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NRSC-R58

FOREWORD

NRSC-R58, Digital Audio Radio IBOC Laboratory Tests — Transmission Quality Failure Characterization
and Analog Compatibility, documents the first comprehensive testing of in-band/on-channel digital radio
systems. This report was prepared for Working Group B and the Combined EIA DAR and NRSC DAB
Subcommittees.

The NRSC is jointly sponsored by the Consumer Electronics Association and the National Association of
Broadcasters. It serves as an industry-wide standards-setting body for technical aspects of terrestrial over-
the-air radio broadcasting systems in the United States.
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SUMMARY OF:
THE FINAL REPORT OF THE
CHANNEL CHARACTERIZATION TASK GROUP;
THE DERIVATION AND RATIONAL FOR MULTIPATH SIMULATION
PARAMETERS FOR THE EIA-DAR LABORATORY TESTING

NOTE: This is a condensed version of the above titled report. It follows different
section headings but with the same appendix reference as the full report.
Only Appendix J is attached to this summary. The full report is available as
a separate document.

MULTIPATH CHARACTERIZATION AND CHANNEL SIMULATION BACKGROUND

At the January 22, 1992 meeting of the EIA-DAR Committee, the "Digital Audio
Radio Technical Performance and Service Objectives” were discussed and adopted. The
requirement for multipath performance tesiing was set.

The candidate laboratory channel simulator could be directly programmed using
time domain values; the relative atienuations, doppler frequencies (or relative phases) and
time delays. Searching the literature for channel characteristics in the time domain for
direct application to the simulator revealed very little information. A source of direct
information on time domain parameters, the characterization test, was required.

In early 1993 the Delco channel test plan system was disclosed. The Delco systemn
description evolves over a number of months as detailed in the series of memoranda and
reports in Appendix A. The Channel Characterization data would be collected and then
processed to extract the time domain parameters that would then be applied to the
laboratory channel simulation. The processing plans are described in Appendix B.

The Hewlett Packard simulator, model No. 11759C was chosen for the laboratory
testing. It can be programmed in the Direct mode with the individual channel parameters
to simutate a multipath condition. Use of this technigue to achieve a dynamic simulation
at fixed steps along a path (sequential snapshots) was discussed and the direct control
of the simulator based on the actual measured channel characteristics was pursued.

CHANNEL TEST NEEDS; EQUIPMENT, VENUE, ETC.

The channel test program is summarized in Appendix C. Only one city could
reasonably be used for channel characteristic testing because of cost and time limits,
therefore the test venue should contain many areas that represent as many “difficult”

environments as possible.

By May 1993, plans were underway for conducting a channe! characterization test




in Charlotte, N.C. Those early tests revealed system and operational limitations in
conducting such tests, detailed in the July Subcommittee meeting and in a report in
Appendix D. Plans were made to revise the equipment and test at another venue.

Bonneville Broadcasting, a long time participant in the EIA-DAR test program,
offered its transmitter site in Salt Lake City on Farnsworth Mountain. The site was
investigated and the equipment was delivered and set up at the site with testing beginning
in late September and continuing to early October of 1993,

CHANNEL TEST DATA COLLECTED; FINDINGS; ENVIRONMENTS, SPEED, DATA,
VOLUME COLLECTED, PROCESSING, ETC.

In early October 1993 the actual Sait Lake City channel characterization test data
was collected over approximately one week. Appendix E is a description of the
measurements and the data collected. As data was collected along each path, the
environment around the area was described. Four major "Environments" quickly
emerged: Urban, Suburban, Rural and Terrain Obstructed. Appendix F is a March 7,
1994 memorandum discussing the data collected, its analysis and the certification of the

test method.

The data extraction strategy was studied and modified from its initial frequency
domain dependent version to one which selected reflections based on time domain values
in order of the strongest reflections with their accompanying delay and relative phases.

By Aprit 1994 the VHF Channel Characterization data had been analyzed, providing
the overall range of reflection magnitudes verses lime delay for the four significant
environments in Salt Lake City as shown in Appendix G. Further analysis then extracted
the individual channel reflection vs. time information on a file by file basis as explained in
the memorandum report dated April 17, 1994 in Appendix H.

The measured VHF reflection time vs. magnitude information was studied to arrive
at the range of data appropriate for challenging multipath Environments. Information from
other sources was also compared o the measured VHF channel dala so that the
simulation could include the 1.4 GHz UHF channel DAR system as well. The Canadian
CRC investigation relating to L-Band characterization lead to the exchange of several
documents, a selection of which are included in Appendix |.

The listings of time delays and magnitudes with appropriate doppler velocities and
Rayleigh file parameters for each of the three environments (four tests), as adopted by
the EIA-DAR test laboratory and is indicated in the attached Appendix J.

SIMULATOR LIMITATIONS; ATTENUATOR RATE OF CHANGE & "ARTIFACTS"

The direct control method, described in the Simulator operating manual, was tested




in early 1994 and limitations quickly appeared. The simulator attenuator control circuits
have a significantly slow time constant which wilt allow only slow changes in the simmiulation
channels, far slower than were measured. This was implemented and found to function

propetly.

Tests were run on the simulator using sample direct control data and observing
the simulator effect in the frequency domain. Upon close observation it could be seen
that artifacts were being generated. Appendix K is a memorandum and report of July 12,
1994 describing the findings. The report and attachments indicate that the frequency
domain artifacts are generated by the step changes in the simulator channels.

In an attempt to resolve the Frequency Domain artifacts the data was "smoothed”,
as indicated in Appendix K, by limiting the rate of change of some of the parameters and
approximating missing data between data files. The artifacts decreased but still remained.
It was decided, not knowing the impact of the artifacts on the systems under test, that the
direct controf of the simulator was not possible.

IMPLEMENTING SIMULATION MODE; MAINTAINING VARIABILITY

The Simulation or "sim" mode of operation allows for two variations. The first is the
"Doppler” mode, a fixed parameter mode with a fixed cyclical simulation, and the second
applies a Rayleigh variation characteristic on the "Doppler” control parameters. This
Rayleigh characteristic will restore some of the channe! variability lost in going from the
Direct to the Sim mode of channel simulation.

The Rayleigh fading characterislic is imparted on the simulator action by a control
file that is generated by the HP program IQMAKE. The Rayleigh fading values are
oriented about the basic channel parameters, those which were measured in Sall Lake
City, not any other parameters associated with any standard Cellular or Land Mobile
system. The resulting simulation has the overall characteristic of the measured control
values but with the Rayleigh variation characteristics specific for the frequency and
velocity of interest for the test, impressed on each of the control channels. This effect on
each of the individual channels then generates a combined effect on the overall variation

of the combined R.F. channel output,

DISCUSSION OF APPROPRIATENESS OF DOPPLER VS. RAYLEIGH CHARACTERISTICS

Much discussion centered about the proper use of the Doppler or Rayleigh
simulation modes. Objections were raised citing the HP instruction manual with various
references to the Rayleigh model defined for mobile celiular radio. Concerns were
expressed refative to whether or not a Rayleigh faded channel was appropriate for the
mobile environment. The use of particular sections of the Sali Lake City measured
channel characteristics and then only that one venue was questioned.




Many individual experts in mobile communications reviewed the questions and
concerns and have supported this simulation concept as appropriate for the laboratory
testing. Appendix L contains the observations, comments and responses regarding the

Rayleigh and Doppler simulations.

As a result of the questions regarding the use of Rayleigh simulation a decision
was made to incorporate both Doppler and Rayleigh simulations in an expanded

laboratory test.
CHANNEL TEST AND SIMULATION; LESSONS LEARNED

This channel characterization project and the channel simulation in the laboratory
has again confirmed the immense variability that exists in an R.F. propagation path which
can not be carried to and totally duplicated in laboratory simulation. For laboratory
purposes, however, capturing all that variability would be counter-productive. For
example, in an average environment, much of the time the R.F. channel may be quite
benign with few if any interesting and stressful multipath conditions. The laboratory
testing is meant to be a critical test of the systems. It is the relatively rare but stressful
conditions that need to be reliably and rapidly repeated in the iaboratory. This goal
guided the extraction of "significant” mullipath segments from the four environments to
concentrate on those areas that generally would yield harsh tests.

Idealty, the original laboratory test would have used the actual channel parameters
measured in the field, complete with their variabifity along the measurement path, to
control the channel simulator as if driving along that same path. Hardware limitations
prohibited this. The same general channel characteristics for the difficult path segments
were used but with the parameter variability now supplied by the Rayleigh fading profile
appiied to those characteristics.

The channel simulation testing has been applied uniformly to all of the proponent
systems, even to the extent of testing in both Rayleigh and Doppler modes. The systems
individual relative performances will be determined by the systems themselves, not by the
design of the testing. If the testing were designed so that all systems were to fail the test,
or where all were to easily pass the simulation test, the results would be useless. The
only valid test is one that spans the range of performance from perfect to failed for all
systems _under test and hence determines a threshold of actual performance. The
laboratory simulation provides such a test.




APPENDIX J - DATA PROCESSING AND INTEGRATION TO SIMULATOR(S);
ACTUAL SIMULATION PARAMETERS

J-1 Memo Report (L&C), "Suggested Nine Path Multipath Simulation Settings" --
7/26/94

J-2  Letter from D. Londa, EIA, "Channe! Simulator Parameters" -- 8/16/94




J-1
SUGGESTED NINE PATH MULTIPATH SIMULATION SETTINGS 7/26/94

SIMULATOR SETTINGS - DELAY IN MICROSECONDS, ATTENUATION IN dB

URBAN SLOW-FAST RURAL OBSTRUCTED
PATH DELAY ATTN. DELAY ATTN. DELAY ATTN.
1 0.0 2 0.0 4 0.0 10
2 0.2 0 0.3 8 1.0 4
3 0.5 3 0.5 0 2.5 2
4 0.9 4 0.8 5 3.5 3
5 1.2 2 1.2 16 5.0 4
6 1.4 0 1.8 18 8.0 5
7 2.0 3 2.1 14 12 2
8 24 5 2.5 20 14 8
9 3.0 10 3.0 25 16 5

URBAN - SLOW; Use Rayleigh doppler path at 1 KPH at 94.1MHz RF test frequency. NOTE; this
siow speed may not allow full development of all possible Rayleigh stales. Be prepared to try 2 and

4 KPH to see if there is a difference.

URBAN - FAST;  Use Rayleigh doppler at 60 KPH.

RURAL (FAST);  Use Rayleigh doppler at 150 KPH.
SUBURBAN/TERRAIN (FAST); Use Rayleigh doppler at 60 KPH.

NOTE: The suggested setltings above are based on a comparison of the origina! EIA StM A - D
files and the Canadian UHF suggested 12 path urban and 8 path rurai seltings. A thorough review of
the Salt Lake City direct control files will be made to determine the average delays and magnitudes for
the four environments to extract 9 path setfings to be applied 1o this-test. Those revised settings wil
be coordinated with Canada. The goal is a uniform Simulation Mode test for all bands.

NOTE: 7/26/94  The EIA VHF test data has been reviewed and coordinated with Canada. The
. above table represents consolidated Urban and Rural environment parameters for both VHF and UHF
tests. The Obstructed file is based only on the VHF measurement further analysis.
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August 16, 1994

Mr. Robert D. Culver

Lohnes & Culver

8309 Cherry Lane

Laurel, MD 20707-4830

Phone:(301) 776-4488 Fax:(301) 776-4499

Dear Bob,
Here is the multipath characterization video tape.

The channel simulator parameters used for the Urban environment are as follow:

PATH DELAY (us) DOPPLER (kmh) ATTEN {dB)

1 0.0 2or 60 2.0

2 0.2 2 or 60 0.0

3 0.5 2or G0 3.0

4 0.9 2or60 4.0

5 1.2 2o0r60 2.0

6 4 2 or 60 0.0 B
7 2.0 2 0r 60 3.0 (

8 2.4 2 or 60 5.0 ‘

9 3.0 2 or 60 10.0

The channel simulator parameters used for the Rural environment are as lollow:

PATH DELAY (us) DOPPLER (kmh) ATTEN (dB)
1 0.0 i50 4.0

2 0.3 150 3.0

3 0.5 150 0.0

4 0.9 150 5.0

b 1.2 150 16.0

6 1.9 150 18.0

7 2.1 150 [4.0

8 2.5 150 20.0

9 3.0 150 25.0

EIA Digilal Audio Radie Test Laboralory

NASA Lewis Research Center

Communications System Brausch

21800 Brookpark Roud, MS 54-2 Telephaue (216) 433-3.043
Cleveland, Ol 44135 Telelux (2161338705
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The channel simulator parameters used for the Suburban / Terrain Obstructed environment are as
foltow:

PATH DELAY (us) DOPPLER (kmh) ATTEN (dB}
1 ' 0.0 60 10.0

2 1.0 60 4.0

3 2.5 60 2.0

4 3.5 60 3.0

5 5.0 60 4.0

6 8.0 60 5.0

7 12.0 60 2.0

8 14.0 60 8.0

9 16.0 60 5.0

The IQMAKE.EXE utility was used twice to create the Rayleigh fading data. The command
parameters used are as follow:

IQMAKE -R 94.1E£6 2 60 150 and similarly

IQMAKE -R 1.47E9 2 60 150.

These command lines then created the Rayleigh fading data files and the appropriate [ilename was
indicated in the simulation mode menu under the Spectrum filename heading. Simulation profiles
were stored with the appropriate Raleigh fading data filenames, delay and attenuation and the profiles

recalled and video taped.

The first four segments on the tape (00:00-05:42) are the VHF simulations and the last five segments
(05:42-12:22) include a reference of the signal unimpaired followed by the simulations in L-Band.

Calt me if you have any questions.

Best regards,

bl

David M. Leonda
RF Test Manager

EIA Digital Audio Radio Test Labaratory

NASA Lewis Rescarch Center

Communications System Branch

21000 Brookpark Road MS 5.2 Telephone {216} -133-34.15
Cleveland, O 1135 Telelax (216) 4338703
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Systemic Specific Tests and Procedures



grogoseg SyStem Specific Third Meode Test for Amati/AT&T IBOC
Systen

May 10, 1994

The DAR test plan callsg for the Amati/AT&T IBOC System to be
tested in two modes. The first and primary mode uses the upper
and lower extremity of the FM channel mask, and the second mode
uses the upper or lower extremity of mask for the transmission of
the DAR signal. Because of possible variations in the test
receiver, limited testing of both combinations for the second

noede should be conducted,

Proposalt

1. The proponent will recommend the sideband to be used for
the second mode testing.

2. For the side band not used for general testing, the
following tests will be conducted:

B-1 Noise for EO&C only ¢
B-3 Multipath and noise for EO&C only




System specific tests for the
Eureka-147 DAB system

Svstem operation in a active echo environment

A- Purpose of the tests:

These tests are 10 confirm the capability of the Eureka-147 DAB system, as claimed by the
European system developers, to work in presence of large echoes produced by on-changel
re-transmitters. These re-ransmitters, operating on the same frequency, are expected 10
be used to fill gaps within coverage areas (gap-filler); extend the coverage of the
conventional single transmitter (coverage extenders); or stretch the ceverage of broadcast
stations over a larger area nsing a network of synchronized on-channel transmitters (single
frequency network - SFN). In all these three cases, the on-channel repeaters will generate.
depending on where the receiver is Jocated relative to these repeatars, active echoes that
may fall cither before of after the reference signal coming from the main transmitter, and
the level of these active echoes could be sither smaller or larger than the reference. signal.
The goal of this test will be to confirm the operation of the Eureka-147 system in presence

of these achoes.

Further, the system developers claim that the syster has improved parformance in
presence of echoes. More precizely. it is claimed that it makec ranctmrtive vea of thees
vihes watlicr Wiy bolny uogad vely bipaered by mem. In Yacy, thé pertormance of the

System would be related to the power addifion of these echoes. The goal of these tests is
also to confirr this claim and clarify the circumstances and conditions under which this

happens.
B- Proposed test procedure:

Test 1:  Felio weighting template

It is proposed ta use the HP 11759C channel sirnulator to simulate active echnes that
would be injected in the transmission channel before reception by the Ewreka-147 recaiver.
Figure 1 depicts the setap required to conduct the tests

[ mp7sec
Fureka- 147 Chanpel
Eocoder B Simnlawgr

tigure I: Block diagram of the tast setp




On¢ path of the eliure] shuulatun would bes wed W pruvide dis widy sigul wid u
constant amplitnde and phase. This would be the reference signal for the test. A second
simulator path would carry the active echo. The phase of this path would be constantly
changing (implemented in the simulator as a fixed Doppler shift). The rate of phase shift
conid be a minimal and a maximal amount, withit: the limits of the Doppler spread of the
channel (Le., simulating a vehicle displacernent orthogonal 1 the main signal path, and
parallel and orthogonal to the on-chanmel repeater’s signal path).

It is proposed to sweep the delay of the active echo frowm 0 pisec to +186 jisec (limit of the
channel simulator) referenced to the main path in steps of 10 pisec. At each step. the
amplitude of the echo will be brougbt from a low level and increased until the “point of
failure™ (POF) is reached by listening to the audio material (measuring the BER on the
data channel and identifying the echo amplitude for a BER of 107 would make this test

~more; repeatable). The echo amplitude at the POF will be noted at each echo delay. If the
POF is not reached for an echo higher that 10 dB above the reference signal, there is no
need to go beyond this point  This sweep should be repeated for the casc whers there is
no poise in the channel and also for the cases where noisc levels of 15 dB and 12 dB

below the level of the main path are injected in the channel.

The results of this test should be similar to the predicied template shown in Figure 2. This
terplate can, in fact, be vsed to weight the effect of echocs as a function of their delay.
This template shovld theoretically be symmeirical relative to the main path since it is
claimed that pre- and post-echoes are handled the same way by the system, Although the
system is 10 work equally well with pre-echoss, the leit side of the temnplate is not
expected 1o be reproduceable by laboratory measurerents since the synchronization
algonthm is programmed tc latch ob to the frst echo of 2 cenain power. whether it is a

pre-¢cho or the reference signal,

P _
-5dB
Relative
echo
amphitude
-10dB
(UN=10dB
-15dB
Q0 50 100 150 200 250

Echo delay relative to the main path (jsec)

Frgure 20 Typical echo weighting emplate




Test 2: Effect of echoes on the svetem’s C/N performance.,

 Test2.1: Tt is proposed to inject a calibrated Jevel of noise in the channel path and
raise this Jevel of noise in presence of the main signal only, until the POF is reached (ot
BER= 10}, This value is noted.

