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I FUNCTIONAL DESCRIPTION

Introduction

Inovonics’ Model 222 is an audio processor intended exclu-
sively for AM broadcasting applications. It can stand alone
between the audio console and the transmitter for conservative
limiting-only program control, or may be used in conjunction with
a level compressor or an existing AM audio processing system for
more “aggressive' results.

The unit also provides compliance with the Voluntary AM
Transmission Standard established by the U.S. National Radio
Systems Committee (NRSC). 1In addition to the adjustable-
asymmetry peak control function, it incorporates the specified
75-microsecond "truncated” preemphasis characteristic with
independent high frequency "preemphasis protection” limiting, as
well as a sharp 10kHz lowpass filter with proprietary overshoot
control.

The 222 is capable of supporting other transmission standards
as well. Options include a 75-microsecond / 8kHz version for
European Medium Wave broadcasting, and a 150-microsecond / 5kHz
version for International Shortwave service.

The 222 uses feedforward Pulse Width Modulation (PWM) for
colorless control over program dynamics and equalization. This
also permits a good deal more gain reduction to be utilized,

without audible degradation, than permitted by more conventional
feedback-mode VCA designs.

This Manual is divided into several sections which present the
features and design philosophies of, and installation and cper-
ating instructions for, the Inovonics 222. Since much of the
information is expressed in text, rather than in tabular form, it
is recommended that the user at least skim Sections I through III
before placing the unit in service.

Background

Development of the 222 was inspired by ongoing work toward
improving the quality of AM (medium wave) broadcasting in the
United States. During recent years, U.S. radio listenership has
migrated increasingly toward the VHF-FM broadcast band as
low-cost portable and automobile FM receivers became readily
available.
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In 1885, the National Radio Systems Committee (NRSC),
sponsored Jjointly by the Electronic Industries Association (EIA)
and the National Association of Broadcasters (NAB), formally
addressed the general issue of "AM Improvement.” The Committee’s
work, undertaken on the mutual behalf of radio broadcasters and
of receiver manufacturers, culminated in the adoption of the
"NRSC Standard” of January 10, 1987. The Standard calls for 75-
microsecond transmission preemphasis (and complementary receiver
deemphasis) curves to suppress noise, and a 10kHz, sharp-cutoff
lowpass characteristic to reduce interference between adjacent-
channel stations.

As of this writing, the NRSC Standard is being implemented
through strictly voluntary compliance. A growing majority of AM
broadcasters appear to recognize the potential "NRSC benefit”™ by
expressing their eagerness to comply with the Committee’s
recommendations.

Implementation Implications

The "truncated” 75-microsecond preemphasis characteristic is
easily achieved with a simple R/C network. Figure 1 graphs the
required curve with its single "zero” (+3dB) at 2122Hz, and

"pole” (-3dB with respect to the 6dB/octave rising response) at
8700Hz. What a simple program preemphasis network does not take
into consideration, however, is its effect on modulation. If the

network follows the peak controller, limited high frequency
program energy will be boosted to undoubtedly exceed the 100%
modulation limit. If, on the other hand, the network precedes
the limiter, the overall program level will “"duck"” as accentuated

high frequency peaks are reduced.

To prevent the modulation sacrifice inherent in either case,
some form of independent high frequency limiting must be used.
“Preemphasis protection” limiters are common in FM broadcasting
systems which employ a similar 75-microsecond curve; these use
split-band gain control or voltage-contreclled filters to
separately limit the program energy within the preemphasized
portion of the spectrum.
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Figure 1 - NRSC PREEMPHASIS CURVE
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The NRSC Stopband Specification is shown in figure 2, along
with the lowpass filter response of the 222. The required 10kHz
lowpass function implies a very sharp-cutoff filter, and filters
of this type invariably exhibit a certain amount of ocutput
amplitude overshoot and "ringing.” Thus some provision must
again be included to guard against this potential source of
overmodulation. Simply placing the filter before the final
limiter or clipper is hardly sufficient since the fast-limited
or clipped filter overshoots will again contain frequency
components beyond the 10kHz cutoff.

The better FM stereo generators incorporate some form of
lowpass filter overshoot control. These technigques may be
borrowed, provided that they prove sufficient for the sharper
cutoff characteristic of the NRSC lowpass specification.

Peak Limiter

The input Peak Limiter section of the 222 restricts program
amplitude excursions to a peak level which represents 100%
negative, and 100%-t0-130% positive carrier modulation. When the
222 is fed from an existing processing system which already
includes tight peak control, the redundant built-in limiter may
be switched OFF.

The Limiter section accomplishes its gain reduction (G/R) with
a feedforward technigue using Pulse Width Modulation. A brief
"tutorial” on PWM is included with the CIRCUIT DESCRIPTIONS in
Section V. An advantage of feedforward gain control over the
more conventional feedback methods is the ability to tailor the
input-to-output gain-reduction transfer characteristic for
smoother-sounding processor action, especially noticeable during
heavy limiting. :

PAGE 5



Figure 3 graphs the in/out function of the Model 222 Limiter,
showing a “"soft knee” with an area of increasing-ratio
compression prior to the final, "infinite” limiting ratio.

Attack time of the internal Peak Limiter is virtually instan-
taneous. The release function has a dual time constant, with a
rapid initial realease (for fast program peaks) to an averaged
"platform” value, and a slower release for the integrated,
average value of peak reduction.
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“Adaptive"” Preemphasis

To "protect”™ that part of the spectrum which is subJject to the
75-microsecond preemphasis, and thus avoid high frequency over-
modulation, independent high freguency limiting is afforded in
the form of a variable, "sliding-turnover” preemphasis circuit,
also using feedforward PWM.

