
CHAPTER III 

DIRECT RECORDING 

Merely by comparing the length of Sec- 
tion 2.8 with all the others in Chapter II, 
one senses intuitively that the direct mode 
js the most fundamental technique in 
jnstrumentation tape recording. Indeed, 
all other modes of magnetic tape record- 
ing, including those used in audio, video, 
and other applications outside the field of 
measurement and data acquisition, spring 
from it. This chapter examines direct 
recording in terms of modern design prac- 
tice ... in effect, by looking over the de- 
signer’s shoulder, as he attempts to opti- 
mize a present-day design. 

3.1 The Signal Chain. Figure 3-1 is simply 
an elaboration of figure 2-1, with which 
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tals of direct recording, in Chapter II. Let 
us first discuss the added details, thereby 
briefly reviewing the entire signal chain. 

e The signal-conditioning function has 
been elaborated to show the input- 
ranging attenuator preceding the signal 

pre-amplifier. 

The driver has been drawn in more de- 
tail, to show the feedback paths that 
stabilize its gain and tailor its frequen- 
cy and phase response, and the 
method of implementing voltage-to- 
current conversion. The method of 
bias introduction (from a remote bias 
oscillator, via a buffer amplifier and a 
bias-isolation network) has been 

    
  

  

    

  

  

  

      

    

  

  

            
     

  

    

      
    

  

      

  

          
  

  

  

  

    

we began our discussion of the fundamen- shown, also. 
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Figure 3-1. Simplified diagram of a typical modern wideband direct-recording signal chain. 
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@ A few key recording-head parameters 
have been given, including a plot of 
how signal current must rise slightly 
with signal frequency (to compensate 
for increased losses), so as to maintain 
“constant-flux”’ recording. 

The reproduce amplifier has been split, 
as it is (for the widest-bandwidth de- 
signs) in actual practice, between a 
pre-amplifier located as close as possi- 
ble to the reproduce head, and an 
amplifier/filter/equalizer module loca- 
ted wherever convenient. 

The filter/equalizer circuits in the 
higher-level amplifier are switched 
groups of components, one set for 
each tape speed. In the best modern 
designs, “‘all-speed”’ filtering and equal- 
ization are provided, electronically 
“‘sanged”” to the tape-speed selector 
switch, for convenience and speed. (In 
other words, when a speed is selected, 
the correct filtering and equalization is 
automatically selected, also.) 

Now, with the elements of the signal 
chain shown in some detail, we are ready 
to survey the landscape for dragons... 

3.2 Bandwidth Constraints. We reproduce 

  

  

  

here the specifications for an IRIG 
“Wideband 2” direct-recording system”. 

Tape Speed Bandwidth 

cm/s i.p.s. +3dB 

304 120 400Hz—2MHz 

152 60 400Hz—1MHz 

76 30 400Hz—500kHz 

38 15 400Hz—250kHz 

19 Th 400Hz—125kHz 

9.5 3% 400Hz—62.5kHz 

4.75 t/ 400Hz—31.3kHz         
  

* See Chapter X. “IRIG” refers to the Inter- 
Range Instrumentation Group, a U.S. Govern- 
ment agency concerned originally with tele- 

metry on missile ranges. Their standards are 

accepted throughout most of the world, for all 
applications. 
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Figure 3-2. Typical wideband-DR reproduce- 
head response. 

Returning to figure 3-1, it is clear that a 
bandwidth of 400 Hz to 2 MHz (at 120 
IPS, from the chart) can create design 
challenges at virtually every point in the 
sional chain. We must design for “‘flat”’ 
response (i.e., within 3 dB of the nomi- 
nal all the way out to the band edges, or 
“cutoff frequencies’) without serious 
phase distortion, as discussed in Chapter 

I. Remember that the specification given 
for bandwidth is overall: from signal 
input to recovered-signal output; thus, if 
the record-chain gain is itself 3 dB down 
at 2 MHz (for example), the reproduce 

chain may not exhibit any loss at 2 MHz 
... OF Vice versa. 

Clearly, from a bandwidth point of 
view, the weakest link in the signal chain 
is the reproduce head, for the reasons dis- 
cussed at some length in Chapter II. All 
the other elements lend themselves to 
conventional design practices for band- 
width enhancement but the reproduce- 
head response characteristic, shown in 
figure 3-2, demands equalization of quite 
a different order. Consider these observa- 
tions. 

@ The response peaks in the region of 
300 kHz, but remains within +3 dB 

over less than an octave. 

@ The low-frequency response falls off 
from the small “flat”? region around 
300 kHz at a constant 6 dB/octave 
(usually, closer to 5.5 dB/octave), and 
falls to —SO dB at 400 Hz. 

 



e The high-frequency response also falls 
off sharply, at a varying rate, averaging 
7 dB/octave, and is 15 dB down at 

2 MHz. 

Thus, whatever equalization is pro- 
vided at the low end must be linear over 
more than nine octaves, and (ideally) 
should be tapered near 200 kHz, for a 
perfect fit. It should not be active beyond 
250 kHz, for fear of over-compensating. 
Similarly, the high-frequency equalization 
must take over at about 350 kHz, and be 

linear over about 2.5 octaves. Neither 
equalizer should introduce excessive 

phase distortion. 

