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We have developed an experimental method for investigating the interaction between two dc 
track edges by studying the track edge noise. We conclude that two edges do not interact 
when they are several micrometers apart, but the noise reduces nearly to zero when 
their separation is less than about half a micrometer. There is a transition region that exists 
between these two limits. The net track edge noise power from two dc edges is quantized, 
implying that in our experiment track edges interact around the complete revolution 
of the disk or not at all. 

BACKGROUND 

In the drive to increase area1 density in magnetic re- 
cording, a design goal of 1 Gb/square inch been reached in 
an IBM laboratory by an increase in both linear bit density 
and track density.’ In longitudinal thin-film recording, as 
the linear bit density increases, the transition region, which 
is a noise source, occupies a larger fraction of the bit cell, 
and the rms noise increases.2 Similarly, as tracks are nar- 
rowed and track densities increase, the track edge regions 
do not scale and occupy a greater fraction of the recorded 
track; irregularities of the written track edge generate an 
increasing fraction of the total medium noise. However, 
transition and track edge noise need not be simply related.3 
Investigations into both noise sources need to be con- 
ducted. 

Extensive research has helped to formulate strategies 
for reducing the adverse effects of transition noise (e.g., 
Refs. 2 and 4-6). In contrast, a relatively small amount of 
literature exists on track edge fluctuations.3-9 In this study 
we are investigating methods of minimizing track edge 
noise as well as utilizing it; for example, written track edges 
have been used as a narrow source to enable the precision 
measurement of head sensitivity functions. lo In addition, 
track edges could be useful in future servo systems.” 

The medium- and write-process-dependent jitter of a 
dc track edge has been studied by Muller et al., using a 
technique insensitive to width fluctuations.3 In the present 
work we extend that study to determine an effective inter- 
action distance between two dc track edges. The basis of 
the experiment is the hypothesis that adjacent track edges 
do not interact significantly until they reach a critical dis- 
tance. This measurement allows us to infer information 
about the recording process, the actual track edge width, 
and the microstructure and micromagnetics of the me- 
dium. 

EXPERIMENTAL PROCEDURE 

We write two track edges on a longitudinal thin-film 
medium by the method of Ref. 3 as depicted in Fig. 1, 
where s is the edge spacing. First, we dc band erase an area 
wider than the head (write l), return to the original posi- 
tion, perform a dc erase, and read the dc erase noise power 
spectrum. 

A pair of track edges is written so that they are cen- 
tered under the original head position. To write the first 

edge, we move the head, apply a direct current of opposite 
polarity (write 2), remove the current, and move the head 
the desired edge separation. The second edge is written by 
applying a direct current to write a dc track with magne- 
tization in the original direction (write 3 ). The read trans- 
ducer is then returned to its original position so that it is 
centered over the pair of track edges to read the track edge 
noise power spectrum. Our net track edge noise power 
spectrum is calculated by a point-by-point subtraction of 
the dc noise spectrum from the track edge noise power 
spectrum. The result is integrated to provide a single num- 
ber as the output of each test. With our present apparatus, 
the track edge separation can be varied in 0.06~pm steps. It 
should be noted that even if there is significant side writing, 
the first edge will not be simply overwritten since we use 
the same side of the head to write the second edge. Side 
writing on the first edge will be compensated by equal side 
writing on the second edge. 

RESULTS AND DISCUSSION 

Pairs of edges were written with wide, equal spacing on 
longitudinal thin film media. Figure 2 shows that the total 
noise power increased linearly with the number of edges. A 
single track edge produced exactly one-half the noise 
power of a pair. This is experimental evidence supporting 
our hypothesis that adjacent track edges are uncorrelated 
noise sources when they are sufficiently far apart. Initially, 
the track edges were written for 10 s each, so that even if 
nonrepeatable spindle runout were present, the track edges 
would have the desired separation because each track edge 
would have been displaced by the same maximum radial 
excursion. The possibility of nonrepeatable runout errors 
during read was eliminated by writing even numbers of 
edges. Additional tests performed by writing the track 
edges for only one revolution of the disk produced data 
which correlated with the tests in which edges were written 
for 10 s each. Signal envelope modulation tests demon- 
strated that the nonrepeatable bearing runout of our spin- 
dle is smaller than our measured interaction distances. 

