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(57) ABSTRACT 

A method for reading a magnetic medium having a databand 
thereon, the data band comprising a plurality of simulta 
neously written tracks. The method includes receiving signals 
from a plurality of adjacent readers simultaneously reading 
data tracks, wherein at least Some of the readers that are 
currently reading overlie adjacent data tracks such that the 
reader generates signals from the adjacent data tracks; receiv 
ing a signal from at least one reader reading an alignment 
band; for at least each reader overlying adjacent data tracks, 
determining a fractional overlap of the reader relative to the 
underlying adjacent data tracks based on the signal from the 
reader reading the alignment band; and extracting data from 
readback of the data tracks based at least in part on the 
determined fractional overlaps of the readers relative to the 
adjacent data tracks thereunder. 
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SYSTEMAND METHOD FOR 
DECONVOLUTION OF MULTIPLE DATA 

TRACKS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/694,091, filed Mar. 30, 2007, which is 
a continuation of U.S. patent application Ser. No. 1 1/216,615, 
filed Aug. 30, 2005, from which priority is claimed and which 
are both herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to magnetic storage, 
and more particularly, this invention relates to a system where 
data is deconvoluted from readers overlapping multiple data 
tracks. 

BACKGROUND OF THE INVENTION 

0003 Data is stored on magnetic media such as tape by 
writing data in a multiplicity of linear tracks. The tracks are 
separated along the transverse direction of the tape and a 
given track runs longitudinally along the tape. 
0004. In an effort to increase the amount of data that can be 
written for a given tape width, efforts have been made to make 
data tracks adjacent to one another. The most common 
method for writing is to use writers that are spaced apart by a 
predetermined distance. Furthermore, the predominant 
method of writing is to have a large separation between read 
ers and a large separation between writers. Adjacent tracks 
are written in separate passes of the tape where the head is 
stepped over in the horizontal or transverse direction by the 
desired track width. The writer width is wider than the desired 
track width. With each pass, the newly written track overlaps 
the previously written track so the resulting width of the 
previous track is the desired final track width. The above 
described method is termed “shingling”. Another method is to 
write adjacent tracks simultaneously. As the separation 
between tracks becomes narrower, horizontal motions of the 
writing/reading heads relative to the tape will reach values a 
fraction of the desired read/write track widths. 
0005. The technology used in existing tape storage drives 
aligns the readers within the width of a written track so each 
reader is aligned over a single track. The reader is typically 
Smaller than the writer, is aligned therewith, and is reading 
one single track. This method is called “write wide, read 
narrow. Because the reader is narrower than the writer, the 
reader will tend not to read adjacent tracks in spite of the 
horizontal “wobble' of the tape relative to the reader as the 
tape moves across the head. 
0006 FIG. 1 illustrates a typical multitrack tape head 100 
having a multitude of read elements 102 and write elements 
104, where the read elements 102 are aligned with the write 
elements 104. Servo elements 106 (one shown) flank the read 
elements 102 and are used to sense servo tracks on the 
medium to keep the head 100 aligned over a data track during 
reading/writing. The figure shows a "piggy back structure 
where a writer is stacked vertically over a paired reader. Many 
tape heads also have readers and writers which are aligned 
horizontally, either with groups of readers and groups of 
writers or alternating readers and writers. 
0007. A major drawback to the traditional “shingling 
method, however, is that tape wobble increases the probabil 
ity of overwriting adjacent data tracks during writing the 
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reverse direction and also causes a random variation in the 
track width along the length of the tape. As the track width 
decreases, the amount of wobble (or track mis-registration) 
needs to decrease proportionally. As the track width is 
decreasing with future generations, it is becoming more dif 
ficult to decrease the track mis-registration Sufficiently to 
keep readers on track and avoid overlap of readers on multiple 
written tracks. 
0008. One approach to control the written tracks is to use 
adjacent writers so a large group of adjacent tracks will be 
written simultaneously. Any horizontal motion (wobble) dur 
ing write will cause the simultaneously-written tracks to 
move together, so the track-to-track separation (pitch) 
remains fixed within the group. Horizontal motion (wobble) 
results in large track misregistration during read, as a given 
reader can straddle two adjacent written tracks. 
0009 Furthermore, the servo tracks used for guiding the 
head-to-tape-track alignment are typically written to the tape 
prior to writing any data. Thus, any wobble of a written track 
will not be contained in the servo tracks. So, during readback, 
even though the head is following the servo tracks, errors 
occur due to the wobble during both writing and readback. 
The errors can result in a particular reader reading two or 
more tracks simultaneously, especially where track spacing is 
minimal. The resultant signal is a composition of two fields 
from both tracks and may make extraction of the data from 
any single track impossible. 
0010. One approach to solve these problems would be to 
use a multiplicity of writers and readers, where the number of 
readers is greater than the number of writers and to allow for 
the readers to be misaligned with respect to the written tracks 
so that each reader will have components of more than one 
track. The data would then be deconvoluted using an algo 
rithm that took the interference into account. A major diffi 
culty in the deconvolution is that the group of written tracks 
will wobble (or wander) in the horizontal location along the 
length of the tape. 
0011. There is accordingly a clearly-felt need in the art for 
a head assembly and method for accurately and efficiently 
deconvoluting a read signal reflecting multiple written data 
tracks, thereby allowing accurate reading of data in spite of 
tape-wobble. These unresolved problems and deficiencies are 
clearly felt in the art. 

SUMMARY OF THE INVENTION 

0012. A method for reading a magnetic medium having a 
data band thereon, the data band comprising a plurality of 
simultaneously writtentracks. The method includes receiving 
signals from a plurality of adjacent readers simultaneously 
reading data tracks, wherein at least Some of the readers that 
are currently reading overlie adjacent data tracks such that the 
reader generates signals from the adjacent data tracks; receiv 
ing a signal from at least one reader reading an alignment 
band; for at least each reader overlying adjacent data tracks, 
determining a fractional overlap of the reader relative to the 
underlying adjacent data tracks based on the signal from the 
reader reading the alignment band; and extracting data from 
readback of the data tracks based at least in part on the 
determined fractional overlaps of the readers relative to the 
adjacent data tracks thereunder. 
0013 Any of these embodiments may be implemented in 
a tape drive system, which may include a magnetic head 
including the readers mentioned above, a drive mechanism 
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for passing a magnetic recording tape over the magnetic head, 
and a controller electrically coupled to the magnetic head. 
0014) Other aspects and advantages of the present inven 
tion will become apparent from the following detailed 
description, which, when taken in conjunction with the draw 
ings, illustrate by way of example the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 For a fuller understanding of the nature and advan 
tages of the present invention, as well as the preferred mode of 
use, reference should be made to the following detailed 
description read in conjunction with the accompanying draw 
1ngS. 
(0016 FIG. 1 is a representative view of a typical multi 
track tape head having a multitude of read and write elements 
as seen from the tape bearing surface. 
0017 FIG. 2 illustrates a single module portion of a tape 
head. 
0018 FIG.3 illustrates ahead for a read-while-write bidi 
rectional linear tape drive in use, which includes two mod 
ules. 
0019 FIG. 4 is a representative view of the readers and 
writers of the module of FIG. 2 taken from Circle 4 of FIG. 2 
and as seen from the tape bearing surface. 
0020 FIG. 5 is a simplified schematic of multiple written 