The value of the preemphasized high frequency energy is added
to that of the previously-limited broadband program. The pre-
emphasis turnover frequency, normally 2122Hz, adaptively shifts
up to keep the energy sum at 100%. Examples of the actual
preemphasis curve under different program signal conditions are
graphed in Figure 4 on the next page.

Attack and release time constants of this circuit are very
fast, in keeping with the high-frequency-only nature of the
controlled part of the spectrum. This helps keep the preempha-
sis protection limiter unobtrusive in its action and maintain the
full specified preemphasis, consistent with keeping total carrier
modulation at 100%.

As the protection limiter is an integral part of the active

preemphasis circuit, it is defeated only when preemphasis 1is
turned OFF,
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Lowpass Filter and Overshoot Compensator

The primary lowpass filter in the Inovonics 222 is a S8-pole
"elliptic” type which easily meets the NRSC stopband specifi-
cation as shown in Figure 2. The filter is of conventional
high-stability, "FDNR" active design.

A fast peak clipper is placed immediately ahead of the filter
to catch whatever program peaks might evade program peak limi-
ting. The positive clipping threshold is adjustable between
+100% (symmetrical with the negative) and +130%. This is con-
current with an identical offset in the Peak Limiter thresholds.
Though in actual operation the clipper is rarely called-on for
more than a dB or two of clipping, it does establish an absolute
cignal ceiling value which corresponds to full carrier modulation.
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Presented with a complex-waveform program input signal, any
sharp-cutoff lowpass filter will exhibit output amplitude excur-
sions (overshoots) which exceed any ceiling value established at
the filter input. Even a filter design which is "fully phase-
corrected” will overshoot. This is due to the filter’s normal
and, in fact, desired elimination of higher-order frequency
components which, themselves, help define the instantaneous peak
value of the signal.

Unlike "brute force” methods of overshoot control which often
feature cascaded filter/clipper combinations, the proprietary
compensation scheme (patent applied for) used in the Model 222
preconditions the program signal at the filter input so that
overshoots at the ocutput are negligible. Thus no complicated
isolation, re-filtering and re-introduction of actual filter
overshoots is required as in some other methods of compensation.
222 filter topography remains straight-forward, and compensation
circuitry relatively simple. A front-panel "0.S. COMP" LED
indicates any compensation circuit action. Filter output
waveforms for a variety of input signals are shown in figure 5.
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Since the filter is, indeed, the final element in the signal
path, the specified cutoff characteristic is assured under any
condition or degree of previous signal processing.

Asymmetrical Modulation

As previously noted, both the Peak Limiting and Clipping
functions of the Inovonics 222 will support asymmetrical carrier
modulation. Program material which is non-symmetrical by nature,
such as the human voice and some solo musical instruments, will
be passed by the 222 to utilize the "advantage” afforded by the
asymmetrical carrier modulation permitted by governent regula-
tions. However, the 222 will not create asymmetry by force-
clipping negative program waveform excursions.

Also, the Peak Limiter section of the 222 has no provision for
selective-inversion of the program signal to insure a predomi-
nance of positive peaks. It is assumed that if this feature is

desired, it will be provided by a more sophisticated processor
ahead of the Model 222.

Nevertheless, to the extent that positive-going asymmetry is
present in the program source, the 222 can be adjusted to wyield
positive output peaks up to 130% of the negative, though +125% is
generally the legal limit. In the interest of conformance with
the NRSC Stopband Specification, the transmitter should not be
driven into modulation non-linearity in an effort to force a full
+125% modulation.

"PROOF" Mode

When the three front-panel selector switches are turned OFF,
Limiting, Preemphasis, Preemphasis-Protection Limiting and the
Lowpass Filter and Overshoot Compensator are switched out of the
signal path, and the "PROOF" indicator lights. Any of the three
functions may be independently defeated as well. '

Stereo Operation

Two Model 222 units are required for stereo operation. A
rear-panel “phono” Jjack permits interconnection to slave the
broadband Peak Limiter gain-reduction functions.

Since the 222 is placed immediately ahead of the transmitter,
the two units are necessarily operated in the stereo “"sum and
difference” modes.

Particular care has been excercised in the manufacture and
final test of the Model 222 to ensure that any two Processors
will exhibit identical amplitude and phase response for proper
stereo tracking, even when serial numbers differ widely.
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opecifications

Tabulated below are performance specifications of the Model
222 which are neither expressed in the text of the Manual nor

implied in the attendant drawings.

Freguency Response (preemphasis defeated):

Noise:

Distortion:

+/-1dB,

In "PROOF":

Input:

Qutput:

Power Requirement:

10Hz-8.7kHz;
+/-0.5dB,

Less than 0.2% THD,

10Hz~15kHz.

Better than 75dB below 100% modulation.

10Hz-8.7kHz

with Peak Limiter OFF; less than 1% THD,
200Hz-8.7kHz with Peak Limiter ON.

Active-balanced,

10k~-bridging;

line levels between -15dBmV and +15dBmV.

Active-balanced,

delivers 0 to +15dBm into B00-ohm loads.

Size and Weight:

50/60Hz;

INPUT
30KHZ LPF  GAIN

105-130 or 205-255VAC,

8 Watts.

1-3/4"

x 18" x 87

(103 ;

8 lbs.

800-ohm resistive source;

accepts nominal
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Figure 6 - BLOCK DIAGRAM, MODEL 222
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