FCC TYPE ACCEPTANCE REPORT

LU2000AT

2000 WATT UHF
TRANSMITTER

AXCERA, LLC
103 FREEDOM DRIVE P.O. BOX 525 LAWRENCE, PA 15055-0525 USA
(724) 873-8100 - FAX (724) 873-8105
www.axcera.com - info@axcera.com

~ Al ._
@‘xce ra ‘



Axcera-LU2000AT FCC Type Acceptance Report Table of Contents

TABLE OF CONTENTS

CHAPTER 1 ID LABEL/LOCATION INFO

1.1 Rear Panel FCC Label .. ...t e ettt iee e aaaeeeas 1-1
1.2 Rear Panel Manufacturer's Label.........coooiiiiiiiiiii i 1-1
1.3 Front view, complete Axcera-LU2000AT Transmitter w/FCC Label............. 1-2
1.4 Rear view, Axcera-LU2000AT Transmitter with Manufacturer’s Label.......... 1-3

CHAPTER 2 EXTERNAL PHOTOS

2.1 Front view, complete Axcera-LU2000AT Transmitter...........ccccoiiiieeiennnn... 2-1
2.2 Rear view, Axcera-LU2000AT Transmitter (upper cabinet view) ................ 2-2
2.3 Rear view, Axcera-LU2000AT Transmitter (lower cabinet view)................. 2-3

CHAPTER 3 SCHEMATICS

CHAPTER 4 TEST REPORT

4.1 RF POWEr MEaSUIEMENTS. ...ttt ittt ettt aa e eaa e enaaaeens 4-1
4.2 Modulation CharaCteriStiCS . ... ...ttt 4-2
4.2.1 Video MOAUIATION ... ...t aa 4-2
4.2.2 Video ENVEIOPE Delay ... ... 4-3
4.2.3 ViIidE0O NOISE ...ttt 4-3
4.2.4 Video FrequeNnCy RESPONSE ... ... eeeeeeeeeenn 4-3
4.2.5 RF Sideband RESPONSE .......uuue e eeeeeeeeeenn 4-4
4.2.6 AUdio MOAUIATION . . ..t 4-6
A4.2.7 AM and FM NOISE ...ttt aa 4-7
4.3 Occupied BandWidth ... .. ... 4-7
4.4 Conducted SPUriOUS EMISSIONS . ... ... eeeeeeeeeeeeeeens 4-8
4.5 Radiated EmiSSIONS . . ... . 4-10
4.6 Frequency Stability. . ... e 4-12
A7 TeST EQUIPIMENT ... et 4-14

CHAPTER 5 USER'S MANUAL

CHAPTER 6 INTERNAL PHOTOS

6.1 Front view, Chassis Assembly (EXCIter) ......uuiiiiiiiiiiiiii e eeeeenns 6-1
6.2 Side view, Modulator Assembly (EXCIter) .....ccovviiiiiiiiiii i eeenns 6-1
6.3 Side view, IF Processor Assembly (EXCIter) ........cooiiiiiiiiiiiiiiiiiiiieiaannnnn. 6-2
6.4 Side view, L.O. Upconverter Assembly (EXCiter) .......cccovviiiiiiiiiiinniennnnnn. 6-2
6.5 Side view, Control / Power Supply Assembly (Exciter) ...........cccoovvveena.. 6-3
6.6 Side view, Power Amplifier Assembly (EXCiter) .......ccoiiiiiiiiiiiiiiiiinnannnna.. 6-3
6.7 Front view, Chassis Assembly (Power Amplifier Assembly)....................... 6-4
6.8 Side view, Power Amplifier Assembly (Power Amplifier Assembly) ............ 6-4
6.9 Side view, Power Supply Assembly (Power Amplifier Assembly)................ 6-5
6.10 Side view, 4-Way Combiner Assembly (Power Amplifier Assembly).......... 6-5

CHAPTER 7 PARTS LIST/TUNE-UP INFO

0 I = Vg (= = 7-1
7.2 Tune-up INformation ..o e, 7-1

March 2004



Axcera-LU2000AT FCC Type Acceptance Report Table of Contents

7.2.1 Exciter/Amplifier Chassis Assembly ... 7-1
7.2.2 Modulator Module ASSEMDBIY ...t 7-1
7.2.3 IF Processor Module Assembly ......ooooiiiiiiii e 7-2
7.2.4 Linearity Correction Adjustment ...t it 7-3
7.2.5 Frequency Response Delay Equalization Adjustment...................... 7-3
7.2.6 Calibration of the Transmitter Forward Output Power Level............. 7-4
7.2.7 Calibration of the Transmitter Reflected Output Level..................... 7-4
7.2.8 Bandpass Filter Assembly ... 7-5
7.2.9 UHF Trap Filter Asembly ... ..o et 7-5
7.2.10 The Effects of Tuning the Output Trap Filter.............ccoooiiiiiiiias 7-6

