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1.0

1,1

1.2

INTRODUCT ION

Scope of Report

The scope of this report is to summarize the work completed
on Contract No. NAS 9-14942 by Motorola Inc., Government
Electronics Division for NASA, Lyndon B. Johnson Space
Center. The report will discuss the equipment that was de-
signed and built, the equipment performance, and any prob=
lem or potential problem areas, Included as an appendix

is the Acceptance Test Procedure and Data that was perform-
ed on the unit November 3, 1976,

Purpose of Contract

The purpose of this contract was to design, build, and test
an engincering breadboard Ku-Band Quadraphase Shift Keyed
(QPSK) and wideband Frequency Modulated (FM) transmitter,
This Orbiter Ku-Band Transmitter drawer is to simulate the
Orbiter Transmitter and meet the functional requirements

of the Orbiter communication link,




SUMMARY OF COMPLETED WORK

General

Item 1 of the contract, the Orbiter Ku-Band QPSK and wide-
band FM Transmitter, and item 2, the data, per the contract
Data Requirements List (DRL), have been completed, The end
product hardware was tested at Motorola and accepted by the
NASA Technical Monitor on November 4, 1976,

Throughout the contract effort, the data items were submit-
ted to NASA, JSC, as required. During the design phase, a
Preliminary and Critical Design Review was held at Motorola,
Data packages were submitted in conjunction with the reviews,
Engineering Drawings were submitted when the hardware was
compl~rted and a copy of each drawing is included in the
Maintenance and Operation Manual, The Acceptance Test Plan
and Acceptance Test Procedure were submitted and, after the
Acceptance Test, the test data was also submitted, With
the submittal of the Maintenance and Operation Manual and
this Final Report, the data requirements of the contract
are satisfied,

Equipment Descriptiog

The Orbiter Ku-Band Transmitter, Motorola Part No. 01-PO7000K,

is an engineering breadboard transmitter simulator contained
in a single drawer suitable for mounting in a standard test
cabinet., For a complete description of the transmitter and
its electrical characteristics refer to the Maintenance and

Operation Manual.

The equipment was assembled by qualified assembly operators
and at various points throughout the assembly the equipment

was inspected by Quality Assurance inspectors, Each module




2,2

2.3

Equipment Description (Contd)

or subassembly was tested prior to system assembly. During
the design phase, a stress analysis was performed on the
modules in order to detect and correct any over-stressed
component which might degrade the reliability of the equipment,

Upon completion of the transmitter assembly, the equipment
was successfully tested according to the Acceptance Test
Procedure and accepted by the NASA Technical Monitor,

Equipment Performance

The Transmitter was tested according to the Acceptance Test
Procedure (12-P07001K) to verify proper operation and com-
pliance with the technical requirements of the contract as
specified in the Statement of Work. The performance is sum-
marized in the ATP data which, along with the test procedure,
is included in the appendix.

The Acceptance Test, as witnessed by the NASA Technical Moni-
tor, was performed November 1-3, 1976 at Motorola, During

the testing, it was noticed that the QPSK spectrum was not
perfectly symmetrical at the higher data rates. It was
thought that the problem might be corrected by adjusting the
quadrature of the Mode 1 Modulator and therefore the top
cover was removed to expose the Mode 1 Modulator for retuning.
The quadrature was adjusted and the cover replaced., For
further discussion refer to section 3.2, After the adjustment,
the parameters which might have been affected were retested
on November 3, 1976. The retest data is attached to the end
of the ATP and is part of the Acceptance Test Data,

Where there were contract specifications, tect limits were
established to which the test data was compared, Where
there were no specifications, the test data was recorded for

)
o




3.2

Equipment Performance (Contd)

information only, As shown by the Acceptance Test Data, the
Transmitter meets all the requirements as specified in the
Statement of Work of the contract,

PROBLEM AREAS

Specification Noncompliances

The Orbi* *r Ku-Band Transmitter complies with all specifi-
cations of the contract Statement of Work and all agreements
as documented in the minutes of the Preliminary Design Re~-
view of April 22, 1976, and the Critical Design Review of
July 12, 1976.

Other Equipment Characteristics and Recommendations

Although the Transmitter complies with all the specifications,
there are three areas, not specified in the contract, where
the performance is further described, The three areas are
listed below along with any recommendations,

The first condition is a minor nonsymmetry in the spectrum of
the QPSK modulation., The nonsymmetry is noticeable at the
output of the Mode 1 Modulator. The nonsymmetry between tne
upper and lower Jl modulation terms is negligible at data
rates up to 20 Mbps. At the highest data rate of 100 Mbps
the nonsymmetry is approximately 2.6 dB. The nonsymmetry
appears to be caused by frequency roll off of the upper Jl
terms at the higher data rates. Preliminary testing between
the transmitter and the TDRS simulator has not indicated

any significant performance degradation at the higher data
rates, Although this performance is not as desired, it is
believed that this will not significantly degrade the system
performance, Therefore, it is recommended that the Trans-
mitter be left as is unless serious degradation occurs, To




Other Equipment Characteristics and Recommendations (Contd)

correct this problem, the Mode 1 Modulator would probably
need to be redesigned using higher frequency components,

Another characteristic of the Mode 1 Modulator is the change
in incidental AM of the output waveform with the chang? of
power unbalance. The 1incidental AM is difficult to observe
at the output but can be seen at the Mode 1 Modulator output
on a high frequency sampling oscilloscope. The amount of

AM at the Mocde 1 Modulator output is not the same as at the
Transmitter output since there is limiting which occurs after
the Mode 1 Modulator. The AM has been adjusted for minimum
at an 80/20 power unbalance and it increases to about 87 at
50/50 at the module output, The minimum was set at an 80/20
unbalance since that is the normal power unbalance setting.
It is not known whether the incidental AM will cause system
performance degradation. Therefore, it is recommended that
the Transmitter be left as is unless serious degradation
occurs., To correct the problem would probably require re-
designing the Mode 1 Modulator to eliminate possible circula-
ting ground currents,

