Axcera — HU5000AD Type Acceptance Report Test Report w/Axciter Modulator

4. TEST REPORT — HU5000AD w/AXCITER DIGITAL MODULATOR
4.1 RF Power Measurements

Figure 4B-1 shows the test equipment setup for the RF power measurements.

———— - ERI

I . | Directional

| Axciter | Coupiar

: Modulator :

' |

' |

| ' > Bird Model

| HU5000AD | >

I Transmitter I 8895-050

| | 50 Ohm

: I Termination
|

' |

:_ ________________________ JI PHevl\ileté

Device Under Test ackar  E—

Power Meter

RFA300
Test Meas. |¢

Set

HP Spectrum < |

Anaylzer

Figure 4-1. Test Equipment Setup for RF Power Measurements

The output power of the HU5000AD was adjusted to obtain 5000 watts average RF
output as observed on the power meter.

Measured Power: +24.8 dBm
Coupling Loss: -40.0 dB
Power: +64.8.0 dBm

Power = 5000 Watts

With the power level properly set to 5000 watts average, all required tests were
performed and recorded in the following sections.
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4. 2 Modulation Characteristics

The modulator module incorporates a modulation technique known as 8-Level Vestigial
Side-band (8-VSB), which uses a layered digital architecture and a single carrier
frequency. A pilot tone is provided, to allow rapid acquisition of the signal by receivers.
The 8-VSB system transmits a serial data bit stream at a rate of 19.4 Mbps in a 6 MHz
television channel. This type of transmission is far less susceptible to propagation
impairments such as multi-path, noise and interference as compared to analog
transmissions.
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Figure 4-2. Typical Demodulation Test Setup
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4. 3 Error Vector Magnitude (EVM) and Signal to Noise Ratio (SNR)

The Hewlett Packard Vector Signal Analyzer was used to measure that the un-equalized
patterns are within the ATSC/FCC EVM limit of 4% and SNR limit of 27db.
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Figure 4-3. EVM and SNR Measurement
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4. 4 Frequency Response and Group Delay
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Figure 4-4. Frequency Response and Group Delay Plots

4. 5 Peak to Average
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Figure 4-5. Peak to Average Plot
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4.6 Phase Noise
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4.7 Occupied Bandwidth

Using the test setup in Figure 4-2, with the transmitter operating at maximum power, a
photograph of the transmitter occupied bandwidth spectrum was taken and is shown in
Figure 4-7.
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Figure 4-7. Channel Occupied Bandwidth (Pre-Filter)
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4.8 Conducted Spurious Emissions

The Hewlett Packard Spectrum Analyzer was used to measure harmonics before the low
pass and mask filter. The levels were then added to the filter attenuation at the 2" and
3" harmonics for a reading of less than —110dB at output of the mask filter.
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Figure 4-8A. Reference (551 MHz) =-19 dBm (Pre-Filter)
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Figure 4-8B. Second Harmonic 1102 MHz) = -71 dBm (Pre-Filter)
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The following filter plots & data represent typical filter performance for DTV service.
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Figure 4-8D. Filter Response (Typical Performance)
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Date: Fri 26-Oct-2007
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Figure 4-8E. 2" Harmonic (Typical Performance)
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Figure 4-8F. 3rd Harmonic (Typical Performance)

Level of channel = -19 dBm, measured in 100 kHz. Total Channel power = -19 + 10*log (5.4
MHz/100 kHz) = -2 dBm

Second Harmonic level = -71 dBm, measured in 100 kHz. Out of band energy in 500 kHz = -71 +
10*log (500 kHz/100 kHz) = -64 dBm.

Third Harmonic Level = -77 dBm, measured in 100 kHz RBW. Out of band energy in 500 kHz = -77 +
10*log (500 kHz/100 kHz) = -70 dBm.

Harmonic Pre Filter Level Filter Post Filter Level
(MH2z2) (dBm) Rejection (dBm)
(dB)
Second -62 -73 -137
(1102)
Third -68 -93 -161
(1653)

Table 4-1. Post Filter Harmonic Levels
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Part 74.794 of the Rules states:

(ii) Stringent mask. In the first 500 kHz from the channel edges, emissions must be
attenuated no less than 47 dB. More than 3 MHz from the channel edges, emissions
must be attenuated no less than 76 dB. At any frequency between 0.5 and 3 MHz from
the channel edges, emissions must be attenuated no less than the value determined by
the following formula: A(dB) = 47 + 11.5 (Df-0.5).

3) The attenuation values for the simple and stringent emission masks

are based on a measurement bandwidthof 500 kHz. Other measurement
bandwidths may be used and converted to the reference 500 kHz value by the
following formula:

A(dB) = Aalternate + 10 log (BWalternate / 500)

where A(dB) is the measured or calculated attenuation value for the reference
500 kHz bandwidth, and Aalternate is the measured or calculated attenuation
for a bandwidth BWalternate. Emissions include sidebands, spurious emissions
and radio harmonics. Attenuation is to be measured at the output

terminals of the transmitter (including any filters that may be employed). In
the event of interference caused to any service by out-of-channel emissions,
greater attenuation may be required.

