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1. Field of the In-vention _

This invention relates generally to recording and reading data from magnetic storage
media and, more particularly, to servo control svsremsthatmamtam the position of a

magnetic head relative to tracks in magnetic storage media.

2. Description of the Related Art
The recording and reading of data in tracks on magnetic storage media requires precise
positioning of magnetic read/write heads. The read/write heads must be quickly moved to,
~-and maintained centered over, particular data tracks as recording and reading of data takes
place. The magnetic heads can record and read data as relative movement occurs between
the heads and the magnetic storage media in a transducing direction. The heads are moved
from track to track across the width of the wacks in a translatmc duec’non which is
perpendicular to the transducing direction. R
For example, a recordable disk#ypic4lly contains concentric data tracks and is rotated
beneath a magnetic head. The direction of rotation defines the transducing direction. Radial
movement from track to track defines the translating direction. A magnetic tape typically
contains data tracks that extend along the length of the tape, parallel to the tape edges, in the
transducing direction. In magnetic taine helical scan systems, however, the tape is moved
beneath heads that are m_oved'at an angle across the width of the 'ﬁpe, the diagonal direction
defining the transducing direction. _
Storage devices that. read and record data on magnetic media typically use servo
control systems to properly position the data heads in the translating direction. The servo
control systems derive a position signal from a servo magnetic head that reads servo control
information recorded in servo- tracks on the storage media. Typically, the servo control
information comprises two parallel but dissimilar patterns. The servo head follows the

boundary between the two dissimilar servo patterns, which are recorded in alignment with the
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determine which direction to move the head for centering up until the head has moved more
than one-half track off center. Servo heads that are less than one-half track width would not
be able to determine which direction to move as soon as the head was completely over one
half of the servo track or the other. Servo heads that are greater than one-half track width
are most commonly used with imbedded servo systems, which use the same read head for
servo and for data. With such systems, every other pattern is made different to avoid the
problem of the head running into an adjacent track pauwern, which then would not be able to
determine which direction in which to move. '

An alternative to the half-track servo control approach is described in U.S. Patent No.
3,686,649 to Behr, which describes a disk drive servo control system that uses servo control
information comprising lines of magnetic flux transition that extend across a servo track width
at two different angles from a line parallel to a disk radius. A pair of such transition lines
define a control zone in the form of a symmerric trapezoid. A control head detects a positive-
going pulse generated by a first transition and a negative-going pulse generated by a second
transition. The signal thus generated comprises a pulsed position signal that can be compared
with a reference signal to indicate how far the control head has deviated from the servo track
centerline. The system is said to permit more than 200 tracks per inch on a storage disk.
Nevertheless, there is a demand for disk storage devices and ﬁpe storage devices of greater
and greater storage density. For example, conventional disk drives can provide 5000 tracks
per inch.

The half-track servo control approach has been found to be generally satisfactory for

direct access storage devices, such as disk drives: Tape storage systems operate under unique
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{AREISIeMRge SYSRESH| AEESkATRe: Siqaeafmagnieac: hegd ppesriagygs ot as clean as the
environment typically found m disk systems and, unlike most disk systems, the magnetic tape

runs substantially in contact with the magnetic head. The relatively dirty environment and
contnuous contact between the media and the head, as well as the relatively large width of
the servo head, produces significant wear and scratching of both the media and the servo head
and produces localized build-up of contaminants on the surfaces of both. As a result, the
spatial response of the servo head to the servo control information changes with time, both
gradually as a result of wear over time and suddenly as a result of interaction with
contaminant debris.

Changes in the servo head spatial response cause errors in the position signal, so that
a position signal can indicate no track misregistration when the servo head actually is
displaced from the servo track centerline. Errors in the position signal are typically difficuit
to detect from the position signal itself. As a result, redundant servo tracks are often used
for increased reliability, wherein the servo control system uses the posftion signal data only
if the data from two or more redundant tracks agree. Redundant servo tracks reduce the tape
storage media surface area available for data recording and requires more heads and
supporting electronics. |

From the discussion above, it should be apparent that there is a need for a servo
control system that is especially suited to the magnetic tape environment, that reduces the
magnitude of position signal error due to wear on the servo head and debris, and that permits

position signal errors to be detected more easily. The present invention satisfies this need.

SUMMARY OF THE INVENTION
In accordance with the present invention, a track-following servo control system in a
magnetic media storage device derives head position information from one or more specially
patterned servo tracks. The servo patterns are comprised of magnetic transitions recorded at
more than one azimuthal orientation in a servo track, such that the timing of the servo

position signal pulses derived from reading the servo partern at any point on the pattern varies
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may comprise straight transitions essentially perpendicular to the length of the track

alternating with azimuthally inclined or sloped transitions. That is, the azimuthally sloped
transitions extend across the width of a track at an angle to the head wansducing direction.
The relative timing of transitions read by a servo read head varies linearly depending on the

“head position with respect to the center of the track. Speed invariance is provided by
determining the ratio of two timing intervals. In particular, the ratio can be determined by
normalizing the variable time interval between dissimilar transitions with the interval
measured between like transitions. Maximum dynamic range and linearity are obtained by
using 2 read head that is narrow with respect to the width of the servo track pattern and the
data track width. Synchronization of the decoder to the servo pattern is accomplished by
providing periodic gaps called Spacing intervals or synchronization gaps in the pattern that
are recognized as pattern starting points.

In another aspect of the invention, error detection and correction are accomplished
through recognition of servo pattern sequences. For example, if the servo pattern contains
a predetermined number of transitions between synchronization gaps, a failure to encounter
the expected number of transitions between gaps indicates faulty servo track reading.
Similarly, the timing of various intervals within a servo pattern sequence must match a known
format; failure to match within certain parameters indicates erroneous servo track reading.
Upon detection of errors, the system may correct the false information by substituting
information from-a different (redundant) servo track, temporarily substituting information of
an estimated value, or by other means.

Servo patterns on a tape storage media can be generated using a multiple gap servo
write hiead. The gaps of the head contain geometries appropriate to generate the servo pattern
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In accordance with the invention, using a servo read head that is narrow compared to
the data tracks written on the storage media minimizes tracking errors due to false position
signals. Defects in and wear of the servo read head or servo patterns on the storage media
cause minimal positon errors if the servo read head is narrow. Likewise, temporary or
permanent collection of debris on either the storage media or servo read head cause minimal
position sensing errors if the servo read head is narrow relative to the data track widths. The
system is especially suited for use with dedicated servo tracks that are always separate from
data tracks. However, the system may be used in embedded servo sysierns as well.

In another aspect of the invention, the servo control system detects magnetic flux
transitions having a first transition polarity and ignores magnetic flux transitions having a
second transition polarity. Thus, the servo control information pattern groups are timed onty
between transitions that have the same polarity.. This avoids shifts in the timing of opposite
polarities of transitions that can occur due to asymmentdies in the fabrication of the servo write
head, in the actual servo control information writing process, the nature of the magnetic tape,
and the read heads themselves. If desired, signal-to-noise ratios can be further improved by
using the redundant second set of opposite polarity transitions.

Other features and advantages of the present invention should be apparent from the
following description of the preferred einbodiments, which illustrate, by way of example, the

principles of the invention.
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Nevert hel ess, there is a demand for di s kb and L ape REPLAGED :
devi ces of greater and greater storage d cenventToral——
di sk drives can provi de 5000 tracks per track servo control :

approach has been found to be generally satlsfactory for direct access
storage devices, such as disk drives. Tape storage systens operate under
uni que REPLACEVENT SHERIED®ESCRIP TN 190 THE ORANINGS st i cs t hat
i ncrease the dlfflculty of providing higher storage densities. In magnetic
-  Isa perspective view of atape drive storage device and associated ape cartridge
constructed in accordance with the present invention.

Fig. 2 is a schematic representation of the magnetic head and servo contol system of
the tape drive and cartridge combination ﬂlustrated in Fig. L.

Fig. 3 is a schematic representation of an alternative head assembly arrangement in
accordance with the invention.

Figs. 4, 5, and 6 are representations of three alternative servo patterns constructed in
accordance with the present invention.

Fig. 7 is a graph of the servo information signal generated by the magnetic head
illustrated in Fig. 2.

Fig. 8 is a representation of the servo head as it tracks the servo pattern illustrated in
Fig. 6 and a graph of the head output signal it generates.

Fig. 9 is a representation of the servo head as it tracks an illustrated fourth alternative
servo pattern constructed in accordance with the present invention and a graph of the head
output signal it generates.

Figs. 10, 11, and 12 are block diagrams of a position signal decoder for the servo
control system illustrated in Fig. 2 |

Figs. 13, 14, 15, and 16 are block diagrams of an alternate position signal decoder for
the servo control system illustrated 'in Fig. 2

Fig. 17 is a representation of the servo head as it tracks the servo pattern illustrated
in Fig. 9, along with a represemation of the head output signal it generates and the
corresponding A and B signal intervals.

Fig. 18 is a chart of data stored in the system illustrated in Fig. 13 for use with
demodulating the servo pattern illustrated in Fig. 17. |

Fig. 19 is a representation of a drum system for recording the servo patterns onto
magnetic storage tape.

Fig. 20 is a representation of the magnetic flux transitions that can be recorded onto.

a portion of magnetic tape by the system illustrated in Fig. 19.
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position signal, 8o that a position signal cahindicate no track

m sregi stratl amd 3hen the servo head actually is displaced fromthe servo

track centerline. Errors in the position signal are typically difficult
Fig. 24 is a schematic representation of a servo write head writing a magnetic tape

tape storage systems, the storage nedi @hinsigerdlas BechBephciht er f 3 CEHI%SH%@%?)BEENJ
clean as the environnment typically founaﬁiﬁumﬂﬁ ﬁ!ﬁ ms . and,|Lunl j RETAY
|

constructed in accordance with the invention.
Fig. 25 is a schematic representation of a recording system for producing a magnetic
tape in accordance with the present invention. '

Fig. 26 is a schematic diagram of the recording system illustrated in Fig. 25.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a timing based servo tape system 10 constructed in accordance with the
present invention. The system includes a tape drive 12 that accepts a tape data cartridge 14
and is connected to a host processor 16 by a data cable 18. The tape c;aru'idge comprises a
housing 19 éontaim'ng a loop of magnetic tape 20. The system is constructed for use with
servo control information comprising a repeating servo pattern of magnetic flux transitions
that are recorded in tracks on the magnetic tape 20 in the data cartridge and extend across the
width of the tracks such that a servo position information signal generated by reading the
servo control information varies continuously as a magnetic servo read head is moved across
the width of a track in a translating direction, thereby indicating the relative position of the
head within the track. The tape drive 12 can read the servo control information and generate
a position signal to control the position of an associated data read head, or can write the servo
control information into tracks on a data cartridge using a magnetic servo write head, or can
do both. The system is optimized for the magnetic tape environment, so that the magnitude
of the position signal error due to wear and debris is reduced and such errors are easier to
detect.