When adjacent track edges are written several mi- 
crometers from each other, their total noise power adds as 
the number of track edges, implying that at this distance 
track edges are uncorrelated noise sources. By writing two 
track edges at smaller and smaller spacing, a region is 
reached in which the dc track edge noise power is smaller 
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FIG. 1. dc track edge pair write schematic. 

but nonzero. This correlation between the two track edges 
is not erasure; our experimental method eliminates the pos- 
sibility of overwriting by writing the two edges with the 
same side of the head. In addition, track edges written by 
our experimental technique appear  as opposing (repelling) 
magnetic line dipoles and have the same chirality. Since 
adjacent edges of the same chirality cannot readily annihi- 
late by unwinding, they can be  written side by side at small 
separations. Two track edges written with our technique 
have the same chirality as the edges of a  dc track created 
by a  single pass of a  head. 

One test of net noise power versus track edge separa- 
tion for a  53-pm-wide ferrite head is shown in F ig. 3. W e  
have concluded that the roll-off for edge spacing about 
two-thirds of the head width is an  effect of the head field 
function’s decay in the track-width direction, as observed 
in other measurements.  10~12713 

The other interesting aspect of F ig. 3  is the transition 
to a  very low noise power for spacings of less than about 2  
pm. F igures 4  and 5  are from similar experiments, expand- 
ing the view of the transition region. The  data in F ig. 4  are 
for track edges written on  a  650-Oe coercivity med ium 
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FIG. 2. Net noise power vs number of track edges. 
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FIG. 3. Net noise power vs track edge separation s using a 53-pm ferrite 
head. 

using a  ferrite, a  metal-ingap, and a  thin-film head. The 
track edges were always fully written and noninteracting 
when the spacing was greater than 1.5 pm; there was a  
transition region between about 0.5 and 1.5 pm, and below 
0.5 pm the track edge noise power was small but larger 
than noise from a  dc-erased track. When  no track edges 
were written, the measured noise power (less dc erase 
noise) varied evenly to both sides of zero, such that the 
mean of many data points was zero. The  noise power of 
two correlated edges, in contrast, was nearly always posi- 
tive. This indicates that the track edge interaction of very 
closely spaced edges is not a  complete anticorrelation or 
erasure of the edges, but rather some magnetic structure of 
the track edge pair remains. 

There is a  transition region between the uncorrelated 
and interacting edge regions in which the track edges are 
sometimes interacting and sometimes not. Our measure- 
ments show that the location of this transition region is not 
repeatably dependent  on  head geometry or head type, as 
evidenced in F ig. 4. Changes in the write field also have no  
effect on  the location of the transition region, as long as the 
write field is sufficient to saturate the med ium. 

The noise power of two edges written at large spacing 
is not correlated with the head type. The  650-Oe disk ex- 
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FIG. 4. Net noise power vs track edge separation for various heads using 
a 650-Oe coercivity disk. 
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FIG. 5. Net  no ise  power  vs track e d g e  separa t ion  for var ious  m e d i a  us ing  
a  thin-t i lm head.  

hibits a  g r e a te r  no ise  p o w e r  fo r  e d g e s  wri t ten with th e  
m e ta l - i n -gap  h e a d  th a n  th e  ferr i te; w h e r e a s , w h e n  us ing  th e  
9 0 0 ~ O e  coercivi ty disk, th e  d i f ference in  th e  m a g n itu d e s  o f 
th e  no ise  p o w e r  fo r  th e s e  two h e a d s  h a s  c h a n g e d  sign.  This  
p h e n o m e n o n  necessi tates fu r th e r  stu d y . 

W h e n  th e  wri te fie ld  c h a n g e s , th e  m e a s u r e d  no ise  
p o w e r  f rom a  pa i r  o f dc  track e d g e s  d o e s  n o t c h a n g e , as  
l o n g  as  th e  wri te fie ld  saturates th e  m e d i u m . T h e  h e a d  fie ld  
g r a d i e n t a t th e  m e d i u m  sur face m a y  b e  di f ferent  fo r  dif-  
fe r e n t wr i te fie lds,  b u t th e  no ise  f rom th e  resul t ing pa i r  o f 
track e d g e s  is equ i va len t. F r o m  this w e  infer  th a t a  c h a n g e  
in  th e  wri te fie ld  d o e s  n o t a ffect th e  track e d g e  interact ion.  