Test 2.2: Then an echo with a varying phase as described in Test 1 above is injectad
at the same power as the main signal. The delay between the main signal and this echo is
such that the echo falls within the range where the POF could not be reached with an
increase of the echo power in Test 1 (i.e,, within the system geard interval). The noise
power is then increased wniil the POF is reached (or BER=10"). This C/N value is poted.
In this case, “C” represents the added power of the two signals, thus 3 dB higher than in
the preceding case. The increase in C/N value, corpared to that of the previous Test 2.1.
represents the impact of moving the operation of the system from a Gaussian channel 10 a

Rayleigh channel

Test 2.3: A second echo of the same power and varying phase should then be
injected. This new echo should be within the range where the POF could not be reached
as performed under Test 2.1 (ie., within the guard interval). The noise power is then
increased until the POF is reached (or BER= 10™). This new value of C/N at POF should
be recorded. In this case, “C” represzats the total power of the threc echoes (i.e.. 4.8 dB
higher than jn the case of the single signal). The (/N value is then compared to the cass of
Test 2.2 to verify that the principle of power addition of echoes applies as claimed once
the systein operates in a Rayleigh euvironment (Le., for ope echo and more). This
principle can be verified further with the injection of more echoes at the same level and the

identification of the C/N at POF (or BER= 107).

Géraltd Chouinard
CRC
94.05.04




VA

Lse 8.8

EIA Digital Audio Radio Test Laboratory

FhTest B-1
AT&T Amati System Specific
Upper Side Band Gaussian Noise
- Units
Glockenspiel TOA POF
Attenuator 32.50 29.00 dB
Co/No 20.61 17.11 dB
TOA Small break in recovered audio. =
EO&C
POF Excessive muting and a loud squeal.
Test B-2
AT&T Amati System Specific
Upper Side Band Co-Channel
Units
Glockenspiel TOA POF
Attenuator 20.50 18.00 dB
d/u 21.36 18.86 dB
TOA Small warble or flutter and some static pops.
EO&C
POF Excessive muting and fluttering,
Additional Comments: In unimpaired conditions at medium signal strength
the recovered audio has artifacts with glockenspiel
program material. Artifacts sound like a mooroco type rattle
on the first note of some glockenspiel| arpeggios.
Testers: DML,RM¢
Date: 8-Dec-94

File Name: DAR30805.XLS B-1 & B-2 SS

T Jes - G
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)5'/7 & (,XB
Page 1 of 2



File Name: DAR30805.XLS B-3 S8
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EIA Digital Audio Radio Test Laboratory

Test B-3  System Specific Multipath (Rayleigh)
AT&T Amati USB
Propram Material: Glockenspiet
Scenaric
Level Atin Co/MNo|Units EO&C
#1
Urban TOA 63.75 52.34|dB Mutes, pops and flutters.
Slow Worse than POF,
POF 63.75 52.34{dB
2
Urban TOA 63.75 52.34|dB Flutters, pops and mutes.
Fast POF level of impairment,
POF 63.75 52.34|4B
43
Rural TOA 63.75 52.34)dB Mutes, flutters and large pops.
Fast ‘Worse than POF,
POF 63,75 52.341dB
#4
Terrain TOA 63.75 52.34(dB Long duration mutes (3 sec) and
Obstructed pops. Worse than POF.
POF 63.75 52.34|dB
Test Date:  8-Dec-94 Desired Noise
Testers: DML, RMc Signal -31.46 dBm
IL 40.79 dB BW 6.45E+06 Hz
3WIN -72.25 dBm 0dB Ref  41.41 dBm

Page 2 of 2



ATE&T / AMATI USB 12/8/94 @9: 45 MKR 94.100 @ MHz
FTA REF ©.0 dBm ATTEN 18 dB —-10.93@ dBm

18 dB/

| | | |
W“WW”W‘ AL M

CENTER 94. 10072 MHz SPAN 580 kHz
RES BW 41 kH=z VBW 38 Hz SWP 58.08 sec




AUDIO PRECISION frqresp AMPL(dBu) & AMPL(dBu) vs FREQ(Hz) B8 DEC 94 18:35:81
B.8 -
- il T ‘-"'\)GP

~5.888

-10.88

-15.88

-20.68

-25.60

|-30.68

-35.080

-48.98

-45.60

-58.68
20 100 1k 18k 28k

AT ET /S AMATI -USB




AUDIO PRECISION thdvsfrq THD+N() & THD+N(2) us FREQ (Hz) A8 DEC 94 18:41:29
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EIA Digital Audio Radio Test Laboratory

30-Nov-94

E-147 System Specific

DOPPLER: 160 Km/H

PHASE: 217 Hz,

CLEAR CHANNEL TEST DELAY (us)

10 20 30 40 50 60 70 80 90 | 100 { 110 | 120 | 130 | 140 [ 150 | 160 | 170 | 180
0.00 | 0.00 | 0.00 | 0.00 [ 0.00 |-1.00] 0.00 {3.00] 0.00 [-2.00 ~-1.00 ] -2.00]-2.00| -3.00 | -4.00 | -4.00 | -4.00 | -4.00

C/N =10dB TEST DELAY (us)

10 20 30 40 50 60 70 80 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
0.00 | 0.00 | 0.00 } 0.00 { 0.00 | -0.10] 0.00 | -4.50 | -2.30 | -4.50 | -3.50 -4.60 | -430|-5.50]-5.50{ -5.50 [ -7.30 [ -7.00

C/N =13dB TEST DELAY (us)
R 10 20 30 40 50 60 70 80 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
POF 0.00 § 0.00 | 0.00 | 0.00 | 0.00 {-0.10] 0.00 | 4,10 -0.40 | -4.50 | -4.40 | -5.00 ~4.10 § -4.00 § -4.50 | -4.60 | -5.80 | -6.20
Co/No = 22dB TEST DELAY (us)
20 30 40 50 60 70 80 90 | 100 { 1101 120 | 130 | 140 | 150 | 160 | 170 | 180
POF 0.00 ] 0.00 | 0.00 | 0.00 | -1.00| 0.00 { -4.20] 0.00 | -4.40] -3.60 | <4.70 | -4.70 | 2.80 | -4.60 -4.50 ] -5.50 | -5.50

Notes: The values listed are the delayed or reflected path RF levels in dB relative to the non-delayed path RF level
at a POF level of impairment,

File Name: E14785.X1LS UF Ghost Page 1 of 4
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160 Km/H Doppler
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OPPLER: 2 Km/H ‘l'Q e R v
PHASE: 2.724 Hz I 7wl
CLEAR CHANNEL TEST DELAY (us) t
20 30 40 50 60 70 80 90 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
0.00 | 0.00 ] 0.00 | 0.00 [ 0.00 ] 0.00 | -3.50| 0.00 |[-2.00|-1.30|-2.00|-2.50| -3.00]-3.00( -3.50 | -4.00 | -4.00
f
Co/No = 10dB TEST DELAY (us) \
" : 10 20 30 40 50 60 70 80 90 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
')( POF 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | -4.50]|-2.00]-5.00| -4.40| -6.50 | -6.00 | -5.60 | -7.50 ] -6.30 | -6.60 | -8.00
1-"-"9—/
1
(
|Co/No = 13dB TEST DELAY (us) :
20 30 40 50 60 70 80 90 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
POF 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -3.40]-1.00|-4.90|-2.30| -3.00 [ -5.60 | -3.50 | -6.20 | -4.80 | -4.80 | -7.50
[
L
[Co/No = 22dB TEST DELAY (us) :,
10 20 30 40 50 60 70 80 90 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
POF 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -1.30 0.00 | -3.70| 0.00 | -4.30|-3.20|-3.70 | -4.00| -3.10| -4.50 | -4.60 | -5.50 -5.50
Notes: The values listed are the delayed or reflected path RF levels in dB relative to the non-delayed path RF level
at a POF level of impairment.
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EIA Digital Audio Radio Test Laboratory

Engineers: RMc/DL
DATE: 5/24/95
TEST N

MULTIPLE SPURIOUS

This test is IBAC specific. In addition to co-channel and adjacent channel separations, Part 73.207 of the
FCC rules also specifies the minimum distance separation requirement for FM stations operating at 10.6MHz
and 10.8MHz (10.7MHz IF) above and below the operating channel. Using the interference caused by two
FM stations operating at the 10.7MHz separation as the reference, Test N will compare the two FM station's
reference with the interference caused by an IBAC and FM station at the same power level.

1) Reference
The following frequencies and procedures will be used to characterize the reference receiver.

RF GEN. 1= 94.1MHz
Rec. Freq. = 99.95MHz
RF GEN. 2= 104.8MHz

RF1 = The RF level required from a single generator to give 30dB S/N ratio at the receiver tuning frequency

RF2 = The RF level required from both interfering generators to give 30dB S/N ratio. (RF Level GEN 1 =RF Level GEN 2)
Result:

IF_REJ.= 20 log RF2/RF1(uV) or RF2 - RF1(dBm)

Subjective EO&C of the test receiver audio quality

2) Test
Using the test receiver, the proponent IBAC system will replace RF GEN. 1 (94.1MHz).
The average power of the IBAC transmitter will be set to the same level as RF GEN. 2.
Any difference in subjective interference will be noted in the EO&C.

wrth presonit edi s & bhed M'nuowﬁ_(’;_.u;l;i(;/d e
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EIA Digital Audio Radio Test Laboratory
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est N | EOQ&C
Multiple Spurious |
Receiver  #3 |
PANASONIC |
RF (dBm) PropJ‘nent Digital Audio Input = Glockenspiel |Proponent Digital Audio Input =0 Without Digital Signal
Analog / Analog Ref.
30dB S/N 94.1MHz RF1| -982 |NA NA The audio is relativly clean sounding with some
30dB S/N  89,25+99.95MHz  RF2| -3895 background hiss typical of a 30dB S/N ratio
IF Reject. D/U| -59.25
30dB S/N  99.95MHz RF1| -96.95
30dB S/N  94.1+104.8MHz RF2| -372
IF Reject. D/U| -59.75
AT&T - IBAC Sounds worse than Analog reference and
Sounds worse than Analog reference W/ worse than when Proponent W/Glockenspiel. NA
30dB S/N  94.1+104.8MHz RF2| -37.2 |occational low level buzzing sound Audio is torn up by a low freqency (approx 100Hz)
IF Reject. D/U| -59.7 sound

(Notes: The Boonton 103D RF generator used for S/N ratio and IF reject. tests
The Boonton 102B RF generator used as second generator in IF reject. tests (analog only)
The "Lower" generator or Proponent at 94.1MHz is not modulated (CW only)
The "Upper" generator is modulated with 1KHz at 30% (22.5KHz)

This test is an IBAC test only. Other data included as additional information only

File Name: N_ATT_AT.XLS Test N results
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Receiver Characterizations



APPENDIX H

Receiver Characterizations
(Consumer Analog)

Enclosure #1
Five Analog FM Receiver Characterization Reports
Enclosure #2
Additional Information of the Five FM Receivers
Enclosure #3

Three Analog AM Receiver Characterization Reports




DAR FM TEST RECEIVER DATA

Receiver Lab #1

Type Auto

Index
Page Description

1 Laboratory FM -> FM D/U Ratios

2 Radio Characterization/Confirmation

3 Signal, Noise, & Separation VS RF Level

4 Graph of Signal & Filtered Noise VS RF Level

5 Graph of Separation VS RF Level

6 Graph of Signal, Noise, Filtered Noise, & Separation VS

RF Level

7 Woodstock Engineering Receiver Test Report

8 Audio VS RF Frequency Test

9 Receiver Upper 1st Adjacent Interference/Noise
10 Receiver Lower 2nd Adjacent Interference/Noise

11 Receiver Upper 2nd Adjacent Interference/Noise




FM -> FM Laboratory Measurements for the Delco Model 16192463

Laboratory Receiver #1

Type: Auto

Measurements were made at a moderate signal level of -62 dBm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with qguasi-peak
detection. For the second adjacent tests, 45 dB S/N was not
attainable on the test bed with this receiver so 47 dB was used.

Test Results:

Co-Channel

Lower First Adjacent
Upper First Adjacent
Lower Second Adjacent

Upper Second Adjacent

D/U
D/U
D/U
D/U

D/U

36.17 dB
4.09 dB
5.41 dB

-24.17 dB

-24.17 dB

Page 1



ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers: RMc/DL

DATE: 2/21/95

PROJ.: RADIO CHARACTERIZATION/CONFIRMATION
* Key point measurements for comparison to Grossjean data
* Additional data with regard to audio performance VS RF level

TEST SET-UP
* Delco Radio Graphic EQ - Flat, Loudness - Off, Fader & Bal.- Centered

* Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source
* Boonton RF Gen used for crosscheck verification

* Delco Dummy Antenna
* Audio Reference Level: OdB = 1 Watt (2Vrms) Load imp. = 4Q
* Audio measurements made with Audio Precision as rms unweighted

FM TESTS ( TEST FQ. 94.1MH2)

S/N RATIO - 1KHZ, 30% MOD

20dB S/N -105 dBm
30dB S/N -102 dBm

50dB S/N -92 dBm

S/N RATIO - 1KHZ, 100% MOD

USABLE 50dB S/N -95dBm  (Boonton Gen.)
USABLE 50dB S/N -96dBm (Test Bed)
MAX 59.7dB -60dBm  (Boonton Gen.)
MAX 59.4dB -62dBm  (Test Bed)
THD - 1KHZ, 100% MOD (-50dBm)

MONO 0.80 % (Boonton Gen.}
MONO 0.65 % (Test Bed)
STEREO 2.04 % (Test Bed)
LIMITING THRESHOLD (Tracability; Grossjean/RF Generator/Test Bed)

--- Boonton RF Generator --- Through Test Bed
98.1MH2Z (Grossjean RF Freq) 94.1MHZ (lab freq.) 94.1MHZ
Audio -1dB -101 dBm -100.4 dBm -101 < LThresh. < -100dBm
HIGH CUT THRESHOLD — olend  chunby ot

Audio: 10KHZ, L+R, 100% Mod, Pilot off
-3dB = -85dBm
Note: Same result with Pilot On

SEPARATION @ -62dBm

Freq. L->R R->L
1KHZ 36dB 32d8 {W/O Pre-Emph)
10KHZ 17dB 17dB (W/O Pre-Emph)

Page 2



SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the measurement channel for Signa!l and Noise data
* Left channel driven {L only} for separation data

* Audio test frequency = 1KHZ
* Note: There were no significant improvements in performance at RF levels above 62dBm

CURVE DATA
SIGNAL, NOISE & SEPARATION VS RF LEVEL
mono {L} . Stereo (L} Separation L->R

RF Level Signal Noise Signal Filt. Noise Noise |RF Level Left Right

dBm dB dB dB dB d8 dBm dB dB
-130 -21.5 -21.6 -21.5 -21.5 -21.5 -130 -21.5 -21.5

-125 -21.5 -21.5 -21.5 -21.6 -21.5 -125( -21.6 -21.5

-120 -19.5 -21.5 -20 -21.5 -21.5 -120} -21.5 -21.5

-116 -15.5 -21.5 -15.5 -21.5 -21.5 -1156 -i18 -19

-110 -8.7 -22.5 -9 -22.5 -22.5 -110 -14 -14.5

-106 -2.9 -30 -3 -30 -30 -105] -8.756 -9.2

-100 -0.52 -40 -0.57 -42 -40 -100 -6.5 -7.3

-96 -0.23 -49 -0.29 -51 -48.4 -95 -5.8 -7.3

-90 -0.21 -67 -0.26 -53 -52 -80 -4.8 -8.4

-85 0 -58 -0.21 -53 -52 -85 -3.6 -10.1
-80 C -58 o -53.5 -52 -80} -1.92 -13.75

-75 O -58 8] -68.5 -b3 -75 -1 -18.5

-70 0 -b8 o] -57 -54 -70 0 -34
-62 Q -6 0 585 | -B4 -62 0 -36,3

57 -57

Page 3




AUDIO LEVEL {dB)

EIA DAR LAB

DELCO AUTO RADIO
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EiA DAR LAB

DELCO AUTO RADIO
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TUNER TEST DATA
Manufacturer:
Model Number:

Sarial Number:

Type

3
FM 30% modulation(98.1MHz)
Uslng IEEE/EIR 101,

GEN RCVR
Dalco

16192463
1000499

car

RCVR

100,450 resistive pad

20 dB S/N 1.4 0.7 uv 8.1 dBf =110.1 dBm
30 dB S/N 1.9 1.0 pv 10.8 dBf -107.4 dBm
50 dB S/N 4.8 2.4 uv 18.8 dBf ~99.4 dBm
Interstation Noise -10.0 dB
Mute start Level vary soft
High cut at 10KHz 3.0 dB at 3.0 uv receiver input
Fo+kIF rejection 32,0 16.0 mV 87.2 dB -22.9 dBm
Image rejection 178.,0 89,0 uv 42.1 dB -68.0 dBm
FM 100% MODULATION MONOQ
Usable Sensitivity 2.0 1.0 uv 11.2 dBf -107.0 dBm
§0dB S/N 3.2 1.6 uv 15.3 dBf -102.9 dBm
Maximum S/N 55.0 dB
THD % 0.6
AM Rejection at 1lmVv 44.8 dB
F¥ 100% MODULATIONSTEREQ
Usable Sensitivity BLEND uv dBf dBm
50dB S/N BLEND uv dBf . dBm
Maximum S/N 65.0 dB must be measured with volume
THD % 1.3 set just below clipping
1KHz sBeparation 31.0 dB will not handle 100% L-R
10KHz aeparation 24.8 dB
Stero Blend action:
Separation at 25uVreceive 14.9 dB 39.2 dBf -79.0 dBm
67KHz SCA Rejection 54.0 dB
§F=5KHz
19 and 38KHzproducts -40.0 dB
FM TWO SIGNAL TESTS(98.1 MHz)
708uV (-50dBm)
Capture Ratlo 7.5 dB
Selectivity@ 200KHz
for 30dB S/N 10.0 dB
for 50d4dB S/N -6.0 dB
Selectivity@ 400KHz
for 30dB S/N >63 dB
for 50dB S/N 48.0 dB
I¥ Rejection 20.0 10,0 mV 91.2 dBf -27.0 dBm
(98.9 and 99.7 )
2MHz IM rejection 100.0 50.0 av 105.2 dBf ~-13.0 dBm
(99.1 and 100.1) ‘
IF mix rejection 50.0 25.0 mv 99.2 dBf ~19.0 dBm
(96.4 and 107.2)
AM 30% MODULATION MONO
DUMMY ANTENNA:
20dB s/N 16.0 16.0 uv ~82,.9 dBm
Max S/N 49.0 dB
THD at max S/N 0.2 %
THD at 80% mod 0.5 %
~3dB Audio Response
600KHz 1680,0 Hz 2140 in AM sterec position
1400KHz 1680.0 Hz
+10KHz Selectivity 30,0 ds limited by local AGC
120KHz Selectivity nm dB
Local AGC action:
level for -3dB 600KHz desired signal reduction
1400KHz 100.0 70.7 mv -10.0 dBm
10MRBz 100.0 70.7 mv =-10.0 dBm
27MHz 100.0 70.7 mv -10.0 dBm
IF mix rejection
(1400 & 945 or 950) >100 o
AM stereoc:
50% modulation
Separation 30.0 dB
max S/N >45.0 dB



DAR Lab
3/15/95

DELAVRF.XLS

DELCO Channel Characteristics

94,1MHZ

Audio VS RF Frequency

Note:

The results here represent a chacteristic receiver input signature based on sweeping the RF signal

through the desired channel
The test signal is modulated with 1khz @ 100%

The measurements are made using 15khz low pass and CCIR filters with quasi-peak detection

RF level is -62dBm

DELCO: AUDIO VS RF FREQUENCY

|

/

I

93.8
o
93.9

o~

o
RF FREQUENCY

o) - o
SO 0 O O GO
o o (9]

RF AUDIO
FREQ. LEVEL o
93,70 13.2
93.72 13.2 10
93.74 13.2 @ 8l
93.76 -13.2 o 5

L .10
93.78 -13.2 2 s
93.80 11,1 a 221
93.82 -1 3z -30
93.84 5.14 38
93.86 5.8 ~
93.88 5.64 @ °
93.90 5.5
93.92 5.52
93.94 5.87
93.96 -0.3
93.98 19.1
94.00 -20.3
94,02 -0.15
94.04 0
94.06 0
94.08 0
94.10 . 0 |Tuning Frequency . ...,
94.12 )
94.14 -0.22
94,16 -0.42
94.18 -20.37
94.20 -20.57
94,22 -18.92
94.24 14.9
94.26 114.06
94.28 -14.97
94.30 4.3
94.32 4.2
94.34 4.35
94,36 3.16
94.38 3.9
94.40 -12.3
94.42 13.1
94.44 13.1
94.46 13.1
94.48 13.1
94.50 13.1
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DAR Lab
Mar 8/95
RMc

Delco Adjacent Channel Characteristics

DELUP1.XLS

Upper first adj. channel 94.3mhz

Note:

* The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.
* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection

* The interfering signal is modulated with clipped pink noise
* SCA's (group B) are employed on both the desired and the undesired signals.