The third condition involves modulation input compatibility
for the d2 and d3 inputs. The levels, as summarized in the
Preliminary Design Review data packagze, were to be TTL levels
(0-5 volts nominal). The actual operation requires input
levels of 0 to +0.8 volts for a logic "0" leveli and a minimum
of +4,0 volts for a logic "1" level, The logic "0" voltages
are TTL compatihfe. The logic "1" voltages are not strictly
TTL compatible., Technically, lcgic "1" voltages can be as
low as +2.,4 volts, If the voltage drops below +4,0 volts,
modulation degradation will occur as evidenced by reduced
carrier suppression. If the input voltages cannot be main=-
tained at greater than +4.0 volts, then the input transistor
stages for these data inputs can he redesigned to accommodate
the desired voltage levels,



CONCLUSTONS

As demonstrated by the Acceptance Test, the Orbiter Ku-Band
Transmitter meets the requirements of the contract as
specified in the Statement of Work, There are three areas
where the performance is less than desired though adequate,
These items along with recommendations were discussed in
section 3.0, Problem Areas, It is believed that this trans-
mitter simulator meets the functional requirements of the
Orbiter communication link as defined in the contract and
understood by Motorola,

As a result of delivering item 1, the transmitter hardware,
and item 2, the data, the contract has been successfully
completed,




APPENDIX

Acceptance Test Procedure and Data
for Orbiter Ku-Band Transmitter
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1.0 SCOPE

This document establishes the acceptance test procedure and
test limits for the Orbiter Ku-Band Transmiiter, Motorola
Part No. 01-P0O7000K of contract NAS 9-14942,

2.0 APPLICABLE DOCUMENTS

The following documents are applicable to the Orbiter Ku-Band
Transmitter and form a part of this document to the extent

specified herein,

Document Title

Exhibit A of Statement of Wovk for
Contract NAS 9-14942 Orbiter Ku=Band Transmitter
70-PO6928K Orbiter Ku=Band Transmitter

OQutline Drawing

3.0 TEST EQUIPMENT REQUIRED ‘
The test equipment listed or its equivalent will be requir- i
ed to perform this test., The equipment used shall have a :
current calibration sticker where required, i
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EQUIPMENT
AM=-FM Signal Generator
Test Oscillator
Signal Generator
Signal Generator
Pulse Generator
Pulse Generator
RMS Voltmeter
Power Meter
Power Sensor
Spectrum Analyzer
.nalyzer, RF Tuning Section
Analyzer, IF Section
Analyzer, Tuning Section
Frequency Counter
Vector Impedance Meter
Crystal Detector
Digital Multimeter
Oscilloscope
2 GHz High Pass Filter
Waveguide to SMA Adapter
FM Demodulator

Variable Attenuator

'.'_\_\'_’, }"\ ( i "‘_j _I _t—.'. ‘_';"r__\'! \_! 4 &
HP 86408 opt, 002
HP 6518

HP 626A

HP 60ORC

Data Dypnamics 5113

EH 122
HP 3400
HP 4354

D R481A
HP 1417
HP 8555A

HP R5528B

HP 85538

EIP 351D

HP 4815A

HP B4708

Fluke RGO0OA

HP 1710

Microlab FH 2000
OSM 20187 AJ
Motorola 01-P05461J

HP P382A
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94990
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GENERAL

PURPOSE OF TEST

The purpose of this transmitter accuptance test is to
verify proper operation and conformance with the technical
requirements of the contract as specified in the Statement
of Work, Exhibit A. The parameters tcsted or calculated
will be recorded and compared with the test limits on the
data sheets where specified in the Statement of Work., In
addition, there will be performance and capability tests
for information only with no test limits,

TEST CONDITIONS

The tests shall be performed under normal ambient conditions

with the transmitter operating on the bench, There shall
be a minirmum of one hour warm-up for the transmitter and

test equipment prior to testing.

TEST SEQUENCE

The tests contained herein may be performed in any sequence,

STANDARD OPERATION AND SETTINGS

Unless otherwise specified, the fnllowing standard settings

and operation shall be used:

Ku-Band Frequency - 15,0085 GHz

Subcarrier Frequency - 8.5 MHz

Subcarrier Power Unbalance - 80/20(6dB difference)
Mode 1 Power Unbalance - R80/20(6dB differeance)
Subcarrier Level - 0,25 VRMS (50 2)

dl “adnlicion = H0 MHz square-wave, ECL levels, =.9 and

-1.8 volls nominal

MOTOROLA INC, | 57 [ CoDETET Nﬂowa NO.
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4.4 (Continued)

d2 Modulation - 192 KHz square-wave, TTL levels,
0O and 5 volts nominal

d3 Modulation = 2 MHz square-wave, TTL levels,
0O and 5 volts nominal

Video Modulation - 4.2 MHz sine-wave, 0,40 VRMS(50 Q)

Select Subcarrier On if either Mode 1B or 2 is
selected,

5.0 ELECTRICAL TESTS
5.1 Frequency and Stability
8.,1,1 Connect the equipment as shown in Figure 1, With no modu-

lation present, measure and record the minimum and maxi=-

mum frequency by adjusting the Frequency Adjust control,

5.1,2 Adjust the fiequency for 15,0085 GHz, Select Mode 1 and
record the frequency. Select Mode 2 and record the fre-
quency.

3.1.:3 After one hour has elapsed since paragraph 5.1.2, select

Mode 1 and measure and record the frequency, Select Mode
2 and measure and record the frequency., Do not adjust the

frequency betwveen the test of 5.1.2 and 5.1.3.

52 RF Bandwidth

5.2.1 Connect the equipment as shown in Figure 1, Apply a
signal of +2 dBm at 488.5 MHz to the 488.5 MHz IN connector.
Measure the Ku-Band outpuat power, Vary the frequency on
both sides of 488.5 MHz and measure and record the frequency
difference where the response iv down 1dB. Repeat for the
3dB response, Calculate the brndwidths,
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5,3 Qutput Power

5.3.1 Connect the :quipment as shown in Figure 1 . Select Mode

1A, With no modulation measure and record the output
power .,

5,32 Select Mode 1A. Modulate dl and d3 with the standard con-

ditions. Measure and record the output power,

l 5.,3.3 Select Mode 1B and Subcarrier On. Modulate dl, d2, and d3
with the standard conditions. Measure and record the out-
put power.