The tape drive 12 includes a receiving slot 22 into which the cartridge 14 is inserted.

The host processor 16 can comprise, for example, a personal computer such as the [BM
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cartridge formats, including, for example, conventional § mm, 4 mm, 1/4-inch, and 1/2-inch
data cartridge formats.

Fig. 2 is a view looking down on a portion of the magnetic tape 20 of the cartridge
14 (Fig. 1) past a head assembly 24 of the tape drive unit 12. The tape is shown in phantom
with dashed lines where it passes beneath the head assembly. The head assembly is shown
in solid lines and includes a relatively narrow servo read head 26 that detects a servo pattern
recorded in a servo track 27 of the tape. Also shown, for purposes of illustrating relative
size, is a data read head 28 of the head assembly that is positioned over a data track region
29 of the tape containing multiple data tracks for reading data recorded in a data track. Fig.
2 shows a single servo read head and a single data read head for simpiiciiy of illustration.
Those skilled in the art will appreciate that most tape systems have multiple servo tracks,
muitiple servo read heads, and multiple data read and write heads. .

In Fig. 2, the servo track centerline 30 is indicated, extending along the length of the
tape 20. Fig. 2 shows ﬁt the servo read head is relatively parrow and has a width
substantially less than the width of the servo track 27. In particular, in the breferred
embodiment the servo read head has a width that is less than one-half the width of a single
data track (not illustrated), which typically is more narrow than a servo track.

In Fig. 2, the wransducing direction of tape-head relative movement, in which the servo
read head 26 can read the servo pattern, occurs when the tape 20 is moved linearly with
respect to the head, along the length of the track 30. Wheﬁ suéh movement occurs, the Servo
pattern of magnetic flux transitions is detected by the servo read head so that it generates an
analog servo read head signal that is provided via a servo signal line 34 to a signal decoder
36. The signal decoder processes the servo read head signal land generates a position signal

that is delivered via a position signal line 38 to 2 servo controller 40. The servo controller
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fromreadl ng the servo pattern at any point on the pattern varies
REPLACEMENT SHEET Date: 13 .DEC 91% cont| uousl gﬂ'i 35 noy,ed
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servo. readsedtly b, AeCRAPthePlanBRPLOMEIRLE abelbl) fedodd B HRVIdhEoR iBRA Sbm
nt posi t on signal used by the servo systenito position thé data
heads overth¢ bervoesntraibtr datraoving tieshead %Hmeﬁlbragssrtbdmath of the servo track 30
in the manslating direction. The serva controller 40 monitors the position signal from the
signal decoder 36 and generates the control signal necessary to reach the desired position, so
that the control signal equals the signal when the head is at the desired target.

Fig. 3 shows a multiple servo track, multiple head system constructed in accordance
with the present invention. The system is similar to that shown in Fig. 2 with the following
exceptions. The Fig. 3 head assembly 24’ includes a data read head 23a and a data write head
28b for reading and writihg data, respectively, in a data track of the tape data region 29. The
tape 20’ illustrated in Fig. 3 includes a second servo track 27' in addition to the first servo
track 27, the servo tracks being placed on opposite sides of the data region 29. The centerline
30’ of the second servo track also is shown. Fig. 3 shows that the head assembly 24’ also
includes a second servo read head 26 for reading servo information recorded in the second
servo track 27'. It should be noted that the head assembly 24’ produces two servo signals,
one for each servo read head. The head assembly provides the servo signal from the first
servo read head 26 over a signal line 34 to a corresponding decoder 36 and provides the servo
signal from the second servo read head 26’ over a second signal line 34’ to a corresponding
decoder 36°. These respective decoders provide their positiort signals to the servo controller
40. It should be noted that most tape systems include a multiplicity of data read and write
heads and that only a single pair are shown in Fig. 3 for purposes of illustration.

As noted above, servo patterns in accordance with the present invention comprise
magnetic flux transitions that extend across the width of the servo track such that the-servo
read head signal produced by reading the pattern varies continuously as the servo read head
is moved across the width of each servo track. Figs. 4, 5, and 6 show alternative
embodiments of servo patterns in accordance with the present invention. Those skilled in the
art will recognize that the dark vertical bands, hereafter called stripes, represent magnetized
areas of recorded magnetic flux that extend across the width of a servo track and that the

edges of the stripes comprise flux transitions that are detected to generate the servo read head
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not parallel to the second orientation.

For example, in Fig. 4, the servo pattern 44 comprises an alternating sequence of first
stripes 46 that extend across the width of the track substantially perpendicular to the
transducing direction of a track and second stripes 48 that have an azimuthal slope with
respect to the read head. That is, the second stripes are at a slope relative to the lengthwise
track centerline 49. The pattern 50 illustrated in Fig. 5 comprises an alternating sequence of
straight first stripes 52 that are oriented perpendicular to the track centerline and chevron-
shaped second stripes 54 having two legs each with an azimuthal slope symmetrically from
the other about the track centerline 55. That is, the pattern 50 comprises a band that can be
characterized as being formed from two tracks that are reflections of each other, each track
including one leg 54a or the other 54b of the chevrons. The Fig. 6 pattern 56 comprises
chevron-shaped first 58 and second 60 stripes that are placed back-to-back so as to form a
diamond-shaped pattern that is symmetric. about the track centerline 62. It should be apparent
that this pattern 36 also can be characterized as a servo band comprised of two servo tracks
reflected about a band centerline.

With each one of the servo patterns 44, 50, 56 illustrated in Figs. 4-6, a magnetic
servo read head that is positioned above the tape 20 as the tape is moved linearly with respect
to the head in the wansducing direction generates an analog servo read head signal having
peaks whose peak-to-peak timing varies as the head is moved across the width of the track
in the translating direction. As described more fully below, the variation in timing is used
to determine the relative position of the magnetic servo read head within the servo track.

The servo patterns 44, 50, 56 illustrated in Figs. 4-6 include first and second stripes

that define first and second intervals, referred to d4s A intervals and B intervals, respectively,
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can be gen%mﬁlqeﬂl"t]'g‘}l drom e B @"B%lfi” efapy as tBe ‘servo read head is moved in the

translating direction, across the width of the track. It also should be noted that only the A
intervals vary; the B intervals are constant, regardless of position.

Thus, in Fig. 4, the first A interval, which will be referred to as Al, extends from the
first perpendicular stripe to the first stripe having an azimuthal slope and the first B interval
B1 extends from the first perpendicular stripe to the next perpendicular stripe. Subsequent
servo pattern intervals A2, A3, ... and B2, B3, ... can be similarly defined. In Fig. 3, the first
A interval Al extends from the first perpendicular stripe to the first chevron-shaped stripe
while the first B interval Bl extends from the first perpendicular stripe to the second
perpendicular stripe. The second A interval, A2, extends from the second perpendicular stripe
to the second chevron-shaped stripe. The second B interval, B2, extends from the second
perpendicular stripe to the third perpendicular stripe. In Fig. 6, the first A interval Al
extends from the first chevron, comprising the left side of a first diamond, to the next
chevron, comprising the right side of the first diamond, while the first B interval Bl extends
from the left side of the first diamond to the left side of the second diamond. The second
A interval A2 extends from the left side of the second diamond to the right side of the second
diamond. The second B interval B2 extends from the left side of the second diamond to the
left side of the third diamond. It should be noted that the last stripe is not used to define an
interval. _

A servo control system constructed in accordance with the present invention provides
a means of determining the position of the servo read head relative to the beginning and
ending of the servo pattern. Determination of the position within the pattern permits the
system to know the nature of the next stripe that will be read and to perform error detection
and, if desired, error correction. In terms of the first servo pattern 44 illustrated in Fig. 4,

11-
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In the patterns illustrated in Figs. 4, 5, and 6, the synchronization feature comprises
spacing intervals between groups of stripes. The spacing intervals are transition free, so that
no stripes occur in the transducing direction for an interval greater than the maximum interval
between any two stripes within a group. If desired, information other than servo control
pattern data can be placed in the spacing intervals. For example, if the gaps between stripes
have at least two different lengths, information may be written in the synchronization feature
spacing intervals as a serial code of gap lengths. Such information might be used to indicate
data block locations, tape longitudinal position, or other information useful ;to the operation
of the drive. The servo control system can be synchronized with the spacing intervals to
provide position determination because the system will know that the next magnetic flux
transition after a spacing interval is a perpendicular group stripe. The groups of stripes
between successive spacing intervals are referred to as "servo bursts". Each servo burst
contains a predetermined number of stripes and transitions, which can be used in error
detection and correction, as described further below. The number of stripes per burst
provides adequate servo control synchronization while efficiently using the tape media, such
that a synchronization feature is not needed after every pair of different stipes for proper
synchronization.
For example, in Fig. 4, a first servo pattern group 66 and a second servo pattern group

68 are illustrated. The first and second servo pattern groups are separated by a
synchronization feature comprising a spacing interval 70. The spacing interval extends along
the tape in the transducing direction for an interval greater than an A interval, which is the
interval from a stripe of the first perpendicular orientation to a stripe of the second
azimuthally sloped orientation. Similarly, Fig. 5 shows a spacing interval 72 between the
servo bursts 74, 76 and Fig. 6 show_s a start gap 78 between servo bursts 80, 82. As noted

above, information other than servo control pattern data is written in these intervals.
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timed only . _
having opposite polarities. Timing only between transitions of like polarity eliminates timing

errors due to differences between the polarities. For example, only transition pulses such as
generated by the read head in moving across the leading edge of a stripe might ‘be used.
Transition pulses generated by moving across the trailing edge of a stripe are ignored.

| The signal-to-noise ratio can be further improved by using the redundant set of second
transitions of opposite polarity. In such a case, a redundant servo pattern decoding system
would be provided to decode the position signal separately from the magnetic flux transitions
of both polarities. For purposes of this detailed description, the decoding system associated
with one polarity will be described. It should be understood, however, that a similar decoding
system could be provided for the transitions having opposite polarity.

Fig. 7 shows a graph of the analog servo read head signal 84 geperated by the
magnetic head illustrated in Fig. 2 as it reads the servo pattern illustrated in Fig. 4. Fig. 7
shows that a first servo read head.signai peak 86 occurs as the servo read head crosses the
leading edge of the first stripe of Fig. 4. A first negative peak 88 in the servo read head
signal occurs as the servo read head crosses the trailing edge of the first stripe in Fig. 4. This
second transition polarity is ignored. The remaining description of the servo control system
will relate to detecting only the positive peaks of the servo read head signal.