tracks, a single extra written control track, “blank tracks and 
multiple readers. 
0021 FIG. 6 is a simplified schematic of multiple written 
tracks on a medium, extra written control tracks on a medium, 
“blank” tracks on a medium, and multiple readers. 
0022 FIG. 7 is a schematic of readers each overlapping 
two tracks. 
0023 FIG. 8 is a schematic of one reader overlapping a 
single control track and a blank track. 
0024 FIG.9 is a schematic of one reader over two control 

tracks. 
0025 FIG. 10 is a representative view of an embodiment 
where the control tracks have angled magnetic transitions. 
0026 FIG. 11 is a plot of signal intensity for four parallel 
written tracks and five read signals overlapping the written 
tracks versus linear tape distance. 
0027 FIG. 12 is a plot of the four parallel written tracks of 
FIG. 11 and the corrected read signals. 
0028 FIG. 13 is a plot of two parallel written tracks and 
three read signals overlapping the written tracks versus linear 
tape distance. 
0029 FIG. 14 is a plot of two parallel written tracks of 
FIG. 13 and the corrected read signals. 
0030 FIG. 15 is a simplified schematic of multiple written 
tracks, extra written tracks, multiple readers, and additional 
written tracks for calibration. 
0031 FIG. 16 is a schematic illustration of a microtrack 
profile calibration procedure. 
0032 FIG. 17 is a schematic illustration of multiple read 
ers which overlaps writtentracks such that an inhomogeneous 
response is obtained across a reader width. 
0033 FIG. 18 is a chart illustrating signals generated by an 
LTO Gen 1 head. 
0034 FIG. 19 is a detail of the chart of FIG. 18. 
0035 FIGS. 20A-B are charts showing signals generated 
by an LTO Gen 1 head. 
0036 FIGS. 21A-B are charts showing a Fourier trans 
form of signals generated by an LTO Gen 1 head. 
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0037 FIG. 22 illustrates a tape drive system according to 
one embodiment. 
0038 FIG. 23 is a representative diagram of readers and 
written tracks in accordance with an example. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0039. The following description is the best embodiment 
presently contemplated for carrying out the present invention. 
This description is made for the purpose of illustrating the 
general principles of the present invention and is not meant to 
limit the inventive concepts claimed herein. Further, particu 
lar features described herein can be used in combination with 
other described features in each of the various possible com 
binations and permutations. 
0040. The following description discloses a method and 
system for successfully and accurately reading multiple data 
tracks where the readers overlap multiple tracks. 
0041 FIG. 2 illustrates a module 200 carrying multiple 
readers 202 (also called sensors, read elements, etc.) and 
writers 201 (also called write elements, etc.). Note FIG. 4. 
which is a representative view of the readers and writers of the 
module of FIG. 2 taken from Circle 4 of FIG. 2. As shown, the 
writers 201 and readers 202 are positioned towards the middle 
of the module 200. More description of the readers and writ 
ers and preferred configurations will be presented below. One 
skilled in the art will appreciate that the configuration of write 
and/or readers 201, 202 can vary from those shown without 
straying from the spirit and scope of the present invention. 
0042. In order to increase the stability of the module 200 
for the suitable use thereof, the module 200 is attached to a 
beam 206 of some sortformed of a rigid material. Such beams 
206 are often referred to as a “U-beam.” A closure 208 is often 
attached in view of the benefits it affords in resultant heads. 
0043 FIG. 3 illustrates a head 300 for a read-while-write 
bidirectional linear tape drive according to one embodiment 
of the present invention. “Read-while-write” means that the 
read element follows behind the write element. This arrange 
ment allows the data just written by the write element to be 
immediately checked for accuracy and true recording by the 
following read element. 
0044) The head 300 of FIG. 3 is formed by coupling two 

flat profile modules 200, each module including multiple 
readers and/or writers. Specifically, in FIG. 3, two modules 
200 are mounted on U-beams 206 which are, in turn, adhe 
sively coupled. Cables 302 are fixedly coupled to the pads. 
The tape.304 wraps over the modules 200 at a predetermined 
wrap angle C. Note that the tape bearing surfaces of the 
modules 200 need not be coplanar, but rather can be angled 
relative to one another to create a desired wrap angle at each 
facing edge. 
0045. It should be noted that the two-module tape head 
300 of FIG. 3 is representative only, as the precepts of the 
present invention can be implemented in any type of head 
where multiple tracks of information can be written and sub 
sequently read. 
0046) One skilled in the art will appreciate that the con 
figuration of write and/or readers 201, 202 can vary. For 
instance, one module can have all writers 201, while the other 
module can have all readers 202. Another example would be 
to have a plurality of writers 201 and readers 202 all aligned 
linearly perpendicular to the direction of tape movement. It 
should also be understood that the number of read and writers 
described herein are provided by way of example only, and 
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can be increased or decreased per the desires of the designer, 
system requirements and capabilities, etc. 
0047 Another variation includes a head having only a 
single module of read and writers that provides all of the 
read/write functionality. A second module may or may not be 
present. Of course the shape of the module may be different 
than the module 200 shown in FIG. 2. One skilled in the art 
will appreciate how to create a single module design using 
traditional head designs. 
0048 FIG. 4 is a representative view of the readers 202 
and writers 201 of the module 200 according to one embodi 
ment of the present invention. As shown, the width (W) of 
the readers 202 is about the same as the width (W) of the 
writers 201 and, consequently, the width (W) of the written 
track 402 (shown in shadow to represent width of data track 
on the tape). However, the width (W) of the readers 202 may 
be greater or less than the width (W) of the writers 201 
and/or track width (W) in some embodiments. The spacing 
between centerpoints of the readers 202 are preferably about 
equal to the spacing between centerpoints of the writers 201 
as measured in a direction transverse to the direction of tape 
travel. Also, note that in many embodiments, including the 
one shown, more readers 202 are present than writers 201. 
The importance of these aspects will be discussed in more 
detail below, and are described here with reference to the 
drawings to provide context to the concepts. 
0049. As shown, the writers are adjacent to one another, 
and the readers are adjacent to one another. Adjacent refers to 
the horizontal alignment. Each reader is horizontally located 
adjacent to its neighbor with little or no horizontal separation. 
The adjacent alignment can also be accomplished by dis 
placement of neighboring readers in the vertical direction 
(direction of tape motion) for physical considerations such as 
avoiding overlapping leads used to connect the readers to 
external devices, etc. During reading, Some readers overlap 
ping two data tracks will generate a convoluted signal reflect 
ing influence from the two data tracks. The read signals rep 
resenting multiple tracks per reader can then be deconvoluted 
to extract the original information written on each individual 
data track. For the following discussion, d represents a frac 
tional overlap of a reader over one data track and frepresents 
the fractional overlap of the reader over another data track. If, 
for example, read track n(R(n)) has a fraction f of written 
track n (fW(n)) and a fraction d of written track n+1 (dW 
(n+1)), then the vector read signal for readers R is described 
by the matrix M times the vector written signal W: R=M*W. 
In the simple case where the readers are homogeneous, and all 
readers behave the same, fand d are described by Equations 
1 and 2 respectively, below. The diagonal of M is given by f 
(M(i,i)=f), and the only nonzero components of the off-di 
agonal elements would be M(i,i-1)=d. In other words, where 
the reader is only over one track, f will equal 1. Where the 
reader is overlapping two tracks, the signal generated by the 
reader will be dependent upon f and d. Because in this 
embodiment of the present invention the reader can only 
overlap two tracks, the only nonzero components of the off 
diagonal elements would bed. If the values off and d are not 
known, then the algorithm will need to determine both fand 
d to deconvolve the signals R to obtain the written signals W. 
A major difficulty in the deconvolution process is that the 
group of written tracks will wobble (or wander) in the hori 
Zontal location along the length of the tape, making the values 
off and d change along the track length. As described below, 
this difficulty has been overcome by the present invention. 
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0050. To enable the system to determine the relative posi 
tion of the readers 202 relative to the data tracks (e.g., the 
overlap of the readers relative to the tracks) analignment band 
is used. The alignment band is written concurrently with the 
data tracks. The alignment band can include one or more 
written tracks of a known pattern (control track(s)) on the 
medium. The alignment band can also merely be on one or 
more erase or “blank tracks. Suggested alignment signals are 
described below, and generally include a combination of 
“blank' tracks and control tracks. 