CHAPTER 8 OPERATIONAL DESCRIPTION - MODEL Axcera-LU2000AT

8.1 General DeSCIiPtION ...ttt ettt et ae e ae e aa s 8-1
8.2 Technical SPeCifiCatioNS. ........uiiiiii i e et iae s 8-1
8.3 Performance SpecCifiCatioNs. ........vuiiiiiii i e i e 8-1
L Y A3 (=T 0 0 @ A =T VT 8-3
8.4.1 Exciter Tray / External Amplifier Tray.......ccoovviiiiiiiiiiiiiiinnennn.. 8-3
8.4.1.1 Modulator Module (EXCIter) . .......ccoieiiiiiiiiiiiiiiiiieeens 8-3

8.4.1.2 IF Processor Module (EXCIter)........cooieiiiiiiiiiiiiiiianans 8-3

8.4.1.3 L.O. /Upconverter Module (EXCIter) ........ccoeeiinunnnnnnnnns 8-4

8.4.1.4 Control & Monitoring / Power Supply Module (Exciter)...... 8-5

8.4.1.5 Power Amplifier Module (EXCIter) ........ccoveiiiiiinnnns 8-6

8.4.1.6 Power Amplifier Module (External Power Amplifier) .......... 8-7

8.4.1.7 Power Supply Module (External Power Amplifier)............. 8-8

8.5 Control and Status .......ooiiiiii it 8-9
S ST R (o | (=T g I = Y 8-9
8.5.2 External Power Amplifier Tray .......oooiiiiiiiiiiii e 8-12

8.6 Input and Remote CONNECLIONS .....iviiiiiiii it 8-14
8.6.1 Remote Interface Connections (Exciter Tray)........ccovveiiiinnnnns 8-14
8.6.2 Remote Interface Connections (External Power Amplifier Tray) .8-14

8.7 AC INPUL . e 8-14
S R T o 1 (=] I = Y/ 8-14
8.7.2 External Power Amplifier Tray ......coooviieiiiiiii i iiiiiieeeeens 8-15

8.8 SYStem OPeration ........iiii ittt e 8-15
8.8.1 Principles of Operation ..........coviuiiiiii i e eeeeeas 8-15

CHAPTER 9 CERTIFICATION OF TEST DATA

TRAK SYSTEMS MODEL 8821 DATASHEET ...ovviiiieeeee SHEET 1
TRAK SYSTEMS MODEL 8821 DATASHEET ...ovviiiieeeee SHEET 2

March 2004



Axcera-LU2000AT FCC Type Acceptance Report ID Label/Location Info

1. ID LABEL/LOCATION INFO

1.1 Front Panel FCC Label

1.2 Rear Panel Manufacturer’s Label

L

March 2004 1-1 mxce ra.




ID Label/Location Info

LU2000AT Transmitter with FCC Label

complete Axcera
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1.4 Rear view, Axcera-LU2000AT Transmitter with Manufacturer’s Label.
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External Photos

2. EXTERNAL PHOTOS

2.1 Front view, complete LU2000AT Transmitter

Axcera-LU2000AT FCC Type Acceptance Report
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External Photos

Axcera-LU2000AT FCC Type Acceptance Report

2.2 Rear view, Axcera-LU2000AT Transmitter (upper cabinet view)
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Axcera-LU2000AT FCC Type Acceptance Report

2.3 Rear view, Axcera-LU2000AT Transmitter (lower cabinet view)
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3. SCHEMATICS

The schematics for the Axcera-LU2000AT system are provided as separate PDF files.
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Test Report

4.1 RF Power Measurements

4. TEST REPORT

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

Tektronix
TSG95
Video
Generator

Transmitter

Under Test

Bird

Narda
Directional
Coupler

Model 43
Power Meter

Video RF
Input Output

LO Sample

Mini-Circuits
ZFM Mixer

Bird Model

8892-300
50 Ohm
Termination

TEK Sideband

-— Adapter

1405

Splitter =

RF

LO

=T TEK 7623

Spectrum
Analyzer

HP 8594E
Spectrum
Analyzer

IF Input

Tektronix 1450
Demodulator

Video

Tektronix 380
Video
Measurement
Test Set

Tektronix VM700A

Video
Measurement
Test Set

Video

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

The video modulation was adjusted for 25% modulation with sync and blanking video

signals and the aural power was turned off. The power was then adjusted to obtain 1200
watts of average visual RF output (2000 watts peak sync at the output connector). This
level was used to establish a reference on the spectrum analyzer.

