CHAPTER IV
FM RECORDING OF ANALOG SIGNALS

As noted in Chapter II, FM recording,
when introduced, represented one of the
most important breakthroughs in instru-
mentation tape recording, up to that
time, because it extended the frequency
range of precise data acquisition-cum-
storage systems down to DC. This chap-
ter, like its predecessor, interprets its sub-
ject in the idiom of modern design prac-
tice. Once again, we make bold to recom-
mend that, if you have not recently done
so, you quickly scan the relevant passages
in Chapter II, most especially Section 2.9.

4.1 The Recording Signal Chain. Figure
41 is a somewhat more detailed and
specific version of the recording part of
figure 2-19, with which we first intro-
duced the FM mode. Let us begin by trac-
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ing our way through this more elaborate-
ly represented signal chain . . .

@ The signal is conditoned by an attenu-
ator followed by an amplifier that may
be calibrated and also offset to either
input range extreme. (Offset is useful
when the signal is unipolar —i.e., is al-
ways positive or always negative. By
offsetting the input circuit so that zero
input corresponds to peak rated devia-
tion in the direction opposite the ex-
pected signal polarity, the entire +
deviation range may be employed uni-
directionally effectively doubling the
dynamic range.)

© The output of the signal amplifier is
used to determine the frequency of a
voltage-controlled oscillator (VCO).
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Figure 4-1. EM recording signal chain.
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This circuit combines the functions of
generating the carrier and frequency
modulating it. Note that we refer to
“the” carrier, although modern sys-
tems, with their wide ranges of tape
speed, demand many different carrier
frequencies. For example, in a single
mode, a system with a top speed of
120ips and a bottom speed of
15/16 ips demands a carrier-frequency
range of 128:1. The next circuit ele-
ment, the multi-stage frequency
divider, provides the required range of
carrier frequencies from a single VCO,
operating at the highest carrier fre-
quency, and modulated to the percent
deviation specified for that carrier.

The VCO output drives a multi-stage
frequency divider, each stage of which
performs a division by two of the fre-
quency fed to it. Thus, if the original
carrier is at 900 kHz, deviated +30%
(over the range from 630kHz to
1170 kHz), the output of the first
divider stage is a 450 kHz carrier, fre-
quency modulated from 315 to 585
(also £30%), the output of the second
stage is at 225 kHz £30%, etc. If the
900 kHz carrier was designed for a
tape speed of 120ips, the 450 kHz
carrier would be appropriate for
60 ips, the 225 kHz carrier for 30 ips,
etc. The desired frequency-divider out-
put is selected by switching logic,
under control of the tape-speed selec-
tor switch.

The selected carrier is fed to an adjust-
able attenuator (for level setting); a
low-pass filter (to eliminate higher-
order harmonics that might otherwise
form heterodyned “beat-note” pro-
ducts when combined with the bias
frequency and/or its harmonics); and a
carrier amplifier (to drive the record-
ing head).

High-frequency bias is used in FM
recording for the same purpose as in
direct recording — to. enhance linear-
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ity. (In fact, the modulated carrier
may be thought of as just another
high-frequency signal, ready for direct
recording... and direct and FM
modes use the same recording and
reproducing heads for both, com-
promising neither to any significant
degree.) So we see the same biasing cir-
cuitry in this signal chain as we did in
figure 3-1: a bias-level-setting attenu-
ator, a bias amplifier, and networks to
match the bias drive impedance to the
head and to block the bias from the
carrier amplifier.

4.2 The Reproducing Signal Chain. Figure
4-2 is a more detailed version of the
reproducing part of figure 2-19, with
particular emphasis on the demodulation
technique employed*. Let us trace this
rather complex signal path . . .

©® The output of the reproduce head is
first applied to a “level-standardizing”
amplifier. This circuit is entirely de-
voted to compensating for the fact
that the carrier signal induced into the
reproduce head has an amplitude
directly proportional to its frequency,
and therefore to the tape speed. The
correct circuit components for com-
pensation at each tape speed are usual-
ly selected by the circuitry associated
with the tape-speed switch. For exam-
ple, if the level-standardizing circuit
has unity gain at 120 ips, it will be set
to a nominal gain of 2 for signals
acquired at 60ips, a gain of 4 for
301ips, 8 for 15 ips, etc.

e The level-standardized signal is then
fed to a low-pass filter, the function of

*Many different circuit approaches are used to
demodulate FM carriers in wideband instru-
mentation recording. The demodulation
scheme shown in figure 4-2 is essentially that
used in the most advanced Wideband Group 2
FM reproducing system now offered by EMI
(Model 7000M), but we believe it to represent,
in proficiency and sophistication, the best of
current practice.






