| -599| -823| -772| -942| 668| -1349| -776| -451| -051| -257| 252
75|  218|  -303|  -447| -494| -342| -728| -1115| -1853|  -6.27 13 149 138 -206
90| 219| -284| -341| 396 -237| -599| -1397| -1535|  -6.82 0.01 188|  -1.65 26
105 -324 37| a7 4|  322| 695| -1328| -174| 833 -043 125| -354|  -3.73
120] 571| 568 48| 523 -508| -064| -1182| -1426| -1247| 237| -035| -635| 507
135 -892| -087 63| 682| -825| -1524| 939| -1365| -2001| -7.31| -374| -11.38] 7.4
150| -1248| -17.16| -864| -825| -1035| -1499| -927| -1378 08| -1387| -005| -17.63| -10.04
165| -19.23| -1418| -1395| -1189| -085| -1123| -1151| -12.85| 945 -1297| -107| -1356| -138
180| -1353|  -892| -1099| -961| -12.85| -1005| -979| -13.04| -1145| 7.7 86| -1028| -11.13
195|  -901|  -6.46 52| 557| -1058| -1063| -119| -875| -1339| -13.06| -048|  -866|  -6.93
210|  -623|  602| -339| -529| -442| -811| 1714 07| 1308 764| 171 769 -485
25| 419 59 39| 761 -376] -841| 132| -1262| 7.71| 659 -681| -7.35 37
240|  -315|  -496| -546| -1192| -742| -11.08| -1036| -13.93| -7.34| 582| -287| -7.05|  -2.87
255|  2.67| -391| -566| -12.86| -1641| -1298| -106| -21.64| -147| 534 -097| -659|  -2.26
270|  -337|  -366| -431| -971| -1649| -149| -12.05| -1298| -1571| -575| -0.73|  -7.09|  -2.51
285| 441 36| 324| 839 -1316| -1551| -1265| -1025| -10.06| -7.81| 151 679  -3.31
30| -502] -368 31|  944| 37| -1645| 1139 926 77| 105| -315| -669| 438
315|  7.33|  -554| -509| -13.94| -1488| -1546| -1078| -9.86| -6.87| -1535|  -535| -7.07| -6.76
330| -1094| 908| -858| -2015| -1644| -1166| -953| -104|  -686| -1451| -864| -637| -1067
345| -1891| -13.78| -1444| -1962| -1603| -1153| -668| -1026| -7.98| -1079| -17.66| -7.33| -16.81
360| -119| -1218| -1187| -1498| -1188| -156| -079| -921| -963| -875| -1213| -1508| -12.39
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RP_2400.000_ver