UNDES. RADIO
ATTEN, S/N (dB)

40

39

38

37

36

35

34

33

32

31

30 49.5
29 49.5
28 49.5
27 49.56
26 49.5
25 49.5
24 49.5
23 49.5
22 49.5
21 49.5
20 49.5
19 49.5
18 49.5
17 48.5
16 49.5
15 49
14 48.9
13 48.8
12 45.5
11 33
10 26
9 22
8 20.2
7 19.7
8 19.5
5 19.3
4 19.2
3 19.2
2 19.2
1 19.2
0 19.2

D/U=0dB_

S/N RATIO

DELCO: UPPER 1st ADJ. CHARACTERISTICS

! EREEEE
0 \
I [
o Sl
20 T T
10| R
0 iy P )
O 0 O F N O © O ¥ N O OO T+
M N N NN NN = v e
UNDESIRED ATTENUATOR SETT = 0dB
Page 9




DAR Lab
Mar 8/95

DELCO Adjacent Channel Charactaristics

DELLOW2.XLS

Lower second adj. channel 93.7mhz

Note:

b

The results here represent & chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 16khz low pass and CCIR filters with quasi-peak detection

The interfering signal is modulated with clipped pink noise
SCA's (group B) are employed on both the desired and the undesired signals.

UNDES. RADIO
ATTEN. S/N (dB)

40

39

38

37

36

35

34

33

32

31

30

29

28 47.75
27 47.5
26 47.35
25 47.3
24 47.2
23 47.2
22 47.24
21 46.9
20 46.75
19 46.5
18 46.3
17 46
16 45.8
15 46.2b
14 46.5
13 46.8
12 46.9
11 47
10 47.2
g 47,25
8 47.3
7 47.3
6 47.4
5 47.5
4 47.6
3 47.5
2 47.2
1 46.4
0 44.9

D/U=-20dB

S/N RATIO

DELCO LOWER 2nd ADJ. CHARACTEHESTICS

—
30 i ; i
20 |- .
i
10 F|-1-4-i-1- - T
o v
O ®m LY N QO T NO O T AN
o N CX N N N e Ll
U ﬁwO%SIRED ATTENUATOR SETTING
Page1 O




DAR Lab
Mar 13/85 DELUP2.XLS

Delco Auto Radio Adjacent Channel Charactaristics

Upper second adj. channel 94.8mhz

Note:
The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measuresments are made using a 15khz low pass and CCIR filters with quasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's (group B} are employed on hoth the desired and the undesired signals.

UNDES. | RADIO
ATTEN. | S/N {dB) o .
40 DELCO: UPPER 2nd ADJ. CHARACTERISTICS
35 50 i i i - —_
38 BN EEEENREEE! T I
37 o % REREESS
36 E 30 Mt S S A A AR A R I T A B I S 0t It S Bt s e ;"I' ':;_E'
35 mzo_ . . . ' |!':‘
34 ;,,?': | RER
e 10 || | —!-Tvu:
32 Ts) ‘ *‘
31 C}CD(Dd‘NOCOCOﬂ'N‘C_)CO(O'Q’NO
M N (1 N N N ™~ e =
28 o5 _UNDESIRED ATTENUATOR SETTING
28 47.9
27 47.6
26 47.4 |D/U=-20dB
25 47.3
24 47.3
23 47.1
22 47
21 46.8
20 46.7
19 46.3
18 46.1
17 45.8
16 45.5
15 45,7
14 46.1
13 46.3
12 46.4
11 46.6
10 46.8
9 46.9 :
8 47
7 46.9
6 47
3 47.1
4 47.2
3 47.3
2 47.3
1 46.8 Page 1 1
0 45.8




DAR FM TEST RECEIVER DATA
Receiver Lab #2

Type High End Home Hi-Fi

Index
Page Description

1 Laboratory FM -> FM D/U Ratios

2 Radio Characterization/Confirmation

3 Signal, Noise, & Separation VS RF Level

4 Graph of Signal & Filtered Noise VS RF Level

5 Graph of Separation VS RF Level

6 Graph of Signal, Noise, Filtered Noise, & Separation VS

RF Level

7 Woodstock Engineering Receiver Test Report

8 Audioc VS8 RF Frequency Test (no measurement made)
9 Receiver Upper 1lst Adjacent Interference/Noise
10 Receiver Lower 2nd Adjacent Interference/Noise

11 Receiver Upper 2nd Adjacent Interference/Noise




FM ~-> FM Laboratory Measurements for the Denon Model TU-380 RD

Laboratory Receiver #2
Type: High end home Hi-Fi
Measurements were made at a moderate signal level of -62 dBm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with guasi-peak

detection.

Test Results:

Co-Channel D/U 43.39 dB
Lower First Adjacent p/u 23,6148
Upper First Adjacent D/U 12.46 dB

Lower Second Adjacent D/U -24.67 dB

Upper Second Adjacent D/U -33.18 dB

Page 1




ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers: RMc/DL

DATE! 2/21/95

PROJ.; RADIO CHARACTERIZATION/CONFIRMATION
* Key point measurements for comparison to Grossjean data
* Additional data with regard to audio performance VS AF level

TEST SET-UP
* Receiver: Denon TU-380RD
* Ant. Net:  50/75 ohm resistive pad {-7.8dB insertion loss}
* Audio Ref: 724mVrms
* Receiver in "Auto"” Mode for stereo tests
* Receiver in manual mode for mono tests
* Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source
* Audio measurements made with Audio Precision as rms unweighted

FM TESTS { TEST FQ. 94.1MHZ}

S/N RATIO - 1TKHZ, 100% MOD
MAX 70dB -62dBm  {mono)

THD - 1KHZ, 100% MOD (-50dBm]
MONO 0.17 %
STEREQ 0.24 %

LIMITING THRESHOLD {Audio -1dB)
-106dBm

HIGH CUT THRESHOLD
Audio: 10KHZ, L +R, 100% Mod, Pilot off
NA due to mute

SEPARATION @ -62d8m

Freq. L->R R->L
1KHZ -38dB -37dB {W/O Pre-Emph}
10KHZ -35dB -34dB (W/O Pre-Emphy)

SIGNAL, NOISE & SEPARATION VS RF LEVEL

* 1eft channel used as the measurement channel for Signal and Noise data
* Lefr channel driven (L only} for separation data

* Audio test frequency = 1KHZ
* Receiver in "Manual®™ mode for Mono measurements, "Auto" mode for stereo measurements

* RF levels represent power into the receiver after 50/75 ohm conversion

Page 2




CURVE DATA

SIGNAL, NOISE & SEPARATION VS RF LEVEL

mono {L} Stereo (L) Separation L->R

RF Level Signatl Noise Signal Filt. Noise Noise |RF Level Left Right
dBm dB dB dB dB dB dBm dB dB
-130 -12 12 -73 -73 -73 -130 -73 -73
-125 -12 -12 -73 -73 -73 -125 -73 -73
-120 -12 -12 -73 -73 -73 -120 -73 -73
-116 -g -12 -73 -73 -73 -1186 -73 -73
-110 -3.7 -21 -73 -73 -73 -110 -73 -73
-105 -0.6 -33 -73 -73 -73 -105 -73 -73
-100 -0.05 -44 -73 -73 -73 -100 -73 -73

-95 0 -47 0 -33 -33 -95 0 -28

-90 0 -52 6] -38 -38 -90 0 -33

-85 0 -57 0 -43 -43 -85 0 -36

-80 o -82 C -48 -48 -80 0 -37

-75 0 -66 0 -53 -63 -76 0 -38

-70 0 -68 ] -57 -57 -70 o] -38

-62 ] . =70 0 -62 =82 -62 0 -38

-57 0 -70 O -64 -64 -57 0 -38
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DUMMY ANTERNNA:

20dB S/N 3.0 O v
Max S/N 53.0 dB
THD at max S/N 0.3 %
THD at 80% mod c.8 %
-3dB Audio Response
600KHz2 1945.0 Hz
1400KHz 1945.0 Hz
t10KHz Selectivity 3.0 dB
120KHz Selectivity 52.0 dB

Local AGC action:

~97.4 dBm

level for -3dB 600KHz desired mignal reduction

1400KHz none
10MH=z
27MHz

IF mix rejection

{1400 & 945 or 950) 2.5

1.8

mv

-39.0 dBm

7

RCVR

~106.2 dBm
~103.0 dBm
-85.0 dBm
-93.0 dBm

-88.9 dBm
-§55.0 dBm

=101.0 dBm
-92,2 dBm

-74.9 dBm

~73.0 dBm

-42.1 dBm
-41.0 dBm
-41.0 dBm

GEN RCVR
TUNER TEST DATA
Manufacturer: Denon
Model Number: TU-380RD
Serial Number: {4056301149)
Type: High End Home Hi-Fi
- Usling IEEE/EIA 10fi,10f1,450 matching pad
FM 30% modulation(98.1MHz)
20 dB S§/N 2.2 1.1 pv 12.1 d4Bf
30 dB S/N 3.2 1.6 uv 15,2 dBf
5C dB S§/N 25,2 12.6 uv 33.3 dBf
Interstation Noise -=3,0 dB
Mute start Level 10.0 5.0 uv 25,2 dBf
High cut at 10KHz none
Fo+kIF rejection 16.0 8.0 mvV 77.2 dB
Image rejection 794.0 397.0 uv 51.1 dB
FM 100% MODULATION MONO
Usable Sensitivity 4.0 2.0 uv 17.3 dBf
504B S/N 11.0 5.5 uv 26.1 dBf
Maximum S/N 78.0 dB
THD % 0.2
AM Rejection at 1mV 55.2 dB
FM 100% MODULATION STEREQ
Ugable Sensitlvity mutes
50dB 8/N 80.0  40.0 uv 43.3 dBf
Maximum S/N 66,0 dB
THD % 0.2
1KHz separation 55.0 dB
10KHz separation 37.0 dB
Stero Blend action: none
Separation at 25uV receiver input dB 39.2 dBf
67KHz SCAR Rejection -66.0 dB
SF=5KHzZ
19 and 38KHzproducts ~53.0 dB
FM TWO SIGNARL TESTS(98.1 MHz)
708uV (-50dBm)
Capture Ratio 2.3 dB
Selectivity@ 200KHz
for 30dB S/N 11.0 dB
for 504B S/N 9.5~ dB
Selectivity@ 400KHz
for 30dB S/N 67.0 dB
for 50dB $/N 46,5 = dB
IM Rejection 3.5 1.8 mv 76.1 dBf
{98.9 and 99.7 }
2MHz IM rejection 4,0 2.0 mv 77.3 dBf
{99.1 and 100.1)
IF mix rejection 4.0 2.0 mv 77.3 dBf
(96.4 and 107.2)
AM 30% MODULATION MHMONO
500t generator to AM ANT terminals

.'-‘-\.

g



DAR Lab
Mar 8/95
RMc

DENUP1.XLS

Denon TU-380RD Adjacent Channe! Characteristics

_Upper first adj. channel 94.3mhz

Note:

* The results here represent a chacteristic receiver input signature based on ramping the undesired
signai up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with guasi-peak detection
* The interfering signal is modulated with clipped pink noise

SCA's (group B} are employed on both the desired and the undesired signals.

*

x

UNDES. | RADIO
ATTEN. | S/N (dB) S o o
:g DENON TU-38RD: UPPER 1st ADJ. CHARACTERISTICS
38 20 h‘f“‘*«—-.__m__‘_\ ! |
37 9 Hhh"""-—- i I : S
38 B 30| T
s IESEEE
%) Pl
) 1 o
32 0
31 OOD(OQ'NOCOLO?SSOOCDd'NO
M N NN N &N N - -
30 UNDESIRED ATTENUATOR SETTBOI% —0dB
29 =
28
27
26
25
24 48.6
23 48
22 47.4
21 46.5
20 46
19 45.2
18 44.2
17 43.4
16 42.5
15 41.6
14 40.5
13 39.7
12 38.8
11 37.8
10 36.8
9 35.8
8 34.8
7 33.8
6 32.7 |D/U=0dB
5 32
4 30.9
3
2
1
0




DAR Lab
Mar 8/85 DENLOW2 XLS

Denon Adjacent Channel Characteristics

Lower second adj. channel 93,7mhz

Note:
The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR fiiters with quasi-peak detection
The interfering signal Is modulated with clipped pink noise

SCA's {group B} are employed on both the desired and the undesired signals.

UNDES. | RADIO
ATTEN. | S/N (dB)

49 DENON TU-380RD: LOWER 2nd ADJ. CHARACTERISTICS

& 50 N - IREEERE R R

38 | i | H .
40 N I T N I P\"/ . T T ) ISR

37 Q T L

36 230... - : . i1 T‘I'

35 Z 20 NERR Y

34 3 ek

33 10 | ' { i

32 0

37 OOD(D‘:rNOCOCDd'NEOO(Dd'NO

O N N NN A - - e

gg D/ﬁzqwd%smeo ATTENUATOR SETTING

28 50.5

27 50.5

26 50.5__|D/U=-20dB

25 50

24 49.8

23 49.3

22 47.4

21 41.9

20 38.2

19 37.9

18 41.3

17 435

16 43

15 43

14 42.8

13 42 .

12 4.4

K 40.5

10 39.8

9 38.9

8 38.3

7 37.5

6 36.6

5 36

4 35.2

3

2

1 Page 10

0




DAR Lab

Mar 13/95

DENUP2.XLS

Denon TU-380RD Adjacent Channet Characteristics

Upper second adj. channel 94.5mhz

Note:

* The results here represent a chacteristic receiver input sig'nature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.
* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection

* The interfering signal is modulated with clipped pink noise
* SCA’s [group B} are employed on both the desired and the undesired signais.

UNDES. RADIO
ATTEN. S/N (dB)
40 51.2

39

38

37

36

35

34

33

32

31

30 51.9
29

28 51

27 50.9
26 50.8
25 50.6
24 50.5
23 50.3
22 50

21 49.8
20 49.5
19 49,2
18 48.8
17 48.2
16 47.7
15 47

14 46,3
13 45.2
12 42.5
11 39.4
10 36.6
] 34.8
8 33.7
7 32.9
6 32.6
5 32.4
4 32.5
3 32.8
2 32.8
1 32.9
0 32.9

D/U=-20dB

S/N RATIO

DENON: UPPER 2nd ADJ., CHARACTERISTICS

40

20 ¢-L 4 -l

10

N |

i

l
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H
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_i.._l,

|
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1
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30
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DAR FM TEST RECEIVER DATA
Receiver Lab #3

Type Portable

Index
Page Description

1 Laboratory FM ~> FM D/U Ratios

2 Radic Characterization/Confirmation

3 Signal, Noise, & Separation VS RF Level

4 Graph of Signal & Filtered Noise VS RF Level

5 Graph of Separation VS RF Level

6 Graph of Signal, Noise, Filtered Noise, & Separation VS

RF Level

7 Woodstock Engineering Receiver Test Report

8 Audio VS RF Frequency Test

9 Receiver Upper 1st Adjacent Interference/Noise
10 Receiver Lower 2nd Adjacent Interference/Noise

11 Receiver Upper 2nd Adjacent Interference/Noise




FM -> FM Laboratory Measurements for the Panasonic Model RX-FS430

Laboratory Receiver #3

Type: Portable (Blaster)

Measurements were made at a moderate signal level of -62 dBm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with gquasi-peak

detection,
Test Results:

Co-Channel

Lower First Adjacent
Upper First Adjacent
Lower Second Adjacent

Upper Second Adjacent

D/U
D/U
D/U
D/U

D/U

40.94 dB
27.33 dB
27.19 dB

-22.41 dB

Page 1




ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers:  RMc/DL

DATE: 2/21/95

PROJ.: RADIO CHARACTERIZATION/CONFIRMATION
* Key point measurements for comparison to Grossjean data
* Additional data with regard to audio performance VS RF level

TEST SET-UP
* Receiver: Panasonic Portable stereo

* Ant. Net:  B0O/75 ohm resistive pad {-7.8dB insertion loss)

* Audio Ref: 1.0Vrms

* Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source

* Audic measurements made with Audio Precision as rms unweighted except sterec noise.