3.3 Dynamic Range Constraints. Figure 
3-3 shows the actual outputs of two chan- 
nels of a direct-mode recording, one with 
no signal input, to give some idea of the 
background noise, and the other recorded 
with a normal level signal (1% THD) at 
the reference frequency. Figure 3-3(b) is 
similar, except the recording was made at 
the band edge frequency of 1 MHz. 

The peak amplitude of the noise in 
3-3(b) can be estimated visually to be of 
the order of 8% or less of the signal 
amplitude; but that observation is a crude 

and possibly meaningless measure of the 

noise*, since we have not defined the 
“bandwidth of interest,” nor have we 

assured ourselves that the sample record- 

ed has a long enough “time window”’ to 
include most peaks with a high degree of 

mathematical probability. Further, the 

data displayed may ultimately be fed into 
a spectrum analyzer (where it may be 
averaged, segregated from noise, display- 
ed as a power spectrum, plotted as power- 
spectral-density, etc., etc.) or into a digi- 
tizer and dedicated processor... or a 
dozen other ways may be used to dis- 

criminate between signal and noise, 

including simple filtering . . . so our “‘esti- 

mate” of noise level can only establish 

the order of its magnitude. 
  

*See Chapter II, particularly pages 21 to 22, for 

background on this important subject. 
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(b) Noise and 1 MHz 0.8 V RMS signal plus noise. 

2. 8 

Figure 3-3. Noise background, and signal-plus 

noise. 

Perhaps, therefore, it is fortunate 

that there are standard test procedures, 

accepted by all manufacturers, for rating 

the signal-to-noise (SNR) performance of 

their systems at each of the standard 

speeds and signal bandwidths. (We refer, 

of course, to the IRIG specifications 

mentioned several times previously, and 

discussed in Chapter X.) But it is also 

true that these standard ratings may be 

grossly misleading as to the actual perfor- 

mance of a recording system, in a particu- 

lar application. 
One thing is certain: if the “band- 

width of interest” can be restricted to less 

than the noise bandwidth used in the 

IRIG test procedure, then the effective 

S/N, and therefore the usable dynamic 

range of that system, will be somewhat 

greater than the value listed by the manu- 

facturer.



Let us compare two sets of operating 
conditions: the first, in which the applica- 
tion demands the full IRIG bandwidth 
for noise measurement, and the second, 
in which the output of the system is to be 
fed to a bandpass filter, thereby sharply 
reducing the noise and signal bandwidths. 
The calculation of narrow-band noise fol- 
lows the theory developed on page 22. 

Condition 1 2 

Bandwidth 1.6 MHz (6.4kKHz—12.8kHz) 

Noise Level 0.1VRMS 0.0335VRMS 

Max. Output 1.0VRMS 1.0VRMS 

S/N (dB) 21 dB 29.5 dB ) Dynamic 
S/N (ratio) 11.1 30:1 } Range 

Thus, it is clear that, in the second 
application, the dynamic range of the 
system has been significantly increased by 
the bandpass filter. 

3.4 Speed vs. Data Density. In contrast to 
the almost elusive vagueness of dynamic- 
range ratings, the specification of data 
density is very direct and substantial. 
There is, quite simply, just one number: 
the number of sinewave cycles per linear 
inch; and, since the bandwidth of the 
system is rated in strict, constant propor- 
tion to the speed of the tape, that num- 
ber need be computed just once. In fact, 
we should not be surprised at this wel- 

come simplicity, knowing as we do how 
the data-density limitation is determined: 
by the gap length in the reproduce head. 
Since the gap length dominates all other 
factors in setting the upper frequency 
limit of the system, it uniquely deter- 
mines the maximum data density. 

In our exemplary system, as specified 
in preceding sections, the upper frequen- 
cy limit is 2 MHz at 120 IPS, 1 MHz at 60 
IPS, etc.... all the way down to 31.25 
kHz at 1-7/s IPS. Any one of these sets of 
numbers yields the rated linear data 

density : 

2,000,000 cycles per second 

120 inches per second 
  L.D.D. = 

L.D.D. = 16,667 sinewave cycles/inch 

And we can even use this figure to 
check back and estimate the reproduce- 
head gap, which whould be of the order 
of one-third wavelength: 

Rg = oS = 20 millionths 
’ of an inch. 

...or about 0.5 microns. (The head used 
in the system we are describing is actually 
about 0.4 microns. ) 

3.5 Other Design Factors. Until now, we 
have assumed that all of our design con- 
cerns were electronic or electromagnetic. 
But it is time to admit that there are 
mechanical considerations, too, and they 
impinge on some of the numbers we have 
been using. It is also time to return to the 
question of the quality and uniformity of 
the tape, with respect to both mechanical 
and electromagnetic properties. Let us 
now add these factors to our viewpoint, 
at least qualitatively, so that, in the final 
section of this chapter, we may create a 
comprehensive review of potential prob- 

lems. 
First of all, if dirt, surface irregulari- 

ties, flutter, or any other influence 
increases the normal separation of the top 
of the magnetic film from the head-gap 
surface, the effective magnetic coupling 
can change very rapidly. In recording, the 
effect of such anomalies is minimal, be- 
cause of the great depth of penetration of 
the recording-head’s flux-field contours 
into the tape; but in reproduction the 
effect is almost catastrophic. The rela- 
tionship between induced signal and tape- 
to-head spacing is best described by refer- 
ence to figure 3-4. 

In an analysis of the reproduction of 
magnetically recorded signals that is wide- 
ly regarded as classic and definitive, 
Wallace (Bell System Technical Journal,