Calculating energy in first 500 kHz and comparing it to in channel power by converting out of band
energy from dB to linear power and summing:

Lo
Frequency Magni?ude Amp IMD Linear

-3.5 -17.9561 -29 2.02E-05
-3.49 -17.8135 -29 2.08E-05
-3.48 -17.6768 -29 2.15E-05
-3.47 -17.543 -29 2.22E-05
-3.46 -17.415 -29 2.28E-05
-3.45 -17.2979 -29 2.35E-05
-3.44 -17.1719 -29 2.41E-05
-3.43 -17.0605 -29 2.48E-05
-3.42 -16.9482 -29 2.54E-05
-3.41 -16.8486 -29 2.60E-05

-3.4 -16.7559 -29 2.66E-05
-3.39 -16.667 -29 2.71E-05
-3.38 -16.5928 -29 2.76E-05
-3.37 -16.5166 -29 2.81E-05
-3.36 -16.4678 -29 2.84E-05
-3.35 -16.4189 -29 2.87E-05
-3.34 -16.3857 -29 2.89E-05
-3.33 -16.3652 -29 2.91E-05
-3.32 -16.3691 -29 2.90E-05
-3.31 -16.3789 -29 2.90E-05
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-3.3 -16.4209 -29 2.87E-05
-3.29 -16.4863 -29 2.83E-05
-3.28 -16.5732 -29 2.77E-05
-3.27 -16.6982 -29 2.69E-05
-3.26 -16.8633 -29 2.59E-05
-3.25 -17.0742 -29 2.47E-05
-3.24 -17.3379 -29 2.32E-05
-3.23 -17.6729 -29 2.15E-05
-3.22 -18.0918 -29 1.95E-05
-3.21 -18.6143 -29 1.73E-05

-3.2 -19.2764 -29 1.49E-05
-3.19 -20.1143 -29 1.23E-05
-3.18 -21.2109 -29 9.53E-06
-3.17 -22.668 -29 6.81E-06
-3.16 -24.6904 -29 4.28E-06
-3.15 -27.6143 -29 2.18E-06
-3.14 -31.6152 -29 8.68E-07
-3.13 -31.7656 -29 8.38E-07
-3.12 -26.5889 -29 2.76E-06
-3.11 -22.2334 -29 7.53E-06

-3.1 -18.8838 -29 1.63E-05
-3.09 -16.165 -29 3.04E-05
-3.08 -13.8667 -29 5.17E-05
-3.07 -11.8735 -29 8.18E-05
-3.06 -10.1206 -29 0.000122
-3.05 -8.56592 -29 0.000175
-3.04 -7.19287 -29 0.00024
-3.03 -5.98291 -29 0.000317
-3.02 -4.93188 -29 0.000404
-3.01 -4.03467 -29 0.000497

-3 -3.2843 -29 0.000591
Total energy of in band = 0.00335
In band Energy:
-2.69 -0.308 0.931537
-2.68 -0.30229 0.932762
-2.67 -0.29692 0.933916
-2.66 -0.29077 0.93524
-2.65 -0.28696 0.936061
-2.64 -0.28479 0.936528
-2.63 -0.27718 0.938172
-2.62 -0.27327 0.939016
-2.61 -0.27087 0.939534
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-2.6 -0.26831 0.940089
-2.59 -0.26532 0.940737
-2.58 -0.25995 0.941901
-2.57 -0.2571 0.94252
-2.56 -0.25851 0.942212
-2.55 -0.25383 0.943229
-2.54 -0.25458 0.943066
-2.53 -0.25172 0.943686
-2.52 -0.24731 0.944646
-2.51 -0.24524 0.945096

-2.5 -0.24648 0.944826
-2.49 -0.2486 0.944366
-2.48 -0.24345 0.945485
-2.47 -0.24055 0.946116
-2.46 -0.23969 0.946306
-2.45 -0.239 0.946455
-2.44 -0.2395 0.946346
-2.43 -0.23628 0.947048
-2.42 -0.23882 0.946495
-2.41 -0.23794 0.946687

-2.4 -0.23431 0.947477
-2.39 -0.23652 0.946996
-2.38 -0.23477 0.947377
-2.37 -0.23307 0.947748
-2.36 -0.23284 0.947798
-2.35 -0.23441 0.947457
-2.34 -0.23261 0.947848
-2.33 -0.23371 0.947608
-2.32 -0.22861 0.948721
-2.31 -0.22939 0.948551

-2.3 -0.22581 0.949333
-2.29 -0.2288 0.948681
-2.28 -0.2282 0.948811
-2.27 -0.22691 0.949093
-2.26 -0.22609 0.949273
-2.25 -0.22545 0.949413
-2.24 -0.22416 0.949695
-2.23 -0.22347 0.949845
-2.22 -0.2226 0.950037
-2.21 -0.22182 0.950207