FM TESTS ( TEST FQ. 94.TMHZ}

S/N RATIO - 1KHZ, 100% MOD

MAX -61dB -62dBm  {mono}

THD - 1KHZ, 100% MOD {-50dBm)

MONO 0.54 %

STERED 1.10 % (Increase due to pilot content)

LIMITING THRESHOLD {Audio -1dB]
-96dBm

HIGH CUT THRESHOLD
Audio: 1T0KHZ, L+R, 100% Mod, Pilot off

NA

SEPARATION @ -62dBm

Freq. L->R R->L
TKHZ 30.8dB 29dB (W/O Pre-Emph)
10KHZ 25dB 24dB {W/O Prae-Emph)

SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the measurement channe! for Signal and Noise data
* Left channel driven (L only} for separation data

* Audio test frequency = 1KHZ
* RF levels represent power into the receiver after 560/756 ohm conversion

Page 2




CURVE DATA

SIGNAL, NOISE & SEPARATION VS RF LEVEL

mono (L) Stereo (L) Separation L->R
RF Level Signal Noise Signal Filt. Noise Noise |RF Level Left Right
dBm dB dB dB dB dB dBm dB dB
-130 -27.8 -27.8 -28 -27 -28 -130] -27.5 -27.5
-125 -27.7 -27.8 -28 -27 -28 -125] -27.5 -27.5
-120 -27.3 -27.9 -28 -27 -28 -120] -27.5 -27.5
-115 -24.6 -28.2 -25.4 -25 -29 -115f -26.2 -26.7
-110 -18 -29 -18.4 -24 -28.7 -110]  -21.5 =22
-105 -9.8 -31.5 -10.2 -21.5 -32 -1051 -14.1 -14.8
-100 -3.46 -37 -3.8 -22 -28 -100 -3.2 -22
-95 -0.6 -46.5 -0.6 -29.6 -32.3 -95 -0.5 -26.3
-90 O -55.4 0 -34.4 -36 -90 0 -28.3
-85 0 -61 o -39.6 -38.6 -85 o -29.4
-80 0 -64.5 0 -46 -40 -80] O -30
-75 C -66 0 -51 -40.5 -75 0 -30.8
-70 ] -66 0 -65.7 -40.7 -70 O -30.7
-62 0 -66 0 -61 -40.7 -62 0 -30.8
-57 -567

Page 3




AUDIO LEVEL {dB)

EIA DAR LAB

PANASONIC RX-FS430
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AUDIO LEVEL {dB)
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GEN RCVR
FM TUNER TEST DATA
Manufacturer: Panasonic
Model Number: RX~F5430
Serial Number: GR3JAD1184
Typet: Personal Portable

RCVR

using IEEE/IHF 100,100,45Q resistive pad

’ axternal antenna disconnected
FM 30% modulation{98.1MHz)

20 dB S/N 4.3  2.15 wv 17.9 dBf
30 dB S/N 6.8 3.4 uv 21.9 dBf
50 dB §/N . 80 40 uv 43.3 dBf
Interstation Noise =15 dB
Mute start Level uv dBf
High cut at 10KHz dB at HV
Fo+&IF rejection 8 4 mv 65.4 dB
Image rejection 36 8 uv 18.5 dB
FM 100% MODULATION MONC
Usable Senditivity 6 3 pv 20,8 dBf
50dB S/N 14 7 uv 28.1 dBf
Maximum S/N 61 dB
THD % 0.34
A¥ Rejection at 1lmV 48 dB
FM 100% MODULATION STEREO
Usable Sensitivity 9 4.5 uv 24,3 dBf
50dB S8/N 100 50 uv 45,2 dBf
Maximum S/N 60 dB
THD % 0.35
1KHz separation 35 dB
10KHz separation 38.5 dB
Stero Blend action: none
Separation at 50uV dB 39.0 dBf
67KHz SCA Rejection 54 dB
&F=5KHz
19 and 38KHzproducts —~40 dB
FH TWO SIGNAL TESTS(98.1 MHz)
708uv {-50dBm}
Capture Ratico 1.4 dB
Selectivity@ 200KHz
for 30d8 S/N 5.5 dB
for 50dB S/N 2 dB
selectivity@ 400KHz
for 30d4B S/N 29 dB
for 50dB S§/N 23.5 dB
IM Rejection 4 2 Vv 77.3 dBf
{(98.9 and 99.7 )
2MHz IM rejection 4 2 mv 77.3 dBf
(99.1 and 100.1)
IF mix rejection 4 2 mv 77.3 dBf
(96.4 and 107.2)
AM 30% MODULATION MONO
DUMMY ANTENNA: 500 gem to 5.6uH in series with
20dB Ss/N 16 16 uv -82.9 4Bm
Max S/N 51 dB
THD at max S/N 0.7 %
THD at 80% mod 1.1 %
~-3dB Audio Response %
600KHzZ 1570
1400KH=z 1680 Hz
110KHz Selectivity 14 dB
t20KHz Selectivity 28.5 dB
Local AGC action: uv dBm
level for -3dB 600KHz desired signal reduction
I400KHz mv dBm
10MHz 141 141 mv -4.0 dBm
27MHz mv dBm
IF mix rejection
mv dBm

{1400 & 945 or 950) NM
local AGC prevente measurement

7

-100.3 dBm
-96.4 dBm
-74.9 &Bm

dBm

~97.4 dBm
~90.1 dBm

~93.9 dBm
~73.0 dBm

-81.0 dBm

-41.0 dBm
-41.0 dBm
-41.0 dBm

ferrite antenna




DAR Lab
Mar 15/95 PANAVRF.XLS

Panasonic Channel Characteristics 94, 1MHZ

Audic VS RF Frequency

Note:

The results here represent a chacteristic receiver input signature based on sweeping the RF signal
through the desired channel

The test signal is modulated with Tkhz @ 100%

The measurements are made using 15khz low pass and CCIR filters with quasi-peak detection

RF level is -62dBm
Manual tuned radio - tuned for lowest distortion for center tuning

RF AUDIO
FREQ. LEVEL e
93.70 -3.6 PANASONIC: AUDIO VS RF FREQUENCY
93.72 0.12 10 o
93.74 2.31 d o ~ UL ananl P
93.76 3.36 & 10 [LLELE L] T s
93.78 3.72 S Pitin
93.80 3.65 5 20 ERRE
93.82 3.15 = -30 BN
93.84 2.03 -40 Pt
93.86 -0.14 ~ ® o Q - o ] < 0
93.88 | -3.67 $° 8° g° 3$° $° ¥° 3° 3° §°
93.90 -2.66 RF FREQUENCY
93.92 1,77
93.94 -1.22
93.96 -0.83 o o
23-32 ’322 l o PANASONIC: AUDIO VS RF FREQUENCY
4, -0. - Vo
94.02 017 Z o /L-'“L\ s g ’ AT
94.04 -0.03 & .10 i T ( SR
94.06 0.05 2 T lii L
94.08 0.07 g 20 AR
94.10 0 |Tuning 2 -30 IR
94.12 20.09 40 e
94.14 | -0.29 N o® oo 9 - N0 Y @
94.16 | 054 5°9°8°3°3°3°38°8°4° &
94.18 -0.85 RF FREQUENCY ’

94,20 -1.21
94.22 -1.63
94.24 212
94.26 -2.69
94.28 -3.34
94,30 -4.09
94.32 -4,95
94.34 '5.94
94.36 -7.18
94.38 -8.82
94,40 -9.56
94.42 -1.51
94.44 3.06
94.46 5.32
94.48 6.36 Page 8
94,50 6.89




DAR Lab
Mar 8/95 PANUP1.XLS

RMe
Panasonic Adjacent Channel Characteristics (

Upper first adj. channel 94.3mhz

Note:
* The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.
* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
* The interfering signal is modulated with clipped pink noise
* SCA's (group B) are employed on both the desired and the undesired signais.

UNDES. RADIO
ATTEN. S/N (dB}

40 PANASONIC: UPPER 1st ADJ. CHARACTERISTICS
39 48-2 50 - 1T - N = [ [~ I' 'I"' i' " _
38 47.8 s EERE

40 -“'-_--....,____'_.__.. . e R
36 46.7 30 T RRRERRE
35 46 ; 20 L
34 45.6 S REN
33 44.8 10 EEREE
32 23.9 _ 0 L
31 43.3 | gRrLEIJLeeryerewrae
30 42.3 UNDESIRED ATTENUATOR SETTISB _ o
29 1.4 | = |
28 405 (
27 39.6
26 38.7
25 37.8 PANASONIC UPPER 1st ADJACENT CHARACTERISTICS
24 36.7 T ! R
23 35.8 10 T N ;!IEi.i.I'.l.
22 34.9 e PO i F
21 33.9 £ 30 % ™~ HIIEH ........

[« 4 i ! i by P

19 32 “}3 | e
18 31 10 ] ' HH,‘!{,'
17 30 0 L | i
16 O M~ % = @ o N o © ®m 0O i~ % =
15 G M M M N N N = — — A
= UNDESIRED ATTENUATOR SETTING ' _ o o
= _ R

D/U=0dB
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DAR Lab
Mar 8/95

Panasonic Adjacent Channel Characteristics

PANLOW2.XLS

Lower second adj. channel 93.7mhz

Note:

signal up in 1dB increments and recording the signal to noise ratio.
The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection

The interfering signal is modulated with clipped pink noise

SCA's {(group B} are employed on both the desired and the undesired signals.

UNDES. RADIO
ATTEN. S/N {dB)

40

38

38

37

36

35

34

33

32

31

30

29

28

27

26

25 48.3

24 47.3

23 46.2

22 44.6

21 40.6

20 36.5

19 33.2

18 31.4

17 30.8

16 30.8

15 30.6

14 29.2

13 27.5
25.8

ool ol ST

D/U=-20dB

S/N RATIO

The results here represent a chacteristic receiver input signature based on ramping the undesired

o PANASONIC: LOWER 2nd ADJ. CHARACTERISTICS

apN P ;
40 "N RN
N Pl
20 TN I
Py
20 - 4 i :
P
10 H-F - SR .
0 . i
O ® O T N O @ O < N O W @ <+ N O
o W CX NN N e = = =
o/u =-HPG%§IRED ATTENUATOR SETTING
Page 14
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DAR Lab
Mar 13/9b

PANUP2.XLS

Panasonic Portable Radio Adjacent Channel Characteristics

Upper second adj. channel 94.5mhz

Note:

The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's {group B} are employed on both the desired and the undesired signals.

UNDES. RADIO
ATTEN. SIN (dB)
40 47.9
39 49,7
38 49.5
37 48.7
36 48.8
35 47.5
34 48
33 47.5
32 46.8
31 46.1
30 45.6
29 45
28 44.1
27 43.3
26 42.5
2b 41.4
24 40.6
23 39.8
22 38.8
21 38
20 37
19 36.1
18 35
17 34
16 33
15 32
14 31
13 30
12 28
11 28
10 27
9 26
8 25
7 24
6 23
5 22
4 21
3 20
2 19
1 15
0 b

D/y=0dB

S/N RATIO

40
30
20

10 |

o PANASONIC: UPPER 2nd ADJ. CHARACTERISTICS

| L BEE
Pt [ |
o . - [

N R e

N
RN

0
o @
™

¢ N 0O ©® © ¥ N O © O T ~NO
N NN - - -

©

o~

A :

O/U =l(SIHBESIRED ATTENUATOR SETTING

™
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DAR FM TEST RECEIVER DATA
Receiver Lab #4

Type Home Hi-Fi

Index
Page Description

1 Laboratory FM -> FM D/U Ratios

2 Radio Characterization/Confirmation

3 Signal, Noise, & Separation VS RF Level

4 Graph of Signal & Filtered Noise VS RF Level

5 Graph of Separation VS RF Level

6 Graph of Signal, Noise, Filtered Noise, & Separation VS

RF Level

7 Woodstock Engineering Receiver Test Report

8 Audio VS RF Fregquency Test

9 Receiver Upper 1st Adjacent Interference/Noise
10 Receiver Lower 2nd Adjacent Interference/Noise

11 Receiver Upper 2nd Adjagent Interference/Noise




FM -> FM Laboratory Measurements for the Pioneer Model SX-201

Laboratory Receiver #4
Type: Home Hi-Fi
Measurements were made at a moderate signal level of -62 dBm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with gquasi-peak

detection.

Test Results:

Co-Channel D/U 44.18 @B
Lower First Adjacent D/U 31.87 dB
Upper First Adjacent D/U 21.22 dB

Lower Second Adjacent D/U -15.16 4B

Upper Second Adjacent D/U ~-14.92 dB

Page 1



ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers: RMc/DL

" DATE: 2/21/856

PROJ.: RADIO CHARACTERIZATION/CONFIRMATION
* Key point measurements for comparison to Grossjean data
* Additional ddta with regard to audio performance V5 RF level

TEST SET-UP
* Receiver: Pioneer SX-201

* Ant. Net:  50/75 ohm resistive pad {-7.8dB insertion loss)

* Audio Ref: 580mV

* Receiver in "Manual Tuning” Mode for all measurements

* Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source

* Audio measurements made with Audio Precision as rms unweighted

FMi TESTS { TEST FQ. 94.1TMHZ}

S/N RATIO - 1KHZ, 100% MOD

MAX -65dB -62dBm  (mono)

THD - 1KHZ, 100% MOD ({-50dBm)

MONO 0.64 %

STEREO 1.37 % {Increase due to pilot content)

LIMITING THRESHOLD (Audio -1dB)
-108dBm

HIGH CUT THRESHOLD
Audio; J0KHZ, L+R, 100% Mod, Pilot off

NA

SEPARATION @ -62dBm

Freq. L->R R->L
1KHZ -33.4dB -34.5dB  (W/O Pre-Emph)
1OKHZ -23dB -24.4dB  {W/O Pre-Emph)

SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the rmeasurement channel for Signal and Noise data
* Left channel driven (L only) for separation data )

* Audio test frequency = 1KHZ

* Receiver in "Manual Tuning" Mode for ali measurements

* RF levels represent power into the receiver after 50/75 ohm conversion

* Filt. Noise figures represent noise measurements made with a 15khz low pass filter to reject the pitot
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CURVE DATA
SIGNAL, NOISE & SEPARATION VS RF LEVEL
mono {L} Stereo (L) Separation L->R

RF Leve! Signal Noise Signal Filt. Noise Noise [RF Level Left Right
dBm dB dB dB dB dB dBm dB dB
-130 -14.3 -14.3 -14.8 -14.5 -14.8 -130 -15 -15

-125 -14.3 -14.3 -14.8 -14.5 -14.8 -1256 -15 -15

-120 -12.8 -15.3 -13 -14.7 -18 -120 -15 -14

-115 -7.8 -17.5 -8.3 -16.5 -17 -115] -13.5 -8.7

-110 -2.2 -25 -2.5 -22.5 -24 -110 -8.6 -8

-105 -0.2 -46 -0.23 -43.5 -40 -105 -6 -6

-100 O -53 9] -562.6 -41.5 -100 -6 -6

-85 0 -58 0 -57.9 -42 -95 -6 -6

-90 0 -62.3 0 -62.3 -42 -90 -6 -6
-85 0 -65 0 -45 -39 -85 0 -33.1
-80 0 -67 0 -60 -358.8 -80 0 -33.4
-75 0 -67 0 -54.8 -40 -7b 0 -33.4
-70 0 -68 0 -59.3 -40 -70 0 -33.4
-62 0 -68 -0 -64.5 -40Q -62 0 -33.4

-57 -57

Eagu
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AUDIO LEVEL {dB)

ElA DAR LAB

S1G.. NOISE, FILT. NOISE & SEPARATION VS RF LEVEL
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GEN
FM TUNER TEST DATA
Manufacturer: Pioneer
Model Number: §X-201

RCVR
300n

Serial Number: OR3965843C

Typa: Home Hi-Fi

RCVR

using IEEE/IHF 109,100,450 reslstive pad

and balun transformer

FM 30% modulation{98.dBm levels are 3000 balanced output level

20 4B S/N 3 3 uv 14.8 d4Bf
30 dB S/N 4.4 4.4 uv 18.1 dBf
50 dB S/N _ 7 7 uv 22,1 dBf
Interstation Nolse -2 dB
Hute start Leveal HV dBf
High cut at 10KHz 0 dB at uv
Fo+&IF regection 5 5 mV 64.4 dB
Image rejection 224 224 uv 37.5 dB
FM 100% MODULATION MONO
Usable Senditivity 4.4 2.2 uwv 18.1 dBf
50dB S/N . 14 7 uv 28.1 dBf
Haximum S/N 75 dB
THD % 0.33
AM Rejection at lmV 56 dB
FM 100% MODULATION STEREO
Usable Sensitivity switches to mono dBf
50dB §/N 7 35 wv 42.1 dsf
Maximum S/N 68 dB
THD % 0.8
1KHz separation 39 dB
10KHz separation dB
Stero Blend action:
separation at 50uVrec 37 dB 39.2 dBf
67KHz SCA Rejection 65 dB
SF=5KHz
19 and 38KHzproducts =21 dB
FM TWO SIGNAL TESTS(98.1 MHz)
Capture Ratio 1.% dB
Selectivity@ 200KHz
for 30dB 8/N 6 dB
for 50dB S/N 2.5 dB
Selectivity@ 400KHz
for 30dB S/N 51 dB
for 50dB S/N 46.5 dB
IM Rejectlion .3 3 mv 74.8 dBf
{(98.9 and 99.7 )
2MHz IM rejection 8 mv 83,3 daf
{(96.4 and 100.1)
iIF mix rejection 1.4 1.4 mV 68.1 dBEL
(96.4 and 107.1)
AM 30% MODULATION MONO
DUMMY ANTENNA: 50N %enerator replacing loop
20dB S/N 5 15 uv ~83.5 dBm
Max S/N 51 dB
THD at max S/N 0.1 %
THD at 80% mod 0.5 %
-3dB Audio Response %
600KHz 1484
1400KHz . 1484 Hz
$10KHz Selectivity 26 dB
120KHz Selectivity 38 dB
Local AGC action: uv dBm
level for -3dB 600KHz desired signal reduction
1400KHz
10MHz mv dBm
27MHz mv dBm
IF mix rejection
(1400 & 945 or 950} 10 10 mVv -26.98 dBm

-97.4 dBm
-94.1 dBm
~-90.1 dBm

diEm

-100.1 dBm
-90.1 dBm

dBm
-76.1 dBm

-73 . 0 dBm

~37.4 dBm
-28.9 dBm
-44.1 dBm




DAR Lab

Mac8rgs /il /575~

Pioneer Channel Characteristics

PIONAVRF.XLS

94.1MH

Z

Audio VS RF Frequency

Note:

* The results here represent a chacteristic receiver input signature based on sweeping the RF signal

through the desired channel
* The test signal is modulated with 1khz @ 100%
* The measurements are made using 15khz low pass and CCIR filters with quasi-peak detection

* RF level is -62dBm

RF AUDIO
FREQ. LEVEL
93.70 2.75
93.72 9
93.74 10.4
93.76 10.66
93.78 10.63
93.80 10.4
93.82 9.88
93.84 8.52
93.86 4,12
93.88 1.76
93.90 -1.62
93.92 -1.52
93.94 -1.3
83.96 -1.05
93.98 -0.81
94.00 0.6
94.02 -0.41
94.04 -0.26
94.06 0
94.08 0
84.10 0
94.12 )
94.14 0
94.16 -0.13
94.18 -0.24
94.20 -0.39
94.22 0.57
94.24 ~0.78
94,26 1.07
94.28 1.43
94.30 -1,88
94.32 2.5
94.34 1.64
94.36 5.32
94.38 7
94.40 7.7
94.42 8
94.44 7.9
94.46 7.5
94.48 6.2
94.50 4

AUDIO LEVEL

Tuning Frequency

PIONEER: AUDIO VS RF FREQUENCY
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DAR Lab
Mar 8/95
RMc

PIONUP1.XLS

Pioneer Adjacent Channel Characteristics

Note:

Upper first adj. channel 94.3mhz

I

T

The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.
* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection

The interfering signal is medulated with clipped pink noise
SCA's {group B} are empioyed on both the desired and the undesired signals.

i

I i
f

PIONEER SX-201: UPPER 1st ADJ. CHARACTERISTICS

I.
;|'

UNDES. RADIO
ATTEN. S/N (dB)

40

39 0O

38 40 L:.—%-A-T".":“-::.
37 =

36 E 30

: ol

(1]

33 10

32 0

31 Q 0 W <

M N NN N

30 46.6

29 45.8

28 45.3

27 44.6

26 43.7

25 43

24 42

23 41

22 40.2

21 39.3

20 38.3

19 37.3

18 36,3

17 36.4

16 34.5

15 33,5

14 325

13 31.3

12 30.4

11 29.4

10 28.4

9 27.3

8 26.3

7 25.3

5 24 |D/U=0dB .