5.3.4 Select Mode 2 and Subcarrier Off. With no mocdulation
measure and record the output power,

5.3.5 Select Mode 2 and Subcarrier On, Modulate d2, d3, and
video with the standard conditions., Measure and record
the output power.

5.4 FM Frequency Response r

5.4.1 Connect the equipment as shown in Figure 2 ., Select Mode
2 and Subcarrier Off. Apply a 500 KHz sine-wave of approxi-

mately 400 mv RMS to the video inpui. Measure and record

the demodulator baseband output level in dB. While keep-

ing the input level constant, vary the frequency and mea-

sure and record the response,

5.4.2 Apply a 10 MHz sine-wave of approximately 250 mv RMS to the
Subcarrier Input. Measure and record the frequency response

of the Subcarrier Input,.
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FM Deviation Sensitivity

Connect the equipment as shown in Figure 3 ., Seleect Mode
2 and Subcarrier OFF. Apply a 500 KHz sine-wave to the
Video input. Adjust the signal level for 2.405 radians
(first carrier null). Measure and record the input voltage
and calculate the deviation sensitivity,

1.202 MHz ,707 NS . L850
SENSITIVITY(MHz/v) = Hz x RMS . .85

input voltage (RMS) PK Vin (RMS)

Repeat 5.5.1 applying an 8.50 MHz sinewave to the QPSK Sub-
carrier input., Adjust the signal level for 1,202 radians
(first carrier null of the second harmonic at 977 MHz.)

7.22
SENSITIVITY (MHz/Vv) = ————mo-u—
Al (iitz/v) Vin (RMS)

Apply a DC voltage to the Video input., Verify that a
positive voltage increases the frequency., Verify ‘hat the

carrier frequency can be deviated at least plus and minus
20 MHz.

FM Deviation Linearity

Connect the equipment as shown in Figure 2 . Select Mode
2 and Subcarrier Off, Apply a DC voltage to the Video in-
put., Measure and record the output frequency for the given
input voltages. Calculate the frequency change for each
voltage step and calculate the DC linearity.

Af max =-Af
% LINEARITY = ot min + 100

Af max +4f min
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4

5.6.3

Apply a 4,0 MHz sine-wave to the Video input, Measure and
record the input voltage and the Demodulator output voltage,
Calculate the total system sensitivity (S) for each level and
from that calculate the deviation linearity,

_ Vout (demod out)
" Vin (video in)

S max =S min
- x 100
B LI Ry & e

5.5 LA
Apply a 38 MHz sine-wave to the QPSK Subcarrier input.

Repeat 5.6.2,

FM Harmonic Distortion

Connect the equipment as shown in Figure 2 . Select Mode
2 and Subcarrier O0ff. Apply a 4.0 MHz sinewave of 0,40 VRMS

to the Video input. Look at the demodulated output on the
spectrum analyzer and measure and record the relative level

of the harmonics, Calculate the harmonic distortion.

2
x 100

Vn
% DISTORTION = v
1

relative level (-dB)
20

—¥B—= IOpr’

Vl = lavel of fundamental Yn = level of nth harmonic

0.30 L4
Repeat 5.7.1 applying a.?ﬁ?;MHz sinewave of €15 VRMS to the
el ~

QPSK Subcarrier input,

———————————

——
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5.8 Subcarrier

Frequency

5.8.1 Connect the equipment as shown in Figure 4 ., Select the

Subcarrier On,

Monitor

the QPSK Subcarrier Qut and measure

and record the QPSK Subcarrier frequency for each setting

of the Subcarrier Frequency Select Switch,

<

5.9 Subcarrier Data Rate and Deviation

5.9.1 Connect the equipment as shown in Figure 5 . Select Mode
2, Subcarrier On, and 8.5 MHz, Adjust the Subcarrier Level
for 0.25 VRMS which is about 6 MHz peak deviation. Apply
standard modulation to the d2 and d3 inputs,.

5.9.2 Observe the demodulated output on the spectrum analyzer, Adjust
the Subecarrier Unbalance for 50/50 (equal d2 and d3 J1 side-
bands). Adjust the square-wave modulation for best symmetry
and carrier null, Measure and record the level of the carrier
and the J1 sidebands relative to the level of the unmodulated
carrier,

5.9.3 Repeat 5.9.2 with a 16 KHz square-wave for d3 and a 96 KHz
square-wave for d2,.

5.10 Subcarrier Power Unbalance

3:10.,1 Connect the equipment as shown in Figure 5 ., Select Mode

2, Subcarrier On,

and 8,5 MHz. Adjust the Subcarrier level
for 0.25 VRMS which is about 6 MHz peak deviation, Apply
standard modulation to the d2 and d3 inputs,
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.10,2

(4]

.10.3

o)

5.10.4

5.11

5.,11.1

5.11.2

Observe the demodulated output on the spectrum analyzer,
While observing the J1 sidebands, adjust the Subcarrier
Unbalance for 50/50 (equal J]l sidebands), Record if a
50/50 balance is achieved,

Adjust the Subcarrier Unbalance for 90/10 (the d3 side~-
bands 9.5 dB above the d2 sidebands), Record if a 90/10
unbalance is achieved,

Adjust the Subcarrier Unbalance for B8G/20 with standard
modulation, Adjust the square-wave modulation for best

symmetry and carrier null, Measure and record the level
of the J1 sidebands and carrier relative to the unmodulat

ed carrier.

Incidental AM

Connect the equipment as shown in Figure 6 . Select Mode
2, Subcarrier On, and 8.5 MHz. Apply standard video modu-

lation and standard subcarrier level,

Measure and record the DC voltage out of the crystal detector.