Afg:;‘)th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 2 gg; 233) 2 jg; 23;; 2:3;
o] -303 A 0.7 096| -136| -047| 073 -1.02 0.04 223| -1.88| 343 -204
15| 405 -182| -011 017  -1.03 26| 096 -016 0.91 003|  -246 42| 347
30|  544| -303| -046| 324| 169| 224 269| .16 036] -302] -119]  6.99 55
45| 7.76| 465| 356 6 67| 168 -055| -249| 549 065| -343| -1248| 104
60| -1234| -688| -876| -7.07| -7.83| -448| 256 -1.14|  -361 038 -971| -1931| -14.45
75| 17.44| -10.14|  -164| -1032| -721| -389| -594| -398| -229| -489| -17.19| -1063| -12.68
90| -1047| -1234| -1475| -1233| -721| -418|  -7.63| -1207| -616| -17.23| -767| -597| -10413
105| -653| -981| 727 -696| -6.17 65| 895 7.6 8.4 84| 288 -365| -6.19
120|  -413| 716| -492| -421| -506| 573| -567 35| 374 -422] -096| 239 -342
135 28| 429| -306] -275| 392 -376] 197 077 .79 23] 072| 201 2.3
150  -202| 298| -153| 167 -418 39|  -061 098] -207| -108| -164| -28| -1.89
165 137 24|  044| -072] -329| 681| -249 074 475 02| 114 -462] 183
180| -163| -279 03|  047| -045| 567 6.7 35 5|  -133] 031| -598| -2.16
195|  -294| 459| 261 144| -025| 334 205 5| 882| 1082 283 -607| 341
210|  -453| 7.3 82| 437| -422| 343 131| -399] 004 -878| -016] -556| -598
25|  677| 954| -1355| -1433| -1507| -651| -7.27| -816| -668| -541| -7.74| -637|  -9.85
240| -1012| 978 -882| -1627| -1073| -1626| -1357| -1207| -1301| -7.75| -687| -876| -10.83
255| -1586| -10.56|  -7.89| -11.81| -1229| -051| -7.98| -919| -864| -1222| -112| -1139| -7.86
270| -12.65| 12.4| -096| -1069| -14.24| -896| -1066| -559| -273| -7.76| -17.34| -1463|  -5.42
285| -822| -1169| -868| -719| -7.77| -1064| -13.95|  -593 06| 248 642 -15.99 34
300|  -554| 772|  -475| 414| 359| -602| 779 616 02| 051 88| 1254 241
315|  -445|  363| 124| -148| 083] 246 -261| 551 -033 0.28 048] -1009] 172
330| -327| 135 -012| -087 1| 208 -09 39| 072 0.01 153 887 152
45| 275 08| -034] -072 1.44 4| 219 269 0.04 0.56 112]  719| 52
360|  -3.03 A 0.7 096| -136| -047| -073] -1.02 0.04 223|  188| 343 204
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(2.40 GHz): Theta = 0, Phi =0 (2.40 GHz): Theta = 180, Phi =0

(2.40 GHz): Theta = 90, Phi = 0

- 2.67

--1.05

--4.77
- -8.49

--12.21

(2.40 GHz): Theta = 90, Phi = 270

(2.40 GHz): Theta =90, Phi =180

- 267

--1.05

--12.21

(2.40 GHz): Theta = 90, Phi = 90
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2.2 2.44 GHz

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° -7.15 dBm
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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RP_2440.000_tot

Az‘;{‘)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 23;; g‘g) 2 jg; 23;; 2:;;
0| 18| -049 034| -059| 122 073| 31| -279| 043 0.74| -168| -342| -1.74
15 41|  -049| -036| -085| -232| -369| 183 -146| -026] 159 278 269 -086
30| 057 11| -043| 228 18 56| 421 228 086  -591 014]| 154 0
45| -061] 206 -064| -395| -239| -1.79 047 279 302 05 135  0.95 0.33
60| -116| -258| -152| -396| -3.36 4| 47 066 -276 193 118 079 0.69
75|  136| -304| -275| 319| 189 36| 566 129 A1 136 165|  -0.58 0.13
90| 132 -367| -304| 224 -082| -328| 619| -742| -3.86 0.29 246 o] -051
05| 132 41| 219| 72 03| -389| 639 -1085| -7.06| -054 2.78 026 -0.23
120|  -074| 274 122| 37| -021| 387| -448| -648| 573 159 217 021 0412
135 014 -168| -048| 048] 38| -337 2.1 45|  208] 178 078 34| -045
150 035| 149 017 001| -234 45 18 063| 114 026 -024 23] 066
165 -014| 137 0.01 065| -056| -551| -4.88 031 -282 1.04 041 263 -029
180 A1 a9 21 0.95 078|  -334 7| 56| 374 236 002| 279 0.27
195 202 33|  292| 031 -065| 178| 37| -392| 837| -1215| -374| 274| -036
210|  239| 395 -467| -364| -449| -312| -249| 226 51| -4.04 63| 298| 141
25| 279| 359| -541| -852| 587| -6.14| -092 62|  275| -443] -199| -423| 138
240 28| 328| -583| -647| 817| -548| -958| -1113| -7.22 45 0.04| -485| 107
255| 245 279 -6.18| -583| -13590| -661| -7.86| -1024|  -463 2.7 039| -558| -067
270|  -216| 205| -575| -6.76| -14.52 76| 854 4| 082] 189 051| -638| -046
285| -217| 207| -485| 559 74| 809| 741 232 049 135 071 715  -0.31
300| 255| -182| -258| -259| -468| 405 434 26 059|  -0.94 122  -603|  -0.01
315|  219| -118| -087| -149| 316| -083| -153| 252 028 086 19| 455 0.02
330| 233 -1.03 018|  -147| -143| 023 038 -278 019]  -029 25| -3.58 -0.1
45| 266 06 049 71 0.01 A4 007| 185 08 0.15 221| 362 -073
360| -1.86|  -0.49 034| -059| -122| -073| 31| -279| 043 074 -168| -342| -1.74
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RP_2440.000_hor
Az‘?‘.)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 2 gg; 232) 2:3; 2:;; 233;