5 23.2

4 22.1

3 21

2 19.9

1 18.6 Page 9
0 17.4

—

— =

UNDESIRED ATTENUATOR SETT

W W <+ N O W W < N O




DAR Lab
Mar 8/95

Pioneer 5X201 Adjacent Channal Characteristics

PIONLOW2 . XLS

Lower second adj. channel 93.7mhz

Note:

The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's (group B) are employed on both the desired and the undesired signals.

D{U=-20dB

UNDES. RADIO
ATTEN. S/N {dB)
40
38
38
37
36
35 49.9
34 49.2
33 48.5
32 47.8
31 47
30 48.2
29 45
28 44.3
27 43.3
26 42.3
25 41.5
24 40.4
23 39.4
22 38.5
21 37.5
20 36.6
19 35.3
18 34.5
17 33.4
16 32.3
15 31.4
14 30.2
29.3
27.9

Of={Mle Y EUICY Y Y
Hlojoiolol3|25a

S/N RATIO

PIONEER $X207: LOWER 2nd ADJ. CHARACTERISTICS

30
20
10

0 0] | |

40 |-

i
|
f
|

- -

!
|

30°

W W F N QO < NDO W w T N O
D U EBDGFBS'RED ATTENUATOR SETTING
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DAR Lab
Mar 13/95

PIONUPZ.XLS

PIONEER $X-20* Adjacent Channel Characteristics

Upper second adj. channel 94.5mhz

Note:

The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 156khz low pass and CCIR filters with quasi-peak detection

The interfering signal is modulated with clipped pink noise
SCA's [group B) are employed on both the desired and the undesired signals.

UNDES, RADIO
ATTEN. S/N (dB)

40

39

38

37

36

35 47.5
34 46.9
33 46.1
32 45.3
31 44.6
30 44
29 43
28 42
27 41
26 40.1.
25 39.3
24 38.2
23 37.5
22 36.3
21 3b.4
20 34.3
19 33.3
18 32.3
17 31.1
16 30
15 29
14 28
13 26.8
12 25.5
11 24.3
10 23.3
9 22.2
8 20.9
7 20.2
B 19.3
5 18.6
4 17.8
3 17.3
2 16.3
1 15.6
0 4.6

D/U=-20dB

S/N RATIO

PIONEER UPPER 2nd ADJ. CHARACTERISTICS
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10
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DAR FM TEST RECEIVER DATA

Receiver Lab #5

Type Auto
Index
Page Description
1 Laboratory FM -> FM D/U Ratios
2 Radio Characterization/Confirmation
3 Signal, Noise, & Separation VS RF Level
4 Graph of Signal & Filtered Noise VS RF Level
5 Graph of Separation VS RF Level
6 Graph of Signal, Noise, Filtered Noise, & Separation VS
RF Level
7 Woodstock Engineering Receiver Test Report
8 Audio VS RF Frequency Test
9 Receiver Upper 1st Adjacent Interference/Noise
10 Receiver Lower 2nd Adjacent Interference/Noise (no
measurements made)
11 Receiver Upper 2nd Adjacent Interference/Noise (no

measurements made)




FM -> FM Laboratory Measurements for the Ford Model F4XF-19B132-

CB

Laboratory Receiver #5

Type: Auto

Measurements were made at a moderate signal level of -62 dBm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with quasi-peak
detection. For the second adjacent tests 45 dB S$/N was not
attainable on the test bed and 48 dB was used.

Test Results:

Co-Channel

Lower First Adjacent
Upper First Adjacent
Lower Second Adjacent

Upper Second Adjacent

D/U
D/U
D/U
D/U

D/U

35.22 dB
-6.18 dB
-6.12 dB
-44.43 dB

-46.18 dB

Page 1
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ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers: RMe/DL
DATE: 2/21/95
PROJ.: RADIO CHARACTERIZATION/CONFIRMATION
* Key point measurements for comparison to Grossjean data
* Additional data with regard to audio performance VS RF level
* Unweighted rms noise measurements
TEST SET-UP
* Heceiver:  Ford Auto Radio
* Ant. Net:  50/75 (auto radio version}
* Audio Ref: 2.0Vrms into 4 chms
* Test Bed, W/Orban Sterec Gen & Harris Exciter as Signal Source
* Audio measurements made as rms unweighted for singal tone tests
* Two tone tests [adjacent channel) made according to NAB Technical Report of 8/30/83
FM TESTS { TEST FQ, 94.1MHZ)
SIN RATIO - 1KHZ, 30% MOD
20dB S/N dBm
30dB S/N dBm
50dB S/N dBm

SIN RATIO - 1KHZ, 100% MOD

USABLE 50dB S/N -97dBm
MAX 66dB -62dBm
THD - 1KHZ, 100% MOD ({-50dBm)
MONO 0.80 %
STEREO 0.90 %

LIMITING THRESHOLD {Audio - 1dB)}

-97dBm

HIGH CUT THRESHOLD

Audio: 10KHZ, L +R, 100% Mod, Pilot off
-3dB = -85dBm

Note:

Same result with Pilot On

SEPARATION @ -62dBm

Freq. L->R R->L
1KHZ {(W/O Pre-Emph}
10KHZ {W/O Pre-Emph)

' SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the measurement channel for Signal and Noise data
* Left channel driven (L only) for separation data




* Audio test frequency = 1KHZ

* RF tevels represent power into the dummy antenna

SIGNAL, NOISE & SEPARATION VS RF LEVEL

mono {L) Stereo {L} Separation L->R
RF Level Signal Noise Signal Fift. Noise Noise RF Level Left Right
dBm aB dB dB8 daB dB dBm dB dB
-130 -33 -33 -33 -33 -33 -130 -32 -32
-125 -33 -33 -33 -33 -33 -125 -32 -32
-120 -32.6 -33 -33 -33 -33 -120 -32 -32
-1156 -31 -33.5 -31 -33.5 -33 -115 -32 -32
-110 -26 -34.5 -24.5 -34.5 -36 -110 -28 -28
-106 -18 -38 -16.3 -38 -38 -105 -22 -22
-100 -8.3 -44 -5.8 -43 -42.5 -100 -10.7 -10
-95 -2 -564 -0.51 -563.5 -60.3 -96 -7.27 -7.4
-90 -1.34 -58 -0.24 -57 -53.8 -90] -6.73 -6.8
-85 -0.94 -61 -0.52 -61.1 -58.5 -85 -6.3 -6.6
-80 -0.62 -64 0 -63.5 -68.2 -80 -6 -6.4
-78 -0.36 -65,5 0 -64.3 -68.7 -758 -5.5 -6.5
-70 -0.17 -66.5 0 -64.6 -68.8 -70 -4.9 -6.8
-62 o -67 0 -64.,2 -586 -62f -3.28 -8
-55 -55 -1.35 -10
-60 -50 -0.44 -14
-45 -45 0 -25b




AUDIO LEVEL (dB)
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FORD AUTO RADIO
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GEN RCVR

FM TUNER TEST DATA
Manufacturer: Ford
Hodal Number:

Serial Number:

F4XF-19B132-CB
9411

RCVR

Using IEEE/EIA 100,100,450 resistive pad

FH 100% MODULATION STEREOQ
Usable Sensitivity BLEND

50dB S/N BLEND
Maximum S/N 61
THD % 0.6

1KHz separation 35.5

10KHz separation 30

Type! Car Radio
‘FM 30% modulation(98.1MHz)
20 dB S/N 1,5 ©0.75
30 dB S/N 2.2 1.1
50 dB S/N 13 6.5
Interstation Noise . =23
Mute start Level 2.2 i.1
High cut at 10KHz 3
Fo+4IF rejection 56.2 28.1
Image rejection 447 223.5
FM 100% MODULATION MONO
Usable Sensitivity 3.98 1.99
50dB S/N 2.8 1.4
Maximum S/N 68
THD % 0.7
AM Rejection at 1lmv 57

HV
v
dB

dB
dB

8.7 dBf ~109.,5 dBm
12.1 dBf ~106.2 dBm
27.5 dBf -90.7 dBm
12.1 dBf -106,2 dBm
at 6.3 uv recelver input
91.5 dB -18.0
49.5 dB -60.0
17.2 dBf -101.0 dBm
14.2 dpf -104.1 dBm

Stero Blend action: Blend starts at 1lmV receiver input level
dB -73.0 dBm

Separation at 50uVrec 2.5

67KHz SCA Rejection 61
6F=5KHz
19 and 38KHzproducts -54

F¥ TWO SIGNAL TESTS(98.1 MHz)
708uV (-50dBm)

Capture Ratio 2.5
Selectivity@ 200KHz
for 30d4B S/N 20.9
for 50dB S/N 18.8~
Selectivity@ 400KHz
for 30dB S/N 70
for S04B S/N 37.2 »
IM Rejection 10
{98.9 and 99.7 )
2MHz IM rejection 12
(99.1 and 100.1)
IF mix rejection 12

(96.4 and 107.2)
AM 30% MODULATION MONO

DUMMY ANTENNA: 15/60pF
20dB S/N 20
Max S/N 50
THD at max S/N 0.4
THD at B0% mod 0.5
-3dB Audio Reaponse
600KHz 2333
1400KHzZ 2333
t10KHz Selectivity 64

120KHz Selectivity NH
Local AGC action:

level for -3dB 600KHz signal S/N reduction

20

dB
dB

dB

dB
dB

dB
dB
my
mv

v

Hz
dB

45.2 dBf

85.2 dBf -33.0 dBm

86.8 dBf -31.4 dBm

86.8 dBf ~31.4 dBm
=-81.0 dBm

local AGC prevents measurement

1400KHz 20 14.14 nv -21.0 dBm
10MHz 20 14,14 nVv ~21.0 dBm
27MHz 20 14.14 mv ~-21.0 dBm

IF mix rejection
(1400 & 945 or 950) NM

local AGC prevents measurement

7

.




* The results here represent a chacteristic receiver input signature based on sweeping the RF signal

*

*

*

DAR Lab

Maw

/S YT

Ford Channel Characteristics

FRDAVRF.XLS

94.1MHZ

Audio VS RF Frequency

Note:

through the desired channel
The test signal is modulated with 1khz @ 100%
The measurements are made using 15khz low pass and CCIR filters with guasi-peak detection

RF level is -62dBm

RF AUDIO
FREQ. LEVEL
93.70 .26.5
93.72 -26.5
93.74 -26.5
93.76 -26.5
93.78 ~26.5
93.80 -26.5
93.82 -26.5
93.84 -26.2
93.86 16.4
93.88 1.75
93.90 1.7
93.92 2.31
93.94 2.26
93.96 2.07
33.98 1.42
94.00 -0.15
94.02 1.31
94.04 -0.44
94.06 0.12
94.08 )
94.10 )
94.12 0
94.14 -0.33
94.16 0.8
94.18 .64
94.20 0.51
94.22 2.08
94.24 2.63
94.26 2.85
94.28 2.91
94.30 2.35
94.32 0.2
94.34 114,84
94.36 26.4
94.38 -26.5
94.40 28.5
94.42 -26.5
94.44 .26.5
94.46 -26.5
94.48 -26.5
94.50 -26.5

AUDIO LEVEL

Tuning Frequency

-—

1

Bdotorarg e,

93.7

FORD: AUDIO VS RF FREQUENCY

ONOMONIOMONGD

: JEAEERY e
/ Hi
A BT I .i;,.
. I AsEanas
B I 5 0 O D i
@ 0 Q - o o < w
O MO MmO 0 90 QC GO O g0
o o ) ) o o ) )
RF FREQUENCY
Page §




Additional Compatibility Receiver Data




DAR Lab
17-May-85 ANTDUM1.XL5

Ric
Antenna Dummy Characteristics

Delco/JFW Antenna Dummy Network

FM

Input impedance: 50 ochms
Ouptut Impedance: 50 ohms
Insersion [oss: 6dB

Delco Radio

FM
Input Impedance: 50 ohms nominal

AM
Input impedance: Capacitive - impedance varies with frequency

Ford Antenna Dummy Network

FM

lnput impedance: 50 ohms
Qutput impedance: 75 chms
lnsersion ioss: 4.88dB

Ford Radio

Fv
input Impedance: 100 chms nominal

AM
Input Impedance: Capacitive - impedance varies with frequency
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EIA Digital Audio Radio Test Laboratory

Engineers: RMc/DL
Date: 6/12/95
Print Date; 8/7/95

PROJECT: RECEIVER CHARACTERIZATION

Radio Mfg.: PANASONIC
Model No.: RX-FS430
Serial No.: GR3J01184

Index
Page Description
! Cover
2&3 AM data regarding test set up and measurements including; Distortion, selectivity and signal & noise levels
at various RF levels ranging from -45dBm to -130dBm
4 Plot of signal and noise VS RF level
Notes:

All measurements made as RMS, unweighted.

RF levels represent power at the receiver

Tone control set full clockwise for minimum high cut
Output set to standard output level of 1V rms

*

* ¥

File Name; PANAM.XLS Cover Page 1 of 4




EIA Digital Audio Radio Test Laboratory

Engineers: RMc/DL
Date: 6/12/95
Print Date: 8/7/95

PROJECT: RECEIVER CHARACTERIZATION

Radio Mfg.: Panasonic
Model No.: 16192463
Serial No.: 1000499

AMTESTS  (TEST FREQ. 1660KHz)

T SET-UP
Ant. Network: None (radio modified for 50 ohm input)
Audio Ref.: 1.0Vrms (0dB)

Rec. set up: Tore control maximum clockwise

Test Bed: Test Bed: Boonton RF generator used as signal source
2 & 3 Audio measurements made with Audio Precision as rms unweighted

THD - 400HZ, 80% MOD (-47dBm)

4 1.20 %
STEREO %
5
Selectivity (RF level = -95dBm)
+ 10KHz= 17dB . +20KHz = 304B
- 10KHz= 14dB -20KHz= 27dB
Average = 15.5dB Average = 28.5dB

File Name: PANAM.XLS AM_DATA

sy

Page 2 of 4
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EIA Digital Audio Radio Test Laboratory

AUDIO VS RF LEVEL, MEASUREMENTS

* Left channel used as the measurement channel for Signal and Noise data
* Audio test frequency = 400HZ

* "Signal" modulation level = 80%

* Audio line transformer (1:1 ratio) used to eliminate ground loop introducing RF roise into the screen box
This receiver only was affected in this manner

CURVE DATA
Audio VS RF Level
RF Level : T
| "Signal . |- ‘Noise Signal Noise Signal Noise . Left | Right - .
dBm . dB. [ dB | dB dB dB dB LdB - dB
-130 -39 -39
-126 -39 -39
-120 -39 -39
-11% -39 -39
-110 -39 -39
-105 -37.6 -38.5
-100 -33.2 -37.3
-g95 -25 -34.7
-90 -16.9 -32
-B5 -10.5 -30.6
-80 -7 -32.2
-75 -5.29 -35.6
-70 -4.26 -39.8
-65 -3.5 -44
-80 -2.85 -48.3
-55 -2.24 -52.6
-50 -1.5 -56.5
-45 0 -59

File Name: PANAM.XLS AM_DATA Page 3 of 4




EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory

Engineers: RMc/DL
Date: 6/12/95
Print Date: 8/7/95

PROJECT: RECEIVER CHARACTERIZATION

Radio Mfg.: DELCO
Model No.: 16192463
Serial No.: 1000499

Index
Page Description
1 Cover
2 &3 AM data regarding test set up and measurements including; Distortion, selectivity and signal & noise levels
at various RF levels ranging from -45dBm to -130dRBm
4 Plot of signal and noise VS RF level with the receiver set for "Narrow Band” operation
5 Plot of signal and noise VS RF level with the receiver set for "Wide Band" operation
6 Pic;t of receivers audio frequency response in both wide and narrow band modes
Notes:

All measurements made as RMS, unweighted.
RF levels represent power at the Dummy Antenna input

Automobile receivers output connected to four ohm loads and set to standard reference output level of 1 Watt,
Automobile receivers balance and fade controls set to "detent” positions. Tone controls set for "flat"

* %X ¥ ¥

operation,

File Name: DELCOAM.XLS Cover Page | of 6




Engincers:

EIA Digital Audio Radio Test Laboratory

RMc/DL

Date: 6/12/95
Print Date: 8/7/95

PROJECT:

RECEIVER CHARACTERIZATION

Mfg.:
Model No.:
Serial No.:

AM TESTS

Delco
16192463
1600499

{ TEST FREQ. 1660K¥Hz)

FEST SET-UP

Ant. Network:
Audio Ref.:
Rec. set up:

Test Bed:
Meas.:

JFW composite antenna dummy
2.0Vims Load Imp = 4 chms
Loudness off, graphic EQ flat, balance & fade centered

Test Bed: Boonton RF generator used as signal source
Audio measurements made with Audio Precision as rms unweighted

THD - 400HZ, 80% MOD (-47dBm)

MONO 130 %
STEREO %
Selectivity (RF level = -105dBm)
Narrow Wide Narrow Wide
+ 10KHz = 33dB + 10KHz = 22dB +20KHz = NA +20KHz= NA
- 10KHz = 35dB - 10KHz= 11.5dB -20KHz = -20KHz =
Average = 34dB Average = 16.75dB Average = Average =
File Name: DELCOAM.XLS AM_DATA
P

Page 2

of 6
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* Left channel used as the measurement channel for Si