Fig. 8 illustrates the diamond pattern of Fig. 6 showing a path 90 followed by fhe
servo read head and, below it, the corresponding servo read head signal 92 generated by the
magnetic servo read head as it crosses the servo pattern stripes, with the A and B intervals
indicated. As described above, each successive A interval is referred to as Al, A2, and so
on and the B intervals are similarly referred to as Bl, B2, and so on. Fig. 8 illustrates that

a positive peak is generated for each stripe crossed-and defines the pattern intervals, whereas
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Fig. . 9 shows an alternative nested, or interieaved, diamond pattern 94, with a
represemtation of the path 96 followed by the servo read head, bemeath which is a
representation of the head output signal 97 generated as the head crosses the servo partern
bands, illustrating the A and B intervals. The interléaved diamond pattern comprises a -
sequence of five interleaved diamonds, formed by a band of chevron-shaped transitions, which '
is followed by four interleaved diamonds. This sequence is repeated to form the servo
pattern.

The groups of five diamonds and four diamonds illustrated in Fig. 9 are separated by
relatively short spacing intervals 99 that are wider at their narrowest point than the maximum
separation between any two like stripes within an interleaved group and between any two
diamond groups. It also should be apparent that another type of pattern gap having no
transitions is located in the Fig. 9 pattern internal to a group of dia.monds. These internal
gaps 98 can be readily distinguished by control circuitry of the decoder because they occur
between a sequence of four diamonds and five diamionds, or between a sequence of five
diamonds and four diamonds. In contrast, the spacing intervals 99 can be recognized because
they occur only after two sequences of stripes having an equal number of stripes, such as after
two 4-stripe groups or after two 5-stripe groups.

The servo pattern of the preferred embodiment is given by Fig. 9. The dimensions
are as follows: The stripe width in the transducing directi'on is 2.5 pm. The period of stripes
within a group is 5 pm. The width of the servo pattern perpendicular to the transducing
direction is 408 um, divided into two symmetric halves of width 204 ym. The stipes are
'inclined at an angle of 7.4° relative to a line perpendicular to fhe transducing direction. In
the following dimensions, all lengths are measured from the leading edge of 2 stripe to a
leading edge of another stripe: the spacing interval 99 between diamonds is 10 pm at the
closest approach; the internal gap 98 in a four-diamond group is 15 pm; the internal gap 98’

in a five-diamond group is 10 pgm. _ ___;‘4;’_—____
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perspective view of a tape drive storage device and associ ate
cartridge constructed in accordance with the present invention. Fig. 2 is a
schematic representati on of the nmagnetic head and servo control system of

the tape drive and cartridge conbination illustrated in Fig. 1. Fig. 3 is a

schematic repr egentoeiflu@rudf tharunal iqeRal isurRfinedeh ageriThbi A&tiad 68 W ler fde
accordance with the invention. Fi gs. 4, 5 and 6 are representations of‘
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t he magnet i€t
stripe of the right side of the first diamond. The cormresponding B interval extends from a

stipe on the left side of a diamond to the corresponding stripe on the left side of the next
diamond.

The pattern 94 illustrated in Fig. 9 makes maximum use of the wack length to generate
a position signal. The pattern repeats every 221 microns, thus, the sampling period is only
221 microns long, as compared with the longer sampling periods of the other illustrated servo
patterns. Because each interleaved diamond of the Fig. 9 servo pattern contains a
predetermined number of stripes, the synchronization feature spacing interval can be detected
by counting the number of stripes passed by the servo read head. Grouping the pattern into
groups of four diamonds followed by five diamonds permits the decoder to determine the
location of the head relative to the track in the transducing direction. More particularly, the
decoder can synchronize itself, even if it misses a stripe, because it can expect that, after it
receives two bursts of five stripes, it next will receive two bursts of four stripes, then two
more bursts of five stripes, and so forth. This advantageously permits a relatively simple
error detection and correction scheme to be implemented.

The dimensions of the pattern 94 illustrated in Fig. 9 represent a preferred design
which balances thres servo requirements: servo pattern width, sample rate, and position
signal noise. The pattern width (indicated in Fig. 9 as 408 microns) determines the range of
the servo read head signal. This range can be the width of several data tracks (not
illustrated). In this embodiment the servo pattern width is equal to approximately eight data
track widths so that one servo read element can be used to position a given data read head
element over eight different data tracks.

The sample rate of the servo read head signal is determined by the length of the servo
pattern and the tape speed. In the preferred embodiment, the servo pattern is 221 microns
long. It yields two data points in that space, one at the end of the interval B4 and one at the

end of the interval B8. At a typical tape speed of approximately 2.0 m/s, this yields a sample
_ I —
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illustrated in Fig. 2. Fig. 8 is a representation of the servip headiR-AGED

tracks the servo pattern illustrated in Fig. 6 and a graph of “The head
out put signal it generates. Fig. 9 is a representation of the servo head as-
it tracks an illustrated fourth alternative servo pattern constructed in

accordance with the present invention and a graph of the head output signal
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decoder for the sérvo control systemillustrat . Figs.
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t he servo control stemillustrated in Fig. 2. Fig. a representation
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along with ﬁr%g&{ugé%ﬁ%ll Bﬂp%uﬁﬂ?ﬁ head out put signal it generates and the

The position signal noise is determined by thres factors: the noise in the measurement

of the transition intervat times, the number of transition interval times measured per sample,
and the scaling factor which converts transition interval time to position signal. The noise
in the measurement of the transition interval times is governed by such factors as media noise
and electronics noise and is largely independent of the partern dimensions. The noise is
considered a constant in this discussion. The number of transitions measured affects the
position signal noise because of averaging. In the illustrated Fig. 9 pé.ttem 94, four A- and
B-intervals are measured per sample. In the decoder, these four measurements are averaged
together to produce the position signal for the sample. Including more stripes and therefore
more transitions in the pattern will lower the noise by increasing the averaging, but will also
require a longer pattern, which lowers the sample rate. The scaling.factor fhat converts
transition interval time to position signal is given by the slope of the stripes.

As the stripe transitions are sloped more azimuthally away from being perpendicular
to the servo track centerline, the timing between transitions will vary more with servo head
position. These larger timing differences lower the noise in the position signal. Increased
slopes, however, also make the servo pattern longer, lowering the sample rate. It should be
noted that iﬁcreased slopes decrease the signal strength from the servo read head because of
azimuth loss, which affects the noise in the measurement of the wansition times. All of these
factors should be considered when determining thé optimal servo pattern for a given
application. The pattern 94 illustrated in Fig. 9 represents a preferred design, however,
different design objectives can be readily addressed by those.skilled in the art by adjusting

~ the pattern layout and dimensions.

Figs. 10, 11, and 12 show block diagrams of the signal decoder 36 illustrated in Fig.
2. As described further below, the decoder preferably includes error detection and correction

circuitry. Those skilled in the art will appreciate that these two functions can be provided in

-
-16-

o i



_ _ _ _ _ || TS SHEET HAS BEEN
corresponding A and B signal intervals. Fig. 18 is a chart off] dat argpPpAEED

in the systemillustrated in Fig..13 for use with denodul ati

pattern illustrated in Fig. 17. Fig. 19 is a representation of a drum

system for recording the servo patterns onto nagnetic storage tape. Fig. 20

Is a representatigon of the magnetic flux transitions that_can be recorded

onto a por theodmsf cirpii st 58 heaprevidyd tyeseppmte Airsull modrigs-e FignlEishows dhat the

REPLACENFNJe%QeErES% gggige:s tjig a:?aFTg:g }3%905 read head signai, such as illustrated in Fig. 7, from the
servo read head via the line 34 and converts the signal into pulsed logic signals using a peak
detector 102. In the preférrcd embodiment, the ourput signal from the peak detector goes
high on a positive-going transition (leading edge) and goes low on a negative-going transition,
permitring the decoder to distinguish befxveez; the two polarities. |

As ndtéd above, the position signal is decoded by a digital signal decoder 36 (Fig. 2).
The function of the decoder is to measure the A and B time intervals and perform the
necessary calculations to make the position signal available to the remainder of the servo
control system. Additionally, error detection and correction may be applied within the
decoder. Those skilled in the art will recognize that while the decoder design and operation
must be tailored for the particular servo track pattern used, there are mamy ways to
accomplish the function through various hardware and software approaches. For illustrative
purposes, a decoder and error correction circuit is illustrated in Figs. 10 and 11, for use with
simple patterns of the type shown in Fig. 4.

Fig. 7 shows the analog signal derived from a servo read head as a result of reading
a pattern as shown in Fig. 4. As shown in Fig. 10, this analog signal is converted to a digital
signal by a peak detector 102. The output of the peak detector switches from logic "low" to
logic "high" upon detection of positive peaks, and from "high" to "low" at negative peaks.
The decoder is designed to trigger the timing of all intervals from only one polarity of peaks,
which correspond to a single polarity of magnetic transition, as discussed previously.

In the decoder, a number of counters serve as timers for synchronization and interval
timing purposes. A start counter 104 detects start gaps 70 (see Fig. 4) by looking for
transition-free intervals longer than the maximum allowed within a burst. When a start gap
is detected, synchronization and control circuits 111 are reset to begin decoding a new burst.
As each peak in the servo pattern is encountered, the appropriate counters are enabled and
reset to time the appropriate A and B intervals. A single "X" counter 106 times each A

interval. Because consecutive B intervals are contiguous, and a finite time is required to

output a counter total and reset a counter, two "Y" counters Y1 108 and Y2 110 alternate in

[
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pattern illustrated in Fig. 9. Fig. 22 is a cross-section of ——
illustrated in Fig. 21. Fig. 23 is a plan view of the servo pattern gap '
region of the head illustrated in Figs. 21 and 22. Fig.. 24 is a schematic
representation of a servo wite head witing a magnetic tape constructed in
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recordi ng system for producing a magnetic_tape in accordance with the
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when the expected range of B values is small (assuming tape speed varies over a limited

range). The B value (output of one of the two Y counters) is selected by a Y1/Y2 counter
selector 112 and is converted to a 1/B value by a ROM table 116, whose output is multiplied
by A in a multiplier 114. Thus, the raw position signal 118 comprises the value A/B at the
completion of each pair of A and B values (eight times inl each burst).