Measure and record the AC voltage peak to peak on the oscil-
loscope and calculate to incidental AM,

AC voltage (pk-pk)
DC voltage x 2

x 100

a

AM =

A

oo ———————————————————————————————————
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5.12

5.12.,1

5.12.2

5.12.3

5.13

» 5.13.1

5.13.2

5.13.3

QPSK Data Rate and Deviation

Connect the equipment as shown in Figure 1 ., Select Mode
1, Mode 1A, and Subcarrier O0ff. Apply standard modulation
to the dl and d3 inputs,

Observe the output on the spectrum analyzer, Adjust the
Mode 1 Unbalance for 50/50, Adjust the square-wave modula-
tion for best symmetry and carrier null, Measure and re-
cord the level of the carrier and the Jl sidebands relative
to the level of the unmodulated carrier,

Repeat 5.12.2 with a 4 MHz square-wave for dl and a 16 KHz
square-wave for d3.

QPSK Power Unbalance

Connect the equipment as shown in Figure 1 ., Select Mode
1, Mode 1A, and Subcarrier Off. Apply standard modulation
to the dl and d3 inputs,

Observe the output on the spectrum analyzer, While observ-
ing the J1 sidebands, adjust the power unbalance for 50/50
(equal 41 and d3 sidebands). Record if a 50/50 balance is
achieved,

Adjust the power unbalance for 90/10 (the dl sidebands
9.5 dB above the d3 sidebands). Record if a 90/10 unbalance
is achieved.
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. A
!
.‘
| |
5.13.4 Adjust the power unbalance for B80/20 with standard modula-
tion. Adjust the square-wave modulation for best symmetry :
and carrier null, Measure and record the level of the Jl
sidebands and carrier relative to the unmodulated carrier,
5.14 Dual QPSK Operation
5.14.1 Connect the equipment as shown in Figure 1 ., Select MNode ;
1, Mode 1B, Subecarrier On, and 8,5 MHz, Adjust the sub=- '
carrier level to 0,25 VRMS (50Q). Apply standard modula-
tion to dl1 and adjust the Mode 1 Unbalance for 80/20 l
(the d1 sidebands 6 dB above the 8,5 MHz sidebands), Apply
standard modulation to d2 and d3 and adjust the Subcarrier
Unbalance for 80/20 (the d3 sidebands 6 dB above the d2
1 sidebands) .
5.14.2 Observe the output spectrum and record if the spectrum ap-
» pears normal for dual QPSK,.
5.14,3 Adjus’. the square-wave modulation for best symmetry and
carrier null, Measure and record the level of the Jl side- E
bands, 8,5 MHz subcarrier, and carrier relative to the un- f
i moduiated carrier,
|
5.15 Phase Stability
9:15,1 Connect the equipment as shown in Figure 1 . Select Mode ;
1, and Subcarrier Off. With no modulation, measure and %
record the output noise spectrum using the spectrum analyzer, i
Set the analyzer bandwidth as narrow as possible and use the '
10 Hz video filter. At each frequency from the carrier, re- !
cord the average level of the signal below the carrier and !
the bandwidth used, |
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1
|
|
[}
5.15.1 (Continued) !
|
I
The input attenuator and IF gain nay be adjusted to bring 1
the signal noise out of the analyzer noise floor provided !
| |
f the analyzer is still operating in the linear region, that
{ . is a 10 dB change in the input attenuator can be offset by
|

|
a 10 dB change in the IF gain, i

§.15:2 Calculate the noise density relative to the carrier in dB/Hz

at each frequency from the carrier., (Conversion to unity
bandwidth = 10 log BW.)

5.158.3 Calculate the phase jitter by integrating the noise density
spectrum S @ (f) from 100 KHz to 10 MHz using the following

formulas,
fat BW é
l%]%‘o(f) df l

(.:ﬂ's ¢)RLTS =
fa
” <
(A@)p-p = 6 (A @P)RMS
5.16 Incidental Frequency Modulation
8.,16.1 Connect the equipment as shown in Figure 1 ., Select Mode

2, and Subcarrier Off., Repeat 5,15.1 and 5.15.2 and cal-

culate the noise density spectrum,

' 5,16.2 Calculate the incidental FM by integrating the noise density
spectrum S@® (f) from 2 kHz to 1 MHz uvsing the following
formula. fa+BW
2
(Af)RMS = g’ ff SP(f) de5
1 ta |
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A 4
5.17 Input Impedance 5
| |
! 5,;17,1 Connect the equipment as shown in Figure 4 l
| |
‘ 85.17.3 Measure and record the input impedance and phase for each

of the inputs and

frequencios listed,

5.18 AC Power
D181 Connect the equipment as shown in Figure 4 | Measure and

record the AC input current and calculate the input power,

5.19 Spurious OQutput Signals
5.19.1 Connect the equipment as shown in Figure 1 ., Select Mode

1, Mode 1A,

and Subcarriecr Off, With no modulation, mea-=

sure and record the level and frequency, relative to the

carrier, of any signal less than 60 dB below the carrier,

Scan plus and minus 2 GHz from the carrier,

5.19.2 Repeat 5.19.1 except select Mode 2, and Subcarrier On. Do
not record the 8.5 MHz subcarrier.

5.20 Subcarrier Phase Stability

5.20,1 Connect the equipment as shown in Figure 4 ., Select Sub-

carrier On

and 8.5 MHz. With no modulation, measure and re-

cord the QPSK Subcarrier OQutput moise spectrum using the

spectrum analyzer, Calculate the noise density as in 5.15,1

and 5.15.2,
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5,20,2 Calculate the subcarrier phase jitter from 100lz to 2 MHz
using the formula in 5,.15,3. '
|
|
i
!
|
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Tested By
Date
TEST DATA
Para., No. Parameter Data Limits
5.1 . Frequency and Stability
5.,1.1 Minimum Frequency /5';00.7 25 kHz Information
Maximum Frequency 15,014 977 kHz Information
8.1.9 Mode 1 Frequency *$§,00F, 495 kHz 15,008,500 kHz
+ 75 kHz
Mode 2 Frequency -‘(’008! 50 kHz 15,008,500 kHz
+ 75 kHz
5.1,3 After one. hour
Mode 1 Frequency 1S 068,495 kHz 15,008,500 kilz
4+ 75 kHz
Mode 2 Frequency I5;0¢¥ 4S7 kHz 15,008,500 kHz
?ﬁ{jm mode ) F. /3,008 Y9 ke *+ 75 kHz
’ Mede 2 7 i5,06, 529 ki
5.2 RF Bandwidth
5.2.1 Upper 1 dB Frequency +-?05>-2-— MHz 112 MHz Min,
Lower 1 dB Frequencyal-rf‘b - MHz 112 MHz Min,
\\l?h
1 dB Bandwidth H7H 2 ymz 225 MHz Min.
Upper 3 dB Frequency + 242,/ MHz Information
Lower 3 dB Frequency -27?.2 MHz Information

3 dB Bandwidth S/ 8§ wmiiz Information
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MOTOROLA INC.