* Audio test frequency = 400HZ
* "Signal" modul 35.3dB

* "Wide Band" refers to "Am-St" selected
* "Narrow Band" refers to "Am-St" off

EIA Digital Audio Radio Test Laboratory

gnal and Noise data

URYV T
Audio VS RF Level
RF Level . Wide Band Narrow Band oy
. Signal | Noise ‘Signal - Noise Signal Noise ~Left - Right *';
ent power into th dB dB dB dB dB dB -dB dB
-130 -29 -29 -29 -29.5
-125 -28 -29 -28 -29.6
-120 -27 -28.5 -26.8 -28.5
-115 -25.5 -27.8 -24.6 -27.6
-110 -22 -26.3 -21 -26.5
-105 -17.3 -25 -16.8 -26
-100 -12.1 -24.5 -11.8 -25.5
-95 -6.6 -24.3 -6.5 -25.4
-90 -1.65 -20.8 -1.6 -21.3
-85 -0.44 -22.3 -0.5 -23
-80 -(3,38 -28.3 -0.45 -29
-75 -0.27 -34 -0.32 -35
-70 -0.15 -39 -0.2 -40.2
-65 -0.1 -44 -0.1 -45
-60 0 -48 0 -48
-565 G -62.5 0 -62.8
-50 0 -55.3 0 -55.5
-45 0 -56.5 0 56

File Name: DELCOAM.XLS AM DATA

Page 3 of 6



EIA Digital Audio Radio Test Laboratory

SIGNAL/NCISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory

AM FREQUENCY RESPONSE
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EIA Digital Audio Radio Test Laboratory

Engineers: RMc/DL

PROJECT: RECEIVER CHARACTERIZATION

Radio Mifg.: Denon
Model No.: TU-680NAB
Serial No.: 2092400103

Index
Page Description
1 Cover
2&3 AM data regarding test set up and measurements including; Distortion, selectivity and signal & noise levels
at various RF levels ranging from -45dBm to -130dBm
4 Plot of AM signal and noise VS RF leve] with the receiver set for "Narrow Band" operation
5 Plot of AM signal and noise VS RF level with the receiver set for "Wide Band” operation
6 Plot of AM audio frequency response in both wide and narrow band modes
Notes:

* All measurements made as RMS, unweighted.
RF levels represent power at the receiver after 50/75 ohm conversion

File Name: D680AM.XLS Cover
Print Date:8/7/95 Page 1 of 6




Engineers:

PROJECT:

EIA Digital Audio Radio Test Laboratory

RMec/DL

RECEIVER CHARACTERIZATION

Radio Mfg.:
Model No.:
Serial No.:

AM TESTS

Denon
TU-680NAB
2092400103

( TEST FREQ. 1660KHz)

TEST -UP
Ant. input:
Audio Ref.:
Rec. set up:

Test Bed:
Meas.:

75 ohms
672mVrms  (0dB)
"Bandwidth" wide or narrow selected for specific tests

Test Bed: Boonton RF generator used as signal source
Audio measurements made with Audio Precision as rms unweighted

THED -400HZ, 80% MOD (-47dBm)

MONO
STEREO

Selectivity

3.50 %
%

(RF level = -95dBm)

Narrow

+ 10KHz =
- lOKHz =
Average =

Wide Narrow Wide
10.5dB + 10KHz= 10.5dB +20KHz = 65dB +20KHz = 64dB
7dB - 10KHz= 7dB -20KHz= 31dB -20KHz = 51dB
8.75dB Average = 8.75dR Average = 58dB Average = 57.5dB

File Name: D680AM.XLS AM DATA

P .,""‘\._

Page 2 of 6



EIA Digital Audio Radio Test Laboratory

AUDIO VS RF LEVEL MEASUREMENTS

* Left channel used as the measurement channel for Signal and Noise data
* Audio test frequency = 400HZ

* Signal modulation level = 80%

CURVE DATA
Audio VS RF Level
RF Leve] Wide Band Narrow Band G
-Signal Noise Signal Noise Signal Noise Left " Right:
dBm - dB- dB dB dB dB dB dB *dB..
-130 -19 -19 -23.5 -23.5
-125 -19 -19 -23.5 -23.5
-120 -18.6 -19 -23 -23.5
-115 -17.9 -18.5 -22 -23.5
-110 -16.5 -17.7 -19.8 -22.5
-105 ~13.7 -17 -15.6 -21.3
-100 -9.8 -16.2 -11 -20.5
-93 -5.3 -16 -6 20
-80 -0.85 -16 -1.35 -20.5
-85 -0.2 -20.2 -0.42 229
-80 -0.18 -24.8 -0.32 -27
-75 -0.13 -29.6 -0.25 -31
-70 -0.08 -34.4 -0.14 -35.5
-65 0 -39.4 0 -40,2 5
-60 0 ~44.3 0 -45
=55 0 ¢ -49 0 -49.7
-50 0 -53.4 0 -54.1
-45 0 -56.7 0 ~57.3

File Name: D630AM.XLS AM DATA
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory

J

AM FREQUENCY RESPONSE

AUDIO LEVEL (dB)
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Subcarrier Calibration



SCAcal

ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers:
DATE:

SCA CALIBRATION

RMc/DL

5/12/95

Measurements made with Belar Wizard Modulation Monitor

Typical measurements reflect numbers that one should see on this monitor

The Monitor indicates 1% at CW and 101% at 100% (with reference to Besel nuil method)
All individual SCA's were cross checked on Seiko RPA Spectrum Analyzer

Seiko RPA Spectrum Analyzer calibration checked with HP8566B Spectrum Analyzer
Group output from SCA Mixer box used for both group and individual SCA's

Individual SCA levels set in SCA Mixer box

Cutting Edge stereo gennerator used

GROUP A

[FREQ. INJ. LEV. MEAS. SOURCE TYPE COMMENTS

57khz 3.00% 4.00% RES33 RDS Phase locked to pilot sync port
66.5khz 8.50% 11.00% SEIKO HS Data  Phase locked to pilot sync port

Injection level accurately set with RPA utility

92khz 8.50% 9.00% CRL Analog

TOTAL 20.00% 21.00%

GROUP B

[FREQ. INJ. LEV. MEAS. SOURCE TYPE  COMMENTS

57khz 10.00% [1.00% RES533 RDS Phase locked to pilot sync port
67khz 10.00% 11.00% CRL Analog

TOTAL 20.00% 21.00%

GROUP C
IFREQ. INJ. LEV. MEAS. SOURCE TYPE  COMMENTS

67khz 10.00% 11.00% CRL Analog

92khz £0.00% [1.00% CRL Analog

TOTAL 20.00% 21.00%

GROUP D
]FREQ. INJ.LEV. MEAS. SOURCE TYPE  COMMENTS

92khz 10.00% 11.00% Mainstream Data

TOTAL 10.00% 11.00%

Page 1




FLECTRONIC INDUSTRIES ASSCCIATION
Digital Audio Radio Laboratory

Engineers:
DATE:

RMc/DL
5/12/95

SCA GROUP /ANALOG CALIBRATION

EQUIPMENT:

CUTTING EDGE STEREQ GENERATOR
BELAR WIZARD MODULATION MONITOR

SET-UP GUIDE

CUTTING EDGE: PROCESSORS SET FOR CLIPPED PINK NOISE SETTINGS
(CE) STEREC MODE : ON
PILOT : ON
PILOT LEVEL ATTENUATOR: 82
OUTPUT LEV ATTENUATOR: SEE CHART
CALIBRATION
C.E. Output BELAR %
SIGNAL Level Setting Measurement
CW (PILOT OFF) 47 4
PILOT ONLY 47 13
PILOT+SCA GRP A 42 30
PILOT+SCA GRP B 42 30
PILOT+SCA GRP D 47 23
PILOT +PINK NOISE 47 100
PINK NOISE+GRP A 42 10
PINK NOISE+GRP B 42 110
PINK NOISE+GRP D 47 110

Page 1
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08/14/95 14:58 FAX 801 584 2831 MAINSTREAK DATA Roozro02

June 14, 1995

Mr. Robert McCutcheon,
EIA DAR Testing Lab
NASA Lewis Research Center

Dsar Mr. McCutcheon,

Thank you for hosting me at the DAR testing facility on June 7th. During the visit
[ was able 1o determine that the Malnstream Data FM subcarrier equipment had
been installed correctly, and was operating at 10% injection. Upon addition of
RF noise the signal degradation initially produced “first-leval* error correction
activity as expected, and with additional signal degradation the "sscond-level*
error correction also bacame active, as expectsd.

As we discussed during the visit there is a threshold of errors above which we
desm the performance unacceptable. Admittedly, this Is not a sharp tine, given
that some customers are more sensitive to errors than others. Our Installers
attempt to orient the customer antenna to eliminate ANY error correction activity
during the several minutes they would be allotted to stay and watch the LCD
display. This Is achievable in most cases, If the antenna cannot be adjusted to
bring the error rate below five to ten first-level error corrections per minute then
the site is deemed a non-FM site and other arrangements ars made to deliver
the data to the customer by other more costly means. Rapid first-level error
events, while they may all be corrected over any short observation period,
indicate that there Is not enough pericrmance margin left to trust the site
performance over a variey of weather and other anomalous conditions.

Sinceraly,

Zﬁ’wa: /@zzﬁﬂu '

Bruce Rothaar
V.P. Engineering
Mainstream Data
(801) 584-2800

JUN 14 '95 17:489 821 5B4 2831 PRGE.BE2
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APPENDIX J

Ancillary Data Channel



EIA Digital Audio Radio Test Laboratory

Proponent Test Bed
Decoder Reeeiver
-
Combiner |
~a
Computer ‘
Proponent . l
COM 2
el
COM 1 o Encoder Transmitter . Simutator
Noise
2nd Signal
Source

File Name:BLOCKDIA.XLS BER Test




Testing DAR ancillary data channels

Proponent ancillary and auxillary data channels must conform to PC-compatible COMI, COM2 port
electrical and mechanical specifications. Electrical specifications foliow RS-232 conventions. Mechanical
specification are that it is a male DB-9 connector with signals as follows:

pin | signal | sense functon
2 | RxD in input data
3 TxD out output data
5 GND
7 RTS- out input flow control
8 CTS- in output flow control

The test platform ("EIA Test PC") is an IBM-compatible 486DX PC running DOS 5.0 or higher with
COM1 and COM2 ports and VGA display. In addition, two "Null Modem" cables are required to connect
the test PC 1o the proponent transmitter and receiver. Test PC COM1 connecls 10 the proponent transmitter,
and Test PC COM2 connects to proponent receiver. Figure 1 shows the connections for each of the
proponents that uses the PAC codec, A "Null Modem™ cable has connections as follows:

from to
pin pin
2 3
3 2
5 5
7 5
8 7

The Test PC runs the supplied C-language program ck_daia.c that transmits a known sequence of 8-bit
bytes out the Test PC's COMI port and checks that the Test PC receives them on its COM? port. Currently
the sequence is the 8-bit values 0, 1, 2, ... 253, 0, 1, ... although this can be easily changed in the test
program source code. This C-language test program requires the following commercial software:

Microsoft C/C++ compiler version 7.0 {also called "Visual C++"),

Greenleaf Commlib level 2, version 4.0 or higher
Greenleaf Software, Inc.
(214) 248-2561

On executing the data check program ck_data. exe the Test PC will display several statistics, all referenced
to when the test began or to when the test counts were reset. They are: the current elapsed time for the test,
the data rate over the channel under test, expressed in bits per second (bps), the total number of bytes
_ received, and the number of errored bytes received.




TESTING AT&T ANCILLARY DATA CHANNEL

COM1

EIA Test PC

CoM2

COM2, Tx Rear Panel

COM2, Rx Rear Panel

TESTING AT&T AUXILLARY DATA CHANNEL

COM1

EIA Test PC

COM2

COM1, Tx Rear Panel

COMI1, Rx Rear Panel

TESTING AT&T/AMATI OR JPL ANCILLARY DATA CHANNEL

COM1

EIA Test PC

COM2

COM1, PAC Encoder

COM1, PAC Decoder

Figure 1. Block Diagram for Testing DAR Data Channels
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Iragram o test ancillary data charnnels

COM1 transmits datas test patterr

COMZ2 receives data test pattern
COM1 and COM2 run with hardware flow control (CTS—-/RTS-

at 19200 baud.

the output test pattern is bvyte seauence oTf i%255 for i=0.1,2...
0,1.2,...255,8.1...

any desired outpbut seauence can be generated by modifying
function "next bytel )’

the input datas is flagged ss "illegal” until SYNCLIM correct bytes
are received., after which the consecutive correct bytes
are counted and the recelved bits per second (bps}) are computed.

X x ¥ v

N

or

LR A T B}

*

= with each received byte counted as 8 bits. Eleapsed time is displaved.
= from kevboard:

> "ESC" key guits program

= "R" kev resets counte

=/

Hdetins DEBLUG 1

#include {(stdio.h>
#include <(stdlib.h>
#include <(araph.h?
#include <(time.h>
#include {string.h>
#include <{(math.h?>
#include "commlib.h’
#include 'asciider.h’
#include "ibmkeys.h"
#include <io.n>

fdetTine TITLE "EIa DAR Ancillary Data Channel Test®
#detTine BaUD 19200t

Hdefine 3IVNCLIM 32

#define T_ROW 1 /™ title */

#define C _ROW 5 /* com port status =/
#detine L_COL ] /7 left margin */
Hdefine M _COL, &0 /* middle tab stop =/
PORT *port[2]: .

int com_port{z], com_char. com_ref:

long com_bytes. com_sync. com_ert:

char bufferl[80];

double interval;

extern void mainlint argc,char **argv 1:

extern void open_com{int i)}:

extern wvoid put_port_chari{int i1

extern wvoid get_port_char(int i}:

extern  int next byte{int *i);

extern wvoid show_port_stativoidi:

extern wvoid clr _com_statsivoid]):

extern int time_intlint mode.double *interwval.int stepl:
extern void show_timeldouble intervall;

void

mainlargc. argwvl
int argc;

~her “Farawv:




i

void

int . 1. 3t

/™ set defaults */

com_port{] = COMI1:
com_port[l] = COMZ:
com_char = 0

if (DEBUG) |

printfi{"sending on COM1 at %ld baud\n”. BAUD);
printf("receiving on COM2 at %1d baud\n”. BaUD):
primtf("%s, %s\n\n".
YESC to gquit”,
"'R’ to reset counts”):
printt("CR to proceed\n”):
getchar():
t

7 open ports */
open_coml0):
openr_comiil:

clr_com_stats(]:
time _int{lQ. &interval. 11z

while (11 ¢
Af { gfkbhit() 1

c = getkey{]:

if | ¢ == ESC ] {
PortClosel port{0] ¥:
FortClosel portlil 1:
_settextposition{(23, 0O):
exitl( O ¥:

H

alse 1f [ o == "R> 1 4
clr_com_stats(]:
time int(Q. &interval. 11:

put _port, charl():
get_port_char(l}:

if (time_intll. &interval. 111 {
show_timelinterval l:
show_port_stat(}):

open_com(i)

int i
}
1

!

void

port(i) = PortOpenGreenleaf( com port(il], BAUD, "N’, &, 1

if [ portli)-»status { ASSUCCESS ) {
printf{ "Failed to open COMI port. Stmtus = %dv\n".

portl{il->status ):
exitl 1 1:

}
UseRtsCts( porti{il, 1 i:

pUut _potrt_charl{il

it 1:

Vs




it 32
if fWriteCharl portfal. com_char ) == ASSUCCESS! |

next bytel&com_char]):

}
!
vold
get _port_charii’
int a:
i
it ¢. match:
¢ = ReadChar!{ portlil 1:
if { ¢ { ASSUCCESS 1 return:
match = [(hext_brtel&com_tref) == c) ? 1 : D3
com bytes++:
if {com_sync++ { SYNCLIM) |
i (imatch) |
com_sync = O«
com_ret = o
;
]
alse |
AT {lmatch) i
COom_err++;
com _syne = (O:
com_reT = ¢
return:
elea
com syne = SYNCLIM:
t
i
I
int

next_bytelint *oi

]

int i = (("p)+l] & OxTf:
return{*p = i):

void
show, _port_stat( ]
{
long rate:

rate = 8.0%{doublelcom_pyrtes/interval:

sprintf(buffer.
"Received: %61d bpbs mt %6ld baud”’. rate. BAUD):

_settextposition(C_ROW. L_COL):
outtext(bufferl];

if lcom_sync == SYNCLIM) 4
sprintf (buffer, "%121d %12s %1214 bytes",
com_err. "errors in". com_bytes!}:

else {
sprintfibuffer. "%12)ld %12s %121d bytes .

com_sync. “invalid data”. com _bytes]):

}
settextoosition(C ROW+1. [ COL):




void
clr_com_stats(]

3
_clearscreenl _GCLEARSCREEN):

sprintf(buffer. "%s", TITLE):
settextposition{T ROW. L _COL):
outtext{buffer);

com_bvytes = 0O;:

com_sync = 03

com_err = (03

int
time _int(mode,
int mode:

interval. step)

double *interval:
int step:
{
long how:
static long start, prev:
if {mode == (0} |
start = ElapsedTime() /1000
prev = start:
return 0:
H
else
now = ElapsedTime{}l/1000:
it (now ¢ [prev + stepl) |
' return O:
H
alse |
“interval = (double] (now
prev = now:
rreturn 1:
i
i
i
void

show_time{intervall
double interval:

i
long s = (longlinterval:

sprintfibuffer, "TIME: %3dh %2dm %2ds”.

(intl{s/ (607601},
(int) (s%x(60%60} ) /60.

(int) (s%60));
_settextposition{T_ROW,
outtextibufferl};

M_COL}

- start]l:




APPENDIX K

IBOC Systems Modifications



ATsrl

Bell Laboratories

[

'l

600 Mountain Avenue

PO. Box 836

Murray Hill, NJ 07974-0636
908-582-3000

TO: TOM KELLER, EIA WG B
¢c: Dave Londa, DAR Test Lab Manager
John Bingham, Amati Communications Corp.

FROM: Edward Y. Chen, AT&T
DATE: Friday March 17, 1995

SUBJECT: ATET/AMATI EQUIPMENT MODIFICATHONS

1. On January 27, the following changes were made in the AT& T/Amati IBOC transmitters,

a. In the primary transmitter, resistor R25 { 1 K ) was bypassed with a wire.

b. In the secondary transmitter, an external 2K resistor was replaced by a 750 ohm resistor.

¢. The changes resulted in an increase in digital power level for both transmitters. Prior to
the changes, the digital power was measured to be -28.43 dBm with the composite power (
analog + digital ) at -7.10 dBm. Afier the changes, the digital power was increased by 8 dB
to -20.44 dBm with the composite power at -7.31 dBm.

2. On February 3, 1995, permission was given to allow the Amati analog FM signal to be disabled and
substituted by an FM signal generated by a Harris THE -1 FM exciter, The Harris FM signal was
combined with the Amali digital signal through an external 10 dB directional coupler. The final
power levels were adjusted to be identical to what they were previously with Amalti’s original FM. The
final composite power was -7.16 dBm with analog FM at -7.56 dBm and digital power at -20.46 dBm.

3. On March 15, 1995, a front end box was installed and became part of the AT&T/Amati IBOC receiver.
This additional box functioned as a broadband attenuator which protected the receiver from being
overdriven. Its insertion loss was 2.24 dB.