Fig. 11 shows a block diagram of a practical error detection and correction circuit to
accompany the decoder shown in Fig. 10. The illustrated circuitry performs error checking
on each burst, and outpurs a single position signal value for each burst. In the event no error
is found, the burst output is the average value of the eight individual A/B values found within
the burst. If an error is detected, a simple scheme is used to replace the current false burst
output value with the most recent error-free value. These functions are accomplished as
follows: A transition counter 120 counts the number of transitions occurring in each burst.
Experimentally it has been determined that most errors involve accidental detection of an
extra transition, or failure to detect a legitimate transidon, due to noise, dropouts, debris, or
other causes. When such errors occur, the Umﬁtion counter 120 will count a number of
transitions per burst other than the correct number (eighteen in this example), and will output
an error signal. Additional error detection is accomplished by comparing the successive
values of the eight A/B values generated within teach burst. A deviation accumulator 124
sums four of the eight A/B values, and subtracts the remaining four, giving a deviation result
that indicates the degree of inequality of the eight values. If this deviation value excesds
certain preset boundaries, a deviation limits detector 126 produces an error signal. These
error signal are processed by an error gate/control logic 121. When no error is detected, the
logic produces a burst data ready signal on a line 122 that pulses to indicate the availability
of good burst data from a burst average accumulator 128. If an error is detected, thé new
burst average data is rejected, and replaced with the most recent error-free value. This is

accomplished with a latch 130 that causes the last good burst average value from the
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Fig. 1 shows a timng based servo tape system 10 constructed
with the present invention. The systemincludes a tape drive
accepts a tape data cartridge 14 and is connected to a host processor 16 by
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a data cable 18. The tape cartridge conprises a housing 19 containing a
| oop of magnetic tape 20. The systemis constructed for use with servo
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m@o%?crilewoerno(fﬂ}e data. When such error conditions occur, the system may choose to
accept position signal data from another redundant servo track or, if no servo tracks are
producing error-free data, the system' may prevent data writing, so as to avoid possibly
writing new data off-track and accidentally erasing desired data on adjacent tracks. Such an
arrangement is illustrated in Fig. 12.

The circuitry illustrated in Fig. 11 can accomplish error correction merely by
substituting the most recent error-free value whenever an error is detected. Those skilled in
the art will recognize that other algorithms, such as substitution of an estimated current value,
may offer certain advantages for the servo control system. .

Fig. 12 shows a block diagram of a discriminator circuit 140 that determines whether
the burst data signal should be considered valid or invalid. The burst data ready signal is
received over the line 122 by a time-out timer 142 and a consecutive error counter 144.
Burst error determinations are received from an error gate/control such as that illustrated in
Fig. 11. If the time-out timer 142 does not receive an error-free servo burst signal during a
predetermined time interval, then the time-out timer provides an error signal to an error gate
146. If the consecutive error counter 144 counts a predetermined number of consecutive
bursts having an error, then it provides an error indication to the error gate. If neither the
time-out timer nor the consecutive error counter indicate an error to the error gate, then the
decoded signal is cﬁnsidered valid. A latch 148 then sets a data valid signal 150 to a high
level, indicating a valid output.

The decoder described in connection with Figs. 10-12 is a relatively simnple case that
illustrates the principles of timing-based servo pattern decoding and error detection and

correction. The preferred embodiment of the invention uses the interleaved pattern shown in
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do both. The systemis optimzed for the magnetic tape envi rgnﬂgﬁtsnspgp\@mt

the magni tude of the position signal error due to wear and d
reduced and such errors are easier to detect. The tape drive 12 includes a
receiving slot 22 into which the cartridge 14 is inserted. The host
processor 16 .can conprise, for exanple, a personal conputer such as the |BM
REPLACENMENT SHEEqui e; 13 DEC, 1995 Cor paration "PS/ 2" ersonaJ .conputer, or
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The preferred embodiment of a signal decoder constructed in accordance with the -
present invention is illustrated in block diagram form in Figs. 13-16. Fig. 17 shows the path
of a servo read head over a portion of the servo pattern from Fig. 9 along with the resulting
analog sigual recsived by the servo read head and the A and B intervals to be timed. The
pattern consists of alternating bursts of four and five interleaved diamonds, separated by start
gaps that exceed, at their narrowest poirits, the length of any gaps encountered within bursts.
This combination of alternating groups of four and five stripes separated by recognizébie gaps
provides periodic synchronization information for the decoder. Because the intervals to be
timed are interleaved and, in the case of B intervals, are contiguous, the decoder is divided
into two subdecoders indicated by a suffix of "1" or "2" that alternate in producing position
signal information, each outputting every other position signal value. Each of these
subdecoders times four A and four B intervals, which are shown in Fig. 17. The timing
points labeled CLR1, CLR2, OUT], and OUT2 in Fig. 17 indicate the time points when each
subdecoder is cleared and when each produces a position signal value. The main circuitry
of the subdecoders, including interval timing circuitry and error detection circuitry, is shown
in Figs. 13-16. The circuitry shown includes error detection, but does not include error
correction; this is assumed to be handled by the servo controller, using principles similar to
those discussed above. Likewise, the quotient A/B is not calculated in this decoder; the servo
controller performs this function. The details of such circuitry can be readily determined by
those skilled in the art, in conjunction with this description.

While the interleaved A and B intervals could be timed with individual dedicated
counters, the same function may be performed by a single accumulator in each subdecoder.
For example, the timing of A values in the first subdecoder is accomplished as follows: An
X1 accumulator is initially cleared (by CLR1) to a zero value. A transiuon counter TCI
keeps track of the head location within the servo pattern (determined by how many stripes
have been crossed). When the location in the pattern is outside of the A intervals, an X1

increment ROM produces a value of zero to the X1 accurnulator, holding its value at zero.
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conputer. The tape drive 12 preferably is conpatible with su hTW§s'5tHEETHA.S)BEEN
processors and, for exanple, tape |library systens that enplo tapeREPLAc‘z

cartridges, such as |BM Corporation "3480" and "3490" tape drive units. The
tape cartridge 14 can assune any one of a variety of cartridge formats,
I ncl udirng, for exanple, conventional 8 mm 4 mm 1/4-inch, and 1/2-inch

data cartri
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detects a servo‘élgattern @F g ser, track 27 of the tape. Al so
shown, for 3BV '85531“51 % BplFé:\aEﬁul BMES, 0 s a data read head 28
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tape containing nmultiple data tracks for reading data recorded in a
track. Fi g.intervals are complete; this is the desired A output value for the burst group. In a similar

manner as described above, a Y1 accumulator sums the four B intervals. A deviation
accumulator D1 alternately adds and subtracts both the A and B intervals in a manner such
that its sum is zero if all A intervals have equal length and all B intervals have equél Iength.
The extent to which these equalities do not hold causes the sum in the D1 accumulator to
deviate from zero. Comparators labelled DEV MAX and DEV MIN determine whether the
deviation has exceeded predetermined boundaries, which indicate an error condition. Error
checking also includes tramsition counting, which is accomplished by two magnitude
comparators 1 and 2. Because the total number of transitions expected is different (either 13
or 14) for each subdecoder, separate counters and magnitude checkers are provided for each.

Selection of which subdecoder is currently in use is determined by the SELECT signal. This
signal, as well as others depicted in Fig. 13, will be described in conjunction with Figs. 14-
16.

The DATA GOOD signal shown in Fig. 13 indicates whether an error condition has
been detected either by the transition counters TC1, TC2 or the deviation limit circuits DEV
MAX and DEV MIN for the values currently being produced on XOUT and YOUT data lines
at the time of a DATA READY pulse (Fig. 16). The state of the DATA GOOD line is used
by the servo conwoller for error correetion purposes.

Fig. 14 illustrates the generation of the PK signal as well as three other intermediate
signals, namely, a GAP, FOUR, and FIVE signal. The PK signal is generated by a
conventional peak detector 160 that typically is used in magnetic disk or tape drives to
convert an analog signal into digital pulses. The peak detector 160 differs slightly from those
used in most conventional drives in that it produces a pulse only on positive-going peaks.

Typical peak detectors used in magnetic drives usually produce a pulse on both positive-going
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2 shows a single servo read head and a single data read head FHIS; ET HAS/BEEN
of illustration. Those skilled in the art will appreciate thall_npstRERACED.
systens have nultiple servo tracks, nmultiple servo read heads, and nultrpre
data read and wite heads. In Fig. 2, the servo track centerline 30 is

I ndi cated, extending along the length of the tape 20. Fig..2 shows that the
servo read ;hgadgdnvelg8lodtderiey. YTRApaR MetdtthrNFY RedvirfliHe &Hﬁ?&éfliﬂb%ﬁidedtgﬁ&ﬂd

than the width of the Sservo track 27. In particular, in the preferre

enbodi nent beheelkiarowne wahaserskdltdnasha aniadd meedsato fisthee sspietmionone- hal f t he

wi dth of a single data track ot illustrated), ich j cal.l I S, npre
narrow than a gg?’ﬁ@“fﬂ“é@kﬁ"q PF(agl ‘Ef.“?@r QWQSF%%Ed%iWa&%/‘IE}%‘EPi% reypded o the
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servo pattgrn, occurs when'the tape 'S nove inearly wth respect
t he head, alsoneceives alchnksignalf 1 63Heom nagike@locWand raceties adyAPdengtosignal swhitlhe

servo. pattern of magnetic flux transitions is detected by the servo read
head so th&an be sgiyes Hiee &0 aFredetermined value, for example, corresponding to the separation

between stripes in a diamond of Fig. 9. A GAP signal comprises a pulse generated by the
down counter whenever a time interval is detected bevond a predetermined gap length without
a pulse from the peak detector 160. That is, the down counter times out, or counts down to
zero, if no PK pulse is detected after the gap length amount of time. For a given tape speed
and servo pattern size, a suitable gap time limit is chosen. Iﬁ the preferred embodiment, the
tape speed is approximately 2.0 meters per second and the pattern comprises groups of four
and five stripes 5 pm apart, and the preferred time limit is selected to be 3.75 msec. Asa

- result, the generated GAP signal comprises a pulse at each gap between the groups of four
and five servo pattern stripes. As noted above, the spacing intewal§ 99 (Fig. 9) can be
readily distinguished from the internal pattern gaps 98 based on keeping track of the number
of diamond stripes encountered. This is described further below.

The PX signal and the GAP sigpal are used to produce the FOUR and FIVE signals,
respectively. The FOUR signal goes high whenever four servo pattern stripes are detected
after a pattern gap. The FIVE signal goes high whenever five servo pattern stripes are
detected after a gap. An up counter 164 receives the PX signal at a clock input and receives
the GAP signal at a clear input. The up counter provides its counting output to the input
lines of a 3-to-8 line decoder. 166. In a manner well-known to those skilled in the art, the
3-to-8 line decoder produces the FOUR and FIVE pulse signals. -

Fig. 15 shows how the FOUR, FIVE, and GAP signals ére used to produce the main
contro! signals OUT1, QUT2, CLRI, and CLR2. For the pattemn illustrated in Fig. 9, the
OUT! and OUT2 signals are generated at every spacing interval 99, whereas the CLR1 and
CLR2 signals are generated at the internal gaps 98. An array of flip-flops are used in

conjunction with two OR gates to produce the control signals. The GAP signal is provided
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puise whenever a gap is detected after two FIVE pulses. Thus, the Q ourtput of the first flip-
flop 172 is provided to the other input of the OR gate 174, whose output is provided to the
D-input line of a thn-d flip-flop 178, and the inverse Q output of the first flip-flop 172 is
provided as the clock input to 2 fourth flip-flop 180. The D-input of the fourth flip-flop is
grounded. A fifth flip-flop 182 receives the Q output signal from the third flip-flop 178 and
also receives a system clock signal at its clock input. The fifth flip-flop produces the OUT1
signal from its inverse Q output line. _ .

