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Fig. 1. Block diagram of a Compact Disc player.

Compact Disc. White noise is the one
universal bugaboo in all technolgies.

White noise is an inescapable fact of
life in any equipment in which ampli-
fication is used. By definition, white
noise contains all frequencies across
the audio spectrum at equal ampli-
tude. But what may appear on an os-
cilloscope screen as equal amplitudes
is not necessarily how the human ear
discerns the distribution.

We hear audio frequencies in a
more or less natural octave manner;
one might say we have a natural lo-
garithmic response. For example, if
asked to differentiate between low,
medium and high notes in a musical
selection, a typical listener might con-
sider the notes from 40to 300 Hz to be
low, from 300 Hz to 2.5 kHz to be
medium and from 2.5 to 16 kHz (or
the upper range of his hearing) to be
high. He is also likely to consider the
distribution within each range to be
equal.

Simple arithmetic, based on the
above example, reveals that the white
noise in the “‘low,”’ ‘“‘medium’’ and

Say You Saw It In Modern Electronics

““high’’ notes is spread across 260 Hz,
2.2 kHz and perhaps 13.6 kHz, re-
spectively. However, since the white
noise is evenly distributed in terms of
amplitude, it follows that the com-
bined white-noise energy in the high-
note range is on the order of 50 times
greater than the combined energy in
the low-note range. With this great a
variation, white noise in the higher
frequencies will always be more no-
ticeable, even in systems that use the
latest digital techniques.

White noise also has a major effect
on signal-to-noise ratio (S/N) and,
hence, dynamic range, both areas in
which CD technology has brought sig-
nificant benefits. The maximum dy-
namic range in decibels (dB) at the
output of a Compact Disc player,
based on the Sony/Phillips 16-bit CD
specification, is determined by the ex-
pression: 6A + 1.8, where A is the
number of bits. With the 16-bit spec,
maximum dynamic range is (6 X 16)
+ 1.8 = 97.8 dB for a sine wave.

It is important to understand that
the maximum dynamic range spec is

met only at the output of the digital-
to-analog (D/A) converter and then
only when all conditions are ideal. It is
not the spec taken at the CD player’s
audio output jacks. This being the
case, dynamic range—and S/N—can
only deteriorate as the output from
the D/A converter passes through
each amplifier stage on its way to the
player’s output jacks. By the time the
signal arrives at the output jacks, it is
also to be expected that overally dy-
namic range will be reduced by a
modest factor.

Even the best amplifier stage gen-
erates white noise. The white noise
component of each successive stage
adds to the total and raises the noise
floor of the signal, thus reducing dy-
namic range. Although the D/A con-
verter output in a CD player can,
under ideal design conditions, pro-
duce a dynamic range of 97.8 dB, a
more realistic figure would be more on
the order of 90 dB measured at the
speaker output. This is still a healthy
dynamic range and is virtually unat-
tainable with analog equipment.
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Fig. 3. Ideal deemphasis characteristics for CD players.

given on the disc or the package it
came in. Simply monitor the state of
the switch used to apply deemphasis.

The third section of the deemphasis
circuit is the deemphasis network it-
self. Different design approaches for
this circuit are used by different man-
ufacturers of CD players. Five possi-
ble variations are shown schematically
in Fig. 2, all of which can be found in
current CD players. The circuits
shown in Fig. 2 have been simplified
for clarity.

Sony/Phillips’ licensing agreement

Say You Saw It In Modern Electronics

specifies a flat deemphasis response to
3.18 kHz, a 6-dB/ocatve rolloff be-
tween 3.18 and 10.6 kHz and then a
flat response with no further attenua-
tion beyond 10.6 kHz (see Fig. 3).
These are ideal figures. In the real
world, filter transition points are not
sharp, rolloff stages never have
straight-line characteristics until at
best well past the transition frequency,
and the complex reactances of filter
components guarantee departures
from the ideal.

Although a perfectly responsive de-
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emphasis network to match the Sony/
Phillips specification is impossible to
0 build, complex bandpass filter designs
are capable of providing a good ap-
proximation. However, practical
g -0 filters will differ from one design to
another and even from one set of
‘“‘identical’’ components to another in
-20 the same design in a production run
3.18KHz 10.6KHz

unless extremely close tolerance, high-
quality components are used.
Undoubtedly, one of the major rea-
sons why some CD recordings pur-
posely lack emphasis is the impossi-
bility of designing perfect deemphasis
networks. This is especially so when
the master recording is already a state-
of-the art example made under care-
fully controlled circumstances, with
very low noise and excellent accuracy
to begin with. Characteristics of the
various deemphasis network designs
invariably affect CD program repro-
duction fidelity in an imperfect way.

(Continued on page 85)
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Therefore, to avoid any alterations
whatsoever, it is not uncommon for
recording engineers to forego
adulterating the program material by
emphasizing it, assuring the listener of
maximum fidelity.

Summing Up

Reduction of noise, which improves
the signal-to-noise ratio, is the major
benefit derived from the use of em-
phasis and deemphasis in CD record-
ing and playback. Most major record-
ings are derived from multiple re-
corded tracks that are mixed down to
the final two to make up the familiar
stereo program. At every stage from
microphone all the way to digital con-
verter, the analog amplifiers in-
evitably cause anincremental increase
in the noise floor and reduction of
dynamic range.
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Using enhancement during the re-
cording process both reduces the ef-
fect of noise in playback and assists in
overcoming the limitations of the
playback equipment. Whether im-
proved signal-to-noise ratio or virtual-
ly perfect linearity is more desireable

is the choice of the producer of a given
Compact Disc. The option of using
emphasis/deemphasis gives the pro-
ducer a powerful tool in dealing with
noise when it exists to a degree signif-
icant enough to have an audible effect
on the played back program. ME
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