0051 FIG. 5 illustrates a data band including multiple 
written tracks W(1)-W(4), an extra written track (control 
track) WE(1), and erase or “blank” tracks Wb(1), Wb(2) 
sandwiching (Surrounding or flanking) the control track 
WE(1). Note that the tracks W(1)-W(4), WE(1), Wb(1), and 
Wb(2) may be spaced from one another, may be immediately 
adjacent to one another, may overlap each other, or a combi 
nation of these modes. Also shown are multiple readers 202 
and are identified as RE(1)-RE(4), R(1)-R(5). This example 
shows a case where blank tracks Wb(1) and Wb(3) are wider 
than a reader so it can be easily determined where the readers 
are located. Use of tracks wider than the reader is not neces 
sary if the standard servo data is used. The outer blank written 
tracks Wb(1) and Wb(3) may also be one track width wide. 
The example is FIG. 5 represents the minimum suggested 
number of blank and extra tracks. 

0052 FIG. 6 illustrates multiple written tracks W(1)-W 
(4), extra written control tracks WE(1), WE(2), “blank” 
tracks Wb(1)-Wb(4) and multiple readers 202. It should be 
noted that the space between tracks is only to make it easier 
for the reader to see the separation, and need not be present. 
This figure shows four blank written tracks Wb(1)-Wb(4) and 
two control tracks WE(1), WE(2) sandwiched by them, for a 
total of two additional written tracks when compared to the 
embodiment in FIG. 5. Adding additional control tracks 
improves the robustness of the scheme but also decreases the 
density of data tracks on the medium. 
0053 As shown in each case of FIG. 5 or FIG. 6 above, the 
control track(s) is/are separated or isolated from the other 
written tracks. The control track or tracks can be isolated, for 
example, by writing a DCOR AC erased track (blank) on 
either side of the isolated control track, as shown. It is also 
preferable to write at least one DC OR AC erased track 
(blank) on the far side of the written data tracks to isolate the 
group of written data tracks. And alternating current (AC) 
erased track could also be used. Then the readers which read 
the written control track(s) will only pick up a signal from the 
control track, making the determination off and dunambigu 
ous. The outer DC OR AC erased track (blank) enables a 
determination of the end of the data track and ensures that the 
outer reader reads only a single data track. The isolated con 
trol track, the DC ORAC erase track and the desired written 
tracks are preferably all written simultaneously so any wan 
der in the bundle of tracks will be identical for all written 
tracks. The resulting tracks will be adjacent to one another 
and have about a constant (though not necessarily equal) 
center to center spacing along the length of the band of tracks. 
0054 Because the tracks are always uniformly spaced, the 
fractional signals read by the readers overlapping the isolated 
control track will be identical to the fraction of signals from 
readers overlapping any other written tracks, unambiguously 
allowing determination of the matrix inversion. The width of 
the outer DCOR AC erase tracks is preferably at least one 
track width wide, but might be chosen to be larger depending 
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on the amount of track misregistration. Complications such as 
those due to differences in the response signal of a reader or 
non-homogeneous response along a reader/writer track width 
can be determined by a calibration procedure and the values 
stored in a look up table. The inversion matrix can then be 
appropriately adjusted. 
0055 To illustrate the general method according to one 
embodiment of the present invention, assume N read tracks 
are on a head and P written tracks are present, with the width 
of the read and write tracks being nearly identical. Also 
assume N is greater than P, and that the writers are adjacent 
and the readers are adjacent. The signal for reader track in 
(R(n)) has a fraction f of written track n (fW(n)) and a 
fraction d of written track n+1 (d. W(n+1)). (Assuming the 
signals have the same intensity and the readers abut one 
another, then d=1-f). As mentioned above, d represents a 
fractional overlap of a reader over one data track and frepre 
sents the fractional overlap of the reader over another data 
track. FIG. 7 shows a schematic of a system where the frac 
tional overlap d for a particular reader is equal to 1-f. In FIG. 
7, a first reader R(1) overlaps a DC OR AC erased (blank) 
track Wb(2) and written track W(1) respectively by fractions 
fand d, while reader R(2) overlaps written tracks W(1) and 
W(2) with respective overlaps of d and f. The overlaps fand 
d can be calculated according to the following formulae, 
where x is the length of overlap of the reader over one track, 
y is the length of overlap of the reader over another track, and 
W is the total width of the reader, as shown in FIG. 7. 