-2.2 -0.21947 0.95072
-2.19 -0.22099 0.950387
-2.18 -0.21754 0.951142
-2.17 -0.21607 0.951465
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-2.16 -0.21493 0.951716
-2.15 -0.21452 0.951806
-2.14 -0.21107 0.952562
-2.13 -0.21277 0.952189
-2.12 -0.21116 0.952542
-2.11 -0.20693 0.953469
-2.1 -0.20804 0.953227
-2.09 -0.20597 0.953681
-2.08 -0.20634 0.9536
-2.07 -0.20367 0.954185
-2.06 -0.19977 0.955044
-2.05 -0.20156 0.954649
-2.04 -0.19743 0.955559
-2.03 -0.20101 0.95477
-2.02 -0.20018 0.954953
-2.01 -0.19431 0.956246
-2 -0.19334 0.956459
-1.99 -0.19357 0.956409
-1.98 -0.19219 0.956711
-1.97 -0.19192 0.956772
-1.96 -0.19058 0.957066
-1.95 -0.18755 0.957733
-1.94 -0.18713 0.957826
-1.93 -0.18658 0.957947
-1.92 -0.1853 0.95823
-1.91 -0.18369 0.958585
-1.9 -0.18282 0.958779
-1.89 -0.18236 0.95888
-1.88 -0.18047 0.959296
-1.87 -0.17846 0.959741
-1.86 -0.17864 0.959701
-1.85 -0.17368 0.960799
-1.84 -0.17574 0.960341
-1.83 -0.17616 0.960249
-1.82 -0.17483 0.960544
-1.81 -0.17235 0.961093
-1.8 -0.17156 0.961266
-1.79 -0.17074 0.961449
-1.78 -0.17226 0.961113
-1.77 -0.1729 0.960971
-1.76 -0.16885 0.961866
-1.75 -0.16969 0.961682
-1.74 -0.17033 0.96154
-1.73 -0.16853 0.961937
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-1.72 -0.16789 0.962079
-1.71 -0.16564 0.962578

-1.7 -0.16753 0.96216
-1.69 -0.16743 0.96218
-1.68 -0.1666 0.962365
-1.67 -0.16476 0.962772
-1.66 -0.16532 0.962649
-1.65 -0.16376 0.962996
-1.64 -0.16228 0.963322
-1.63 -0.16353 0.963046
-1.62 -0.16183 0.963424
-1.61 -0.16371 0.963006

-1.6 -0.16132 0.963535
-1.59 -0.16132 0.963535
-1.58 -0.16362 0.963026
-1.57 -0.16403 0.962935
-1.56 -0.16399 0.962945
-1.55 -0.16399 0.962945
-1.54 -0.16357 0.963036
-1.53 -0.16426 0.962884
-1.52 -0.16458 0.962813
-1.51 -0.16467 0.962793

-1.5 -0.16389 0.962965
-1.49 -0.16348 0.963056
-1.48 -0.16298 0.963168
-1.47 -0.16412 0.962914
-1.46 -0.16537 0.962639
-1.45 -0.16587 0.962527
-1.44 -0.16357 0.963036
-1.43 -0.16274 0.963221
-1.42 -0.16509 0.9627
-1.41 -0.16495 0.962732

-1.4 -0.16233 0.963312
-1.39 -0.16435 0.962864
-1.38 -0.16467 0.962793
-1.37 -0.16325 0.963107
-1.36 -0.16251 0.963271
-1.35 -0.16344 0.963067
-1.34 -0.16312 0.963138
-1.33 -0.16569 0.962568
-1.32 -0.16408 0.962924
-1.31 -0.16426 0.962884

-1.3 -0.16706 0.962263
-1.29 -0.16302 0.963158
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-1.28 -0.16541 0.962628
-1.27 -0.16587 0.962527
-1.26 -0.1621 0.963363
-1.25 -0.16426 0.962884
-1.24 -0.16537 0.962639
-1.23 -0.16394 0.962955
-1.22 -0.16444 0.962843
-1.21 -0.1621 0.963363
-1.2 -0.16454 0.962823
-1.19 -0.16228 0.963322
-1.18 -0.16509 0.9627
-1.17 -0.16312 0.963138
-1.16 -0.16302 0.963158
-1.15 -0.16389 0.962965
-1.14 -0.16486 0.962752
-1.13 -0.1649 0.962742
-1.12 -0.16339 0.963077
-1.11 -0.16449 0.962833
-1.1 -0.16251 0.963271
-1.09 -0.1628 0.963209
-1.08 -0.16054 0.96371
-1.07 -0.16206 0.963373
-1.06 -0.1655 0.962608
-1.05 -0.16017 0.963791
-1.04 -0.16486 0.962752
-1.03 -0.16109 0.963586
-1.02 -0.16091 0.963627
-1.01 -0.16082 0.963647
-1 -0.16008 0.963811
-0.99 -0.15907 0.964035
-0.98 -0.16399 0.962945
-0.97 -0.16137 0.963525
-0.96 -0.161 0.963606
-0.95 -0.15824 0.964219
-0.94 -0.16008 0.963811
-0.93 -0.15778 0.964321
-0.92 -0.15958 0.963923
-0.91 -0.15857 0.964147
-0.9 -0.15792 0.964291
-0.89 -0.161 0.963606
-0.88 -0.15737 0.964413
-0.87 -0.15678 0.964545
-0.86 -0.15576 0.96477
-0.85 -0.15733 0.964423
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-0.84 -0.1565 0.964606
-0.83 -0.15664 0.964575
-0.82 -0.15705 0.964484
-0.81 -0.15719 0.964453