Government Electronics Division

8201 EAST McODOWELL ROAD
POST OFFICE BOX 1417
SCOTTSDALE, ARIZONA 85252

A 94990

| Tested By f 7//2.’/4_/ 'i
Date 7/@5‘/”4“_ [, /77¢ 5
: Para. No. Parameter Data Limits '
1 5.3 OQutput Power |
i 5.3.1 . Mode 1A, No Modulation +20, ?.f dBm +19 dBm Min,

! 5.3.2 Mode 1A, With Modulation *20, dBm  +19 dBm Min, i
| 5.3,3 Mode 1B, With Modulation +20,9 dBm  +19 dBm Min, |
| 5.3.4 Mode 2, No Modulation 720, 74 dBm  +19 dBm Min. 1
' 5.3,8 Mode 2, With Modulation +20,75 dBm  +19 dBm Min. ‘
|
1 5.4 FM Frequency Response ;
| 5.4.1 Video Input 3{.{;“’
500 kHz 0 dB Refcrence{-/(.k’g;r l

100 Hz +/,0 dB +1 dB

1 kHz 0. aB 41 aB
10 kHz 0,7 aB 41 aB |

100 kHz Y07 a8 41 aB

300 kHz 104 aB 11 B
1 Mz a&f\::, ®J,3 4B 41 aB |
2 MHz O dar 11 ap |

4.2 MHz -0.3 a8 +1 dB
5 MHz - Z!:S dB Infcrmation |
6 MHz ’3. / dB Information 1
8.5 Mbz ‘E_-_%_ A8  Thhormelon E
4
|
J
SIZE | CODE IDENT NO.|DWG NO. |

12-p07001K

SCALE

REVISION

SHEET 2
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Para, No.

5.4.2

5.5
5.5.1

5.5.3

Parameter

Tested By {€@ :-_7,‘ }Z”a.cb.a{/
Date 1??aomﬂﬂg /#j?7é

Subcarrier Input

10

® ©

oo & =

3

MHz

MHz

MHz

2. AMHK =

FM Deviation Sensitivity

500 kHz, 2,405 Radians

Input Voltage

Sensitivity

8.5 MHz, 1,202 Radians

Input Voltage

Data Limits

|
|
|

0 dB Reference (“2? 76/8>

+002— dB Information
t0."7 dB Information
4'/. 0 dB Information

1) 2 dB Information

In:ormation

-

dB Information

b
o
&

Information

A
jnérrhu}/;u»t

\
2N
0

(5
)

,Ofté Vrms Reference

/8. 48 mz/v 20 MHz/V Nominal

!ﬂfo vrms Reference

Sensitivity 15, 09 wHz/V Information
Frequency Change for Positive Voltage il Increuase
Frequency Deviation +20 MHz " Yes
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Tested By
Date

2 7 Y,

Dioyarbern. | 132

Para. No. Parameter Data Limits
| 5,6 FM Deviation Linearity
5.6.1 Voltage Frequency AF
+1.0 vde /S028,74F Wiz /0.232 MHz Ref .
+0.5 vde  ISO/8. /¢ vz /0.22) MHz Ref .
0 vde /5208494 MHz Reference Ref.
-0.5 vde 9§78.505 Wiz 40.270 Mz Ref.
-1.0 Viu 1499f.172 Mz /0,073 \Hz- Ref.
% Linearity at DC A / % 2% Max,
5:8.2 4 MHz, Video Input
Vin Vout Sensitivity
50 mvVrms /2.5 mVrms s 270 V/V Ref.
100 mvrms 223 mvrms <73 V/V Ref.
200 mVrms (% 2 mvVrms 27/ vV Ref .
400 mvrms /0.0 mVrms 1275 y/v Ref .
600 mVrms /€. O mvrms (L27 _ V/V Ref.
800 mVrms J2/. O mVrms o 27& V/V Ref .
% Linearity at 4 MHz /[ 3f% 2% Max,
MOTOROLA ’Nc SIZE | CODE IDENT NO.|DWG NO.
Government Electronics Division A 94990 12-p07001K
8201 EAST McDOWELL ROAD
POST OFFICE BOX 1417
r?grrsonikc, ARIZONA 85252 SCALE [REVISION [SHEET 25
AV-2.BOND-100A-DWG FORMAT6/75 £3296.01 CTL 760 y N
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Tested By é’/{ég‘ //—?f;,a/

Date f/}',f}_;‘._;ﬁﬂ,{&{_ ‘/; 276 ‘

Para. No, Parameter Data Limits

I 5.5
5.6.3 y -6 MHz, Subcarrier Input

1‘ Vin Vout Sensitivity
50 mvims /O, mVrms “_.Zagf v/V Ref.
i 100 mvrms 24/ mVrms 2] V/V Ref,
| 200 mVrms _{)Q'Q mVrms , 2/O0 V/V Ref,
| 400 mVrms _S’_Z_& myrms s A3 VIV Ref,
\ 600 mVrms- Z_._B_Z__ mVrms ,ggt? vV/V Ref.
! 800 mVrms _/_Zé_ mvrms s J2D V/V Ref .,
900 mvrms /79 wmvrms .24/ V/V Ref . )26
i I8 T foematon
i % Linearity ;1’:: 16 MHz 3./ T e 2 B
> Vi L
5.7 FM Harmonic Distortion
I i | 4 MHz, Video Input
Frequency Relative Level
4 MHz 0 dB Ref.
8 MHz ~ 44 as Ref .