This  a n d  o th e r  e x p e r i m e n ts h a v e  s h o w n  th a t th e  n e t 
no ise  p o w e r  o b ta i n e d  f rom a  dc  e r a s e  a n d  a  “ha l f -edge,” 
n a m e ly, th e  wr i t ing o f two ove r l app ing  dc  tracks o f th e  
s a m e  polar i ty,  a r e  n o t d is t ingu ishab le  f rom e a c h  o th e r  with 
th e  m e th o d  o f th is  work.  This  resul t  is i m p o r ta n t to  verify 
th a t th e  b a n d  e r a s e  p e r fo r m e d  in  th e s e  tests y ie lds th e  s a m e  
no ise  p o w e r  as  a  dc -e rased  track. 

T h e  no ise  p o w e r  d a ta  w e  h a v e  o b ta i n e d  fit in to d iscrete 
levels. A ll m e a s u r e m e n ts y ie ld a  no ise  p o w e r  a t th e  level  o f 
two uncor re la ted  e d g e s  o r  a t th e  low level  o b s e r v e d  a t track 
e d g e  spac ing  o f less th a n  0 .5  p m . This’q u a n tiza tio n  impl ies  
th a t in  o u r  e x p e r i m e n t two track e d g e s  c a n n o t b e  cor re -  
la ted a r o u n d  a  p o r tio n  o f th e  disk; th e y  a r e  distinct o r ’th e y  
a r e  n o t. O u r  resul ts a lso  s u g g e s t a  m i n i m u m  rea l izab le  
proximi ty  fo r  two a d j a c e n t dc  tracks. M e a s u r e m e n t o f 
track e d g e s  wri t ten o n  th r e e  di f ferent  m e d ia  with th e  s a m e  
h e a d  d e m o n s trates a  direct  re la t ion o f th e  no ise  p o w e r  o f 
two uncor re la ted  e d g e s  to  th e  dc  no ise  o f e a c h  m e d i u m . 
H o w e v e r , as  b e fo r e , th e  locat ion o f th e  t ransi t ion r e g i o n  
b e tween  uncor re la ted  a n d  in teract ing e d g e s  is n o t r e p e a t- 
ab ly  d e p e n d e n t o n  th e  m e d i u m  typ e  o r  coercivity. 

T h e  d a ta  w e  p r e s e n t h e r e  a r e  on ly  fo r  dc - reco rded  
tracks. T h e  m i c r o m a g n e tics o f th e  track e d g e s  m a y  c h a n g e  
fo r  tracks hav ing  wri t ten transit ions, a n d  th e r e fo r e  th e  
track e d g e  in teract ion m a y  b e  dif ferent;  th is  n e e d s  to  b e  
invest igated.  

C O N C L U S IO N  

M e a s u r e m e n t o f th e  in tegra ted  no ise  p o w e r  d u e  to  
track e d g e s  wh ich  a r e  severa l  m icrometers  a p a r t shows  

th a t th e  no ise  p o w e r  is l inear  in  th e  n u m b e r  o f track e d g e s . 
A t spac ing  o f g r e a te r  th a n  1 .5  p m , two wri t ten e d g e s  a l -  
ways  p r o d u c e  th e  s a m e  no ise  p o w e r ; th e y  act as  unco r re -  
la ted no ise  sources.  B e tween  a b o u t 0 .5  a n d  1 .5  ,u m  track 
e d g e  spac ing,  th e r e  is a  r e g i o n  o f u n c e r tainty in  wh ich  th e  
e d g e s  s o m e tim e s  c o m p l e tely cor re la te  a n d  s o m e tim e s  d o  
n o t. U n d e r  0 .5  p m , th e  e d g e  no ise  is a lways smal l ,  b u t 
l a rge r  th a n  no ise  f rom a  dc -e rased  track. T h e  track e d g e  
no ise  p o w e r  is q u a n tize d  into th e  uncor re la ted  a n d  inter-  
act ing levels; w e  infer  th a t two dc  track e d g e s  a r e  interact-  
i ng  a r o u n d  th e  c o m p l e te  revo lu t ion  o f th e  disk, o r  n o t a t 
all. T h e  r e g i o n  w h e r e  track e d g e s  a r e  in teract ing p r o d u c e s  
a  low- t rack-edge-no ise  situ a tio n . 