0| -1099| -1089| -1033| -1356| -10.94| -21.57| -1078| -10.06| -10.04| -092| -1364| -1508| -12.31

15|  -662| 688 -861| -1139| -1102| 183 -1462 08| 91| -1317| -1127| -667| -8.14

30| -357| -536| -803| -943| 72| -1647| -1526| -1156| -9.72| -1099|  -8.84| -765|  -3.92

45| 236 486 7| 941| -1206| -1379] -006| -956| -1361| -7.56| -424| -348| 143

60| 188 -422| -507| -674| 675 -11.77| -1006| -1264| -877 42| 029 48] -035

75|  146| -373|  -359 38|  341| -841| -1143| 722 623 -1.06 159 067 05

90| 166 42|  325| 291 214| 716| -1067| -12.26]  -6.53 0.08 213 093] 097

105 27| 581 -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| 957| 743 -1396| -1412| -1400| -002| -321| -752| -382

150 -1047| -1952| 921| -851| -1143| -1247| 971 -12.97 76| -2012| -857| 1451 682

165| -15.82| -1463| -1112| -924| -027| -1096| -1009| -1125| -746| -1355| -11.97| -16.95| -10.38

180 -1556|  -0.46 84| 673| -055| -11.08| -13.77| -1229| -1258| -1659|  -9.06|  -10.7| -10.47

195| -1132| 781 566 44|  778| -971| 1095 842| -1501| -1345 02|  792| 79

210|  -7.88| 696| -547| -499| 603 -7.75| 1151 -1002| -133| -7.88| 924| -697| -5.36

25|  539| 587 785 -016|  -6.21 74| A722| 1353|  -845|  745|  -494| 7.34| 3.4

240|  -368| -457| -097| -1524| -1009| -952| -1081| -1623| -852| -583| -1.63|  -7.71 2

255|  2.64|  321| -7.99| -1135| -17.36| -1197|  -898| -1949| -1212|  -418 003| 749 135

270|  -2.45 22| 606 89| -21.71| -1027| -921| -1054| -1247| 427 027| -687| -1.33

285|  -315|  2.77| -6.00|  -8.94| -2044| -1027| -842| 657 -893| -609| -037| 761 -2.38

300| 531 42| 681 986 -1935| -941| 755 54| 654 -923| 128| 748 409

315|  745| -578|  -7.79| -1239| -19.96| -911|  -669| 529 -6.09| -1325|  -331 8| 661

330| -1058| -1047| -1388| -17.17| -2062| -959| -613| -7.66| -7.02| -1515| -6.67| -845| -9.25

345| -17.38| -1814| -19.73| -17.48| -17.95| -11.28 63| 928| 829 -1152| -1478| 863 -1273

360| -1099| -1089| -1033| -1356| -10.94| -2157| -1078| -10.06| -10.04| -092| -1364| -1508| -12.31
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RP_2440.000_ver
Az‘;{‘)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 23;; g‘g) 2 jg; 23;; 2:;;

o] 243 09| -004| -081| -171| -076| -183| -369| -0.5 035| -197| 372 214

15|  253| 162 06| -125| 295 -384| 207| 215| -087 19|  344| 287 17

30 36| 315| 26| 321 192| -599| -456|  -2.82 046| -752| -045| 276| -225

45| -541| -528| -178| -541| -2.88| 208| -005| -382| -342| 145 -006| -451| -443

60| -9.31 76|  404| 721 601 479 211 045| 401 071|  -422] -916| -6.02

75| 7.76| -1136| -10.34| -12.02| -721| -5.35 7 4|  260| -234| -1677| -1763| -854

90| -126| -1312| -1632| -10.74| -663| -5.56 81| 916| -724| -1291| 889| -7.12| -1053