The CLR2 line produces a single pulse whenever a GAP signal is detected after
exactly one FIVE signal pulse. Thus, the Q output from the fourth flip-flop 180 is received
at the D-input line of a sixth flip-flop 184, which also receives the system clock signal at its
clock input. The inverse Q output of the sixth flip-flop provides the CLR2 signal.

The OUT2 signal line produces a signal pulse when a GAP signal occurs after two
FOUR signals, while the CLR1 line produces a signal pulse when a GAP signal occurs after
exactly one FOUR signal. As illustrated in Fig. 15, this can be provided by connecting the
inverted FOUR signal to one input of an OR gate 186 and also to the D-input of the second
flip-flop 176. The output Q of the second flip-flop 176 is provided to the other input line
of the OR gate 186. The output of the OR gate is provided as the D-input to a seventh flip-
flop 188. The GAP signal is provided as the clock input to the seventh flip-flop. The Q
output of the seventh flip-flop 188 is provided as the D-input to a ninth flip-flop 190. The
ninth flip-flop receives the system clock signal at its clock input line. The inverted Q output
from the ninth flip-flop 190 produces the OUT2 signal.

The CLRI signal is produced by a ninth ﬂip-ﬂop 192 whose D-input is grounded and
whose clock input is received from the inverted Q input of the second flip-flop 176. The Q
output of the ninth flip-flop is provided to the D-ihput of a tenth flip-flop 194. The tenth
flip-flop receives the system clock signal at its clock input line. The inverted Q input of the
tenth flip-flop 194 comprises the CLR1 signal.
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in the translating direction. Tne servo controller 40 nonitofls t ﬁeng%égé%ﬁ&”
signal fromthe signal decoder 36 and generates the control &S=gral

necessary to reach the desired position, so that the control srgnal equal s
the signal when the head is at the desired target. Fig. 3 shows a nmultiple
servo track, nmultiple head system constructed in accordance with the

present inventi ﬁ?é% N T Al 1O ,&Jg&yvg? R Ei kN ke
fol |l owi ng excep?ll%nl-sghﬁ e ﬁ{;&‘}g %eLarEdd:gsSlsgtgngscgé}ﬁ I nc %(@8? %d%%tra regsaﬁl)
head 28a agignal id@bersed.t &Vieaarkr2B00TTN Jra@UTDGigrAlpNiEe bEdgs, datais ready to be

respectively, in_a data track of the tape data_region 29. The tape 20'_
i || ust r at eQUIPHL FTBat iR thewserypiBeadys abihsradafiops dizmend partern,ifiRen? TR Afdowne

first servg : e s | o] ' Sl
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shown. Fi gio Selédi @éSprobéti regis@rs@ricdats serlippiiséd’ Tat SELBTT vigesl ia prrivesd fpsy VO
read head 26' for reading servo information recorded in the second servo

track 27'. alkKdlipdlog 196 with uslJ tinput linh ohrestedatostbatf)YT2 4ignak anfliceX input Keer vo
signals, connected to the OUT1 signal. The clock input of the J-K flip-flop is connected to the
system clock signal. The Q output of the J-K flip-flop 196 produces the SELECT signal.
The OUT1 and OUT2 signals are connected to the input lines of an OR gate 198, ‘whose
output produces the data-ready (DR) signal.

The generation of the position signal relative to the interleaved diamond pattemn
illustrated in Fig. 9 will be better understood with reference to the following drawings: Fig.
13, the logic circuit that illustrates the generation of the position signal signals; Fig. 17, the
representation of the interleaved diamond pattern and output signal; and Fig. 18, a chart
illustrating the generation of the output signals and clear signals. As indicated in Fig. 13, the
position signal comprises alternating values designated XOUT and YOUT. As noted above,
Fig. 13 shows that there are two completely redundant signal generation systems, identified
by a "1" suffix and "2" suffix, which take turns producing the XOUT and YOUT values.
Thus, one XOﬁT value is generated by the X1 elements, followed by a YOUT value
generated by the Y1 elements, followed by a next XOUT value from the X2 elements, a next
YOUT value from the Y2 elements, a next XOUT value from the X1 elemenss, and so forth.
The sequence of values comprises the position signal. The description of the circuit operation
initially will refer only to the first of the redundant signal generation systems, indicated by
a "1" suffix. _

The position signal is the sum of four A-interval values divided by the sum of four
B-interval values described above in connection with Figs. 4-6 and Figs. 8 and 9. The
accumulators X1, X2, Y1, and Y2 shown in Fig. 13 can perform the division, or

multiplication by reciprocals, of the A and B values and then add the quotients, or can
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bands, her eajtedrabewr) lie thes prefereed, entigpiimaathenh@mestictets instead achieved using two

parallel signal generation systems having paired accumulators. As illustrated in Fig. 13, the

first signal generation system includes two paired accumulators X1 and Y1, while the second

signal generation system includes two accumulators X2 and Y2. Each accumulator has input

lines for "clear" and "increment”, and it should be understood that each also receives a clock

input (not illustrated). With each clock cycle, the accumulator adds the amount of the
increment obtained from an increment ROM (labeled "INC ROM?") to the data output signal.

Each accumulator adds an increment of zero, one, two, three, or four, depending on the servo

pattern band just crossed by the servo head. A pulse on the respective signal generation

system clear line (CLR1 or CLR2) resets the accumulator output to zero. The accumulators

get their increment instruction, the amount to add with each clock cycle, from the increment

ROMs. The increment ROMSs, in turn, are addressed by transition counters TC1 and TC2.

In operation, when a CLR1 pulse occurs, the first transition counter TC1 resets to zero

and its associated accumulators X1, Y1, and D1 also are reset to zero. As the servo head

moves along the servo pattern after the CLRI pulse, as illustrated in Fig. 17, it crosses a

group of four servo pattern stripes, then crosses two groups of five stripes. The transition

counters count peak (PK) pulses to keep track of how many servo pattern stripes have been

crossed. On the first PK pulse after the CLR1 signal is received, the system begins timing

the first B interval. On the second PK pulse, the second B interval timing begins, and so on.
On the sixth PK pulse after the CLRI signal, the first A interval timing begins. On the

seventh PK pulse, the second A interval timing begins. This continues such that, on the

eleventh PK pulse after the CLRI signal, representing the eleventh servo pattern stripe

crossed, the first A interval and the first B interval timing end. On the fourteenth PK pulse
after the CLR1, all A and B intervals have ended and the sums are ready to be output. The
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areas of recorded magnetic flux that extend across the w dt rl{_ﬂ?'%s'é@ﬂ/UAS BE
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transitions have two.magnetic polarities. one on each edge of a stripe.
When the servo read head crosses. a transition, it produces a pul se whose

polarity i soiekehrienROodyri REipHQr@E ial paiobf ﬁh@-sﬁ'ﬂbarg&bﬂdsors whed dexeuliiegulide
servo head mi ght produce p05|t|ved§ul ses on the | eading edge of each stripe
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track suchyphgd inkd#ealf be ﬁéﬂd@d.' i3t 38 sRdwd fhe increment data that is stored in the respective
increment ROMs. In Fig. 18, the ADDRESS column is the transition counter output value

that indicates which servo pattern stripe after the associated CLR1 or CLR2 signal has just
been crossed. The columns X1, X2, ..., D2 show what increment values will be added to
each respective accumulator of Fig. 13 for each clock cycle. It should be noted that the
address refers to the number of PK pulses following the corresponding clear signal. * Thus,
the increment values in the X1 column are indexed according to the number of 'PK pulses
received after a CLR1 signal, while the increment values in the X2 column are indexed
éﬁcording to PK pulses after a CLR2 signal. _
The operation of the X1 accumnulator next will be described in greater detail. The
other accumulators operate in a similar manner. From Fig. 17, it should be clear that the
sixth servo pattern stripe crossed after a CLR1 signal starts the timing of the first A intérval
for a five-stripe diamond. This can be seen from examination of the servo pattern stripes, the
head output analog signal, and the second group 6f A intervals. Thus, the transition counter
TC1 output value that is produced .from counting PK pulses is equal to six and the -
corresponding increment ROM address is equal to six. From Fig. 18, the amount of
increment to the X1 aécumulator is one. |
On the seventh PK puise following a CLRI signal, the first A interval continues to
be timed while the second A interval timing begins. Therefore, after the seventh PK pulse
indicating the crossing of the seventh servo pattern stripe, the ROM address is seven and from
- Fig. 18 it is clear that the accumulator X1 increments two on each clock cycle. Similarly,
after the eighth servo pattern stripe is crossed, three A intérvals Al, A2, and A3 are
simultaneously timed, so the accumulator is incremented by three on each clock cycle. On
the ninth servo pattern stripe, the accuinulator is incremmented by four. On the eleventh servo
pattern stripe, the first A interval Al has ended, and therefore only three intervals continue

to be timed. Therefore, the increment to the X1 accumulator is reduced to three, as indicated
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not parallel to the second orientation. For exanple, in Fig. 'HHt%%H%%T%S BEE
pattern 44 conprises an alternating sequence of first stripeg 46 tREPLACED

extend across the width of the track substantially perpendicular to the
transduci ng direction of a track and second stripes 48 that have an

azi mut hal slope with respect to the read head. That is, the second stripes
are at a slope relative to the_ le hwi se track centerline 49. The pattern
50 i 11 ust r & 6 Fig, 1§ fgble§n%wr$§kggﬂf£ﬁesa| YFRrarYiirG LCHUBRTED 87TVe PRESTG HEIDS,
first stripgs t..ar f engdi D Ll i
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formed fro#f a8y {¢ B¢ PEodured: adrean SUEL Prish cars.c aumilatinetie daetrumulaser will
I ncl udi ng eq .b4a o t.her 5 th hevi ans. Fig. 6 pattern
56 conpris g‘%che(aegrtgﬂﬁgﬁgepggﬁ%e?‘ra%t E[“g8aﬁg°nggssﬁescgantgi f%(S‘Y 29 rsalepoe t‘nat are pl aced
back- to-back sOTag séoff Lbndlators X2 and Y2 of the second signal generation system operate

in the same way, starting from the CLR2 signal and completing in time for the-OUT2 pulse

(Fig. 15). Thus, the sixth servo pattern stripe crossed after a CLR2 signal corresponds to the
first servo pattern stripe of a four-diamond group. Therefore, the Al interval for tﬁe éecond
signal generation group begins and the X2 accumulator shauld be incremented by one. This
is shown by the corresponding value in the Fig. 18 table for ROM address six of the X2
column. At a tape speed of approximately 2.0 meters per second, the combination of the two
sets of accumulators provides new position signal data at a rate of approximately 18 kHz.