March 2004
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Next, the aural power was turned on and adjusted to 10 dB below the visual power. The
following operating parameters were recorded:

Peak Visual Power : 100% Peak Aural Power: 100%
Reflected Power: <2%

4.2 Modulation Characteristics

4.2.1 Video Modulation

The test setup shown in Figure 4-1 was used to adjust the video signal to obtain a white
picture level. The modulation was accurately measured to be 87.5% while maintaining a
depth of modulation at blanking by using the Tektronix 1450 Demodulator chopper

function.

Next, the video was adjusted for modulated staircase and the differential phase and gain
were measured and recorded as follows:

Differential phase: +/- 2.1°
Differential gain : 5%

Figure 4-2 shows the substantially linear transfer characteristics of the transmitter as a
demodulated video waveform.

. an. 8
Prea fnien _J--i- Bir
el

—
it § @

Figure 4-2. Substantially Linear Transfer Characteristics of the Transmitter as a
Demodulated Video Waveform
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4.2.2 Video Envelope Delay

Using the test setup in Figure 4-1, the envelope delay was measured and the data
recorded as shown in Table 4-1. A sinx/x test pattern was used.

Table 4-1. Envelope Delay Measurements

VIDEO FREQUENCY DELAY (ns)

(kHz)

200 -33
500 -7
1000 +23
1500 +48
2000 +33
2500 +38
3000 +14
3500 - 138
3580 - 148
4000 - 347
4180 - 400

4.2.3 Video Noise

Using the VM700A test set with a low pass 4.2 MHz filter and NTSC-7 weighting, a video

noise spectrum of —-56 dB was measured. The input video signal was O IRE with no
burst.

4.2.4 Video Frequency Response

The test setup shown in Figure 4-1 was used to record the detected video frequency
response; the results are shown in Table 4-2 and Figure 4-3.

Note: For this test, the video signal was adjusted to provide a 502 average
picture level and the video sweep signal level was set to cover the range from
black to white picture.

March 2004 4-3
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Table 4-2. Detected Video Frequency Response

VIDEO FREQUENCY RELATIVE RESPONSE
200 kHz +2.0 dB
500 kHz 0 dB
750 kHz 0 dB
1.0 MHz 0 dB
1.25 MHz -0.2 dB
1.5 MHz -0.1 dB
2.0 MHz 0 dB
2.5 MHz +0.3 dB
3.0 MHz 0 dB
3.5 MHz +0.2 dB
3.58 MHz -0.3 dB
4.0 MHz 0 dB
4.18 MHz -1.5dB
4.5 MHz -21.0 dB
4.75 MHz -36.0 dB
5.0 MHz -36.0 dB

{Fr14150 BAR 24, 200
5‘?!’ =20.7_di» AT 10 @8

WERr ool BFE

Figure 4-3. Graph of Detected Video Frequency Response

4.2.5 RF Sideband Response

The RF sideband response was recorded using the test setup shown in Figure 4-1. With
the output power set to 2000 watts peak of sync, the TEK-1405 sideband adapter was
adjusted to provide a sweep test signal and the RF sideband response was recorded.
Data from this test is provided in Table 4-3.

Photographs of the spectrum analyzer results are shown in Figure 4-4.

March 2004 4-4 &.“‘XCE ra ‘
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Table 4-3. RF Sideband Response

OUTPUT FREQUENCY VIDEO FREQUENCY RESPONSES
(MH2)
585.25 Carrier --
585.45 +200 KHz 0 (reference)
585.50 +250 -1.0
585.75 +500 -4.0
586.00 +750 -4.0
586.25 +1000 -4.1
587.25 +2000 -4.0
588.25 +3000 -4.1
589.25 +4000 -4.8
589.75 +4500 -10
590.00 +4750 -24
590.25 +5000 -54
585.00 -250 +0.5
584.75 -500 +0.5
584.50 -750 -4.0
584.25 -1000 -8.0
584.00 -1250 -24
583.75 -1500 -40
583.50 -1750 -37
583.25 -2000 -41
582.25 -3000 -46
581.67 -3580 -50
581.25 -4000 -54
580.25 -5000 -64
579.50 +5750 -58

Figure 4-4. Spectrum Analyzer Results

March 2004
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4.2.6 Audio Modulation

The FM deviation and distortion was measured using the test setup shown in Figure 4-5.