105| 699 -8.98 86| -634 44|  564| 751| -1649| -1295| -1387| -362| 356| 743
120] 334 441 45| 343 -220| 435 479 742| 642| -696| -203| 245 -461
135  -096 22|  195| 57| 200| -354| -239| -174| 236| -268| -142| 254 -3.14
150|  -006| -156| -037| -065| -292| -532| -257 044| 225 022| -003| 257 187
165| -026| -158|  -0.34 018 -119| -6.96| -643| -001| -481 0.89 0.15 28| 073
180|  126| 274 243 0.14 035| -414| -8.03 66| 435 -252| -055| -356| -0.12
195|  -267 52|  623| -245| -150| -255| -188| 582| -944| -1805| 519 43| 119
210|  -383| 695 -1244| 936| 976 -496| -307| -306| -581| 636 938 -519| -3.64
25|  -6.26 75| 908 17146 A741| -1213| -1082]| -7.09| 411| -743| 507| 714| 647
240| -1013|  919| -795| -7.09| -1264| -765| -1564| -12.74| -13.00| -103|  -492| -801| -8.22
255| -16.09| -1315| -10.86| -7.27| -1596 81| -1428| -1078| -548| -809| -1057| -1007| -9.04
270| -14.02| -16.99| -17.25| -10.85| -1544| -1097| -1698|  -508| -113|  -564| -1204| -1606|  -7.89
285| 911| -1031| -10.89| -828| -7.62| -12.14| -1424| -436| -004| 313| -586| -1717| 453
300| 583| -556| -464| -349| 483| -554| -7.16| -583|  -0.34| -164| -238| 115 -2.16
315|  387| -303| -186| 186 325 -153| -341| 579 -086| -1.12 034] 716|  -1.04
330| -303| -155 o 59| -148| -077| -072| 449 -073| -043 1.94 53| 067
45| 281 067 045| -183| -006| 187 -107| 271 023| -016 212|  -526|  -1.01
360|  -243 09| 004| -081| 71| -076] 183 -369| -059 035| 197 372| 214
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(2.44 GHz): Theta =0, Phi=0

(2.44 GHz): Theta = 180, Phi=0

—-2.78

- -5.87

- -10.19

—-14.52

(2.44 GHz): Theta =90, Phi=0 (2.44 GHz): Theta = 90, Phi = 180

- -10.19

- -14.52

(2.44 GHz): Theta = 90, Phi = 270

(2.44 GHz): Theta = 90, Phi = 90
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2.3 2.48 GHz
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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RP_2480.000_tot

Az‘;{‘)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 23;; g‘g) 2 jg; 23;; 2:;;

0 0.94 0.87 177 05 13 0.72| -249| -652| -2.66 016| -139| -206|  -0.56
15 0.31 05 0.41 189] 044 0.93 03| 91| 235 043| 271 47| 047
30| 053] -058] -0.06 2.31 106| 339 16 0.83 116| 361 009| 1.18| -045
45| 44| 57| 058 -016] -075| 122 0.47 03] 164 06 107] 226 -019
60| 208 -257| 275| 229 -446| 292 -0 162 416 212 01| 252| -065
75| 182 35| 377 31| 316| -364|  -1.91 066 -0.85 1.33 019 -207| 164
90| 203| -406| -366| 338 -097| -143| 257| -263] -1.59 0.05 132| 119 -1.06