Fig. 13 shows that the outputs of the accumulators are routed through respective
selectors X-SELECT, Y-SELECT, and D-SELECT that choose which of the two signal
generation systems has the current output value that should be output. The selection is
govemed by the SELECT dat.a signal, described above in conjunction with Fig. 16. After an
OUT1 pulse, the set of accumulators from the second signal generation system becomes
active, and after an QUT2 pulse, the set of accumulators from the first signal generation
system becomes active. Thus, for the interleaved diamond servo pattemn illustrated in Fig. 17,
the first set of accumulators X1, Yl, D1 becomes active after an OUT2 pulse, which occurs
after two four-stripe groups, while the second set of accumulators X2, Y2, D2 becomes active
after an QUT1 pulse, which occurs after two five-stripe groups.

In the preferred embodiment illustrated in Fig. 14, error checking is performed to
detect missing or extra transitions and to detect servo partern stripes that are erroneously read
in a slightly shifted position. Details of error correction that can be performed after error
detection are not illustrated in Fig. 14 but those skilled in the art will readily be able to
construct such circuitry, in view of the discussion above concerning Figs. 10-12. In Fig. 13,

missing or extra detected stripes are detected by the transition counters TCI and TC2 that
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servo band conprised of two servo tracks reflected about a band centerline.
Wth each one of the servo patterns 44, 50, 56 illustrated in Figs. 4-6, a
magnetic servo read head that is positioned above the tape 20 as the tape
i's noved | ich@rrdwrmWPKhpules p&dtient o1 bitguhsigahali pulih©UTIABE DULTNGcdirs, afiddrdfide
generates an anal og. servo read head signal having peaks whose peak-to-peak
timng var cempargtorhehesk 4@l sgesif dip eairest pemben ofcragstions ¢¢ithend 3 jon 1ithas indicated)

translating_directign. clL nmore fully | o the vari ati i_n

timng is Vedé’_t%%'% n‘%g%é:te he%r%gl"s'i('.‘@g%’. p‘%s@?i gar?eo?é)?hee tgﬁegt?cagéjﬂlgﬁpresa.&he
head wi t hi prddeRnfified Quinba€4f FiLiidaE WofoRAbdEWhEred for We sebnd bdiWTtab@inflatbiy,
Figs. 4-6 include first and second that define first and second intervals,

referred t cheapredetermined aiusbexrisl tdrteen elf\sanumberagerahan the predetermined number is
detected, then the data-good (DG) signal produc_ed by the SELECT block will be false. The
system decoder 36 (Fig. 2) detects the DG signal and thereby is warned that the data is bad

and takes predetermined corrective action. In the preferred embodiment, for example, the
corrective action comprises maintaining the output signal at its previous value. |

If the PK pulse from one servo pattern stripe is accidentally shifted in time, then all
A interval values and B interval values will not have the same value. The system illustrated
in Fig. 13 provides deviation accumulatérs D1 and D2 that add and subtract the individual
A and B intervals in a way that should provide a zero result, If any servo pattern stripe is
shifted in time, the result will be non-zero, either positive or negative. A maximum
comparator DEV_,, and a minimum comparator DEV check the D1 and D2 deviation
accumulator output to permit servo pattern stripe shifts to be larger than a predetermined
minimum- amount, which permits normal noise within the system to cause acceptably small
errors, but does not permit shifts to be larger than a predetermined maximum amount, which
indicates an error. If the difference is less than the maximum value and less than or equal
to the minimum value, then the output of the corresponding deviation accurnulator DI or D2
goes high and, along with output from the SELECT data signal, produces the data-good (DG)
signal. In this way, the -deviation check circuitry also prevents random noise from being
considered valid output in the event that random noise produces suitable patterns to produce
an OUT1 or an OUT2 signal pulse.

The signal decoder and position signal circuixy described above use servo control
information that comprises a repeating servo pattern of stripes having magnetic flux
transitions that extend continuously across the width of servo information tracks in the
translating direction in an azimuthal slope. The signal decoder receives the analog servo read

head signal and generates a position signal that is a function of the ratio of two intervals

-28- This Sheet Has Been Re[ilaced

TUS-93-062 - | | I l“'ll l"l" ” I




_—— .

n‘aJu_stslp@E

REPLACEMENT SHEET 11 that are used to generate a position.si Tl

i ndependent of tape speed. The position signal is generated py ti mmﬂcﬁs‘:‘& h

Q

intervals and calculating their ratio. For these patterns,

T ——— L
fe—

defined as the interval along the tape transducing direction froma stripe

of one type to the next stripe of the other type, while a B interval is
defined as éhe I,.nterval along the_tape transducing direction between two

stripes of
LI 1, s Bt ittt MBS G5 DRl RIS B e
noted that apprecidunehabtiaivatietyvaf] technitiugs cirhbe BsddlioSpréahde B Qers/8 abBRs illustrated
regardl ess of_positi.on. . . '
in Figs. 4-9 in magnetic storage media, such as magnetic tape. A variety of systems for
producing the servo patterns used by the decoder will be described next.
Fig. 19 shows a magnetic drum system 300 for producing the servo patterns described
above. Magnetic tape 302 onto whiich the servo patterns are to be recorded is wound around
a curved portion of the circumference 304 of a drum 306 such that the curved portion is
adjacent an electromagnet 308 on the opposite side of the tape that projects a magﬁetic field
of flux outwardly toward the tape. A sequence of raised bands is deposited onto the
circumference of the drum in the desired servo pattern. For example, the bands deposited
~ onto the circumferential portion 304 of the drum illustratedl in Fig. 20 produce a servo pattern
on the tape 302 that is the same as that illustrated in Fig. 4. Other details of a drum system
implementation for producing the servo patterns are well-known to those skilled in the art énd
do not form part of the invention described herein. See, for éxample, U.S. Patent No.
3,869,711 to Bernard.
Those skilled in the art will appreciate that the drum portion 304 shields those lengths
of the magnetic tape with which the bands have contact while the external electromagnet 308
projects a magnetic field onto the tape, leaving the desired servo pattern flux transition bands.
The drum pattern bands 310 preferably are deposited using photolithographic techniques, as

such techniques provide the extreme accuracy needed for accurate reproduction of the servo

patterns. Preferably, the bands are constructed of a nickel iron or permalloy material on a

nonmagnetic drum.

A preferred method for producing the patterns is with a multiple gap servo write head.
The multiple gap heads of the pfeferred embodiment are produced from photographic
techniques known to those skilled in the art. Fig. 21 shows a multiple gap servo write head
400 constructed in accordance with the present invention. The head illustrated in Fig. 21
compﬁses a ferrite ring 402 with a patterned NiFe pole piece region 404. Two ferrite blocks

406, 408 form the bulk of the magnetic head and are separated by a glass spacer 411.
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azinuthal slope and the first B interval Bl extends fromthe first
per pendi cul ar stripe to the next perpendicular stripe. Subsequent servo
pattern intervals A2, A3, ... and B2, B3, ... can be simlarly defined. In
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second A interv , extends fromthe second gerper]di cular stripe to the
second ches then-lappeg taiprodudeshe desired Sopbennt®ir| whish geinpris thetape heisingrsurfacche

R TRt T MR R e A T
side of a :Iaé E&Em@lmm tndvRendheRed AN RHEPRe he R Shedftidn\Ritk fabheritigR, Of

the first di anpbn while the first Binterval Bl extends fromthd | eft side
of the first diAsshodmtinFid@2)adondsdtihg se¢dlayee 456 sabeh dipasitedcbn thd frosrwatodr

surface. In the preferred embodiment, 800 angstroms of NiFe have been used. Photoresist

material is then deposited on the front surface and patterned in the shape of the desired servo
patterns 414. The patterning of the cylindrical surface can be done by either contact—éxéosure
or projemioﬁ-exposme techniques familiar to those skilled in the art. Because high resolution
is only required for the servo patterns located at the apex of the cylindrical contour, standard
planar exposure techniques can be used. In the preferred émbodiment, the photoresist lines
which define the gap regions are 2 pm wide and 3.5 pm tall. .

After the desired gap structures are formed in the photoresist, Ni,Fe,; material 418
is plated to a thickness of approximately 2 ym on the seedlayer 416 wherever the photoresist
has been removed. The remaining photoresist material is then removed. A wear-resistant
overcoat 420 is then deposited over the front contoured surface to protect it. In the preferred
embodiment, this overcoat is a laminated NiFeN/FeN structure with a total thickness of
approximately 3000 angstroms. Alternative overcoat materials that can be used are, for
example, diamond-like carbon or other wear-resistant materials.

Finally, as shown in Fig. 21, a coil 420 is wound around one of the ferrite blocks 408
through a wiring slot 422 to complete the head. The flux through each gap is in the same
plane as the lithography. This limits the gap width to the resolution of lithographic
techniques, but allows arbitrarily complex gap shapes within that restriction. Thus, the
straight diagonal gaps needed for the servo patterns illustrated in Fig,;s. 4-9 are easily
fabricated in this horizontal head design described above. Those skilled in the art will
appreciate that a much more complex process would be needed to produce the desired gap

structure in a vertical head because of the limits of planar processing.
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side of the second di anobnd. The second B interval B2 exten

side of the second dianond to the left side of the third dianond. It should
be noted that the last stripe is not used to define an.interval. A servo
control system constructed in accordance with the present invention

provi des a nean f L N4 : I3k is foet ;
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desired, eMitHn @gopERYqus sheet qf m@mnco#‘lﬁqqeém@ﬁo%rvaéd%w ¢ digspte that the

I Tustrat e%ﬁgﬂeﬁ:&. Held %n these gaps should be very small when this head is energized because almost
all of the flux would flow tinough the low-reluctance NiFe rather than through the high-
reluctance writing gaps. The gaps appear to be shunted by the sheet of NiFe. However, at
larger currents  the shunting regions of NiFe become magnetically saturated, causing the
permeability to drop sharply. As saturation becomes more severe, the writing gaps become
the preferred path for the additional flux. At high writing currents, this design generates the
necessary gap fields to adequately write magnetic tape. This design provides an almost
completely smooth surface for the tape to run over. More conventional designs would require
wide isolation gaps to channel the magnetic flux into the writing gaps. Such isolation gaps
provide high-pressure edges which will be subject to wear by the tape. These wide gaps also
provide regions for tape debris to accumulate which can cause unwanted spacing between the
head and tape. It should be noted that exira flares 432 are added to the writing gaps 430 to
sha.rhly demarcate the written paﬁem. If the flares are not present, the field across the writing
gaps decreases at the ends. The flares act to maintain nearly the full writng field up to the
end of the writing gaps. .

Saturation effects are also used effectively to eliminaie negative effects due to the
magnetic seedlayer and the preferred magnetic wear overcoat. These layers are magnetic and
cover the entire front surface of the head, including across the writing gaps 414. This
shorting of the gaps would cause a problem except that these films are saturated at very low
currents and cause no effect at higher writing currents. Those skilled in the art will recognize
that the advantageous use of these saturation effects simplifies the design and improves the
performance of this head.

