Factors Alffecting Frequency Response and

Distortion in Magnetic Recording

J. 8. BOYERS-

Methods of improving fidelity in magnetic recording are discussed.

nrks to his classes, before one can

make rabbit soup one mnst first
obtain the rabbit. Such is the ease in
magnetie recording—hefore one cah in-
telligently desigm and use o syaten one
wiggt firat obtgin eertain Mundamental
fortation  eotwerning  its  operation,
It is the purpose of this disvourse ta shed
a little light on zome factors affecting the
frequency response amd distortion aceur-
ring in magneiie recordings,

It iz well known tlut the specd ut
which # recording medinm i= moved
past the recording and reproducing heads
affects, to o very great extent, the [re-
quency response to be expeeted,  This is
true regardless of the method of reconl-
ing, but it s veuy easv to demonstrate
in the case of mapuetic recording.

AS UNE physivs professor often re-

High Frequency Response

All things hemg equal, the high-fre-
queney responge of u magnetic recartling
system  vanes bearly directly as the
spead of the medinm is varicel. This
can be readily wnederstood  when ane

conmilers 1hat o eertain mindnmm waye-
tength can be veprodieel by the playlaek
will be
wid e

head, A certuin waveleneth
recorded for a given lregquencey

The finite scanmng width of the gap
usged ine the reeording and reproducing
hewds Jws o eonsiderable effect on the
ltigh Mregqueney response. Gienerally,
the shorter the meanting pap the greater
will et resolution and consequent
high  [reguency  response.  leads  for
revording on wid  reprodueing from o
(L ineh wire ae usualy nanfaetared
with s smatl pieve of UKH ueh non-
magipetic materdal inserted it the mag-
netiv  structure  to provide  the g
However, heads for uxe with tape may be
constructed with practically no physieal
gapy, the wmagnetic gap leing catsed by a
bttt joint in the pole plece structure,
The resultant dizeontimiity rauses the
effective g,

It is interesting to tnote that the gap
in thee reeurding head 18 not toe impertant
hecause the high-froquency response is 2
function of the sharpness of the field at
the leaving edge of the hemld  Hewds
lave been eonstrueted which give a very
gaol high Trequeney response when the
wire i run over them in one ireetion
while mmning the wire in the other
direction vesulted i very poor high-
frequeney rezpon<e. This phenomenon
was due 1o the licld at ane side of the
gap being very sharp while the other

Fig. 1A. Iregularities in Frequency response due to residual poles in reproducing head. Fig. 1B.
Dimensions of head producing curre shown,

cording mediogm speed. Thus it follows
that by merensing the speedl 4 shorter
wavelength will be recorded which the
reproihueing head will be alte to resolve,
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sile waz very broad. In the ecase of
reproducing heads such is oot the case
becuuse the resolution depends upon the
TField Measuromrents on Maghiotic Heeord-
ing beads, Clark & Merrill, Page 1580,
Proc. 1. K. F. & Wures & Electrons, Vol 35,
No. 12, The, 1947,
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sharpoess of the entiee gop fishl,  Of
eonrse, it ix usually the euse that the
reeording head serves also us the repro-
dueing head =0 it i+ necessary thal this
head be very eareludly ennstrieted  to
give a svmietrical amt sharp  field
distribution.

Fleads cun be constrocted whiel have
a very peeubiar  Teeguency  respobise,
Reference to #ig. [ will illustrate this
fart. The fiegueney response curve is
far a wire running at four feet per second.,
il it will be notieed that the st peak
werurs at spproximately W ereles.  Con-
sideration of the ditensions of the head
will indicate that the Arst peak should
oceur at o eveles, which is the frequeney
at which the head strueture = one=hall
wavelength long, These bumps are a
resutt of resiclual poles which oveur at or
near the edges of the pole piece uzed in
the hewl,  Various dodges have heen
used bt oversoine  these  irvegularities,
They suatly invobee making the head
long with respect to the longest wave-
length  to be reprodueed,  One  head,
known ax the elosad type. when praperly
vanstriteted, gives very simooih response
nt tow frequeneios resulting in o enrve
having o slope of approsimately # db
por setave, inereasing with  frequency.
This heutd, however, has a very great
ilisadyvintage in that the wire must be
thresdesl through the eal which come-
pletely surrounds the wire Similar
effeets are notieed in tape heads bt to a
lesser extent, than in wire heads,

Magnetic Characteristics

The nognetie chatacteristics of the
medin wuel their eifect on the frequeney
respunse have been well diseussed in the
literature.” It has been shown that.
from s cansideration of the principles of
neenetism, the high-frequeney  respraese
is u function of the cocreive foree while
the output ut low and middle fregnencies
is o funetion of the residual magnetism.
This generully is true, but some data
have Leen ohtained which temd to show
Theoretical Response from o Magnetic-
Wire Reeord,  Burvin Camrus, Proc. [, K.
E. & Waves & Electrons, Vol 34, No. 8,
Aug. 1946,
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TABLE 1.
He Ratio of output at 12 ke to output at