Tektronix
TSG95
Video
Generator

Transmitter

Video
Input

Audio
Input

Under Test

Amber 3501 Dist.
Analyzer/Audio
Siagnal Generator

Amber 3501

Generator

Audio

Audio Output

50 Ohm
Coupler Load
RF
HP 8901A
Modulation
Analyzer

Figure 4-5. Test Setup for Measuring FM Deviation and Distortion

The results of measuring the FM deviation and distortion are shown in Table 4-4.

Table 4-4. Results of FM Deviation and Distortion Measurements

AUDIO DEVIATION DEVIATION DEVIATION DEVIATION
FREQUENCY 6.25 KHz 12.5 KHz 25 KHz 40 KHz
DISTORTION DISTORTION DISTORTION DISTORTION
100 Hz 0.27% 0.22% 0.19% 0.03%
1000 Hz 0.28% 0.23% 0.15% 0.08%
5000 Hz 0.36% 0.24% 0.22% 0.30%
15000 Hz 0.43% 0.28% 0.23% 0.32%

While maintaining =25 KHz deviation, the audio input frequency and level were varied
and the response was recorded. The results are shown in Table 4-5.

Table 4-5. Results of Varying the Audio Input Frequency and Level

AUDIO FREQUENCY

RESPONSE

(RELATIVE TO 100 HZz)

50 Hz 0.0
100 Hz 0.0
400 Hz 0.0
1000 Hz +0.9 dB
2000 Hz +2.3 dB
5000 Hz +8.0 dB
10000 Hz +12.8 dB
15000 Hz +16.7 dB

March 2004
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Note: The HP modulation analyzer provides a calibrated audio output level that is
suitable for determining the FM deviation. De-emphasis can be switched on or
off for this measurement. It was off for the purposes of these tests. For the
distortion measurements, the de-emphasis was switched on (pursuant to
73.687.b.3[1] of the FCC rules).

4.2.7 AM and FM Noise
The AM and FM noise was recorded using the test setup shown in Figure 4-2.

Dotted lines were used for AM tests and solid lines were used for FM tests with the
following results:

AM noise: -55 dB
FM noise: -61 dB

4.3 Occupied Bandwidth
Using the test setup in Figure 4-6, with the transmitter operating at maximum power,

photographs of the transmitter occupied bandwidth spectrum were taken and are shown
in Figures 4-7 and 4-8.

LO
VIDEO
TEK Transmitter 30 dB TEK 7623
S/B Adp. Under Attenuator Spectrum Analyzer
Test
20 dB
Audio Input Attenuator
Amber 3501 ||
Audio Signal
Generator 15 kHz Audio

Figure 4-6. Test Setup for Occupied Bandwidth Spectrum Analysis

Note: Using the test procedure shown in Figure 4-1, the visual modulation was
adjusted to 87.5% at white with the modulated staircase waveform and aural
deviation adjusted to +25 kHz (100%b) with the 400 Hz audio tone.

March 2004 4-7 &qxce ra ‘
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Figure 4-8. Aural Carrier Occupied Bandwidth

4.4 Conducted Spurious Emissions

Using the test setup shown in section 4.1, the spectrum outside of the specified channel
was observed and the data was taken on all products above the 70 dB noise floor of the
spectrum analyzer. This data is shown in Table 4-6 and is presented as graphs in Figures
4-9 and 4-10.
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Table 4-6. Products Above the 70 dB Noise Floor of the Spectrum Analyzer

FREQUENCY (MHz) SOURCE PEAK LEVEL
OBSERVED (dB)
676.75 Image Visual Carrier None observed
672.25 Image Aural Carrier None observed
631.00 Local Oscillator None observed
576.25 -9 MHz Product -70
580.75 -4.5 MHz Product -60
589.75 Aural Carrier -10
585.25 Visual Carrier 0
592.45 +7.2 MHz Product -65
596.05 +10.8 MHz Product None observed
594.25 +9 MHz Product -76
593.33 +8.08 MHz Product -67
590.67 +5.42 MHz Product -58
581.67 -3.58 MHz Product -64
1179.50 Second Harmonic -Aural Carrier -68
1170.50 Second Harmonic - Visual -70
Carrier

1769.25 Third Harmonic - Aural Carrier -75
1755.75 Third Harmonic -Visual Carrier -65

sqigEred EAR 24, 2004
Grasdm AT 100

TN Wiy SPAN 20.00
Vil Ly SUDH B0 kM2 GUP 10.0 mis

Figure 4-9. Products Above the 70 dB Noise Floor of the Spectrum
Analyzer (One of Two)
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(4155154 MAR 24. 2004
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Figure 4-10. Products Above the 70 dB Noise Floor of the Spectrum
Analyzer (Two of Two)

4.5 Radiated Emissions

Using the test setup shown in Figure 4-11, 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 585 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 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, and with an adjustable length dipole for 40 to 600 MHz,
the frequency spectrum from 40 MHz to 12,000 MHz was observed. The only measurable
levels observed were at 585.25 and 589.75 MHz. These levels are shown below in Table
4-8 and an analysis of the relative field and strength are provided in the following
paragraphs.