-0.8 -0.15443 0.965065
-0.79 -0.15131 0.96576
-0.78 -0.15508 0.964923
-0.77 -0.15508 0.964923
-0.76 -0.15585 0.96475
-0.75 -0.15659 0.964585
-0.74 -0.15209 0.965586
-0.73 -0.15383 0.965199
-0.72 -0.15177 0.965657
-0.71 -0.14993 0.966066

-0.7 -0.15094 0.965842
-0.69 -0.15012 0.966025
-0.68 -0.15163 0.965689
-0.67 -0.14948 0.966168
-0.66 -0.15007 0.966035
-0.65 -0.15062 0.965913
-0.64 -0.1508 0.965872
-0.63 -0.15025 0.965995
-0.62 -0.15108 0.965811
-0.61 -0.14787 0.966526

-0.6 -0.14639 0.966854
-0.59 -0.14736 0.966638
-0.58 -0.14828 0.966434
-0.57 -0.14455 0.967263
-0.56 -0.14819 0.966455
-0.55 -0.14589 0.966966
-0.54 -0.14451 0.967273
-0.53 -0.14483 0.967202
-0.52 -0.14378 0.967436
-0.51 -0.14516 0.967129

-0.5 -0.14258 0.967703
-0.49 -0.14341 0.967518
-0.48 -0.14507 0.967149
-0.47 -0.14153 0.967938
-0.46 -0.14405 0.967375
-0.45 -0.14433 0.967314
-0.44 -0.14107 0.96804
-0.43 -0.14226 0.967775
-0.42 -0.14437 0.967304
-0.41 -0.14327 0.967549
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-0.4 -0.13964 0.968358
-0.39 -0.13891 0.968521
-0.38 -0.14492 0.967181
-0.37 -0.14253 0.967713
-0.36 -0.14281 0.967651
-0.35 -0.14286 0.96764
-0.34 -0.14185 0.967866
-0.33 -0.14098 0.96806
-0.32 -0.14253 0.967713
-0.31 -0.1424 0.967744

-0.3 -0.14061 0.968142
-0.29 -0.13973 0.968338
-0.28 -0.13927 0.96844
-0.27 -0.14171 0.967897
-0.26 -0.14162 0.967917
-0.25 -0.14272 0.967671
-0.24 -0.14075 0.968111
-0.23 -0.13955 0.968378
-0.22 -0.14235 0.967754
-0.21 -0.14323 0.967559

-0.2 -0.14066 0.968132
-0.19 -0.13868 0.968572
-0.18 -0.14203 0.967826
-0.17 -0.14084 0.968091
-0.16 -0.13992 0.968297
-0.15 -0.13937 0.968419
-0.14 -0.13854 0.968603
-0.13 -0.1407 0.968122
-0.12 -0.1424 0.967744
-0.11 -0.14166 0.967907

-0.1 -0.14143 0.967958
-0.09 -0.13964 0.968358
-0.08 -0.14143 0.967958
-0.07 -0.14019 0.968235
-0.06 -0.14042 0.968184
-0.05 -0.13854 0.968603
-0.04 -0.14033 0.968205
-0.03 -0.14139 0.967968
-0.02 -0.13927 0.96844
-0.01 -0.14185 0.967866

0 -0.14189 0.967856

0.01 -0.1407 0.968122

0.02 -0.14249 0.967724

0.03 -0.13992 0.968297
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0.04 -0.14281 0.967651
0.05 -0.14249 0.967724
0.06 -0.14046 0.968174
0.07 -0.14249 0.967724
0.08 -0.14175 0.967887
0.09 -0.14346 0.967508

0.1 -0.14378 0.967436
0.11 -0.14277 0.967661
0.12 -0.14253 0.967713
0.13 -0.14648 0.966833
0.14 -0.14318 0.967569
0.15 -0.14258 0.967703
0.16 -0.14323 0.967559
0.17 -0.14382 0.967426
0.18 -0.14442 0.967294
0.19 -0.1446 0.967253

0.2 -0.14391 0.967406
0.21 -0.14314 0.967579
0.22 -0.14516 0.967129
0.23 -0.14455 0.967263
0.24 -0.14676 0.966772
0.25 -0.14575 0.966996
0.26 -0.14483 0.967202
0.27 -0.14658 0.966813
0.28 -0.14621 0.966894
0.29 -0.14612 0.966915

0.3 -0.1452 0.967119
0.31 -0.14653 0.966823
0.32 -0.14368 0.967457
0.33 -0.14718 0.966679
0.34 -0.14455 0.967263
0.35 -0.14713 0.966691
0.36 -0.14552 0.967047
0.37 -0.14874 0.966332
0.38 -0.14671 0.966782
0.39 -0.14644 0.966843

0.4 -0.14626 0.966884
0.41 -0.14837 0.966414
0.42 -0.14805 0.966485
0.43 -0.14773 0.966556
0.44 -0.14685 0.966752
0.45 -0.1486 0.966363
0.46 -0.14887 0.966302
0.47 -0.14791 0.966516
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0.48 -0.15002 0.966045
0.49 -0.14511 0.967139

0.5 -0.1475 0.966607
0.51 -0.14718 0.966679
0.52 -0.14732 0.966648
0.53 -0.14851 0.966383
0.54 -0.14975 0.966107
0.55 -0.14887 0.966302
0.56 -0.14993 0.966066
0.57 -0.14869 0.966342
0.58 -0.1491 0.966251
0.59 -0.14639 0.966854

0.6 -0.14919 0.96623
0.61 -0.14708 0.966701
0.62 -0.14841 0.966404
0.63 -0.15012 0.966025
0.64 -0.14621 0.966894
0.65 -0.14694 0.966731
0.66 -0.14685 0.966752
0.67 -0.15012 0.966025
0.68 -0.14722 0.966668
0.69 -0.14736 0.966638

0.7 -0.14837 0.966414
0.71 -0.14671 0.966782
0.72 -0.14878 0.966322
0.73 -0.15007 0.966035
0.74 -0.14557 0.967037
0.75 -0.14745 0.966618
0.76 -0.14938 0.96619
0.77 -0.1469 0.966742
0.78 -0.14662 0.966803
0.79 -0.14869 0.966342

0.8 -0.14823 0.966444
0.81 -0.14814 0.966465
0.82 -0.14694 0.966731
0.83 -0.1468 0.966762
0.84 -0.1458 0.966986
0.85 -0.14805 0.966485
0.86 -0.14878 0.966322
0.87 -0.1475 0.966607
0.88 -0.14566 0.967017
0.89 -0.14286 0.96764

0.9 -0.14736 0.966638
0.91 -0.14906 0.966261

August 2008 4-22

a\*“lxcera




Axcera — HU5000AD Type Acceptance Report

Test Report w/Axciter Modulator

0.92 -0.14359 0.967477
0.93 -0.14703 0.966711
0.94 -0.14745 0.966618
0.95 -0.14703 0.966711
0.96 -0.14653 0.966823
0.97 -0.14584 0.966976
0.98 -0.14502 0.967159
0.99 -0.14607 0.966925
1 -0.14616 0.966905
1.01 -0.14667 0.966792
1.02 -0.14773 0.966556
1.03 -0.14594 0.966956
1.04 -0.14837 0.966414
1.05 -0.14612 0.966915
1.06 -0.1463 0.966874
1.07 -0.14598 0.966945
1.08 -0.14662 0.966803
1.09 -0.14892 0.966292
11 -0.14653 0.966823
111 -0.14855 0.966373
112 -0.14759 0.966587
1.13 -0.14855 0.966373
1.14 -0.14841 0.966404
1.15 -0.1475 0.966607
1.16 -0.14548 0.967057
117 -0.14575 0.966996
1.18 -0.14451 0.967273
1.19 -0.14837 0.966414
1.2 -0.14575 0.966996
121 -0.1475 0.966607
1.22 -0.14828 0.966434
1.23 -0.14708 0.966701
1.24 -0.1446 0.967253
1.25 -0.14594 0.966956
1.26 -0.1458 0.966986
1.27 -0.14906 0.966261
1.28 -0.14699 0.966721
1.29 -0.14869 0.966342
13 -0.14658 0.966813
1.31 -0.14819 0.966455
1.32 -0.14787 0.966526
1.33 -0.14841 0.966404
1.34 -0.14943 0.966178
1.35 -0.14644 0.966843
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1.36 -0.14612 0.966915
1.37 -0.14662 0.966803
1.38 -0.14782 0.966536
1.39 -0.14805 0.966485

14 -0.1498 0.966096
141 -0.14998 0.966056
1.42 -0.14658 0.966813
1.43 -0.15149 0.96572
1.44 -0.15135 0.96575
1.45 -0.15182 0.965647
1.46 -0.1497 0.966117
1.47 -0.15333 0.965311
1.48 -0.15057 0.965923
1.49 -0.15108 0.965811

15 -0.14984 0.966086
151 -0.15369 0.965229
1.52 -0.15076 0.965883
1.53 -0.15067 0.965903
1.54 -0.15154 0.965709
1.55 -0.15425 0.965106
1.56 -0.1536 0.96525
157 -0.1503 0.965984
1.58 -0.15163 0.965689
1.59 -0.15558 0.964811

1.6 -0.15369 0.965229
1.61 -0.15682 0.964535
1.62 -0.15177 0.965657
1.63 -0.15585 0.96475
1.64 -0.15393 0.965177
1.65 -0.15668 0.964565
1.66 -0.15443 0.965065
1.67 -0.15834 0.964197
1.68 -0.15728 0.964433
1.69 -0.15691 0.964514