12 Miz -4§¢ a8 Ref.
16 Miz ’51/—6‘9_‘_ dan Ref.

Al

% Distortion 4 Miz /4,67 % 5% Max,

MOTOROLA INC- SIZE | CODE IDENT NO. |DWG NO.

Government Electronics Division | A 94990 , 12-P07001K
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Tested By //J.Aﬁﬁy ‘,,/ //ﬂ;_u(
Y A
Date ’/;?M_ /’}??_Z_q_i ks /77 6 ,
|
|
Para No, Parameter Data Limits _
55 |
B.7.2 M 6 MHz, Subcarrier Input f
-H{,f»r@ Frequency Relative Level i
£S5 20 iz 0 dB Ref.
17 20 Miz ~-36  dB Ref |
26 580 MHz ~42 a8 Ref |
34 40 Mz >-60 aB Ref |
£ | |
% Distortion 36 MHz /s é/ % 5% Max. 1
prd |
)76 i
5.8 Subcarrier Frequency
8.5 Miz £ 499.6¢4,5iz 8.5 Miz Nom,
8.75 MHz § 749, 6764z 8.75 MHz Nom,
9.0 Miz 8,999 667nz 9.0 Miz Nom. |
9.25 Miz 9,249, 658. 1z 9.25 Mz Nom. ‘
9.5 MHz 9,499 650 vz 9.5 MHz Nom. |
9.75 MHz 9,747 64/ nz 9.75 MHz Nom. 1
10.0 MHz 9,999,633 nz 10.0 MHz Nom. |
[
|
|
i
MOTOROLA INC ‘ SIZE | CODE IDENT NO. |DWG NO.
Gevernment Electronics Division || A 94990 19-p07001K
8201 EAST McDOWELL ROAD L
POST OFFICE BOX 141 1
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1 Tested By #_rz// e’ _itjxiél |
| Date ;f&%ﬁ’.&’b X [27¢
Para, No, Parameter Data Limits *
l
5.9 Subcarrier Data Rate and Deviation f
3.9.2 » d2 - 192 kHz, d3 - 2 MHz, 50/50 |
|
1 Level of Upper d2 J1 -7!-2 dnB -7 dB Nom, .
Level of Lower d2 J1 -7 2 an -7 dB Nom. !
. \
Level of Upper d3 J1 - dB -7 dB Nom, i
|
Level of Lower d3 J1 “7. e J dB -7 dB Nom, \
Level »f Carrier JO 5 7 dB Information
5.9.3 d2 - 96 kHz, d3-16 kilz, 50/50
tevel of Upper d2 J1 -7 2 ap -7 dB Nom.
Level of Lower d2 J1 "7..2 dB -7 dB Nom, -
Level of Upper d3 J1 —Z,Z, dB -7 dB Nom.
Level of Lower d3 J1 "7l A dB -7 dB Nom.
Level of Carrier JO ‘L;‘o?__ dB Information
5.10 Subcarrier Power Unbalance
5.10.2 50/50 Balance Achieved / Yes
| 5.10.3 90/10 Unbalance Achieved e Yes
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Tested By _MW a/ :/}Z?w-é
Date ._.___7,}1;[%2' s, /276
Para, No, Parameter Data _Limits_ E
!
5.10.4 80/20 Unbalance,
d3 - 2 MHz, d2 - 192 klz :
. Level of Upper d2 J1 "'//..2, dB -11 dB Nom, L
Level of Lower d2 J1 /.2 dB  -11 dB Nom, |
Level of Upper d3 J1 "-fé dB -5 dB Nom, ‘[
Level of Lower d3 J1l '55— dB -5 dB Nom, !
Level of Carrier _jé dB Information |
|
5.11 Incidental AM ;
1
5.11.2 DC Output Voltage .45 vdc  Ref. |
AC Output Voltage , 004 Vp-p Ref. i
% AM OHY % 5% Max. a
5.12 QPSK Data Rate and Deviation i
5.12.2 dl - 50 MHz, d3 - 2 MHz, 50/50
Level of Upper dl J1 “S dB -7 dB Nom,
Level of Lower dl J1 - 2 dB -7 dB Nom.
Level of Upper d3 J1 = I7 dR -7 dB Nom,
Level of Lower d3 J1 “¢.8 an -7 dB Nom,
Level of Carrier JO -30 »“33/ dB Information
m

i:176
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'
lested By _ /ﬂ/:%_:/ /4/{ ‘g{/
| mate 20 bybden 3, 177€
!
I Para., No, Parametoer Data Limits

5,10, 4 80/20 Unbalance,
N - 2 MHz, d2 - 192 kHz
1 Léxel of Upper d2 Jl dB -11 dB Nom,
| Level\of Lower d2 J1 ______uB -11 dB Nom,
| Level r d3 J1 dn -5 dB Nom,
Level of L d3 J1 dB -5 dB Nom,
E Level of Carrigr dB Information
|
i 5.11 Incidental AM
P U L DC Qutput Voltage Vde Re !
AC Output Voltage
> % AM Max.
RETEST
5.12 QPSK Data Rate and Deviation
5.12.2 dl - 50 MHz, d3 - 2 MHz, 50/50 éb/df cy=91He
Level of Upper dl J1 "'S/.O dn -7 dB Nom,
i Level of Lower di J1 _:_é‘._b/_ db -7 dB Nom.
‘ Level of Upper d3 J1 __"_(:Lé_ dn -7 dB Nom,
Level of Lower dd J1 -(;i._"'l_'_ dBn -7 diB Nom,
Level of Carricr JO “_;? dB Information
| MOTOROLA INC- I SIZE ‘ CODE IDENT ‘-’OIDWC NO
I Government Electronics Division * A : 94990 L 19-p07001
i POST OFFICE ROX 1417 ——— T
COTTSDALE, ARIZONA 8520 [SUALE [REVISION
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J[ Tested By _M