T h e  h e a d - m e d i u m  c o m b i n a tio n s  tes ted  in  o u r  exper i -  
m e n ts exhibi t  a  direct  re la t ion o f th e  m a g n itu d e  o f no ise  
p o w e r  d u e  to  two uncor re la ted  track e d g e s  to  th e  dc  no ise  
o f th e  m e d i u m . T h e  m a g n itu d e  o f th e  no ise  p o w e r  was  
i n d e p e n d e n t o f th e  h e a d  u s e d . T h e  locat ion o f th e  t ransi-  
tio n  r e g i o n  b e tween  h i g h  a n d  low no ise  p o w e r s  was  n o t 
r e p e a tab ly  d e p e n d e n t o n  h e a d  g e o m e try, h e a d  typ e , m e -  
d i u m , o r  wr i te fie ld,  as  l o n g  as  th e  wri te fie ld  was  suff icient 
to  saturate  th e  m e d i u m . 

A C K N O W L E D G M E N T S  

T h e  a u tho rs  th a n k  IB M  C o r p ., S e a g a te  Techno logy , 
H e w l e tt-P a c k a r d  C o ., a n d  A p p l i e d  M a g n e tics C o r p . fo r  
the i r  d o n a tio n s  o f th e  h e a d s  a n d  m e d ia  with wh ich  th e s e  
e x p e r i m e n ts w e r e  p e r fo r m e d . W e  th a n k  th e  m e m b e r s  o f th e  
M a g n e tics Resea rch  L a b  a t W a s h i n g to n  Universi ty in  S t. 
Lou is  fo r  the i r  ass is tance a n d  discussion.  This  work  was  
s u p p o r te d  in  p a r t by  N S F  G r a n t N o . E C S - 8 8 0 4 7 0 9  a n d  
N S F  P r e s i d e n tia l  Y o u n g  Invest igator  A w a r d  ( Indeck)  
E C S - 8 9 - 5 7 1 4 8 . 

’ C. Tsang,  M .-M. Chen,  T. Yog i ,  a n d  K . Ju, IE E E  Trans.  Magn .  M A G -  
26,  1 6 8 9  (1990) .  

“R. A . Baugh ,  E . S . Murdock ,  a n d  B . R. Natara jan,  IE E E  Trans.  Magn .  
M A G - 1 9 ,  1 7 2 2  (1983) .  

3M.  W . Mul ler ,  R. S . Indeck, E . S . Murdock ,  a n d  R. Ornes ,  J. App l .  
Phys.  67,  4 6 8 3  (1990) .  

4T. C. A rno ldussen  a n d  H. C. Tong,  IE E E  Trans.  Magn .  M A G - 2 2 ,  8 8 9  
(1986) .  

5J.-G. Z h u  a n d  H. N. Ber t ram,  IE E E  Trans.  Magn .  M A G - 2 4 ,  2 7 0 6  
(1988) .  

‘M . W . Mu l le r  a n d  E . S . Murdock ,  IE E E  Trans.  Magn .  M A G - 2 3 , 2 3 6 s  
(1987) .  

‘P . S . A lexopou los ,  R. H. Geiss ,  I. A . Beards ley ,  a n d  D. E . He im,  
M M M - In termag Conference,  Vancouver ,  1988;  pape r  G E - 0 3 .  

*T. A . Nguyen,  P . S . A lexopou los ,  C. Hwang,  S . E . Lamber t ,  a n d  I. L. 
Sanders ,  IE E E  Trans.  Magn .  M A G - 2 4 ,  2 7 3 3  (1988) .  

9  E . J. Ya rmchuk ,  IE E E  Trans.  Magn .  M A G - 2 2 ,  8 7 7  (1986) .  
‘O R . S . Indeck, M . W . Mul ler ,  S . C. Reis ing,  a n d  J. R. Hoinvi l le ,  pape r  

p resented  at the Magnet ic  Record ing  Conference,  S a n  Diego,  CA,  1990.  
“R. S . Indeck, N S F  Gran t  M IP -9020883 ,  1990.  
“G . S . Mowry ,  P . K . George ,  K . M . Loeff ier,  a n d  N. R. Belk ,  IE E E  

Trans.  Magn .  M A G 2 2 , 6 7 1  (1986) .  
‘“S  E  Lamber t  a n d  M . L. Wi l l iams,  IE E E  Trans.  Magn .  M A G - 2 4 . 2 8 3 2  

( ;988).  

4 7 2 3  J. App l .  Phys. ,  Vol .  69,  No.  8 ,15 Apr i l  1 9 9 1  lndeck  eta/. 4 7 2 3  

Downloaded 14 Oct 2004 to 129.82.229.57. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp


