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TJ..IE EFFECT OF COATING T~ICKNESS ON TJ..IE FREQUENCY RESPONSE 
OF MAGNETIC TAPE 

The field near the air gap of a magnetic 
recording head diminishes rapidly with 
distance from the pole tips, giving rise 
to some int e resting magnetic record
ing phenomena . This effect is illus
trated in Figure 1 which shows the flux 
configuration around an idealized re
c ording slit of zero length. The curve 
at the bottom. shows the relative field 
intensity as a function of the distance 
in any direction from the slit. 

It is well recognized that the rapid de
e rease in field intensity in the longitudi
nal direction of tape motion plays an 
important part in recording of high fre
quency signals which occupy very short 
wavelengths along the tape. Successive 
recorded portions of the tape must pass 
rapidly out of the effective recording 
field before the high frequency signal 
changes po 1 a r it y if excessive de
magnetization is to be avoided. 

However, the fact that the recording 
field diminishes rapidly in the direction 
of the tape thickness is also of im
portance in determining the depth to 
which the tape coating is recorded. At 
~ome small distance from the head 
surface, the field intensity is no longer 
sufficient to magnetize the coating . It 
becomes apparent, then, that at long 
wavelengths the depth to which the tape 
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co a tin g is magnet i zed can be increased 
by increasing the total strength of the 
recording field. This may be acco rn 
plished by increa s ing the audio and 
supersonic bias currents energizing 
the head. 

The usual method of determining "opti
mum" recording conditions for a given 
system is by recording a low level, low 
frequency signal on the tape, and ad 
justing the amplitude of the supersonic 
bias to obtain the maximum reproduced 
signal. The audio recording amplitude 
is then adjusted for the maxin1um toler 
able distortion level in t he reproduced 
signal. 

Increasing the bias current decreases 
the low frequency response, but this 
lo ss may be restored by proportion
ately increasing the audio record level. 
Mo l'eover, it will be found that, so long 
as the audio and bias amplitudes are 
maintained in the desired ratio, they 
may be varied over a wide range (from 
perhaps one half to five tin1es the usual 
"optimum" value) without materially 
affecting the distortion level. 

Decreasing the audio and bias results 
in reduced output because of the re
stricted depth of re cording, whereas 
increasing them does not alter the re-
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produced lo w frequ e nc y s i g nal: It does, 
ho weve r, cause the recording proces s 
to be le ss sen s itive to separation be
tween the recording head and the tape, 
wh ich may be de s irable in certain ap
plications. 

Unfortunately , t h ese same relation
ships do n ot hold true when recording 
hi 3 h fr e quenc y s i gnals of a wa v elength 
approaching the thickness of t he tape 
coating . Under these conditions, an 
increase in the bias cur re nt of perhaps 
50 3 beyond the "optimum" value results 
in lo ss of sensitivity and output which 
ca n.not be recovered by increasing the 
audio recording current in the head. 

At hig h recording bias leve ls, the field 
intensity directly over the pole tips is 
s ufficie :1t to saturate the tape coating , 
and the principal re g ion of recording 
then advances to the broad frin g ing 
field some distance away. The at
tendant loss of resolut ion accounts for 
the pronounced (and irreco ve rable) 
lo ss of high frequency response when 
high recording intensitie s are u se d. 

An int e r esting se ries of experiments 
:invo l v ing tape s of various coating thick
n esses will ser v e to illustrate these 
principles. 

Thr ee different tapes ha v ing "high out
put" coatings 0.25, 0.5 and 1. 0 mils 
thick were pr epared and tested u :-.; ing 
high, lo w and "optim um" amo unts of 
bias s i gnal. The r es ultin,s fr eq u e nc y 
r esponse curves are sho wn in F i g ure s 
2, 3, a nd 4 r espect i ve l y . 

Also , i t was found that the m aximum 
usable sig n al (obtained b y incr eas ing 
the audio r e co rd current), was in a ll 
cases proportional to the sen s iti v ity 
va lu es indicated in t h e re spo n se 
cur ves , so that the curves r e pr esent 
the true difference s in performanc e 
among the tapes and b ia s settings . 

From t he c 1.irves of Figure 2, it i s 
a pparen,: that, u s ing a high value of 
bias , the low frequ e nc y responses of 

these tape s a r e almo s t directl y pro
portional to the coating thicknes s . This 
would be exp ected from the fact that 

the depth of the recording fi e ld should 
be sufficient to magnetize the full 
thickness of the coatin3 s. 

The hig h frequenc y re s pon s es, however, 
tend toward a common value, and in
dicate that the short wavelength mag
netization is confined to a ver y thin 
layer on the s urface of the tape. Self 
demagnetization of the deeper lay er s 
probably ac :: ount s , in large measure, 
for this effect. 

It is interesting to note in Figure 3, 
that recording with a low value of bias 
signal virtually eliminates differences 
in the output of these tapes. The limit
ed recording intensity restricts the 
depth of magnetization t o approximat e l y 
that of the thinnest tape, and the ad
ditional coating material in the thicke r 
tape s i s ineffective. 

The curves of Figure 4 showing the 
frequency responses of these tapes 
whe n each is recorded using "opti
mum" bia s , illustrate the lar ge differ
ences which might be encountered in 
practical applications. Increas ing the 
coating thickness demands increased 
bias for most efficient recording , which 
simultaneously improve s the low fre-
quenc y response and reduce s the highs. 

From these studie s , it i s po ss ible to 
generalize re garding the effect of coat
ing thickne ss and bias on tape perfor
mance . 

1. The low frequenc y output of a ma g 
netic tape varie:> approximately as 
t he coating thickness provided a 
suffici e nt r eco r d ing bias i s u sed to 
ma g n e tize the full d e pth of coating . 

2. The re spo n se of a thin tape coating 
i s the s ame as that of a thick coat
ing , pro v ided the lat ter is recorded 
with a value of bias current ju st 
suffici e n t to ma gnetiz e t h e thin 
coating. 

3 . Incr eased r eco rding bia s , as de
manded b y t hicker coatings , re s ult s 
in redu ce d high frequency output. 

A practical example of the e ffect of 



co a tin g t hickne s s is a comparis on of 
the op e rating reg uireme nt s and p e rfor
mance of " S cotch " brand No. 1 2 0 
"High Out put" tape and No. 190 "Extra 
Play " t a p e . (Not e : The ma g n e tic 
prope rties of "Weathe r Balanc e d" No. 
150 tape are identical with those of No. 
190 tape.) Each of thes e tap e s e m p l oys 
a similar t ype "high output" coating 
(1100 gaus s remanence), the principal 
differenc e b e ing the coating thick n ess 
(0. 6 5 mil in the cas e of No. 12 0 t ap e 
and 0 .3 5 for No. 19 0 tape ). 

The No. 12 0 t ap e requir es the standa rd 
bias int e nsity and is capable of much 

T APE MOTLON 

~ ~AGNETIC FIELD INTENSITY 
~ llOUT AN INFINITESIMAL 

.3 RECORDING SLIT 

0 ... ... 
IL: 

DISTANCE FA.OM SLIT 

Fig. 1 

50 
t----_?·5 ~ \.0 MIL=i - I 

r 

45 
0 .15 t-'llL'' 

cO 
0 40 

I 
.... 

35 
~ FREQ.UENCV RESPONSE CURVES FOR. 
Q. 

.... VARIOUS (OATING THICKNESSES 
~ 

0 '° 
RECOR.01Nc:. (0N01T 10NS OPTIMUM roR T1-11NN EST (OATtNG . 

'5 

zo 
so 100 400 I KC 4KC lOKC ISKC 

fREQ.UENCV- CPS 

Fig . 3 

2 

incr e a se d out put at lo w fr e qu e ncies . 
The No. 19 0 tape r e g uir es a bout 20 % 
le ss bias a nd, whe n recorded under 
these c ondit i o n s, h as out s tandin g high 
fr e qu e nc y p e rformanc e . 

W h e n No. 19 0 t ap e i s record e d with 
standard bia s , its r esponse i s almost 
ide ntic a l w i th s t a ndard No. 111 tap e a s 
would b e exp ected. B y prop e r se l ection 
o f t h e r ecording tap e , a nd fu r ther, b y 
a dju s tm e n t of the r e ~ording conditio:is 
i n a ccordanc e w i t h t h e principle s di s 
cussed a bo ve , the p e rformance charac
te rist ic s o f a r e cording system can be 
opt imize d for any r e cording application. 
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