/W,

: Para., No. Paramecter Data _Limits
'1 5,12.3 dl - 4 MHz, d3- 16 kHz, 50/50
. Level of Upper dl J1 ‘ -70 dB -7 dB Nom,
| Level of Lower 1 J1 -6, Y dn -7 dB Nom,
| Level of Upper d3 J1 = [0 dB -7 dB Nom,
Level of Lower d3 J1 '2 0 dB -7 4B Nom,
Level of Carrier JO '3é dB Information
5.13 QPSK Power Unbalance
5.13.2 50/50 Balance Achieved "/ Yes
5.13.3 9C/10 Unbalance Achieved -~ Yes
>
5.13.4 80/20 Unbalance,
dl - 50 MHz, d3 - 2 MHz
Level of Upper dl J1 "7.2 dB -5 dB Nom,
Level of Lower dl J1l "’5, dB -5 dB Nom,
Level of Upper d3 J1 "‘/0,1 dB -11 dB Nom,
Level of Lower d3 J1 ‘jﬂ dB -11 dB Nom,

Level of Carrier ‘30 (#'7 dB Information

Koo
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dl - 50 MHz, d3 - 2 Miz

Level of Upper dl Jl

Level of Lower dl J1

Level of Upper d3 J1

Level of Lower dd J1

Level of Carricer

FALUEDING PAGE BLANK NOT FILMEQ

|
|
|

N 4 ) -
[ Tested DBy (A » I//"’t r/
SLC A —4'#[ LA -____#4 ‘((‘n o -
2’?{7{& i hate Y T jovember S, e
_lj_:}l'{l. No. !_’_:Ll;{‘lm(.'LL'l‘ __I_J_n_l__t_ _Limits
lOMiz 2 MK ; .
5,12,3 dl - ~4—MHy, d3- F6—eHe, 50/50 X at of, = 2 yMHz
Level of Upper dl J1 -70 dB -7 dB Non,
Level of Lower dl Jl1 'é.é‘_ dB -7 dB Nom
Level of Upper d3 J1 "'Zj dB -7 dB Nom
Level of Lower d3 J1 =74 48 -7 dB Nom.
Level of Carrier JO "17“/ dB Information
5.13 QPSK Power Unbalance
§.13.2 50/50 Balance Achiceved — Yes
5.13.3 90/10 Unbalance Achicved v YOS
5.13.4 80/20 Unbalance, <fal 24Miz

oy 5_4_ dB -5

dB Nom.
L -

= ‘f, A B -5 dB Nom,

/0.2 dB -11 dB Nom,

-J0.2 aB =11 dB Nonm

“ 32

dB Informatio
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{ Tested By _J}I/ ){j _
! Dat ____’ ru/);v l.( ﬂ,’-;‘/_f__"'(.e
Para, No. Paraneter Data _Limits
5.14 Dual QPSK Operation
5.14.2. Normal Spectrum for / Yes
Dual QPSK
. 5.14,3 dl - 50 MHz, 8.5 MHz Subcarrier, 80/20
i d3 - 2 MHz, d2 - 192 kHz, B0/20
! Level of Upper dl Jl -é.& dB -5 dB Nom,
'1 Level of Lower dl J1 = 4.0 dB -5 dB Nom,
| Level of Upper d3 J1 -)7 dB -16 dB Nom.
| Level of Lower d3 J1 - /C dB -16 dB Nom,
Level of Upper d2 J1 ~AL  dB -22 dB Nom,
‘ Level of Lower d2 J1 m dB -22 dB Nom,
| Level of 8.5 MHz JO ) awd_ji d[f"wycln!'ormation
Level of Carrier JO 'o?i dB Information
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Para. No, Parameter _Data i

; 5.14 Dual QPSK Operation

|

|

I

i 5.,14,2 Normal Spectrum for ‘/ Yes

' Dual QPSK .

| 5.14.3 d1 - 50 Mz, 8.5 Miz Subearrvicr, $0/20 {a? of -1

| dd - 2 MHz, d2 - 192 kHz, 80/20

‘y Level of Upper d1 J1 _:_é_l dn -0 dB Nom,

| ’

! Level of Lower dl J1 .:.:it.él‘ 13 =D dB Neor

|

? Level of Upper d3 J1 ‘/é___ dB -16 No
Level of Lower d3 Jl "/é dB -16 dB Nom,
Level of Upper d2 J1 - ﬂ,,‘\ dn -22 dB Nomn,
Level of Lower d2 J1 - .u?_ dB 22 dB Nom.
Level of 8.5 Miz JO _—_‘if%/_ dp Information
Level of Carrier JO "?O_ dp Information
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Tested By MJ,///J
Date _ 75‘]‘«@;: 2, 76

Para, No. Parameter Data _Limits
.18, Phase Stability
5.15.1,2 Mode 1
A Freq. BW dB/Carrier dB/Hz
2 kiiz 03 wiz ~$3 a8 77 ¥ Ref.
4axiz 0.3 kiz -S3a 724 Ref.
10 kiz O3 wnz -S7 a8 _HF Ref.
20 kiiz L0 wuz -¢S5 a8 _7C Ref .
40 kiz LO wiz -7 a8 /S Ref,
100 kHz 3.0 iz -725 a8 (00 F Ref.
200 Kiiz 3.0 iz /& _dB /12, & Ref.
400 kiz lo.o wnz ~/8 a8 _4F_ Ref.
1 MHz /0.0 iz -&/ aB  _/2/ Ref.
2 Mz 2.0 iz -7 a8 1228 Ref .
4 Mz 20,0 khz -/8_ a8 L2.f Ref.
10 Mz %.0 wnz 76 a8 /228 Ref.
5.15.3 phase Jitter, 100 kHz to 10 Miz Q,21 ° RMS  Ref.
L..ZE_O P-p 5° p-p max,