Table 4-8. Measurable Levels Observed in Frequency Spectrum

FREQUENCY MEASURED LEVEL
(INTO 50 W)
585.25 -40 dBm
589.75 -44 dBm

The spectrum analyzer had a maximum sensitivity of -110 dBm during these tests.

March 2004 4-10 &“‘xce ra ‘
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Video Transmitter 50 Ohm
Generator Under Termination
Test
20 Meters
HP 8594E
Cut Spectrum
Dipole Analyzer

Figure 4-11. Test Setup for Measuring Radiated Emissions
Three levels were 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®> = 2000/4p - (20)> = .4 w/n?
Using a dipole-transmitting antenna increases this by 1.64 to:
1.64 x .4 = .66 w/nT

If a dipole-receive antenna of area 1.64 x |2/4p is used to receive the signal, the
received level would be:

660 mw = +28.2 dBm

The receive levels at —40 dBm and —44 dBm were therefore at —68.2 dB and —72.2 dB
relative to this level.

The receive levels were therefore at the relative levels shown in Table 4-9.

Table 4-9. Receive Levels

FREQUENCY (REF = +28.2 dBm)
RELATIVE MEASURED LEVEL
585.25 -68.2 dB
589.75 -72.2 dB

March 2004 4-11 &.“‘XCE ra ‘
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The cabinet radiation was also checked with the receive dipole antenna cut to 585.25
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 O dBm:

Pr/A = 1.0 mw/cnt
This level is far less than the current or proposed standard for safe radiation levels.
4.6 Frequency Stability

The LU2000AT is designed to operate using an external 10 MHz precise reference
oscillator. The frequency stability of this external reference determines the frequency
stability of the transmitter.

The frequency determining variables of the transmitter may be defined as follows:

FLo = Desired local oscillator frequency

Fir = Desired IF oscillator frequency

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

E. o = Local oscillator frequency offset error

E;r = 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.

GLo =FLo/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.

GLo =(FLo +EiLo) / (FR+Er) = FLo/Fr
Gir =(Fir +Eir) / (FR+ER) = Fir/Fr

Solving for the change in output frequency yields:

ELo =Er « (FLo /Fr) = Br « GLo

Eir =Er» (Fir/FR) = ERr ~ G

The desired RF carrier frequency is equal to the LO frequency minus the IF frequency:

Fre=FLo —Fir

March 2004 4-12 &i‘xce ra ‘
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The actual RF frequency, including any error introduced by the external reference, may
be defined as follows:

Frr +Err =(FLo +EL0) - (Fir +Eif)
Frr +Err =(FLo +Fir) - (ELo - Eir)
Frr +Err =Frr +(ELo - EiF)

Calculating for the error of the carrier yields:

Err =(ELo —EiF)

Err =Er «GLo - Er = Gir
ErrF =Er (GLo —GiF)

Err =Er/ Fr » (FLo —FiF)
Err =Er / Fr = FrF

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 (Erimax)) can be calculated.

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

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

Therefore, the RF frequency error of the LU2000AT 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°.

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

The test equipment that was used to analyze the Axcera LU2000AT system is listed in

Table 4-14.
Table 4-14. Test Equipment
MODEL MANUFACTURER DESCRIPTION SERIAL #
TSG95 Tektronix Video Generator 10346
1450-1 Tektronix Demodulator 10028
43 Bird Power Meter 20060
. 2000W Power Meter
2500E1 Bird UHE Element 11776B
8890-300 Bird 50 W Termination 2308
5253B Hewlett-Packard Frequency Counter 716-18295
VM-700A Tektronix Delay and Test Set 10911
ZFM-15 Mini- Circuits Mixer N/A
3501 Amber Distortion Analyzer 20014
1405 Tektronix Sideband Adapter 20018
7603A Tektronix Spectrum Analyzer 20019
8594E Hewlett-Packard Spectrum Analyzer 10118
March 2004 4-14
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