105|  202| -337| 342| -265 021] 12| 212| 392| -345| -089 194 103 -066
120]  -079| -306| -124| -066 024| 143 057 097 -303] -1.03 152|  141| -045
135 0.42 26 0.01 027| -067] 176 0.41 098] 147| -066 02| 203 -008
150 065| 113 0.54 115 168  -1.99 0.33 108| 222 029 -084| 283 0.76
165 002| -083 0.76 207 0.09 19| 72| 66| -379| -0416| -026| -3.29 1.27
180| -036| -155 0.09 2.56 1,65 A 273 842| -447| 738| 047| -454 0.69
195|  -044| 215| 184 1.86 0.56 0.44 049  -269| -1046| 805 -402 47| 023
210]  119| 257| -312| 134 27| 039 -268| -485| 347| -295| -622| -488| -088
225| -165| 293 -319| -576| 585 -556| -1096| -8.92| -332 47|  165| 523  -1.31
240|  -183| 303| -342| -474| -108| -479| -628| -1326| -7.18| -419| -018| -604| -1.26
255|  -1.84|  343| -377| -314| -1365| -487| -047| -924| -399| -243| 053] -723| 137
270|  179|  344| -282| -368| 911| -895| -1088| -589| -097| -211| -039| -7.28 08
285| -115|  250| -154| -324| 542| -749| 636| -462| -011| 274 027 641 05
30|  -043 22|  018| 61| 397| 329| -396| -474| 025 271 103| 568 -026
315 003|  -0.97 12 008| -272| 073 253 -495| -054| 254 149] 529 0.4
330 0.93 0.34 2.66 14| 136 133  025| -621| -165| -2.79 168 -474| 102
345 135 118 3.14 1.09 0.33 102 035| -665| -242| 286 131  377| 113
360 0.94 0.87 177 05 13 072| -249| -652| 266 016 -139| -206|  -0.56
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RP_2480.000_hor

