
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 
tange 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 

4-1 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- 

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. FM 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 120 ips, 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- 

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 
30 ips, 8 for 15 ips, etc. 

@ 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.
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Figure 4-2, FM reproducing signal chain. 

which is to attenuate noise compon- 
ents whose frequencies lie above the 
passband necessary for reproduction 
of the carrier and its significant side- 
bands. (From Chapter II, recall that 
the first three pairs of sidebands sur- 
rounding the carrier bear almost all of 
the modulation data... and reproduc- 
tion of more remote sidebands is 
unimportant. ) The cutoff frequency of 
this filter must be adjusted, for each 

- tape speed — i.e., for each carrier fre- 
quency — to a value that effectively 
attenuates all frequencies above about 
twice the carrier frequency. ‘The low- 
pass filter employed for this purpose is 
a multipole active analog design, in 
which the cutoff-determining time- 
constants are switched by the tape- 
speed-selection switch; in other 
words, like the gain of the level-stan- 

dardizing amplifier, the bandwidth of 
the signal-conditioning channel is auto- 
matically optimized for each tape 
speed™., 
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It may be useful, here, to pause 
and reflect on why noise — essentially 
an AM phenomenon to the causal 
observer — should be so troublesome, 
or at least worrisome, as to force the use 

of high-performance filtering. But the 
reader must remember that the signal 
is to be limited and demodulated, and 
the information in it (the signal ) will 
then be contained in one parameter: 
‘the times of zero-crossing of the 
carrier waveform. If we ask ourselves 

“what is the instantaneous frequen- 
cy?” at any time, we really ask: “what 
was the time lapse between successive 
positive-going (or negative-going ) zero- 
crossings?”’ But the injection of even a 
  

*Many systems, even modern designs, do not 
p rovide all-speed filtering, but provide a 
limited choice of switchable speeds (as few as 
two), after which new filter circuitry must be 
plugged or wired in, to accommodate other 
speeds. We see no supportable economies or 
technical reason for this, but it is apparently 
just a designer’s decision ... and a poor one, 
in our judgment. 

  
  

  
 