4. The 3 dB bandwidth of the Amati DAB signal is 73.3 Khz per sidelobe, or 146.6 Khz total,

Sincerely, -

f;/c;//zc///~ 7ol

Edward Y. Che




March 6, 1995

Tom Keller

Consultant and Chairman

Working Group B

Digital Audio Radio Subcommittee
Electronic Industries Association
6721 Clelia Ct

Springfield, Virginia 22152-3033

Dear Mr. Keller:

The following changes were made by USADR to its FM-1 IBOC-DAB receiver system, returned
today to Cleveland.

1

Receiver Equalizer: One field programmable gate array (FPGA) was replaced and
demodulator software was upgraded to increase equalizer speed. Software upgrades have
been supplied on a microdiskette in a set of DOS files in a directory named "RXCODES."
Software which drives the Transmitter, found in a subdirectory named "TXCODE2," has not

been changed.

Source Decoding: The software upgrade (PROM change) to correct the design error
causing unintentional time delay in music decoding was not made. However, a PROM change
was made to the error correction decoder. This change is addressed in the attached letter.

RF Front End. Two changes were made. The first change was the removal and replacement
of a rotary encoder switch used for tuning the FM frequency. Before this repair, the FM-1
receiver front end would either tune in one direction only or not tune at all. This repair allows
the FM-1 receiver front end to tune, in frequency, up and down as well as wrap around.

The second change to the receiver RF front end was the removal of a notch filter assembly,
which was never used (system was always operated with this filter assembly bypassed), from
an internal compartment labeled "Notch Filters." The notch filter assembly was replaced, in
this compartment, with an FMIF bandpass filter, TTE # KC6 10.7 MHz BPF, 500 kHz BW.

This bandpass filter improves IF selectivity to a limited degree.

A 6 dB attenuator was added in line between the RF front end and the demodulator to make
up for the reduced insertion loss of the bandpass filter installed compared to the notch filter

assembly removed.

332 South Michigas Avenue . Suite 60% . Chicago, lllinois 60604
Phone. 312 . 987 . 4449 Fax. 312 . 427 . 98% 1-800-33-USADR




Tom Keller, EIA WG B | (
~ March 6, 1995
Page 2 of 2

I certify that no other changes were made to the FM-1 RF front end, demodulator or error correction
decoder. T certify that no changes at all were made to the CDQ 2001 MUSICAM decoder. Please -
refer to the attached letter regarding the changes to the error correction decoder.

Sincerely, /

AL Vigit ¢

Engineering Manager

cc Ralph Justus
Electronic Industries Association (

Consumer Electronics Group
2500 Wilson Blvd
Arlington, VA 22201-3834

cc: Dave Londa
EIA/DAR Test Laboratory
NASA-Lewis Research Center
21000 Brookpark Road
MS 54.2
Cieveland, OH 44135




March 6, 1995

Tom Keller

Consuitant and Chairman

Working Group B

Digital Audio Radio Subcommittee
Electronic Industries Association
6721 Clelia Ct

Springfield, Virginia 22152-3033

Dear Mr. Keller:
USA Digital Radio thanks the EIA for this system modification and lab retest opportunity.

In the process of executing various system changes which are described in the attached letter,
USADR also found it necessary to modify its FM-1 interleaver and deinterleaver.

USADR has executed changes in Chicago to its FM-1 error correction decoder as well as changes
in Cleveland, today, to its error correction encoder.

In detail, the following changes were made:

1. Error Correction Decoder: Removal and replacement of 3 28-pin PROMS, those PROMS
labelled U6, U26 and U46.

2. Error Correction Encoder. Removal and replacement of 3 28-pin PROMS, those PROMS
labelled U6, U26 and U46.

Although these changes were not previously allowed, USADR respectfully requests the EIA to accept
these changes. USADR believes the following reasons justify allowing these changes.

732 South Michigan Avenue . Suite 607 . Chicago, Illinois 60604
Phone. 712 . 987 . 4449 Fax. 312 . 427 . 9851 1-800-33-USADR




Tom Keller, E1A WGB
March 6, 1995
Page 2 of 2

AT Vigil
Engineering Manager

ce:

cC:

Ralph Justys
Electronic Industries Association

Consumer Electronics Group
2500 Wilson Blvd
Arlington, vA 22201-3834

Dave Londa
EJA/DAR Test Laboratory
NASA-Lewis Research Center
21000 Brookpark Road

MS 542

CIeveIand, OH 44135




APPENDIX L

Laboratory RF, Audio and Composite Stereo Distributions



EIA Digital Audio Radio Test Laboratory

Impairment: Gaussian Nolse

Critical Material: Glockenspicl

By Pass Channel Simulator Configuration

Typical B-1 and B-2 HF and VHF Configuration

Desired
Pave, oo i i B
Y Composite -48.58 dBm
Alteruator Digital Gnly dBm
BOONTON 4220 MCL ZFSC3-13
KAY 839 6 Way Splitter . |Pad L 23 Wy Combiner]ET TRV
Y 227 dB T 41.56 dB 513 dB
Altenuator . Simulator Network MCL SAT -20-20-1 'y i
TELONIC o PaVE - e Sea)
o -7.02 dBm Composite
dBm Digital Only
MCL, ZBSC-61% BOONTON 4220
Y
IModulation . 2 Way Splitter o | SPectium
o 3.55 dB | o
BELAR MCL ZFSC-2-1W HP 85668
CGdB Reference Noise
Noise Com . |Band Pass _ 1Pad Altenuator 4131 dBm
o o 10 dB 16.50 dB TOA BGONTON 4220
NC UFX 7t12 HATTIH4 M-S0/, T1ITA MCL -10 14,50 48 POF
) WIENSCHELL 0dB Reforence Undesired
Undesired o [Attenuator _ [pad ] Attenvator -40.64 dBm
- dB o | 63.75 dB TOA BOONTON 4220
PROPONENT KAY 839 MCL 63.75 POF
WIENSCHELL.
"y Proponent Receiver
2 Way Splitter | Attenuator 2 Way Splitter __ |Desired Noise Undesired . .
3,55 dB T 0,00 dB o 3.55 dB o 61,60 dBm -71.54 dBm -118.12 dBm
MCL ZFSC-2-1% KAY 839 MCL ZFSC-2-1W dBm
CALCULATED
| Speetrum o |Other RX .
o 1P 85660 T -61.60 dBin

File Name:RFSETUP,XLS Levels B-1 & B-2 Low

Page 1 of 8




EIA Digital Audio Radio Test Laboratory

Impairment: Gaussian Noise

Critieal Material: Glockenspiel

By Pass Channel Simulator Configuration

Typleal B-1 and B-2 L and S Band Configuration

Desired
Pave - Lo
Y Composite -42.88 dBm
Attenuator v Digital Qnly -42.88 dBm
BOONTON 4220
KAY 839 6 Way Splitter o fPad T jleb
Y £.22 dB . 28.22 dB
Abtenuator. - o Stmulator Network MCL SAT -20-6-1
TELONIC Pave- 2ol [ Signal
~14.66 dBm Composite
-14.66 dBrm Digital Only
MCL ZC6PD.1900W BOONTON 4220
Spetinim
HP 83668
0dB Referonce . |Naise
Neise Com Band Pass _ {Pad | Attenuator -31.23 dBm
o 11,25 4B oA BOONTON 4220
NC UFX 7112 KIBIHLAZOMAM: HY50-SMA MCL 8.75 dB POF
WIENSCHELL 104B Reference Undesired
Undesired . |Attenvator . {Pad o |Attenuater [ ~40.64 dBm
o o 63.75 dB TOA BOONTON 4220
PROPONENT KAY 839 MCL 63.75 POF
WIENSCHELL
) Proponent Receiver
2 Way Splitter o |Attenuator o |Desired Noise - i~ < |Undesired...., - .
3.6% dB o 7.00 dB o 60.80 dBm -60.40 dBm -121.63 dBm
MCL ZFSC-2-2500 KAY 839
__{Bpeatrum
T HP 53648
File Name:RFSETUP.XLS Levals B-1 and B-2 High Page gfg‘f\a




E1A Digital Audio Radio Test Laboratorv

[Dcsircd :Proponcnt Typleal B-3 VIIF Conliguration
Y
Attenuator
DBOONTON 4220 BELAR MCL ZFSC-2-1% HP 45668
Y Pavei o Modulation'- -] [2 Way Split.- _ [Spectoimn .
Attenuator - Composite -7.00 dBm h 3.55 dB o
Digital 2070 dBm I
RATIO= 1370 dR
6 Way Split ?
8.27 dB
_ Ipad 1 [sma# _ [Pad  [4 Way Camb
1 6d5 | 23,35 dB o 3 dB 1 ss3dB
o . tPad L - . |Pad -
o o 6 dB w 3 4B o _ [Pad
HPILTS0C o 2 dB
_ fpad . _ [SMm _ [Pad _ MCL SAT-2
o 6 dB " [ 2361 a8 [ 348
o Tem o Term - o
" |soomn 50 Ohm
MCL ZBSC-615 HPIITS5C MCL ZFSC-4-1
Y
Pad Pad
6 dB 3dB
Iy lifler
YucL zrsca
Undesired -~ Altenuator . 2 Way Split MCL ZF5C-2-1% | 2810 o |Attenuator - L o 13 Way Cothb ih
3,55 dB o dB I GE TOA 30 dB 5134
KAY 839 63.75 dB POF MCL, -20-10 4
Y MCL ZHL-34 WIENSCHELL
Pave
-7.56 dBm
' -22,06 dBm
BOONTON 4220
0dB Ref Noise
Noise Com __|Band Pass . |Attenuator _ |Pad -41,10 dBm
o 16.25 dB ToA 10 dB BOONTON 4220
NC UFX 112 KIT77.94.L M 3M.9040-7133A 13.75 dB POF MCL 10
WIENSCHELL
Y PROPONENT RECEIVER
2 Way Split _ | Attensator |2 Way Split : | Signal s i Woise! o[ Undesireilimiant
3.55 dB T o ds "1 35548 "~ [ -61.81 dBm -70.58 dBm  [-122,05 dBm
MCL, ZFSC-2-1% KAY 83 MCL ZESC-2.1W -75.51 di3m
o ESpcc{rum o [Other ROCa im0
Tl |HP escon T L6131 dBm

File Name:RFSETUR. XLS Levels B-3 Low Page 3 of 8




EIA Digital Audio Radio Test Laboratory

Desired Typical B-3 L and S Band Configuration
Y
Attenuator :
KAY #39 BOONTON 4220 HP §5668
Y Pave : . Spectnum
Attentator ™ ¢ Composite -14.47 dBm
Digital -14.47 dBm 1
TELONIC F
& Way Split -
8.21 dB
. [Pad Y _ [Pad  [¢Way Comb
o 6 d Tl 2565 dB o 3dB "1 64248
- _[Pad . - _ [Pad o
T 5 4B o o 3 dB T _ [Pad
HP11755C o 6 dB
. [Pad ] . [sIM Az . [Pad | _ MCL SAT-6
il 63 | [ 591 4B [ 348 ] MCL ZFL-2000
o |Tem ] | Term o Signal Level
" lsoome | 50 Oten HNUMI dBmiHz
MCL ZC6PD-1900W HPLI756C ' MCL ZA4PD.2
L
Pad Pad
6 dB 3 dB
I Amplifier
oL zawn.a
[Undesired Attenustor 2 Way Shlit MCL ZFSC-2-2300 __|Attenuator _ |Pad | 2800 _ 13 Wy Camb
13.00 dB 3.60 d3 T 315 dn TOA 13 dB "] _506dB
KAY 839 63.75 dB POF  MCL A
Y WIENSCHELL MCL ZHL-10421
Pave
~14,00 dBm
) BOONTON 4220
Noise Level
0dB Ref Noise HNLM dBm/Hz
Noise Com _ |Band Pass _ |Attepuntor . |Pad -31.15 dBm
o T 1000 dB ToA BOONTON 4220
NC UFX 7112 K2R 4TOM-AM: HUI0.5MA 3.00 dB POF MCL
WIENSCHELL
Y PROPONENT RECEI
2 Way Split o JAttenuator o |Desiréd. il kil {Noise Ll Uridesired| 3! i[!
3.60 dB 1 1000 4B "] 6059 dBm | 5990 dBra_ |.125.84 dBm
MCL ZFSC-2500 KAY 839
o |Spectrum
- P BS6en

File Name:RFSETUP.XLS Levels B-3 High Page 4 of 8
e, e .




EIA Digijtal Audio Radio Test Laboratory

Test: F-Serles
Desired Analog RF Test Bed : CW Calibration
Characteristic Impedanee: S0Q Unless indicated,
L Desired Signal Loss from 6 Way Output to 3 Way Input:  40.71 dB Loss #1
\ Analog Undesired Signel Loss from 2 Way Cutput to 3 Way Input: 21,75 dB Loss #2
{Attenuator Proponent Undesired Signal Loss from 2 Way Cutputto 3 Way Input:~ 47.68 dB Loss #3
BOONTON 4220 BELAR. MCL ZFSC-2-tW HP 83668
Y Pave. Modulation . 2 Way Split o |Spectrum
Attenustor -8,14 dBm - 3.55 dB o
s
|
6. Way Solit
8,27 ¢B
o Pad o [SIM#T o [Pad o |4 Way Comb ...
o & dB [ 223548 o 3 dB T 65548
. [Pad L _ [Pad L
o § dB T 3 4B o |Pad T
HP11755¢ 2 dB
_ (Pod - o [SIM #2 o |Pad . MCL SAT-2
. 6 dB T 2381 aB o 3dB o
o TEm - Term .
" [0 oten T 50 Oham o 48,85 dBm
MCL ZB5C.615 HP11750C ' MCL ZFSC-4-1
Pod Pad
6 dB 1dB
I Amplifier +55,25 dBm
Digital Yc zescan
Undesired | Attenuator o |2 Way Split MCL ZFSC-2-1W o] 2510 _ [Attenuator - Pud - i o 13 Way Comb'!ry!
o 35548 Tl 0.00 dB 40 dB 51348
KAY 839 WIENSCHELL MCL -20-20 f
Y MCL ZHL-3A B Remove 20 dB
Pave where necessary.
~7.57 dBm
’ BOONTON 4220
Analog -63.00 dBm
Undesired _lAftenuator |2 Way Split . |Attenuator _ |Pad
o REET T oot ds o 10 dB
KAY 339 WIENSCHELL MCL -10
Y A
Pave
~41.25 dBm v Analog
2 Way Split . |Anmtenuator o2 Way Split -~ | Desired. 1104551 Additional Loss
BOONTON 4220 3.55 d8 " 00045 o 3.55 a8 T 6195 dBn Delco 600 dB
MUL ZFSC.2 W KAY 839 MCL ZFSC-2.1W Denion 0.35 43
Panasonic  0.35 dB
| Speetram o (Term 0 Pioncer 035 dB
o 1P 35668 " 50 ohm Ford  4.8% dB

File Name:RFSETUP,XL1.5 Levels F-Series
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EIA Digital Audio Radio Test Laboratory

. Test: H-Serles
Desired Proponent RF Test Bed : CW Calibration
Characteristic Impedance: 50 Q@ Unless indicated.
Desired Signat Loss from 6 Way Qutput to 3 Way Input: 40,77 B Loss #1
Y Boenten Undesired Signal Loss from 2 Way Qutput to 3 Way Input: 5,35 dB Loss #2
Altenuator -y Hasris Undesired Signal Loss from 2 Way Qutput to 3 Wy Input: 519 4B Loss #3
Undesired losses measured with 2 paths
OONTON 4722 BELAR MCL ZFSC-2.1W HP 85668 on the undesired channel simulator.
¥ Pove - . - [Modulation | 2 Way Split o |Spectrum - by For one path loss add additional 6 dB.
Attenustors: il -1.33 dBm P 3.55 dB . For three path loss subtract 3 dB.
'}
1
& Way.Swlit
8.27 dB
_[Pd o [T . [Pad. [ Way Cormb -
o 6 dB HREERE o 348 I
o o Pad : . o |Pad .
o . 6 dB o - 3 d3 o o pad
HP31755C o 2 dB
. [Pad _ [siM#2 _ [Pad | MCL SAT-2
T sdB G 1 3d8 |
o |Term - Term -
" |50 onen 50 Ohm o 42.10 dBm
MCL Z3SC-£15 HPLI739G ' MCL ZF$C4.1
Y
Pad Pad
~7.23 dBm 6 dB 3dB -12.58 dBm
I Amplifier
oL zrsca-13
[Boontan | o |2 Way Split o |2 Way Comb  [sicL zFsc-2-200 o 2510 o |Attenuator 1. - o |3 Wiy CERRIT]
| 3,55 dB " _3535dB o dB T [ 06édB T s3de
Undesired ' WIENSCHELL MCL -20-18 i
Analog MCL ZHL-3A A Pad for 1st Adjacent
Harris S |2 Way Split
3.55 dB
' " -7.26 dBm 1245 dBm
0dB Rel Noise
Noise Com . |Band Pass . |Attenuator . [Pad -41.34 dBm
o T dB oA 10 dB BOONTON 4230
NCUFX N1z T2, MIM-30190-T130 4 dB POF MCL -0
WIENSCHELL
]
Y
2 Way Split o |Attenuator |2 Way Split o [Desived.
3.55 d8 T [ ooods T T L8114 dBm
MCIL RS2 1w KAY 239 MCL 2FSC-2-1W
o |Spectmm o {OtherBXY
o HP 85660 "~ L6114 ¢Bm

Fila Name:RFSETUP.XLS Levels H-Series o Page 6.0%8
Pt . B B




EIA Digital Audio Radio Test Laboratory

IBCC Test: L2 & 13 \
Desired Proponeat RF Test Bed : CW Calibration
Characteristic Impedance: 500 Unless indicated,
IBOC Laoss from 6 Way Qutput to Recciver: 3927 dB Loss #1
Y Reference Loss from 2 Way Qutput to Recciver: 15,09 dB Loss #2
Attenustor
BOONTON 4220 BELAR MCL ZF502-1W HP 35663
Y Pave iModulation 2 Way Split o [Spectrum ;i
Attenuator .- -7.73 dBm 1.55 dB T
f §
A
5 Way Split o |Pud . o |Atteraator
827 dB o 21 dB T so0dB
WIENSCHELL
4 Way Comb B
6.53 dB
SIM #1
o _ [Pad 3 . [pad .
o 6 d8 o T 3dB _ [Pad . o [Tem
HP1L75%C o 2 dB " 50 ohm
o |Pad o SIt e . |Pad . MCL $AT-2
o § dB 2361 dB o 3 dB o
o |Term . Term. -
50 Ghm . 0 Ohm T
MCL ZB5C.615 HP11735C MCL ZFSC4-1
Tem | . [rem <30.20 dBm
50 Ohm " |soonm
-31.93 dBm
Yucr zrsesnn
Boonton o 12 Way Solit | Attenuator o B o [3 Wiy Comb =&~
"L 355dB S 37 dB T 12000 dB T 1 513dB
Analeg WIENSCHELL i
Used to calculate attenuator settings Reference A
1BCC Fa—
Power L Awn 30 Ohm
-6.51 34,49 £.00
Signal Leval
Analog Reference 4700 dBm
Power IL  Atn Set to -77 dBm for Weak Calculations
-9.67 A
20dB -29.67 13,60 3.73 Analog
Y Additional Loss
2 Way Split o |Attenater |2 Way Split o |Reference . U [IBOCH izl Delco 600 dB
3.55 dB {00048 T 35548 "1 4702 dom 4700 dBm  [Actual Denon 035 dB
MCL ZFSC-2-1W KAY 839 MCL 7FSC-2aW -45.53 dBm ~42.22 dim__ [CW Panasomic 035 dn
Pioneer 035 diy
o |Spectrum o [Other RX Ford 4388 dB
o 1P 85668 T 47.02 dBm