Az‘;{‘)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 23;; g‘g) 2 jg; 23;; 2:;;
0| -1089| -12.83| -1051| -1366| -952| -13.86| -1031| -1016| -12.09| -657| -1285| -11.29| -17.12
15| 829 -835| -805 1| -849| -1474| 375 735| -065| 7A1| -999| -199| -10.72
30| -626| -583| 611| -858| -1328| -2037| -15662| -847| -645|  -7.01 09| -126| 578
45|  455| -428| -536| -828| -1027| -1266| -1269| 950| -883| -636| -713| 629| -364
60| -288| -342| 473 -634| 722| 722| 969| -1647| -834| 511| 262| -334 27
75 2| 369 413| 439 45| 567| 705 -1562| -669| -261| 012| 221 25
90| 247| -477| 399| 364| -200| -427| 843 -107| 715 A 112|216 .76
105 -373 59|  493| -485| 215 483 -1033| -114| 813 141 105] 291 138
120|  -423| -858| 622| -588| -484| -808| -13.09| -1562| -1362| -419| 093] -456|  -2.06
135|  512| -1396| 762| 7.34| 811 -1845| -1573| -1649| -1451| -1031| 525| -724|  -388
150|  -844| 2141| -1059| -11.08| -1055| -1147| -1278| -13.08 86| -1804| -1229| -1146| -7.06
165| 1531| -1271| -1228| 963| 1146 -876| -1003|  -887| -866| -1421| -1327| -1462| -10.93
180| -1991| -865| -687| -465| -1054| -1475| -1400| -11.7| -1308| -21.08| -101| -124| -1577
195| -1154| 727| -449| -267| -534| 768| -19.06] -1196| -17.25| -1261| -1073| -9.61| -11.24
210|  -682| 639| -462| 328 38|  535| -1117| 947| -1155| -892| -111| 847 -633
25|  414| 541| -621| 653 678 -626| -12.33| -1164| -806| -7.87| 579 -772| 367
240|  266| 426| -639| -881| -1608| -1058| -1605| -1486| -1088| 561 -229| -826| -1.97
255|  201| -388| 479| -579| -1665| -17.76] -1571| 2065| -1451| 456  -107|  -947|  -1.56
270|  203|  358| -324| -398| -11.99| -1094| -1478| -1248| -127| -471| -094| 8.8 12
285|  221| 325 -242| -412| -1002| -883| -1156| 719 -924| 574 -169| -7.02| -1.76
300|  316| 484 -3.71 55| 1134  -8.88 96| 561 665 843 27|  778] 325
315|  -547| 6.76| -582| -894| -1369| -1026] -898| -613]| -598| -11.79 42| 832 528
330|  9.09| -1037| -047| -1666| -181| -1257| 756 89| 71| -1333| 734| 78| -026
345| 1506| -16.35| 2036| 2065| -21.69| -12.06| -803| -1282| -1016| -1077|  -144|  929| -13.91
360| -1089| -12.83| -1051| -13.66| 952| -13.86| -1031| -1016| -12.09| -657| -1285| -11.29] 1712
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RP_2480.000_ver
Az‘;{‘)“th 0° (dB) | 15° (dB) | 30° (dB) | 45° (dB) | 60° (dB) | 75° (dB) | 90° (dB) 23;; 23;; g‘g) 2 jg; 23;; 2:;;
0 0.65 0.68 151 0.33 0.93 057| -328| -899| 319 -088| -172| 261| -065
15| 034 011| -026 166] 118 0.81 013|  -653| -325| -041| 361 -123| -079
30| 189 212 13 1.94 09| -348| 178 0.28 033 -626| -037| 163 -1.96
45| 434 49| 234| -088| -126] 154 026 -084| 256| -1.94 036] -444 28
60| 984| -1008| -7.09| -446| -7.73| -494| 062 155|  6.26 121  321| -10.14 49
75| 1569| -17.31| -14.83 9| 893 792| 349 056| -216| -092| -1144| -17.05| -912
90| -221| -1228| -1493| -1578| -741| -463| 387 -336|  -3.01 63| -1226| -816] -9.36
105 69| 691 78| -665| -357| 353 -283| -477| -5.26| -10.34 54| 557| -881
120|341 449 29|  222| 37| 249 082 12| -343| 389 -213| -429| 553
135 A 293] 082 -0856] -154] 185 0.31 09| 169| 15| 126| 358 -242
150 008| .17 0.19 088| -220| -2.51 0.12 091 -335 023| 16| -347| 002
165 011 112 0.54 176  -0.23 29| 242 258 55| 034 -048] -363 1
180 04| 249 -088 165 137  118| -306| -1064| 541| 757 -097| 532 0.59
195| -079| -374| 524 002 -073| -0.29 044| -324| -1149| 993| -507| -6.38|  -0.50
210] 258 49|  845| 576| 921 207| -334| -669| -421| -422| 7.93| 763| -234
25|  525| 655 62| 1363 -1301| -1385| -1662| -12.25 51|  755| -376| -884|  -5.08
20|  -042| 911| 647 69| -1233| -612| -676| -18.36 06| 975 -432] -1002| 947
255| -16.02| -1355| -1057|  -6.54| -16.67 51| -1065| -056| -439| 655 -086| 1165 -1501
270| -1441| -1841| -1319| -1541| -12.25| -1331| -1315|  6.96| -127| -556|  -9.67| -1457| -11.42
285| 778| -1142| -891| -1059|  7.27| -1324| -7.92| 841| -067| -575| -414| -1519| -6.48
30| -373| 562 -273 39| 484 47| 534 -1218| 137| 406| -136| -0.84 33
315|141 23 0.24 05|  308| -124| -364| -1118] -201]  -3.09 012 -828 2.1
330 047|  -005 2.38 133 145 115  115| -057| -2.89|  -3.9 11| 637] 712
345 125 11 3.12 1.06 03 08| 033 785 -322| -362 12 52| 136
360 0.65 0.68 151 0.33 0.93 057| -328| -899| 319 -088| -172| -261| -065
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(2.48 GHz): Theta=0, Phi=0 (2.48 GHz): Theta = 180, Phi=0
(2.48 GHz): Theta =90, Phi=0 (2.48 GHz): Theta = 90, Phi = 180
e w.

(2.48 GHz): Theta = 90, Phi = 270

(2.48 GHz): Theta = 90, Phi =90
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using Tl components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional

restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Clocks and Timers www.ti.com/clocks Digital Control www.ti.com/digitalcontrol
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
RFID www.ti-rfid.com Telephony www.ti.com/telephony
RF/IF and ZigBee® Solutions www.ti.com/Iprf Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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