fix/W Equation 1 

d=y/W =1-f Equation 2 

0056. The vector signal R for the readers is described by 
the matrix M times the vector signal W: R=MW. The diago 
nal of M is given by f(M(i,i)=f), and the only nonzero com 
ponents of the off-diagonal elements would be M(i,i-1)=d. If 
the values off and d are not known, then the algorithm will 
need to determine both fand d to deconvolve the signals R to 
obtain the written signals W. A major difficulty in prior meth 
ods of deconvolution was that the group of written tracks will 
wobble (or wander) in the horizontal location along the length 
of the tape, making the values off and d change along the 
track length. The writers used to write the tracks in this 
method of the present invention are aligned adjacent to one 
another and all tracks are written simultaneously so any wan 
der in the bundle of tracks will be identical for all written 
tracks. The resulting tracks will be adjacent to one another 
and have about a constant (though not necessarily equal) 
center to center spacing along the length of the band of tracks. 
0057 For simplicity, and to match the illustrations in 
FIGS. 5-6, four writtentracks W(1)-W(4) and five readtracks 
R(1)-R(5) are considered. Reader R(1) covers a fraction f of 
written track W(1), and reader R(2) covers a fraction fof track 
W(2) and d of track W(1). Taking Rand W to be vectors where 
R is the read signal and W is the written signal, the matrix 
describing the signals is: 

M = If, O, O, O, O. 

d, f, O, O, O. 

O, d, f, O, O. 
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-continued 
O, O, d, f, O 

O, O, O, d, f 

The inverse of matrix M is: 

IM = 1 ff, O, O, O, O 

- 1 ff2; d. 1 ff. O, O, O 

d^2/ f^3, -1 f f^28 d. 1 ff. O, O 

- d. 3/ f^4, d^2/ f^3, -1 f f^2: d. 1 ff. O 

The written track vector is: W=(W(1), W(2), W(3), W(4), 0) 
while the read vector is: R=(R(1), R(2), R(3), R(4), R(5)). 
0058. The general solution to the inversion matrix for the 
number of written tracks being Ntrack requires a matrix 
dimension of Ndim Ntrack--1, and assuming equal ampli 
tude response for all readers and a uniform response along 
each reader track width. 
0059 MI(1:Ndim, 1:Ndim)=0; 
0060 for jr-1:Ndim 

0061 for jc=1:jr 

0062 end 
0063 end 
0064. The read signal given the written signal will be: 

Equation 3 

The deconvolved written tracks (DW) are given by: 
Equation 4 

An equally valid matrix is: 

M2 = |d, f, O, O, O. 

O, d, f, O, O. 

IO, O, d, f, O 

0, 0, 0, d, f 

O, O, O, O, d 

The inverse of matrix M2 is: 

The written track vector is: W2=(0, W(1), W(2), W(3), W(4)) 
while the read vector is: R2=(R(1), R(2), R(3), R(4), R(5)). 
0067. This second matrix (IM2) would be a better choice 
when def, especially when f-1, due to errors in the signal to 
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noise ratio (SNR) and the 1/f factors. The first matrix (IM) 
would be better when f>d. The two can also be combined to 
offer better SNR. 
0068. If an additional, isolated written track(s) WE() are 
made simultaneously (assuming at least one additional 
“extra control track is written, surrounded by “blank” 
Zones), the horizontal motion of the extra track(s) will be 
identical to that of the tracks with the "random' information 
written on the data tracks W. Since the extra track(s) is iso 
lated (due to the “blank” Zones, e.g., DC ORAC erased), the 
reader reading that signal will only get the signal from that 
track. With one extra control track (WE(1)), the values off 
and d can be determined by Equations 5 and 6 (refer also to 
FIG. 7). 

fix/W =RE(1)/RE(1)+RE(2) Equation 5 

0069. When the width of the readers is less than the width 
of the writers so a spacing exists between readers, fand dare 
still given by the above two equations. 
0070 “Dead” regions (e.g., drop out Zones) on the tape 
might occur where the extra written track is not written, so 
having an extra written track on either end of the group of data 
tracks might be desired and would give the user more flex 
ibility in determining the relative off-track coupling. 
0071. For a tape to which no data has been written, the 
“blank” Zone regions will inherently exist simply by not 
writing data over that region. Once a tape has been writtento, 
transverse motion of the tape with respect to the head results 
in a variation in the location of the “blank” Zone region for 
different passes over the same region of the tape. This may 
necessitate the creation of a “blank” Zone whenever the tape 
is writtento. This can be accomplished by having writers over 
the “blank” Zone regions erase the tape in the “blank” Zone 
simultaneously to data being written (Wb(1)-Wb(3)). This 
will ensure that the “blank' zones exist and follow the 
“wobble' of the written data tracks. An example of a tape 
erasure would be a “DC erasure performed by writers over 
tracks Wb(1)-Wb(4) being powered with a constant current 
throughout the entire write process, Sufficient to magnetizing 
the tape in the “blank Zone regions in one orientation without 
any transitions. An AC erasure generally refers to applying 
a sufficiently high frequency current to the writers at a suffi 
ciently high current level to write alternately oriented mag 
netic transitions on the tape at a physical spacing Small 
enough that the read heads could not read them. 
0072 Servos and servo tracks may be used to maintain 
track following (and may be considered “control' tracks), but 
extra written control track(s) along with the “blank” Zones 
will greatly assist in deconvoluting the signals due to overlap 
of the different written tracks onto each reader. The extra 
written tracks can also serve as a fine tune servo signal. The 
inversion matrix (IM) is uniquely determined with only the 
knowledge off and d. Application of the inversion matrix is a 
simple summation and multiplication. While the extra written 
tracks and the “blank Zone' separating the extra written tracks 
from the data tracks uses storage space, with a large number 
of simultaneously written tracks (16, 32, 64. . . . ) the frac 
tional loss of area diminishes. 
0073. Several methods for determining the overlap of a 
reader or reader relative to a control track or tracks are pre 
sented below. Each of these methods assumes that the control 
tracks are written simultaneously to writing the data tracks so 
the track to track spacing in a particular data band will be 

Equation 6 
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constant in spite of any wobble. In other words, the wobble in 
the control track(s) and the wobble in the data tracks will be 
identical. In any of the following embodiments, one or more 
control tracks are written simultaneously with the data tracks. 
0074. In a single control track embodiment, as shown in 
FIG. 8, the control track WE(I) can be written adjacent to a 
DC or AC erased track Wb(1) and optionally Wb(2). The 
control track is then read back with a single reader RE(1). 
Preferably, the control track signal is a sinusoid. The reader 
signal amplitude is proportional to the amount of overlap of 
the reader on the control track. If the reader is completely over 
the control track, the readback signal will be at a maximum 
value. When the reader is 50% over the control track, the 
readback signal will be at 50% of the maximum value. 
0075. It should be kept in mind that noise will always be 
present. And because this method uses the amplitude of the 
readback signal to determine the relative overlap of the 
reader, changes in the amplitude may or may not indicate a 
true position. The amplitude can be affected by a variety of 
things, not just head position. For instance, even if the reader 
is on the track exactly, the amplitude will still vary from such 
things as head-tape spacing, grain magnetization, Variation in 
magnetic grain density, tape defects, randomness of particles 
in the erase band, etc. 
0076. To provide even more reliability, one embodiment 
uses multiple heads reading the same control track. For 
example, two readers can be used to read a single control track 
that is surrounded by two erase tracks, as in FIG. 7. Here, the 
difference in the amplitudes of the two readers can be used to 
generate the position information. A decrease in amplitude in 
one head should correlate to an increase in amplitude in the 
other head, and so the relative positions of the readers to the 
control track can be calculated based on the proportional 
signal from each head. Any loss in amplitude across both 
readers may indicate a variation due to head-tape spacing, 
grain magnetization, variation in magnetic grain density, tape 
defects, etc. rather than a change of position relative to the 
control track. 