The preferred embodiment of the servo write head uses a cylindrically contoured head
with cross-slots to maintain good contact between the head and the tape. Other techniques
for maintaining this contact can also be used. In particular, a flat head with a small-radius

edge can be used by overwrapping the tape around the edge. Fig. 24 illustrates this
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comes into contact with the head. This technique may be used to maintain head-tape contact.

Those skilled in the art will recognize that certain simplifications in the head fabrication
process may be used to advantage by eliminating the cylindrical contour and cross-slots from
the head design.

Fig. 25 illustrates the process of producing a magmctic'tape having the servo patterns
illustrated above using a pattern recording systern 502. The system 302 can be provided, for
example, in the tape drive 12 illustrated in Fig. 1. In particular, Fig. 25 illustrates the process
of producing a magnetic tape having the servo pattern of Fig. 9 and shows a magnetic tape
504 in a top view 506 and in a side view 508 as it is passed in contact with a write head 510
such as that illustrated in Figs. 21 and 23. The tape is passed in the direction indicated by
the arrow 512. |

The tape write head 510 ordinarily is not energized, but is periodically energized with
a current pulse of predetermined polarity at predetermined times. That is, the head is
switched between a zero current and a current of a single polarity. Those skilled in the art
will note that this differs from conventional schemes, in which a magnetic write head is
switched back and forth between opposite polarity currents. To produce the desired servo
pattern on the tape 504, the tape is moved at a predetermined velocity while the write head
510 is intermittently pulsed with cuirrent. The intermirtent current pulses of the write head
produce flux patterns on the tape that are a copy of the head gap structure, as illustrated by
the representation of the tape pattern 514 in Fig. 25. It should be clear from Fig. 25 that the
two chevron-shaped write gaps are spaced apart sufficiently such that two opposed stripe
bands, or diamonds, are recorded with each current pulse through the write head 510 and that
the current pulses are timed to create the interleaved diamond pattern illustrated in Fig. 9,
where a group of four interleaved diamonds-is followed by a group of five interleaved

diamonds. : _ R
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energization. The head is repeatedly energized until the stripes recorded in the tape comprise
one of the interleaved diamond groups. More particularly, the spacing between the servo
write gaps is selected so-that, at the tape writing speed, the transition stripe recorded by the
trailing gap 513 at the last current pulse of a four-stripe or five-stripe group lies completely
between the first stripes recorded by the leading gap 515 and trailing gap at the first current
pulse of the group. Thus, after four or five activations of the head, as appropriate, the desired
interleaved servo pattern is obtained.

Similarly, the synchronization feature spacing intervals are formed by continuing to -
move the tape at the predetermiﬂed velocity without energizing the‘servo write head to
produce a servo pattern stripe. The extent of the spacing interval in the transducing direction
is determined by the length of time the head is not energized and by the predetermined tape
speed. Preferably, the time without energiziﬁg the write head is sufficiently léng such tha-t
all of the stripes written by a group of ﬁulses lie completely beyond the stripes written by the
previous group of pulses. That is, all tramsition stripes of one group have passed by the
trailing gap 513 before any stripes of the next group are written to the tape. _

To write a non-interleaved pattern, such as illustrated in Fig. 8, the write gap spacing
and pulsing of the head is such that the transition stripe recorded by the trailing gap during
each current pulse lies completely beyond the stripe recorded by the leading gap during.the
previous current pulse. That is, the stripe written by the léading gap is moved past the
trailing gap before the next energization of the write head. The synchronization features
between stripe groups are formed by delaying energization of the servo write head to produce
a servo pattern stripe for a sufficiently long time so that the minimum spacing along the
transducing direction between the last stripe recorded by the leading gap during the last
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interval 70. The spacing interval extends along the tape in the transdu0|ng
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As illustrated in Fig. 25, a programmable pattern generator 516 of the servo pattern

recording system 502 generates pulses that are provided to a pulse generator 518 that causes
the intermittent energizing of the write head 510. Because the pulse width is finite and the
tape i§ moving at a predetermined velocity, the servo flux patterns recorded onto the tape 504
are elongated versions of the actual gaps of the write head. The flux patterns recorded on the

tape are wider than the gaps on the write head by the product of the tape velocity and the
pulse width.

The servo pattern recording system 502 can operate with either AC or DC erased
magnetic tape. If the magnetic tape 504 is AC-erased, meaning that the tape has zero
magnetization, then the tape is magnetized with one polarity over the gap regions when the
write head 510 is energized. The remainder of the tape is left with zero magnetization. If
the magnetic tape is DC-erased, meaning that the tape is magnetized in one polarity, then the
current through the write head 510 must be directed such that the recorded flux pattern stripes
are magnetized in the opposite polarity. The resulting recorded pattern then consists of
transitions between magﬁetized regions of opposite polarity. The signal produced when a -
servo pattemn is read back from a DC-erased tape will have approximately twice the amplitude
of the signal produced from an AC-erased tape. In the preferred embodiment, however, an
AC-erased tape is used to p.revent producing a signal so large that the servo read head
becomes saturated. The magnimde.of the write‘current can also be reduced to decrease the
magnetization of the written regions of the tape, lowering the readback signal.

The pattern generator 516 in Fig. 25 may be constructed with several techniques which
are familiar to one .skilled in the art. For example, the required pulse pattern could be
recorded in a programmable read-only memory (PROM)- and cycled through with an
appropriate éddressing circuit. Alternati.vely, the required pulse pattern could be produced
by a collection of suitable counters and associated logic. These techniques are familiar to

those skilled in the art and require no further explanation.
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| eadi ng edge of ‘a stripe mght be used. Transition pulses generate

movi ng acr

asapetvelocity acduracy of 086 & requisdd: | Ar alternatieeor ebtkining such accuracy is to
measure the tape velocity near the write head and adjust the timing of the pattern generator
to correct for tape velocity errors. Measuring the tape velocity can be accomplished,.for
example, with an accurate shaft encoder 505 rotated by the tape or with a laser doppler
device. The details of such a tape velocity measurement system should be clear to those
skilled in the art.

After the pattern pulses are generated, they must be converted into current puises
through the write head. In the preferred embodiment, pﬁlse generator circuitry produces
pulses with a duration of 150 ns, with up to 3 amps of peak current and a rise and fall time
of less than 50 ns. Those skilled in the art will recognize that such a pulse generator can be
constructed with, for example, a power MOSFET switch and a current-limiting resistor.
These techniques will be readily apparent to those skilled in the art without further
explanation.

Fig. 26 is a schematic diagram of the tape writing system 502 illustrating tape
verification elements and showing that the tape 504 is. passed from a supply reel 520 to a
take-up reel 522 as the servo pattern is recorded onto the tape. The pattern generator 516
produces the pattern pulses, which are provided to the servo write head pulse generator 518
that intermittently energizes the write head 510. After the tape 504 is recorded with the servo
pattern, the pattern must be verified to assure high quality. A servo read head 524 reads the
just-recorded servo pattern and provides a servo signal to a pre-amplifier 526. The pre-
amplifier provides an amplified version of the -servo signal to a pattern verifier 528 that
performs a variety of verifying operations, such as checking the servo pattern, signal
amplitude, dropout rate, and consistency of redundant servo tracks. The verifier causes a bad-
tape marking head 530 to place a magnetic mark on the tape 504 if any errors are found so

that bad sections of tape are not loaded into a tape cartridge (Fig. 1).
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information and data. The embedded servo approach decreases the servo sample rate and the

data rate because a single element is used for both. One disadvantage to using the same head
element for servo and data reading is that using a narrow servo read head is, for all practical
purposes, precluded. However, other advantages are obtained, such as decreasing the number
of elements needed in a head module and decreasing offset errors which result from using
separate servo and data elements. Those skilled in the art will appreciate that the servo
system described here can be extended to apply to embedded servo applications.

- Thus, described above is a servo pattern of repeating magnetic, flux transitions that
extend across the width of ea:ch servo track such that they produce a servo position
information signal that varies continuously as a servo read head is moved across the width
of the servo track in the translating direction and the tape is moved beneath the head in the
transducing direction, permitting the interval between transitions to be dmed to thereby
indicate the relative position of the magnetic head within the track. Also described above are
a variety of servo write heads suitable for generating the servo pattern, including a preferred
method of constructing a multiple gap servo write head. Also described above is a servo
pattern writing system, including a tape verification system to ensure accurate reproduction
of the servo patterns on tape. |

The present invention has been described above in terms of presently preferred
embodiments so that an understanding of the present invention can be conveyed. There are,
however, many configurations for servo decoders, servo patterns, servo control systems,
storage media, servo writing systems, data storage systems, and servo write heads not
specifically described herein, but with which the present invention is applicable. The present
invention should therefore not be seen as limited to the particular embodiments described
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moving magnenc orage mediln for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising:

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattemn;

a servo decoder that recsives the read head signal and decodes it to generate a position
signal that indicates the pési’_tion of the read head relative to the servo pattern;

a translation assembly that is activated to position the head aSsembly relative to the
storage medium; and '

a servo controller that activates the translatipn assembly in accordance with the
position signal;

the servo decoder including means for decoding a read head signal produced from a
servo pattern that comprises a cyclic sequence of magnetic flux tramsitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the magnetic head is moved across the width of the track, the
stripes including at least a first azimuthal orientation and a second azimuthal orientation, such
that the first azimuthal orientation is not parallel to the second azimuthal orientation, and the
servo decoder includes means for determining time intervals between a plurality of
predetermined pairs of transitions in the servo pattern and generating a substantially speed

invariant position signal that is a function of the time intervals.

2. A servo control system as defined in claim 1, wherein the servo decoder
_ generates a position signal value in accordance with the ratio of the read head signal time
interval from a stripe of the first azimuthal orientation to a stripe of the second azimuthal
orientation and the interval between two stripes of the same orientation.
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of width 204 [eqr]. EnGersd 'coR@Sl $5@m as defined in claim 1, wherein the signal decoder

decodes a read head signal produced from a servo pattern in which the stripes are arranged

in groups having a plurality of sequential stripes at the first orientation followed by a plurality
of sequential stripes at the second orientation and in which the groups are separated by

synchronization features.

5. A servo control system for positioning a magnetic head adjacent a surface of
a moving magnetic storage medium for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising:

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattern;

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

a translation assembly that is activated to position the head assembly relative to the
storage medium;

a servo controller that activates the translation assembly in accordance with the
position signal, wherein: |

the servo decoder including means for detecting errors in the position signal by means
of pattern recognition of the read head signal, such that the servo decoder correlates the read
head signal with predetermined servo patterns recorded on the storage medium and, if the
signal does not correlate within an error limit, then the servo decoder indicates an error

condition.
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ext end fr oforadetdcring errons detaets lasttvopadern that comprises a cyclic sequence of flux transitions
that include periodic synchronization features and the servo decoder correlates the servo head
signal by counting the number of transitions occurring between synchronization features and
comparing the number with the number of transitions in the predetermined servo pattern, such
that if the number of transitions detected by the servo decoder does not equal the number
known to exist in the predetermined gervo pattern, then the servo decoder indicates an error

condition.

