
CHAPTER VII 

TAPES AND TAPE HEADS 

It would be wrong to try to separate 
these two elements of the tape-recording 
system, for they are completely inter- 
dependent, It is the magnetic, dimen- 
sional, and mechanical properties of the 
tape that establish the functional require- 
ments. for the recording and reproducing 
heads, and vice versa. It would be equally 
wrong to think of this remarkably close- 
knit symbiosis as static; new tape compo- 
sitions are in the offing, as are new head 
constructions, and each holds promise for 
significant improvement in what we now 
call — momentarily — “state-of-the-art 
performance.” 

7.1 Types and Sizes of Tape. Although 
there are many formulations of magnetic 
recording tape, manufactured in a wide 
variety of widths and thicknesses, wher 
one eliminates all but those well-suited to 
instrumentation, the remaining list is 
really quite short. In fact, well over 90% 
of all instrumentation applications are 
presently using only three widths, four 
thicknesses, and perhaps ten formula- 
tions. A further option in tape construc- 
tion, recently introduced, has a textured 
back surface, thought by many to im- 
prove the “physical handling”’ characteris- 
tics of the tape. It is not currently avail- 
able in all widths, thicknesses, and formu- 
lations. 

In modern data-recording tapes, a 
single magnetic material — iron oxide, 
with and without modification by the 
addition of “dopants” such as cobalt, — 
dominates. Unlike audio and video record- 
ing, in which such interesting new mate- 
rials as chromium dioxide, pure iron, 
iron/cobalt, and iron/nickel/cobalt are all 
under very active use or development, the 
instrumentation field has always been 
inhibited by its enormous investment in 
equipment designed specifically for iron- 
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oxide tapes... and unsuitable (and 
unmodifiable, generally) for tapes with 
different magnetic properties. 

So the manufacturers of magnetic 
recording tapes have been restricted al- 
most exclusively to improvements that 
can be made by varying particle size, 
shape, dispersion, and orientation .. . and 
mostly the first two. Let us very briefly 
review the rules governing that game... 

Without going too deeply into the 
complex physics and metallurgy involved, 
the “tiny magnets’ we spoke of in Chap- 
ter II (e.g., page 27) must be made in a 
very restricted size range. They must be 
small enough to contain only a single 
“magnetic domain,” but they must be 
large. enough — actually, long enough — 
to separate their North and South poles 
sufficiently to create a strong external 
field, when magnetized by the recording 
head. For these reasons, ferric-oxide 
development has favored the manufacture 
of long, thin crystals, small in area but 
long in the “North-South” direction. 
These “‘acicular” (needle-like) particles 
are then encouraged to align themselves, 
in the dispersion that makes up the mag- 
netic coating, in the longitudinal direc- 
tion — the direction of tape travel. It 
should be noted that the cobalt-doped 
iron-oxide particles can be more cubic in 
shape, can be smaller for a given coerciv- 
ity, and permit higher frequency, higher- 
S/N operation at smaller particle size. 

If the particles are too long (even 
though still possessing a single magnetic 
domain), they will be too hard to mag- 
netize — i.e., their coercivity will be too 
high for the recording head. Also (and 
equally undesirable), they will limit the 
bandwidth that may be recorded on the 
tape, because the length of the ‘particle 
must be shorter than the sinusoidal wave- 
length at the tape speed to be used*. At



present, standard tapes used in wideband 
instrumentation recording are limited to 
signal bandwidths of the order of 2 MHz 
at 120ips (60 microinches wavelength), 
and at this particle size, the coercivity is 
of the order of 400 Oersteds. 

It is important to note that, for any 
specific shape and composition of parti- 
cle, the remanence and retentivity go up: 
and the coercivity goes down as the parti- 
cle size is reduced. This means that lower- 
frequency tapes require less magnetizing 
force to saturate them, yet have higher 
“output” (induction available for the re- 
produce head), and hence are capable of 
better signal-to-noise ratio. Everything, as 
we have noted before, in other connec- 
tions, seems to work against wider band- 
width! 

Another rule of the tape-enhance- 
ment game is that particle size must be as 
uniform as possible, and the particle dis- 
persion must not permit longitudinal 
spaces between particles that are more 
than a fraction of the length of an 
acicula. Ideally, the magnetic coating 
should present to the head a continuous 
“pavement”’ of particles, thinly insulated 
by the binder, but essentially contiguous, 
and. all of the same size and all perfectly 
aligned with the direction of tape travel. 
Large gaps, if they do occur, cause “‘drop- 
outs’ — dead spots in the tape. 

At present, the major manufacturers 
of instrumentation tape make four or five 
bandwidth formulations: typically, the 
breakpoints occur at 150 to 200 kHz, 
300 to 350 kHz, 1.0 to 1.2 MHz, 1.3 to 
1.5 MHz, and 2.0 MHz. Most of these for- 
mulations are available in both normal 
and “premium” grades, the latter guaran- 
teed to conform (more or less) to some 
industry or government standard of qual- 

  

*This constraint applies only to signal frequen- 
cies not bias frequencies, which may be several 
times higher. 

ity (e.g., the US. Government Supply 

Agency Federal Specification 
W-T-001553). These standards usually re- 
late to bandwidth capability, uniformity, 
number of dropouts, wear resistance, 

abrasivity, resistivity of both coating and 
backing, and sensitivity. 7 

The tape widths i in most common use. 
are %, %", and 1. A “substrate,” or 
backing material thickness of -1 mil 
(0.001”) is the overwhelming favorite, 
although 1.5 mil standard tapes find some 
use, for “archival,” or long-term storage 
of important recordings (thicker tape has 
less “print-through” — the gradual trans- 
fer of signal from one layer to another), 
and thicker tapes are also preferable for 
highly repetitious use, but the 1 mil back- 
ing gives 50% more playing time per reel. 

Two coating thicknesses are offered: 
0.4 mil and 0.2 mil, the latter giving 28% 
more playing time on a 1 mil backing, 

- and being by far the more popular. (No 
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significant difference in electromagnetic 
properties is evident.) The base material is 
always polyester, the early cellulose 
acetate being now obsolete. 

The new textured-back tapes would 
appear to have advantages over smooth- 

backed types, because of their improved 
reel-pack behavior. They slip less, and 
they are less likely to exhibit “clinching” 
(rippling and even folding under of sever- 
al layers). This new generation of tapes 
also claims a lower modulus of elasticity, 
thereby conforming better to the head 
profile.. 

All tape manufacturers take pride in 
the smoothness of finish of their oxide 
coatings; the adjectives glow especially 
brightly in that regard. Each seems to 
claim the lowest head wear and the low- 
est tape wear. Our experience, like that of 
the large users who have run meaningful 
tests (such as T.H.I.C., the Tape-to-Head 
Interface Committee, U.S.A.) indicates 
that the new lower-modulus, thin-coated, 
textured-back, wideband tapes are the 
best of all (by far) in this respect, and