0077. In another embodiment, shown in FIG.9, two adja 
cent control tracks WE(1), WE(2) can be read back with a 
single reader RE(1). The two control tracks are written with 
different patterns. For example, two sinusoids can be used 
with slightly different frequencies (preferably not harmon 
ics). The single reader generates signals from both control 
tracks. The resultant combined signal can be then be sepa 
rated by filtering in a manner known in the art. The position 
information is obtained by measuring the relative amplitudes 
of the two components in the frequency domain and com 
pared to a nominal value that compensates for the Wallace 
frequency dependence of the head. Based on the proportional 
strength of the amplitudes relative to each other, the position 
of the reader can be determined. This embodiment may elimi 
nate any problems that would otherwise becaused by noise 
from an erase band. 

0078. In a further embodiment, two (or more) pseudo 
random bit sequences (PRBS) can be chosen instead of two 
sinusoids to be written on dual control tracks (adjacent or 
separated, one or more readers per control track). The PRBS 
sequences should be orthogonal to each other and rotated 
versions of each other. The reader signal on these two tracks 
may be output to two matched filters, matched to the two 
PRBS sequences. The ratio of the outputs of the two matched 
filters can be used for positioning information. This is differ 
ent than the previous method, because now simple sinusoids 
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are not merely written, but rather repeating, random-appear 
ing patterns are present in the control tracks. 
0079. It is important that the two PRBS sequences are 
unique enough to be identified. For instance, they may be 
orthogonal. This means that the dot product of the two 
sequences is Zero or very Small. If one of the sequences is 
rotated by an arbitrary number of bits, meaning that a number 
of bits from the end of the sequence are appended to the 
beginning, the dot product of the rotated sequences should be 
very small as well. 
0080 Consider the following example. Control track 1 has 
a pseudo-random bit sequence and control track 2 has a dif 
ferent pseudo-random bit sequence. The bit sequences can 
cover the entire frequency domain, and preferably are opti 
mized for a high signal to noise ratio. So from the frequency 
domain, the signals may be nearly indistinguishable. Accord 
ingly, the servoing is performed in the time domain. The same 
sequences repeat over and over in each control track. A 
matched filter recognizes a match in the pseudo-random bit 
sequence, its output goes high thereby indicating a match. A 
second matched filter similarly analyzes the second control 
track. 

0081. In another embodiment, two control tracks are writ 
ten on either side of the adjacent trackbundle having an erase 
track on both sides, as in FIG. 6. The control tracks can be 
read back with two readers. The position information is gen 
erated from the amplitude difference between the two head 
outputs. 
0082 In yet another embodiment, control tracks also pro 
vide timing and phase information for clock recovery for the 
data read channels. AS is well known in the art, the readback 
system of a storage system deciphers or decodes an incoming 
readback signal into 1 Sands 0s, thereby translating the signal 
into bits that were written to the tape (read channel). The 
clock recovery Subsystem synchronizes the clock of the read 
back system to the clock of the write system so the drive 
knows when 1s and 0s are coming in on the readback signal. 
Clock recovery is one of the most difficult processes in tape 
drive readback systems. Particularly, any loss of signal or 
dropout can cause the drive to lose the clock. Accordingly, 
any way to improve clock recovery is desirable. 
0083 Error correction is typically built in. However, all of 

this is downstream from the initial data read. So if the timing 
is lost, the effects are not known immediately and large errors 
are typical. So it would be desirable to ensure that the clock is 
properly aligned to the timing signal, as well as detect timing 
errors more quickly. 
0084. To assist in timing verification, the control tracks 
can provide frequency and phase information for the clock 
recovery circuits in the data read channels. A sinusoid signal 
of known period is preferred as it is periodic in nature, and so 
the Velocity of the tape and thus the timing can be easily 
calculated. 

0085. In a further embodiment, positioning information is 
obtained from the phase difference of two readers RE(1), 
RE(3) on two control tracks WE(1), WE(2) with angled mag 
netic transitions. Note that additional readers RE(2), RE(4) 
may be provided to add robustness. The angle between the 
transitions tilt so that the two tracks provides phase-based 
position information as shown in FIG. 10. 
I0086 Each reader is preferably smaller than the width of 
the associated control track. As the medium passes by the 
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readers, a pulse is generated at each written transition on the 
medium. When the two heads are in the middle, of the respec 
tive control tracks, the pulses arrive together. If the readers 
move laterally, one reader's pulse arrives sooner and the other 
reader's pulse arrives later. By measuring the spacing of the 
pulses, the positions of the readers relative to the control 
tracks can be determined. 

I0087 To write the angled transitions, the writers are set at 
an angle. 
I0088 FIGS. 11 and 12 show an example of the process 
using mathematically generated signals. Again, it is assumed 
that the overlap is determined by reading the signals from 
control tracks WE(1) and/or WE(2) using readers RE(1) and 
RE(2) and/or RE(3) and RE(4). 
I0089 FIG. 11 is a plot of four parallel written tracks (sym 
bol) and five read signals (line). FIG. 12 is a plot of four 
parallel written tracks (symbol) and the corrected read signals 
(line). In both FIGS. 11 and 12, the written tracks are all of the 
same amplitude, but out of phase by pi/2. The five read tracks 
are shifted horizontally with respect to the written tracks by 
30% of the track width so the first read track has 70% of the 
first written track. The second read track has 30% of the first 
written track and 70% of the second written track, etc. 
0090 FIG. 13 shows an example of the process using two 
adjacent tracks written on to tape and read from the tape from 
an LTO drive (symbol). The second track is purposefully 
offset in time from the first to accentuate the effect of overlap. 
The three read tracks (indicated by lines) are shifted horizon 
tally with respect to the written tracks by 50% of the track 
width so the first read track has 50% of the first written track. 
The second read track has 50% of the first written track and 
50% of the second writtentrack. The third read track has 50% 
of the second written track. FIG. 14 shows the deconvolution 
of the read overlapped signals of FIG. 13, illustrating recov 
ery of the original tracks. The inversion matrix assumes that 
the 50% overlap is known. 
0091. The matrices described for the read signals (M) and 
the de-convolution of the read signals (MI) assumes that all of 
the readers have the same response. If the response of each 
reader is different, then a more complicated deconvolution 
algorithm may be implemented. Potential non-linearity or 
nonuniformity differences between readers include: (a) mag 
nitude (amplitude); (b) asymmetry between positive and 
negative response; (c) differences in frequency response. 
0092 Regarding magnitude (amplitude) differences, 
magnitude or amplitude corrections are relatively easy to 
perform as long as they do not vary with time. Amplitude 
variations between the different readers due to their inherent 
differences in response are given by the matrix MA: 