1.7 -0.15723 0.964443
1.71 -0.15737 0.964413
1.72 -0.15788 0.964301
1.73 -0.1559 0.96474
1.74 -0.15848 0.964167
1.75 -0.15815 0.96424
1.76 -0.15871 0.964116
1.77 -0.15921 0.964004
1.78 -0.15981 0.963872
1.79 -0.16119 0.963566
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1.8 -0.16169 0.963454
1.81 -0.15981 0.963872
1.82 -0.16348 0.963056
1.83 -0.16335 0.963087
1.84 -0.16196 0.963393
1.85 -0.1628 0.963209
1.86 -0.16344 0.963067
1.87 -0.16518 0.962679
1.88 -0.16274 0.963221
1.89 -0.16509 0.9627

1.9 -0.16412 0.962914
1.91 -0.16307 0.963148
1.92 -0.16633 0.962426
1.93 -0.16789 0.962079
1.94 -0.1678 0.962099
1.95 -0.17005 0.961601
1.96 -0.16876 0.961886
1.97 -0.16931 0.961765
1.98 -0.1694 0.961744
1.99 -0.17165 0.961246

2 -0.17221 0.961123
2.01 -0.17253 0.961052
2.02 -0.17147 0.961287
2.03 -0.17345 0.960849
2.04 -0.17483 0.960544
2.05 -0.17579 0.960331
2.06 -0.17621 0.960239
2.07 -0.17892 0.95964
2.08 -0.17529 0.960443
2.09 -0.1797 0.959468

2.1 -0.17956 0.959498
2.11 -0.1774 0.959975
2.12 -0.18103 0.959173
2.13 -0.17933 0.959549
2.14 -0.18047 0.959296
2.15 -0.1824 0.95887
2.16 -0.18199 0.958961
2.17 -0.18475 0.958353
2.18 -0.18512 0.95827
2.19 -0.18342 0.958646

2.2 -0.18346 0.958636
2.21 -0.18755 0.957733
2.22 -0.19031 0.957126
2.23 -0.19072 0.957035
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2.24 -0.19099 0.956975
2.25 -0.19104 0.956965
2.26 -0.19233 0.956681
2.27 -0.19238 0.956671
2.28 -0.19233 0.956681
2.29 -0.19366 0.956388

2.3 -0.1982 0.955388
2.31 -0.19788 0.955458
2.32 -0.2011 0.95475
2.33 -0.2011 0.95475
2.34 -0.20261 0.954418
2.35 -0.20372 0.954175
2.36 -0.20524 0.953841
2.37 -0.2095 0.952905
2.38 -0.20725 0.953399
2.39 -0.20959 0.952885

2.4 -0.21447 0.951816
241 -0.21593 0.951495
2.42 -0.21603 0.951475
2.43 -0.2187 0.95089
2.44 -0.22108 0.950367
2.45 -0.22347 0.949845
2.46 -0.22563 0.949373
2.47 -0.22981 0.948459
2.48 -0.23036 0.948339
2.49 -0.23408 0.947528

25 -0.23564 0.947187
2.51 -0.23891 0.946475
2.52 -0.23904 0.946445
2.53 -0.24419 0.945325
2.54 -0.24566 0.945005
2.55 -0.25085 0.943875
2.56 -0.25063 0.943925
2.57 -0.25467 0.943046
2.58 -0.25815 0.942291
2.59 -0.2589 0.942129

2.6 -0.26358 0.941113
2.61 -0.26605 0.940578
2.62 -0.27028 0.939663
2.63 -0.27179 0.939336
2.64 -0.27583 0.938462
2.65 -0.27505 0.93863
2.66 -0.28127 0.937289
2.67 -0.28319 0.936874
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2.68 -0.28558 0.936357
2.69 -0.28947 0.935519
Total energy = 518.06
3 -4.78052 -30 0.000333
3.01 -5.56437 -30 0.000279
3.02 -6.37891 -30 0.00023
3.03 -7.31226 -30 0.000186
3.04 -8.31738 -30 0.000147
3.05 -9.42529 -30 0.000114
3.06 -10.6309 -30 8.65E-05
3.07 -11.9453 -30 6.39E-05
3.08 -13.3853 -30 4.59E-05
3.09 -14.9731 -30 3.18E-05
3.1 -16.7529 -30 2.11E-05
3.11 -18.7783 -30 1.32E-05
3.12 -21.1553 -30 7.66E-06
3.13 -24.0586 -30 3.93E-06
3.14 -27.8125 -30 1.65E-06
3.15 -32.9551 -30 5.06E-07
3.16 -36.9648 -30 2.01E-07
3.17 -32.7344 -30 5.33E-07
3.18 -28.7891 -30 1.32E-06
3.19 -26.1631 -30 2.42E-06
3.2 -24.2773 -30 3.73E-06
3.21 -22.8555 -30 5.18E-06
3.22 -21.7686 -30 6.65E-06
3.23 -20.8877 -30 8.15E-06
3.24 -20.1729 -30 9.61E-06
3.25 -19.582 -30 1.10E-05
3.26 -19.0898 -30 1.23E-05
3.27 -18.6729 -30 1.36E-05
3.28 -18.3223 -30 1.47E-05
3.29 -18.0332 -30 1.57E-05
3.3 -17.7842 -30 1.67E-05
3.31 -17.5752 -30 1.75E-05
3.32 -17.3965 -30 1.82E-05
3.33 -17.2539 -30 1.88E-05
3.34 -17.1338 -30 1.93E-05
3.35 -17.0352 -30 1.98E-05
3.36 -16.9512 -30 2.02E-05
3.37 -16.8936 -30 2.04E-05
3.38 -16.8496 -30 2.07E-05
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3.39 -16.8164 -30 2.08E-05