File Name:RFSETUP.XLS Levels L-2 L-3
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EIA Digital Audio Radio Test Laboratory

ROC R EREN Analeg Ref - . . Test: 14
dBm dBm Power (dBrn) Attenuation (dB)
Analog Reference -8.67 0.00
AT&T ! Amati DSB -8.64 400
Y Y AT&T / Amati LSB 870 350
Attenustor 7 Alehugter - USA Digital Radio FM1 8,63 2.40
dBm dBm USA Digita} Radio FM2 -8.64 5.60
Y Y
Atlenustor : Attenuator
63.75 dB 0dB
WIENSCHELL WIENSCHELL
B A
MCL ZFSC-2-1W BOONTON 4220 BELAR MCL ZF5C-2-1W
|2 Way Comb - . Pave Medulation _ 2 Way Split
o 3.55 &B - Composite -3.67 dBm - 3.55 dB
dBm [
G Way Split
827 dB
T _ [Pad - sy o PRl o |4 Way. Combiill
o 6 dB T 23,55 dB o 3 dB o 6.53 dB
_ [Pad _ _ [pad o
o 6 dB o o 3 dB o
_ |Pad i o snvi¥z T _ | : .
Additional Loss o 6 dB o 24.35 dB o 3dB o
Delco 6.00 dB
Denon 035 dB | Termn Term . o | Temm 50 Tepmliic .
Panasonic 0.35 dB T sta 50 o Y 506 o
Pioneer 035 dB MCL ZBSC-615
Ford 488 dB -
Reeciver o Transformer .
47,75 dBm - 750 [500 -
Pad - i
Dumny Antenna 30.00 dB
Wesk Sigral Only

File Name:RFSETUP.XLS Levels L4
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TEYEYAHMATYY [T
AaTET = gES\EBU
1IN
JELAVOA o2 DAT 41 AES\EBY —QA_"_<$'L'D""—>_'_QZ“— DATA ry c2 D2
HORD SYA! #y FLAY ouT DISTRIBUTION -
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SRC QUTPUT, B19 B9 4 02 229 4 Cor: M ) LI RECORD out
REFERENCE Z.am.a_:,_e_ ng a4 G7_D7 4
€2 09
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CE 20004
FM AUDLO
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CR1. 22KHz SGCR oUT
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RES3IZ
RDS
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K3 L3 REFERENCE
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EIA Digital Audio Radio Test Laboratory

SCA Generator SCA GROUP LEGEND
STKHZ RDS A B C
SCA Generator 57.0KHz @ 3% 5TKHz @ 10%
66.5KHz Digital 66,5KHz @ 8.5% 67KHz @ 10% 67KHz @ 10%
SCA Generator 92,0KHz @ 8.5% 92KHz @ 10%
G7RHz Analog
SCA Generator
92KHz Analog
DESIRED PATH
Orban 8200 SCA Mixer Harris THE-1 Combiner
Denon CD#2 L o (X4 Comp. + 5CAs RE Adlenuation o RE To Recelver
R | Grows o (Fixed) -62dBm
AES/EBU _ |Dig C|_Comp. Stereo SCHA Group
Harp o 4
Orban operated in either;
Signal generator mode; Objective Meas,
Normal operating mode: Subjective Tests
UNDESIRED PATH
Cutting Edge 20001 PROPONENT
A.P. Audio Gen. . |sca C| Comp. +8C4s Analog
L ' oL o RE Attenuation
R| Anelog g L - Digital {(Variable)
Pink Noise
Pana. DAT #4 Sony DAT #1
L ARS/ERU
R| Anclog
ABRBA James Tayler
File Name: BLOCKDIA.XLS F&G Trans Block




EIA Digital Audio Radio Test Laboratory

RF Test Bed

Test Receiver
o | Antenna ¥} 2V
-
Dummy
Test Recetver
o | Antenna 53 2V
T
Dumnmy

Note: Only one receiver installed and tested at a time

Test Receiver

File Name:BLOCKDIA.XLS

#2
L |[seer 750 o | TestReceiver
Trans. o i3

Test Receiver

o)
C[roan
Auto Radio
Interface
oL 4o
L Roan
: Videotek Amplifier :
n Out!
t I
t 1
1 ]
[ = e e e 1
I Videciek Amplifier |
1 1
in Cuty

1 For recordings only :

L

Patch Panel

Listening Booth

Denon Amplifier
L

Listening

Seny DAT #2

Record

Ll  Analog Audio
R| Aralog Audio
L

Analog Audic
R

"
Screen Box
Audio Precision Analyzer
R
-l
$/N Ratio |5
t}

15.5KHz

Low Pass Filter

A

FF & G Rec. Block




SCA Generator

EIA Digital Audio Radio Test Laboratory

SCA GROUP LEGEND
A B C
57.0KHz @ 3% 5TKHz @ [0%
66.5KHz @8.5% | 67KHz@ i0% | 67KHz@ 10%
92.0KHz @ 8.5% NKHz @ 10%

UNDESIRED PATH

Attenuation
(Variable)

Combiner

DESIRED PATH

Attenuation

(Fixed)

Y

57KHZ RDS
SCA Generator
56.5KHz Digital
SCA Generator
678 Hz Analog SCA Mixer
SCA Generator - In (X 4)
92K Hz Analog Group 0, Aot B
SCA Generater SCA Group
92KHz Digital
A.P. Audio Gen, Cutting Edge 20001 Harris THE-1
o ISCA C{ Comp. + SC4s
L ~ o
R} Analog . R
Pink Noise o
Pana, DAT #4 Orban 8200 PROPONENT
L L Cl Comp. . Analog
R| Anulog : R o
ABBA Dig - Digital
Sony DAT #1
ALSERU
Glockenspiel

File Name:BLOCKDIA.XLS

Hé&ITrans Block

RF To Recelver
~62dBm




RF Test Bed

R

Y

PROPONENT
RECEIVER

AENEBY

EIA Digital Audio Radio Test Laboratory

File Name:BLOCKDIA.XLS

Y

Digital Switch

AESEBY

Listening Booth

Denon Amplifier

Nvision

H & I Ree Block

L L
Listening
D/A Converter Analog
R R
Sony DAT #2
Record
_ |Distribution: Amplifier AES/ERU




EIA Digital Audio Radio Test Laboratory

SCA Mixer

(X4

Comp. Stereo

Y

Group 0. AorB

SCA Generator
57TKHZ RDS
SCA Generator
66.5KHz Digital
3CA Generator
6THKHz Analog
SCA Generator
92KHz Analog
Sony DAT #1 Orban 8200
L
R
AESIEBU . |pig c
Harp/ABBA/Female o
Orban operated in either:
Signal gencrator mode: Objective Meas.
Normal operating mode: Subjective Tests
Sony CD#)
AESEBU
ABBA

]

Comp. + SCAs

SCA GROUP LEGEND
A B C
S7T0KHz @ 3% 57KHz @ 10%
66.5KHz @ 8.5% 67KHz @ 10% 67KHz @ 10%
92.0KHz @ 8.5% 92KHz @ 10%
Harris THE-]
- R
Test Bed RIF Te Recetver
Attenuation “47dBm / -77dBm
PROPONENT
. Analog RF
o Digital

File Name:BLOCKDIA.XLS

L Trans Block




RF Test Bed

EIA Digital Audio Radio Test Laboratory

Y

File Name:BLOCKDIA.XLS

Test Receiver . L 4
o | Antenna #1 v - |R 40
o~
Dummy
Auto Radio
Interface
Test Receiver L 4N
ERER———
Antenna its kA" R 40
Lo -
Dummy
Note: Only one receiver installed and tested ot 8 time
Test Receiver : Videotek Amplifier ;
42 ln Outl
1 |
i |
o JEea 750 | Test Receiver : __________ ;
Trans, K3 1 Videotek Amplifier |
1 I
iIn Outy
Test Receiver ; |
4 1_ For recordings only ]
Screen Box
Audio Precision Analyzer
R
-
-t

$/N Ratio

Patch Panel

Analog Audie
_’.

Analog Avdio
-
-

Anclog Audlo

15.5K11z

|

Low Pass Filter

L Rec. Block

Listening Booth

Denon Amplifier

L

Listening

Sony DAT #2

Record




EIA Digital Audio Radio Test Laboratory

SCA Generator SCA GROUP LEGEND
STKHZ RDS A B C b
SCA Generator 57.0KHz @ 3% STKHz @ 10%
66.5KHz Digital SCA Mixer 66,5KHz @ 8.5% 67KHz @ 10% 67KHz @ 10%

Audio Generator . |SCA Generator L |mexay 92.0KHz @ 8.5% 92KHz @ 10% | 92KHz @ 10%

400Hz 67K Hz Analog Group A or B '
Audic Generator SCA Generator SCat Group
1KHz 92KHz Analog
Note; SCA Mixer group
SCA Generator or 92X Hz Digital
92K Hz Digital Harris THE-1
. lc RF

Pana, DAT #4 Orban 8200

SCA C| Comp, + SCds Test Bed RI*Ta Receiver
L o L Attenuation -47dBm
R| dnalog ~ = PROPONENT
ABBA ' .| Analog RE

Crban operated in cither; o
Signal generator mode: Dbjective Meas. . Digital
Normal operating mode: Subjective Tests o

Sony DAT#1

AESERUY
James Taylor

File Name:BLOCKDIA.XLS

L (8CAs) Trans Block




EIA Digital Audio Radio Test Laboratory

. SCA Receiver RPA
Seiko Analyzer
o SCA Reeeiver
Muinstream
. SCA Receiver Clock & Data o Computer
Denon #2 RDS Checkup
Sereen Box Audio Patch Panel Denon Amplifier
L
RF Test Bed Listening
. SCA Recceiver |t . R
2dB Analog 67KHz
Pad
. SCA Receiver . |R Audio Precision Analyzer
Analog 92KHz L (67Khz audio quatity)
RE | 2 way 500 750 7562 4 way splitter S/ Ratio
Transformer o R (92KHz audio quality)

{ -47dBm to Receivers)

File Name:BLOCKDIA.XLS L (SCAs) Ree. Block




EIA Digital Audio Radio Test Laboratory

SCA Generator
STKHZ RDS SCA GROUP LEGEND
SCA Generator A B C D
66.5KHz Digital SCA Mixer 57.0KHz @ 3% 57TKHz @ 10%
SCA Generator |l (x 4y 66.5KHz (@ 8.5% 67KHz @ 10% 67KHz @ 10%
67KHz Analog Group A or B 92.0KHz @ 8.5% 92KHz @ 10% 92KHz @ 10%
SCA Generator SCA Growp
92KHz Analog
o — 1
1Rem. Switeh
- . . l |
Note: Either 92K Hz Digital or | onoff | Note: One remote control switch was used for
SCA Generator SCA group connected to switch 1 either SCA switching or compasite switching
92KHz Digital !
Groups 0, A, B, or I
Cutting Edge 2000i PROPONENT
AP, Audio Gen. o [sca C| Composite  [Rem. Switch o Analog Combiner
L .|t on/off o RF Attenuation - RF To Recelver
R| Anulog . |r o Digital (Fixed) ~62dBm / -77dBm
Pink Noise
A
Seny DAT #1
AENIERU
Glockenspiel
Neise Generator
. Altenuation
o (Variable)
Remote Contrn‘!-
Framn Booth
File Name:BLOCKDIAXLS M Trans Bleck




RF Test Bed

RE

Y

PROPONENT
RECEIVER

AESERL

EIA Digital Audio Radio Test Laboratory

File Name:BLOCKDIA.XLS

Digital Switch

ALSAERL

Y

Neyision

M Rec Block

Listening Booth
Denon Amplifier
L L
Listening
D/A Converter Anclog
R R
Sony DAT 42
Record
Distribution Amplifier AKSTERU




EIA Digital Audio Radio Test Laboratory

Listening Booth Denon
CD Cart
Record DAT
Start 11 Write Simulator
{Tupe Duplication) Keyboard L Computer
A Parailel
Play DAT
Start I HP
RF Channel L
Simutator o
4
Y
Trigeer ol
Remote Audio Switching L
Controller TKSB . i
Cerrirol . 2
! RF Attenuators L
\ -
Mouse
o Booth Test Bed
o Computer Computer {EEE
. RS 232 o -
! Attenuator JAudio | ) Il
Control / Sequencer
File Name:BLOCKDIAXLS Rem. Cont. G & L.
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Listening Booth
Record DAT
Simulator
Keyboard - Computer
it
‘l Paraltel
Play DAT
Start 1D HpP
RF Channel
Simulator -
Triveer
Remote Audio Switching
P
Controller
Caniral ne
'
RF Atwenuators L
Mouse
o Booth Test Bed
Computer Computer TEEE
Ry 232
— - <.
Attenuater /Audic
Control / Sequencer

File Name:BLOCKDIA XLS Rem. Cont. B.E, 1 & M




APPENDIXM

RF Component Calibration
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CH1 Spq4  log MAG S dB/ REF 0 dB 41: —10.045 dB
) 1.660 000 MHz
PRM
2] ~10.419 dB
Cor 94 .14 MHz
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1.4 rd
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CH1 Spy;  log MAG 2 dB/ REF 0 dB 1; -1.0274 dB
Ba 1.660 0Q0 MHz
PRm
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‘%«‘ 1.4 b4
S 4—1.7919 dB
- = M‘MW“’"’&V\‘MW
. e e VP e SN
| AR Vet
. MW—W—\_N_-\____*_ - "‘MWW
e W i ¥
o s AL e
—— ———— o e e e ey i
I —————
i IR - et Y e T W S
START 1.000 000 MHz STOP 2 200.000 000 MHZzZ

Kay Atrn.- Twpok

'ttjPo [ G.MA/JOI ""C‘a SN

Seklicg ¢ [ tasloinalion s

|ci-6
Zetfy
Fatf (L+2atR)

L‘d{s (ll‘jr.{ﬂ)
5.8 (23 3edR)

o K7 (H yetr)
T4 (Z45etE)

gt (34 726)

j?dfs ([#3-1{‘-‘:(5)
foot s (2431T48)



- 3

24 Aug 1994 16: 48; 14
CH1 Spz4  log MAG i dB/ REF 0 dB 2 —.8870 dB Mot va
R PP A ‘5\-&,\9 akdy
4z 1.660 0Q0 MH=z 3
PRmM R deoucl
1: 88%7 ds
COP 1 --16 MHZ
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T
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APPENDIX N

Bessel Null Modulation Monitor Calibration Process and Spectrum Plots



Frequency Deviation Using
the Bessel Nuli Method

The most accurate way to
+etermine frequency deviation
s to use the Bessel null

method. This method is usually

used to calibraie a station’s

modulation meter while the sta-

tion is not in service. The
Bessel null method relies on
the fact that the Bessel func-
tions which determine the
amplitude of the FM signal

components are zero for certain
values of the modulation index.

The FM carrier is proportional
to J (M) and each harmonic is
proportional to J,(M), where n

is the harmonic number and M

is the modutation index. The
modulation index is the peak
frequency deviation divided by
the modulating frequency. 1o

make the carrier or a sideband

disappear from the FM signal

spectrum, choose a modulating

frequency that corresponds to
one of the modulation indices
_in Tabte 1.

( ' Table 1. Bessel function nulis.

Modulating Signal Harmonics

Carrier
Signal | Second | Third Fourlh

Null
No. | JofM) | JifM) | Joltl) | JatM)

1 |2.4048] 38317 | 51356 | 63802

5520+ | 70156 | 84172 | 9.7610

2
3 18653t | 101735 | 116198 [ 130152
4 [11.7915] 133237 | 14.7960 j 16.2235

Modulation indices at which Bessel
functions are zero

To establish the 100% modula-

tion point when the peak devia-

tion frequency is + 75 kHz,
follow this procedure:

1. Decide which signal compo-
nent you will null. To
calculate the required fre-

quency, divide 75 kHz by
the corresponding modula-
tion index from Table 1. For
instance, the first two carrier
null frequencies are 31.188
kHz (75 kHz/2.4048) and
13586 kHz (75kHz/5.5201).

2. The audio pass band of
most stations will not transmit
31 kHz, so select the second
null value of 13.588 kHz
instead. —

3. Connect an audio sine wave
generator to the modulator
input and set its frequency 10
13586 kHz. Use a frequency
counter to measure the fre-
quency. The accuracy of the
Bessel null method is
governed by the accuracy of
the modulating signal.

4. Set the amplitude of the
audio signal to zero. Connect
your specirum analyzer (o an
RF test point or directional
coupler at the transmilter
output.

5. If your deviation meter is
already approximalely cor-
rect, increase the signal
generator output level until
the meter reads about 100%
and then vary the signal level
slightly until the analyzer
shows a null.

6. If your meter is totally un-
calibrated, increase the
signal generator output level
until a nulf is reached. Con-
tinue increasing the output
level until a second null is
achieved.

A representative display of the
resulting spectrum is shown in

23

Figure 27. The null-carrier con-
dition represents exactly 100%
modulation. The modutation
meter should now be adjusted
to show 100%.

The Bessel null method can be
used for any percent deviation
by multiplying the frequency re-
quired for 100% deviation by
the alternate percentage. For in-
stancs, in the example-above,
the second carrier null using a
frequency of 6.793 kHz (half of
13586 kHz) represents 50%
deviation.

Flgure 27. Second Bessel carrier nul.

Tracking Generator—(with
Spectrum Analyzer for
Swept Measurements)

A tracking generator is a signal
generator whose output fre-
quency is synchronized to, or
tracks with (hence “tracking
generator”), the frequency be-
ing analyzed by the spectrum
analyzer at any point in time.
When used with a spectrum
analyzer, a tracking generator
allows the frequency response
of filters, ampiifiers, couplers, .
etc. to be measured over a
very wide dynamic range. The
measurements are performed
by connecting the output of the
tracking generator to the input
‘of the device being tested, and
monitoring the output of the
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Peak-to-Average Power
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APPENDIX P

Power Meter Calibration



EIA Digital Audio Radio Test Laboratory

Power Meter Calibration
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