MA (i,i)=A(i) Equation 7 

and 

MA (i,i)=0 Equation 8 

when jzi. 
The inversion matrix (IMA) is: 

IMA (i,i)=1, A(i) Equation 9 

and 

IMA (i,i)=0 Equation 10 

when jzi. 
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Regarding asymmetry differences, matrices similar to MA 
and IMA describe asymmetric reader responses, but two val 
ues of A(i) are used: 

A(i)=Ap(i) Equation 11 

if R(i)>0, and 
0093 

A(i)=An(i) Equation 12 

if R(i)<0. 
0094. In order to utilize the more complicated correction 
algorithms, the response of the readers must be determined. 
One method of determining the response of the readers is to 
calibrate them in a designated section of the tape. In the 
calibration section of the tape, all writers write the same 
pattern. The amplitude and asymmetry response of each 
reader can then be determined. Even the frequency response 
can be determined. It is best if the frequency response of the 
readers is compensated for in the hardware such as the meth 
ods employed in existing tape drives using equalizer filters to 
boost high frequency signals, etc. To be sure that the edge 
readers are calibrated properly, more writers than those writ 
ing data should be employed. FIG. 15 shows a scheme to 
calibrate reader amplitude and asymmetries. In FIG. 15, 
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microtrack profile calibration. FIG. 16 is a schematic 
example of a certain embodiment, where data tracks, such as 
W(1), W(3), W(5), W(7), are written with a specific pattern 
using alternate writers along a segment of tape. The head is 
then passed over the calibration region, intentionally shifting 
the heads horizontally and measuring the signals as the tape is 
run longitudinally. In FIG. 16, the tape is moving vertically 
and the head is being moved from left to right as shown 
progressively in rows 16(a) to 16(d). The recorded signal for 
the odd readers R(1) will go from Zero signal in 16(a) to a 
Small number in 16(b) to maximum signal in 16(c) to Zero in 
16(d). The response of all readers along their track width will 
then be known, and can be factored into the matrix manipu 
lation. 

0097 FIG. 17 depicts the situation for a non-homoge 
neous response across a reader width. Each reader has a 
different response. f(n,x) is the response of the nth reader 
from 0 to X and d(n,x) is the response of the nth reader from X 
to W. The values off(n,x) and d(n,x) are measured during the 
calibration procedure as shown in FIG. 13, where alternate 
tracks are written and the head is stepped horizontally while 
the tape is moving vertically. The values of f(n,x) and d(n,x) 
are then stored in a look-up table. The matrix (M) and inver 
sion matrix (IM) for four written tracks with a five reader 
array is: 

M = If 1, 0, 0, 0, 0) 
d2, f2, 0, 0, 0) 
O, d3, f3, 0, 0) 
O, O, d4, f4, O 
IO, O, O, d5, f5) 

IM = 1 ff 1, O, O, O, O 
-df Off 1, 1 ff2, O, O, O 
d3: d2 f f3 ff2 | f 1, -d3f f3 ff2, 1 ? f3, O, O 
-d4: d3: d2 f f4ff3 ff2 (f1, d4: d3f f4ff3 ff2, -d-4f f4f f3, 1/f4, O 
O, O, O, O, 1 / d5). 

Such that 

IM : M + 1 = 1, 0, 0, 0, O 
0, 1, 0, 0, O 
O, O, 1, 0, O 
O, O, O, 1, O 
O, O, O, O, 1. 

enough written tracks are used so the written pattern extends 
beyond all of the readers. In a preferred embodiment, one 
writer is associated with one reader with an additional writer 
used to write tracks on either end of the array (i.e., the number 
of writers is two greater than the number of readers being 
calibrated). 
0095 Conversion of the read signals into data bits can be 
accomplished using standard algorithms such as peak detect 
or partial response, maximum likelihood (PRML), but would 
be applied to the corrected read signals (CR) rather than the 
directly read signals (R). 
0096. A method of resolving a non-homogeneous reader 
profile along the reader track width is to perform an in-drive 

0.098 where I is the identity matrix or the diagonal matrix. 
0099. The value of fin (=f(n,x)) and dn (=d(n,x)) are a 
function of X. The function of X has been left out of the matrix 
for simplicity. The value of X is determined by the “extra’ 
(control) written track(s) by the continuously measured vales 
offE (fE(x)) and dE (dE(x)), where the values offin and din 
are predetermined. For actual use, the track can be divided 
into segments and the appropriate inversion matrices can be 
stored in a look-up table. 
0100. The value of f(i) and do) used in IM to deconvolute 
the signal is made by the measurement offE and dE from the 
“extra' (control) track(s). For example, if all tracks have 
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uniform response across their width, then fE=(X/WR), and 
dE=1-fE so all for)—fE and all d(r)=dE. 
0101 For a better determination offE(x) and dE(x), rather 
than just relying on instantaneous values, an appropriate inte 
gral using an appropriate time can be used. The general form 
of the matrix is: 

indim=length (f); 

for ir=1:ndim, for ic=1:ndim, Minic)=0; end, end 

M(1,1)= f(1); for ir=2:ndim, Mirir) fir); Mini-1) 
=d(ir); end 

The general form of the inversion matrix is: 
for ir=1:ndim, for ic=1:ndim, MI(inic)=0; end, end 

MI(1,1)=1/f(1): 

for r=2:ndim 

ic-ir; MI(inic)=1/flir): 

for nc=2:jnic-ic-1, IM inic)=-1*(dic--1) fic))*MI 
(iric-1); end 

end 

The read signal given the written signal will be: 
R=M*W Equation 13 

The deconvoluted written (DW) tracks is given by: 
DW-IMR=IM (MW)=(IMM); W=I*W= W Equation 14 