3.4 -16.7979 -30 2.09E-05
341 -16.8008 -30 2.09E-05
3.42 -16.7998 -30 2.09E-05
3.43 -16.8125 -30 2.08E-05
3.44 -16.8477 -30 2.07E-05
3.45 -16.8721 -30 2.05E-05
3.46 -16.915 -30 2.03E-05
3.47 -16.96 -30 2.01E-05
3.48 -17.0127 -30 1.99E-05
3.49 -17.0732 -30 1.96E-05

3.5 -17.1387 -30 1.93E-05

Total energy of upper sideband = 0.00209
Ratio of In band to lower sideband = 10*log(518.06/0.00335) = 51.9 dB
Ratio of In band to upper sideband = 10*log(518.06/0.00335) = 53.9 dB

The spectrum analyzer IMD numbers are the output power in 100 kHz relative to the in band energy
measured in 100 kHz. The FCC limits are referenced to out of band energy in 500 kHz relative to the
total channel power. To convert the in band energy measured on the spectrum analyzer in 100 kHz
to the total channel power, add 10*log(5.4 MHz/100kHz) = 17.3 dB to the in band power measured.
To convert the out of band energy in 100 kHz to out of band energy in 500 kHz, add 10*log
(500kHz/100 kHz) = 7 dB to the out of band energy. This gives the following:

Out of band energy before mask filter in 500 kHz relative to total average power = measured IMD +
17.3 dB - 7 dB = measured IMD + 10.3 dB.

Measured IMD = 29 dB lower sideband, 30 dB upper sideband. Energy in 500 kHz relative to channel
power = 29+10=39 dB lower sideband, 40 dB upper sideband.

Distance from Filter Rejection Pre-filter (dB) Out of band energy

Channel edge (dB) in 500 kHz relative to
channel power (dB)

-3 from lower -63 -39 -102

-2 from lower -43 -39 -82

-1 from lower -25 -39 -64

+1 from upper -23 -40 -63

+2 from upper -36 -40 -76

+3 from upper -51 -40 -91

August 2008 4-28

a\*“lxcera \




Axcera — HU5000AD Type Acceptance Report Test Report w/Axciter Modulator

£ AFA 300 - Dut of Channel Emissions
Eile Edit Wiew Setup Bun/Stopl Tools  MWindow  Help
ﬁ‘ n‘%‘ i il Smoothing: High = 0 Stap ‘ <« Back | ‘ % | k?
i Ciut of Channel Spectrum
Out of Channel Power to Average Power ﬂ 0 ____:____:_____:____:__p__:_ o oT---1--1
Lower Channel -29.8 dB
Upper Channel -32.0dB R i il el preii [~ H
Adiacent Channel Mask Test: Fail -20 ':_"E"":L" ; ---:L---J:---
o b
£ a0 . I :
& 3 Channels # Fast |Jpdate r : | 1|
" B Channels " Enhanced Accuracy Comed’ ! ! !
S50 - - - -k - Bl
Amplitude Freg Cursors 60 Lo : S
[dB) kHz) : |
| 068 son | #= | = | e loofioil T
> -B.65 5.90 A L
Mo0.00 0.00 a.a
MHz
Rurning Curent: 7/29/2008 12:28:42 &4 Tekironix

Figure 4-8H. Out of Band Emissions Plot (Pre-Filter)
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4.9 Radiated Emissions

Using the test setup shown in Figure 4B-1, with the transmitter operating at full

power, the spectrum analyzer was moved 20 meters from the transmitter and connected
to a dipole antenna cut to the 551 MHz. This antenna was oriented to maximize the
received level and the data was recorded. The antenna was then cut to the local
oscillator frequency and the second and third through harmonic frequencies of the
transmitter, and all of the signals received, were maximized by antenna orientation and
their absolute levels were recorded.

With these various antennas, the only measurable level observed was at 551 MHz. This
level is shown below in Table 4B-2 and an analysis of the relative field and strength is
provided in the following paragraphs.

Table 4-2. Measurable Levels Observed in Frequency Spectrum

FREQUENCY MEASURED LEVEL
(INTO 50 W)
551.00 -35 dBm

The spectrum analyzer had a maximum sensitivity of -110 dBm during these tests.
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Figure 4-9. Test Setup for Measuring Radiated Emissions

One level was compared to the following reference level.

If all of the power of the transmitter was radiated by an isotropic radiator, the
power density at 20 meters would be:

P = Pt/4pR? = 5000/4p - (20)*> = 1 w/m?
Using a dipole-transmitting antenna increases this by 1.64 to:
1.64 x 1 = 1.64 w/m?

If a dipole-receive antenna of area 1.64 x | ?/4p is used to receive the signal, the
received level would be:

54mW = +17 dBm
The receive level at —35 dBm was therefore at -52 dB relative to this level.
The receive levels were therefore at the relative levels shown in Table 4-3.