1 ke
320 -9.54b
285 -2ilb
285 ~idb
285 =3lh
M) =1 dh
20 =9.lb

Speril =4 e

Bias fregueney = G5 ke,

Amplitucle adjusted for muximum ontpu
at | ke

otherwise. Telde | illustrates this faet by
showing  that the wire wilh  coprcive
foree of 320 gauss has a lower high-
frequency  output than one with o
coerelyve Toree of 285 pnuss, aml is about
the 2unte order as one with & coercive
foree of only 260 gans=. Tt will also be
noted thut the three wires with g cocreive
foree of 285 ganss have mther wide
vuriatione jn their 12 kiloeyvele outputs,
These data were taken, and very enre-
fully checked, using a wire rive of
four feet per second, a hins froquency of
approximately 63 kilooveles, anl with
the bias wmphtode adiosted  for the
maxinnin  reprodieed  signal  at WX
exvle. The exart vause of thiz offect
is not known hut there seems to he reason
to hetieve that it les ln the coniposition
of the materigl. Wires of ather alloys
than the wilely usedl 15-5 stainless steel
greatly affeet both the output and fre-
(uerey rekponse with the result that some
wires give as el as 10 or 12 ¢db Ligher
outpnt for the s reconling level,
The supersonie bias, used (o enhance
the recording charmcteristic of a medinm,
affects the high frequencey ouotput of o
nugnetie reeonrd in the following nunner.
Ad the Dias is ineressed Mron g very low
value, the output from the reproduce
homl inereases with  little change i
fregqueney response,  However, after the
value of biag which gives maxinomm out-
put gl n mediom frequeney is reachied,
any further increase will vause » eerease

Fig. % Relation of input-output curves to
deqree of digertion.

in the high  freipieney cutpuat. This
effect, which may be very serious at high
bins vurvents, s apparently cansed |y
self-erosing of the revording due to the
strang bios fiell

It is obvious that the wmplifiers used
with % magnetiv reconding svaten st

be capable of reproducing the desired
frequency response, It is well known
that the outpnt from a magnetic repro-
during heasl in the low frequeney region
iz a differontial function.  in view of this
fact, it is necessary to add integration to
the “reproduce’” smplifier to compensate
for the decreased ontgmt at the Inw fre-
quencics. This imposes very  stringent
reaquiretnents an high guality systems in
that the L onginating in the reproditee
amplifier must he held to a very low
value, iikewise the stray pickup of the
reproducing head nwst be very  low,
This leads to various shieliling andd hom
bueking schotues, nome of which works to
perfection! In wide baml wire recorders
particulardy,  the  reproduce  amplifier
st [ve very low noise for best resilis
heeauge the vutput Trome the playhaek
hew| ut, say A0 exeles, is in the order of
20 microvolts at the fist grid with a
signal buving low distortion.  Tape
svatens can be destpned ta give consider-
ably grealer outpntz than dhis, kg

Fig, 3. Distortion as » function of bias spplivd
to the recording head,

aiphifier notse requirements less strin-
Eent,

The li=tortion o magoetie recordings
i+ alferted prineipally by the higs and
ity wsel, s too e lesser extent by
the ampliliors assoviated with the equip-
ment.

As will be =een in Fig. 2, the input
vetsti= output eorve  of s inagietie
recording medinm is a firdy gowd inliea-
tion of the distortion  charaeteristics.
The dushed eurve ix characteristic of
maost availuble magnetie recording melin
in which the straight portion of the
inpritcoutput curve s relatively short,
resulting  in appreviable listortion st
relatively low outputs.  The solid curve
i charaeteristic of gome newly developel
mwateriad i which  the  input-oatput
curve has o relatively longer struight
portion resulting in higher eutput for a
given amwunt of distortion, However,
it shonkd not he overdooked that the two
approarh the sime valye of distortion
at high reeonding levels,  Parthermiore,
the wmedium with the lomger straight
portion will give very serions distortion
o averload iF it s not operated properly,
The fart that some magnetic recordings
do net “Dlow up® on serivns overload,
ag g the vage in other recording systenis,
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Fig. 4. Distortion vs. bias curves at 100 cycles.

ey be attrihoted to the slupe of the
distortion charyeteriztiv s comparel to
the recorling level,

The decision az to the shape ol the
distortion curve at magimn recording
levels vould very easily e difficult in
some materinds,  Natorally it would not
he desirable to txe 1 materisl wlieh had
a very steep and abrupt curve because
the distortion would increase very rapidly
with even slight overload,  Conversely.
i medinom woulidl not be partienlarly
desitable whicl haz a very shallow curve
heeutise appreciable distertion nay he
generated at very low reconling levels,
thus Hmitingg the  signal-to-neise  ratio
wvaglnble, Tt follows,  then, that o
cotuptomize must be male in whiel o
snitable sigild=to-noise ratio 13 obtained
with o sntisfactory distorbion cureve.

When a svstem using divert emrrent for
bias or erasing purposes 2 odesigoed the
eugineer nu=t take into aecount the fuet
that serious even ovder ddistortion  will
resutt therelomn.  This is ot the case in
a4 svston using alternating current for
bias atd erasing purposes. it should he
neted that  sotre paterials have more
suseeptibility tn evenn order ligtortion
arizing fronmn dee Dbins or erase than
others,  Furtheruore, it <bonld oot be
assiined] that just hecaise o aystem is
using a., For bias and emse that no even
order  vonpenentz  are  present.  Some
peentiar effects arise, from time to time,
due  to accidental  magnetization  of
improper]y treated hends through switeh-
g transtents, head coustruetion, anld
other causes.  Usnally it i= possible to
deteet wgenetizntion i heads throusl
the inerease in backgzronul notse.

Bias Laval

[n general, the higher the value of the
sipersonic hias used on o recording hend
the lower will be the distortion in the
reproadiineed signal. Here o compromise
must be made between the nmxinmm
level shich can be reronled and the
desired frovquency response becanse, as
mentional above, higher hiss reduces the
output at high frequencies. Figure 3

[ Continued on prye 46 |
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