Test of Superposition Using a Real Head 

0102. As a check that the response of the readers is linear 
so that the signals from readers which overlap two written 
tracks can be deconvolved using Superposition, an experi 
ment was tried with an LTO Generation 1 (Gen 1) head. This 
experiment provides a first indication of the feasibility of the 
deconvolution techniques described herein. The LTO Gen 1 
heads have S=S-333 um, W=12.6 um and W-26.5um. 
The LTO Gen 1 heads have 8 readers and 8 writers on two 
modules. The readers of the “reading module are aligned 
with the writers of the “writing module. In the experiment, 
the tape was first AC erased. An 8T pattern was then written 
for a section of tape tracks W1(8T), W2(8T), ... W8(8T) are 
all separated transversely by 333 um. 
0103 FIG. 18 illustrates signals generated by an LTO Gen 
1 head configured as described above. Reader R1 is aligned 
on written track W1(8T), while reader R2 is positioned at 
-50% on written track W2(8T) and -50% on track W1(2T). 
2T and 8T refer to the patterns. An 8T pattern is written. The 
head was shifted by 333+20 um so W1(8T) is an isolated 8T 
patternand W1(2T) overlaps W2(8T). The overlap is ~6.8 um 
(20LL-W/2) from the center of the 8T pattern. The head was 
then located so R2 is centered on the overlap of W2(8T) and 
W1(2T). The overlap of R1 with W1(8T) is -98%. Prior to 
about data point 780, the signal from R1 is just noise while R2 
is a 2T pattern due to the starting point of the 2T pattern being 
earlier than the 8T pattern starting point. 
0104. The top curve of FIG. 18 shows the response of 
Reader R1 centered on track W1(8T). The flat line prior to 
channel -780 is simply AC erased noise. The transitions seen 
from channel -780 to 1000 are the 8T pattern. The head is 
then moved by 333+20 Lum and a 2T pattern is then written. 
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With this step, tracks W1(8T) and W8(2T) are isolated. 
Tracks Wn+1(8T) are adjacent to tracks WinC2T) (n=1:7) with 
Wn+1(8T) being nominally 20 um wide and Wn(2T) being 
the full 26.5um wide. FIG. 20A shows the response of reader 
R2 centered on track W2(2T) as a clean 2T pattern. The head 
is then moved to position 6.8 m so R1 is nominally 98% on 
W1(8T) and R2 is nominally 50% on W2(8T) and W1(2T). 
The lower trace in FIG. 18 shows the resulting signal for R2. 
Between channel 0 and ~780 a 2T pattern is read, which is the 
pattern from -50%*W1(2T). At channel -780, the 8T pattern 
from W2(8T) is also picked up yielding a mixed signal of 
-50%*W1(8T) plus-50%*W1(2T). 
0105 FIG. 19 is a blow up of FIG. 18 starting at channel 
780 where both the R1 and R2 signals are shifted to the 
average of the preceding data. Particularly, the R1, 8T pattern 
and R2, mixed 8T and 2T patterns are shown. Only the first 
few 8T flux reversals are shown. 

0106 The best attempt to deconvolute the mixed signal is 
shown in FIG.20B which shows the reader R2 deconvoluted 
2T pattern where the isolated 8T pattern read simultaneously 
with R1 on W1(8T) is subtracted from the mixed signal of R2 
which was situated -50% on written track W2(8T) and -50% 
on W1(2T). FIG. 20B is equal to R2'(2T)=R2(8T.2T)-0. 
43*R1(8T) or 43% of the signal from R1(8T) is subtracted 
from R2(2T,8T). FIG. 21A is a Fourier transform of R1(8T), 
R2(2T), the mixed signal R2(8T.2T) the deconvolution of the 
mixed signal R2, (R2, deconvoluted(2T) or R2"(2T)). The 
frequency content of the mixed signal R2(8T.2T) is a sum of 
the frequency contents of the “clean 8T and the 2T patterns. 
The frequency content of the deconvoluted signal R2'(2T) is 
predominantly that of the 2T pattern, as seen in FIG. 21B 
where the fraction of the Fourier amplitude for the 8T pattern 
is <2% of the Fourier amplitude of the 2T pattern. Going back 
to time-base signals (FIGS. 20A-20B) the variation in the 
amplitude of R2'(2T) is larger than that of 2T pattern for 
R2(2T). The reason for the larger amplitude variation in R2 
(2T) than R2(2T) include: (a) the 8T pattern from R1(8T) is 
slightly out of phase in time with R2(8T); (b) the spatial 
amplitude variation for R1(8T) is different from the content 
of the 8T pattern in R2(8T.2T); (c) the transverse motion of 
the tape during the measurement of R2(8T.2T) can not be 
compensated for with the extant LTO Gen 1 heads. Concept 
(c) is a major factor in the variation of the amplitudes for 
R2'(2T 1). With a 50% overlap, nominally 6.3 um of R2 is 
over W2(8T) and 6.3 um is over W2(2T). If the tape wanders 
+/-0.5 um during the span of 2.5 us (250 channels, 10 
ns/channel), then the fraction of W1(8T) will vary from 46 to 
54%. With these experimental limitations, the deconvolution 
shown in the FIGS. yields proof of concept. 
0107 FIG. 22 illustrates a tape drive which may be 
employed in the context of the various aspects of the present 
invention. While one specific implementation of a tape drive 
is shown in FIG. 22, it should be noted that the embodiments 
of the previous figures may be implemented in the context of 
any type of drive (i.e. hard drive, tape drive, etc.) 
0108. As shown, a tape supply cartridge 2220 and a take 
up reel 2221 are provided to support a tape 2222. These may 
form part of a removable cassette and are not necessarily part 
of the system. Guides 2225 guide the tape 2222 across a 
bidirectional tape head 2226. Such bidirectional tape head 
2226 is in turn coupled to a controller assembly 2228 via a 
compression-type MR connector cable 2230. The actuator 
2232 controls position of the head 2226 relative to the tape 
2222. 
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0109. A tape drive, such as that illustrated in FIG. 22. 
includes drive motor(s) to drive the tape Supply cartridge 
2220 and the take-up reel 2221 to move the tape 2222 linearly 
over the head 2226. The tape drive also includes a read/write 
channel to transmit data to the head 2226 to be recorded on the 
tape 2222 and to receive data read by the head 2226 from the 
tape 2222. An interface is also provided for communication 
between the tape drive and a host(integral or external) to send 
and receive the data and for controlling the operation of the 
tape drive and communicating the status of the tape drive to 
the host, all as understood by those of skill in the art. 
0110. The controller 2228 may perform any of the func 

tionality described above including calculation of overlap, 
inverse matrix calculation, data recovery, etc. Alternatively, a 
host system may receive signals from the head (via any path) 
and perform the deconvolution. In a further alternative, the 
controller and host share duties. The controller and/or host 
may each contain mechanisms (e.g., logic, Software modules, 
processors, etc.) to perform any function described herein. 