Table 4-3. Receive Levels

FREQUENCY (REF = +17 dBm)
RELATIVE MEASURED LEVEL
551.00 -52 dB
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The cabinet radiation was also checked with the receive dipole antenna cut to 551.00
MHz, within very close proximity to the trays of the transmitters, and the received level
that was recorded at no time exceeded a power density in excess of +10 dBm:

Pr/A = 10 mw/cm?
This level is far less than the current or proposed standard for safe radiation levels.
4.10 Frequency Stability

The HU5000AD is designed to operate using an either an internal or external 10 MHz
precise reference oscillator. The frequency stability of this reference determines the
frequency stability of the transmitter.

The frequency determining variables of the transmitter may be defined as follows:
FLo1 = Desired local oscillator 1 frequency

FLo2. = Desired local oscillator 2 frequency

F\r = Desired IF oscillator frequency

Fr = Desired external reference oscillator frequency
Fre = Desired RF output frequency

E o1 = Local oscillator 1 frequency offset error

E 0, = Local oscillator 2 frequency offset error

Eir = IF oscillator frequency offset error

Er = External reference oscillator frequency offset error
Err = RF output frequency error

The PLL circuitry maintains a constant ratio between the external reference frequency
and the output frequency of the oscillator. This ratio is defined below for both the LO
and IF oscillators.

GLo1 = FLo1/Fr

Gro2 = FLozs Fr
Gir=Fir/Fr

Any change in the external 10 MHz reference will effect a corresponding change in the
output frequency such that the above ratios are maintained.

Gro1 = (FLo1 + Ero1) / (FR+ Er) = Flo1/Fr

Groz = (FLo2 + Elo2) / (FrR+ Er) = Floz2/Fr
Ger=Fr+Egr) / (FR+Er) = Fir/Fr

Solving for the change in output frequency yields:

Elor =Er = (FLo1/ Fr) = Er+«GLo1
Elo2 =Er+ (Flo2/ FR) = Er«Gio2
Eir =Er« (Fir/Fr) = Er«G¢

The desired RF carrier frequency is equal to the LO2 frequency minus the LO1 Frequency
and the IF frequency:

Fre =FLo2 - Fir - FLo1

The actual RF frequency, including any error introduced by the external reference, may
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be defined as follows:

Fre + Err = (FLo2 + EL02) - (Fir + Eif) -(FLo1 + ELo1)
Fre + Ere = (FLo2 - Flo1 - Fie) - (ELo2 -Eio2 - Eir)
Fre + Ere = Fre + (ELo2 - ELo1 -Eir)

Calculating for the error of the carrier yields:

Err = (ELo2 - ELo1 -EiF)

Err = Er (GLo2 - GLo1 - GiF)

Err = Er/ Fr« (FLo2 - FLo1 -FiF)
Err = Er/ Fr = Fgre

Therefore, the error of the RF carrier is a function of the external 10 MHz reference
error.

The maximum RF frequency error for this service is +/- 1.0 KHz. The highest channel
frequency for this service (CH. 69 = 801.25 MHz) represents the worst case condition.
With these values, the maximum allowable reference error (Ermax)) can be calculated.

ER(max) = 12.48 Hz
The required reference oscillator stability may be calculated as follows:

Stablllty = ER(max) / Fr
Stability = 12.48 Hz/10 x 10°Hz = 1.248 x 10°°

Therefore, the RF frequency error of the HU5000AD will not exceed +/- 1.0 KHz when
operated with a precise reference oscillator with a stability equal to or better than
1.248 x 10°.

The internal 10 MHz reference oscillator used in the HU5000AD has a stability of 1.000
x 107° (See included Crystek Crystals Corporation Datasheet, Part Number CXOH-APY-
10.00) which insures a frequency stability within tolerance specified in the Rules and
Regulations for this service.

Commercially available GPS precise reference oscillators, such as the TRAK Systems
8821, which has a frequency stability of 1 x 10™° over a temperature range of 0 to 50
degrees C and a line voltage/frequency range from 85 to 265 VRMS/48 to 440Hz (See
included TRAK Systems 8821 Specifications), insures a frequency stability within
tolerance specified in the Rules and Regulations for this service.
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4.10.1 Pilot Frequency Measurement

The Hewlett Packard Spectrum Analyzer was used to verify the pilot frequency met the
frequency stability of +/- 1000 Hz. The analyzer was referenced to a GPS unit.
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Figure 4-12. Pilot Frequency Plot
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4.11 Test Equipment

The test equipment that was used to analyze the Axcera HU5000AD system is listed in

Table 4B-4.
Table 4-4. Test Equipment
MODEL MANUFACTURER DESCRIPTION SERIAL #
435B Hewlett Packard Power Meter 2445A10994
8482B Hewlett Packard Power Sensor N/A
8895-050 Bird 50 W Termination 20024
8594E Hewlett-Packard Spectrum Analyzer 10118
N/A ERI Directional Coupler 891P
RFA300 Tektronix Test Megz;‘reme”t B010226
89441A Hewlett-Packard Vector Signal 3416A01547
Analyzer
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