Lkl 1O somun  ©.88 R4S W ECR LT por
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Tested By y,f,/%wﬂ ].
Date 7] bfiitin g, (220
| |
Para., No. Parameter Data Limits |
5.16 Incidental Frequency Modulation *
5.16.1 Mode 2 '
A Freq, BW dB/Carrier dB/Hz .E
2 iz 03 wnz -24 as Ny Ref.
4 kiiz O3 xnz 30 a8 4.8 Ref. |
10 kiz 9.3 knz 38 am 62, & Ref,
20 kiiz (.3 iz —48 an 49, 5 Ref .
40 Kkiiz _Z__O_ kiz ~50 a8 §0.0 Ref.
100 kiiz [0 kiz _- (O a8 /00,0 Ref.
200 kHz 3.0 Wiz ~/4 aB Jo&. & Ref. |
400 kiz 3.0 kuz -4/ dB IS & Ref. <
1wz /0.0 xiz ~§©O a [0.0 Ref.
5.16,2 Incidental Fif, 2 kHz to 1 Miz 2,07 kHz RMS 5kHz RMS Max.
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Tested g.t.é q_;[ r,’ // '
' Date JL rvlrmditn ¢ ///'(p
Para. No. Parameter Data Limits
5.17 Input Impedances
5.17.2 video DC SR, 500 Nom.
(=]
a2 miz _ I8 . L4+ 50 Non.
o |
-~ |
d3 - Mode 2, 2 MHz S/ . EEL  « wiin Som.
1B '
o
d3 - Mode 1A 2 MHz S/ o~ yadl * 50A. Nom,
1 9@
d2 - 500 KMz s/ . L - 50n Nonm.
a1 So-—wur 0/ Y2 . DC_ * 100 Nom,
5.18 AC Power
5.18.1 Input Current 0372. Amps Ref
Input Power 84. & watts Information
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|, . Tested By /&&ﬂ. ”'444,&('( ]
Date ‘Zzgﬁg,iuﬁgl 0@_/?76. {
|
- Para. No, Parameter Data Limits i
5.19 Spurious OQutput Signals
5,19.1 Mode 1 Freq. dB Below Carrier %
, é;ié@&Vﬁi 627 Information i
i l;-/ﬁofﬁﬁ- JC? Information |
| Information i
Information E
Information i
Information ]
. Information {
| Information 1
Information |
5,19,2 Mode 2
{htggéﬁﬂVL S Information
5;‘ ',2 ‘/2/7//2 v_(,'/ Information
Information
Information

Information
Information

Information

CODE IDENT NO. [DWG NO.

Government Electronics Division A | BLOODYR

l

A201 EAST McDOWELL ROAD

94390

IREVISION [CHEET 25
| el i

| Sy

POST OFFICE BOX 1417
SCOTTSDALE, ARIZONA BH25H2

MOTOROLA INC. """ l
|
1

SCALE




: Y

l ’ Tested By Mv /7/”/141/ ‘

- Date [ ovtimnton d, (976 i

‘ /7

. Para, No, Parameter Data Limits i

|

i 5.20 Subcarrier Phase Stability

1 5.20.1 A Freq. BW dB/Carrier dB/Hz

| 100 Hz 10 w2  -355 as 65 Ret. |

| 200 Hz /0 w2z ~8K as -8 Ret.

‘ 400 Hz 30 w2 -0 - 74 & ret. |

| 1 kiz 30wz 60 aB  -798 e, |

| 2 kiiz ~ /00 vz ~S$8as  -74  Rer.

1 4 kiiz 0 vz -S$3 a8 /S ner. |

! 10 kiz 300 nz  -£3 ap -7 & Ret. |

| 20 kiiz 300 uz 60 an  -§LF res. |

,,; 40 kHz 300 vz 72 a8 -, & Ret.

| 100 kiz [, 0 iz —43 as /3 ger. |

| 200 kiz /O xuz ~/5 am KRS Ref, %

| 400 kHz 3.0 knz /63 ap  ~137.@ nret. |
1Mz 3 Okuz /06 e /9,8 wer. |

| 2 miz 0. O0wxuz /93 ap /43 pes |

! 5.20,2 Phase Jitter, 100 Hz to 2 Miz .6 © RMS Information
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' EQUIPMENT MANUFACTURER/MODEL  S/N or ASSET. CALIBRATION j
AM-FM Signal Generator HP 86401 opt., 002 £ (O3 7/2. 1/3/77 t
Test Oscillator HP 6518 ¢ 0209 Y/ 31/77 |

i Signal Generator HP 626A G-/0C6&5FY //j‘//f? !
Signal Generator HP 608C cClros F// 13 /77 |
Pulse Generator Data Dynamics 5113 G O0/935 151/77 |
Pulse Generator Data Dynamics 5113 GCOlEYT "j:(j/J'? |

. Pulse Generator EH 122 G /)0 L2 4D L2, /77

' RMS Voltmeter HP 3400 03¢ 38 YoksSr? |
RMS Voltmeter HP 3400 EXoVAR 4 (faf /77
Power Meter HP 435A Cnl397 /> /77

| Power Sensor HP B4B1A KOSRT97 %L/??'

| Spectrum Analyzer HP 141T CGORN/ T 1/ 4/7 >

. Analyzer, RF Tuning Section HP 8555A O ?éQSF‘ %//77 5

| Analyzer, IF Section HP 85528 GO §372/ fb}/?? |

! Analyzer, Tuning Section HP 85538 & HI72Y //Jlr/j']

' Frequency Counter EIP 351D GOS3 &0 1/3//77
Vector Impcdance Meter HP 4815A (02739 //5’//27
Crystal Det-ctor HP 8470B N7 Uted —————-
Digital Multimeter Fluke 8600A O3PYY Lot /77
Oscilloscope HP 1710 GO384 7 R 527 '
2 GHz High Pass Filter Microlab FH 2000 z‘@j Yo ol
Waveguide to SMA Adapter OSM 20187 AJ S $sE54 — |
FM Demodulator Motorola 01-P05461J M4 Jsc 106975  —— |
variable Attenuator HP P382A _72”42’ U e |
Substitute or Additional Equipment

7’. WWS/O /4 Ma;é//@d(‘éﬂ{i TS =365 y
and mecel 19/ acleplic P
Crony g7t Deleelon 03/17207SVA 5//}/0___&?_6 s
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