EXAMPLE 

0111 FIG.23 illustrates an example of how to calculate an 
overlap of readers on tracks. In the illustration seven readers 
202 overlie five written tracks. Tracks 1 and 5 are alignment 
bands. Assume that tracks 1 and 5 have twice the track width 
(TW) as tracks 2-4, which allows the reader array to move 
within the data band. The reader width (RW) is not equal to 
the track width, but rather satisfies the following equation: 

TW=aRW Equation 15 

0112. The head boundaries are indicated on FIG. 23 as 
hb0-hb7. The head boundary locations are determined by the 
following equation: 

hb=i-1-e/RW, for i=0 to 7 Equation 16 

Head equations assume linear inter-track interference. Each 
head signal is a linear combination of track signals: 

h1=t1 Equation 17 

h2=abs(hb1)*t1+hb2*t2 Equation 18 

h3=(a-hb2)*t2+(hb3-a)* t3 Equation 19 

h4=t3 Equation 20 

h5=(2a-hb4)*t3+(hb5-2a)* A Equation 21 

h6=(3a-hb5)*t4+(hb6-3a)* t5 Equation 22 

h7=5 Equation 23 

Here, assume a=1.3 and e?RW=0.5. The resulting head 
boundary positions are calculated as: 

Plugging this information into Equations 17-23: 

Track equations: 
Head equations: add head equations with same track 
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-continued 

Track equations: 
Head equations: add head equations with same track 

S = 0.1 *t - 0.9 * ta. 
6 - 0.4 * ta. -- 0.6* ts 
7 = tis 

0113. The matrix form of the equations is: 

h1 
t1 (1.5 0.5 () () 0 1 1 0 () () () O h2) 
t2) (0.5 1.3 0.2 0 0 (0 1 1 0 () () O h;3 
t3 O 0.8 1.3 0.9 O (0 0 1 1 1 0 O (h4 
14 O. O. O.1 1.3 0.6 [0 () () 0 1 1 0 (h5 
t5) IO () () 04 1.6 [0 () () () 0 1 1 h6) 

h7 

The matrix equation can be used to cancel intertrack interfer 
ence. The output of the matrix equation can be input to stan 
dard ID channels. Also note that the offtrack signal can also be 
derived from a servo system, and can also be updated in a 
detector. 
0114. The invention can take the form of an entirely hard 
ware embodiment, an entirely software embodiment or an 
embodiment containing both hardware and software ele 
ments. In a preferred embodiment, the invention is imple 
mented in software, which includes but is not limited to 
firmware, resident Software, microcode, etc. 
0.115. Furthermore, the invention can take the form of a 
computer program product accessible from a computer-us 
able or computer-readable medium providing program code 
for use by or in connection with a computer or any instruction 
execution system. For the purposes of this description, a 
computer-usable or computer readable medium can be any 
apparatus that can contain, store, communicate, propagate, or 
transport the program for use by or in connection with the 
instruction execution system, apparatus, or device. 
0116. The medium can be an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system (or appa 
ratus or device) or a propagation medium. Examples of a 
computer-readable medium include a semiconductor or Solid 
state memory, magnetic tape, a removable computer diskette, 
a random access memory (RAM), a read-only memory 
(ROM), a rigid magnetic disk and an optical disk. Current 
examples of optical disks include compact disk-read only 
memory (CD-ROM), compact disk-read/write (CD-R/W) 
and DVD. 
0117. A data processing system suitable for storing and/or 
executing program code will include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus. The memory elements can include local memory 
employed during actual execution of the program code, bulk 
storage, and cache memories which provide temporary stor 
age of at least some program code in order to reduce the 
number of times code must be retrieved from bulk storage 
during execution. 
0118. Input/output or I/O devices (including but not lim 
ited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
I/O controllers. 
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0119 Network adapters may also be coupled to the system 
to enable the data processing system to become coupled to 
other data processing systems or remote printers or storage 
devices through intervening private or public networks. 
Modems, cable modem and Ethernet cards are just a few of 
the currently available types of network adapters. 
0120 While various embodiments have been described 
above, it should be understood that they have been presented 
by way of example only, and not limitation. Thus, the breadth 
and scope of a preferred embodiment should not be limited by 
any of the above-described exemplary embodiments, but 
should be defined only in accordance with the following 
claims and their equivalents. 
What is claimed is: 
1. A method for reading a magnetic medium having a data 

band thereon, the data band comprising a plurality of simul 
taneously written tracks, the method comprising: 

receiving signals from a plurality of adjacent readers 
simultaneously reading data tracks, wherein at least 
some of the readers that are currently reading overlie 
adjacent data tracks such that the reader generates sig 
nals from the adjacent data tracks; 

receiving a signal from at least one reader reading an align 
ment band; 

for at least each reader overlying adjacent data tracks, 
determining a fractional overlap of the reader relative to 
the underlying adjacent data tracks based on the signal 
from the reader reading the alignment band; and 

extracting data from readback of the data tracks based at 
least in part on the determined fractional overlaps of the 
readers relative to the adjacent data tracks thereunder. 

2. A method as recited in claim 1, wherein the number of 
readers is at least equal to the number of written tracks in the 
data band. 

3. A method as recited in claim 1, wherein two alignment 
bands Sandwich the data tracks, each alignment band includ 
ing a blank track. 
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4. A method as recited in claim3, wherein the blank tracks 
are at least one of direct current (DC) erased tracks and 
alternating current (AC) erased tracks. 

5. A method as recited in claim 3, wherein one of the 
alignment bands includes first and second blank tracks sand 
wiching a track with a predefined signal; wherein the other 
alignment band is a third blank track. 

6. A method as recited in claim3, wherein each alignment 
band includes first and second blank tracks sandwiching a 
track with a predefined signal. 

7. A method as recited in claim 1, wherein a spacing 
between centerpoints of some of the readers is about equal to 
centerlines of the data tracks. 

8. A method as recited in claim 1, wherein the data is 
extracted from the reader signals using an inversion matrix. 

9. A method as recited in claim 8, wherein the inversion 
matrix is predefined except for the fractional overlap. 

10. A method as recited in claim 1, wherein the fractional 
overlap is determined from signals of at least two readers 
reading the alignment band. 

11. A method as recited in claim 1, wherein the alignment 
band is present in a track with a known signal, wherein the 
known signal is a monotone pattern. 

12. A method as recited in claim 1, wherein the alignment 
band is further used to fine tune alignment of the readers with 
respect to the written tracks. 

13. A method as recited in claim 1, wherein the at least one 
alignment band also provides timing information for clock 
recovery. 

14. A method as recited in claim 1, wherein the method is 
calibrated by performing a microtrack profile calibration 
which includes shifting the readers perpendicularly with 
respect to the direction of media travel across the data tracks. 

15. A method as recited in claim 1, further comprising a 
drive mechanism for passing a magnetic recording tape over 
the readers. 