7. - Aservo control system as defined in claim 6, wherein the servo decoder means
for detecting errors decodes a read head signal produced from a servo pattern that comprises
a cyclic sequence of mégnetic flux transitions that extend continuously across the width of
the track and define servo pattern stripes such that the servo read head sigﬁal varies as the
magnetic head is moved across the width of the track, the stripes including at least a first
azimuthal orientation and a second azimuthal orientation, such thai the first azimuthal
orientation is not paralle] to the second azimuthal orientation and the stripes are arranged in
groups having a plurality of sequential stripes at the first azimuthal orientation followed by

a plurality of sequential stripes at the second azimuthal orientation.

8. A servo control system as defined in claim 7, wherein the synchronization
features of the servo pattern comprise transition-free spaces that are free of transitions of at
least one polarity whose minimum length in the transducing direction exceeds the maximum
length in the transducing direction between consecutive transitions of that polarity within a

group of stripes of the same azimuthal orientation.

9. A servo control system as defined in claim 6, wherein the servo decoder means
for detecting errors decodes a read head signal produced from 2 servo pattern that comprises
a cyclic sequence of magnetic flux transitions that extend continuously across the width of

the track and define servo pattern stripes such that the servo read head signal varies as the
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10. - A servo control system as defined in claim 9, wherein the synchronization
features of the servo pattern comprise transition-free spaces that are free of transitions of at
least one polarity whose minimum length in the transducing direction exceeds the maximum
length in the u'ansdﬁcing direction between consecutive transitions of that polarity within a

group of stripes. of the same azimuthal orientation.

11. A servo control system as defined in claim 5, wherein the servo decoder means
for detecting errors detects a servo pattern that comprises a cyclic sequex'me of flux transitions
and the servo decoder correlates the read head signal by determining the time intervals
between a plurality of predetermined pairs of transitions and comparing the duration of the
time intervals to a predetermined time interval relationship, such that if the relationship
between the time intervals does not equal the predete_rmjned relationship within an error limit,

then the decoder indicates an error condition.

12. A servo control system as defined in claim 11, wherein the servo decoder
means for detecting errors compares' a plurality of time intervals between pairs of transitions
for equality, such that if the time intervals differ from one another by more than a

predetermined error limit, then the servo decoder indicates an error condition.

13. A servo control system as defined in claim 11, wherein the servo decoder

means for detecting errors compares sums of a plurality of time intervals between pairs of
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used to position a given data read el enent over ei ght different data

tracks. condition in the read head signal, the servo control system replaces the current position signal
value with a value derived from one or more position signal values that occurred before the

error condition.

15. A servo control system as defined in claim 14, wherein the replacement value
is the last position signal value generated by the servo-decoder before the error condition was

indicated.

16. A servo control system as defined in claim 35, wherein the servo decoder
position signal comprises a sequence of values and, if the servo decoder indicates an error
condition in the read head signal, the servo control system discards the current position signal

value.

17. A servo control system as defined in claim 16, wherein the servo control
system includes one or more additional read heads for reading respective additional servo
patterns on the storage medium and generating reSpeétive additional read head signals
representative of the additional servo patterns and one or more respective additional servo
decoders that receive the additional head signals and de}:ode them 10 generate respective
additional position signals that indicate the position of the additional read heads relative to
the servo patterns, and the servo control system replaces the discarded current position signal .
value with a value derived from one or more of the additional servo position signal values

that are not in an error condition.
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on the storage medium surrace, the system comprising:

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium ina transducing direction and generaiing a read head signal representative
of the servo pattern; _

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

a translation assembly that is activated to position the head assembly relative to the
storage medium; and |

a servo controller that activates the translation assembly in accordance 'with the
position signal, wherein: |

the head assembly contains at least one data read head, the servo read head being less
than half the width of the narrowest data read head, where width is defined as the head

dimension perpendicular to the transducing direction.

19. A servo control system as defined in claim 18, wherein the width of the storage .

medium servo track containing the servo pattern is wider than a single data track.

20. A servo control system as defined in claim 18, wherein one or more pluralities

of adjacent servo tracks form one or more servo bands.

21. A servo control system as defined in claim 20, wherein a servo band is wider

than a single data track.

22. A servo control system as defined in claim 18, wherein the servo decoder is
adapted to decode a read head signal produced from a servo pattern that comprises a cyclic
sequence of magnetic flux transitions that extend continuously across the width of the track
and define servo pattern stripes such that the servo read head signal varies as the magnetic
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followed by a plurality of stripes at a second azimuthal orientation.

24. A servo control system for positioning a magnetic head adjacent a surface of
a moving magnetic storage medium for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising: ' -

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattern; _ . _

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

a transiation assernbly that is activated to position the head assembly relative to the
storage medium; and

a servo controller that activates the translation assembly in accordance with the
position sighal; : )

the servo decoder including meﬁns for decoding a read head signal produced from a
servo pattern that comprises a cyclic sequence of magnetic flux transitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the servo read head is moved across the width of the track, the

| stripes including at least a first azimuthal orientation and a second azimuthal oricniation, such

that the first azimuthal orientation is not parallel to the second azimuthal orientation; such that
the servo decoder means f01: decoding decodes a read head signal representative of a pattern

in which the stripes are arranged in groups containing a plurality of sequential stripes at the
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followed by a plurality of sequential stripes at a second orientation and that are separated by

synchronization features detectable by the servo decoder.

26. A servo control system as defined in claim 25, wherein the synchronization

features of the servo pattern contain information other than servo control information.

27. A servo control system as defined in claim 25, wherein the synchronization
features of the servo pattern comprise wansition-free -spaces that are free of transitions of at
least one polarity and whose minimum length in the transducing ciirection exceeds the
maximum length in the transducing direction between consecutive transitions of that polarity

within a group of stripes of the same azimuthal orientation.

28. A servo control system as defined in claim 27, wherein each pattern period of
the cyclic sequence of transitions comprises a plurality of groups of stripes, each group
containing stripes of a single azimuthal orientation and at least one group within a period

contains a different number of stripes from the number contained within the other groups.

29. A servo control system as defined in claim 28, wherein the servo decoder
means for decoding identifies individual transition-free spaces within a pattern period by

counting the number of stripes detected in previous groups of stripes.

30. A servo control system as def_‘med in claim 28, wherein each pattern period of

the cyclic sequence of transitions comprises a group of four stripes at a first orientation,

s
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a transition-free space occurring after each group.

31. A servo control system as defined in claim 24, wherein one or more pluralities

of adjacent servo tracks on the storage medium form one or more servo track bands.

32. A servo control system as defined in claim 31, wherein adjacent servo tracks

within a band are identical.

33. A servo control system as defined in claim 31, wherein adjacent servo tracks
on the storage medium within a band comprise patterns that are reflections of one another in
a line in the transducing direction, such that all transitions in a servo track band are

continuous across the width of the band.

34. A servo control system as defined in claim 33, wherein two tracks on the-
storage medium form a servo band that is symmerric about the center of the band in the
transducing direction, each track comprising a cyclic sequence whose period is a group of
four linear stripes at a first orientation, followed by a group of four linear stripes at a second
orientation, followed by a group of five linear stripes at the first orientation, followed by a
group of five linear stripes at the second orientation. a transition-free space occurring after
each group; and

the first and second azimuthal orientations comprise supplementary angles that are
symmetric about the center of the band, such that the band comprises sequental groups of

four and five chevrons of opposite direction, separated by transition-free spaces.

35. A servo control system as defined in claim 24, wherein the signal decoder

means for decoding detects signals from the servo read head corresponding to magnetic flux
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37. A servo control system for positioning a magnetic head adjacent a surface of
a moving magnetic storage medium for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising:

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattern;

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

‘a translation assembly that is activated to position the head ass.embly relative to the
storage medium; and '

a servo controller that activates the translation assembly in accordance with the
position signal;

the servo decoder including means for decoding a read head signal produced from a
servo pattern that comprises a cyclic sequence of magnetic flux transitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the servo read head is moved across the width of the track, the
stripes including at least a first azimuthal orientation and a second azimuthal orientation, such
that the first azimuthal orientation is not parallel to the second azimuthal orientation and the
stripes are arranged in groups containing a plurality of sequential subgroups, each subgroup
containing stripes at more than one azimuthal orientation, the groups being separated by

synchronization features detectable by ﬁe servo decoder.
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length in the transducing direction between consecutive transitions of that polarity within a

group of stripes of the same azimuthal orientation.

40. A servo control system as defined in claim 37, wherein the synchronization

features of the servo pattern contain information other than servo control information.

41. A servo control system as defined in claim 37, wherein one or more pluralities

of adjacent servo tracks on the storage medium form one or more servo track bands.

42. A servo control system as defined in claim 41, wherein adjacent servo tracks

within a band are identical.

43. A servo control system as defined in claim 41, wherein adjacent servo tracks
within a band comprise patterns that are reflections of one another in a line in the transducing
direction, such that all transitions in a servo track band are continuous across the width of the
band.

44, A servo control system as defined in claim 37, wherein the signal decoder
means for decoding detects signals from the servo read head corresponding to magnetic flux
transitions having a first ﬂux.polarity and ignores magnetic flux transitions having a second

flux polarity.
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46. A magnetic head assembly for use in a magnetic stofage media drive that
positions the head assembly adjacent a surface of a moving magnetic storage medium for
reading a servo pattern recorded in at least one track on the storage medium surface in a
transducing direction, the head assembly containing at least one servo read head and one data
read head, the servo read head being less than half the width of the narrowest data read head,
where head width is defined as the head dimension perpendicular to the transducing direction.

47. A servo write head for writing a plurality of magnetic flux transitions in servo
tracks of a magnetic storage medium along a head transducing direction, the servo write head
having multiple gaps at a plurality of azimuthal orientations to the transducing direction per
servo mack such that the minimum spacing in the transducing direction between any two gaps

exceeds the width in the transducing direction of any gap.

48. A servo write head as defined in claim 47, wherein the head includes gaps
located such that the head has two gaps per servo track written, at a first and second

azimuthal orientation.

49. A servo write head as defined in claim 47, wherein the minimum gap spacing
in the wansducing direction between any two gaps exceeds four times the gap width in the

transducing direction.

50. A servo write head that generates magnetic flux for producing a servo patiern
.in a magnetic storage medium for use in a computer storage media drive system, the head
comprising:
a magneticaily permeable core having a media-bearing contour surface with at least
one gap;
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that nost error®.i nudlsemomite herd ag defineddniclaimo30, avherein the core comprises:

two blocks of magnetically per.rneable material that are joined by a non-magnetic

spacer that extends from one block to the other at the media bearing contour surface.

52. A servo write head as defined in claim 31, wherein the media-bearing contour

surface is a planar surface.

53. A servo write head as defined in claim 31, wherein the media-bearing contour

surface is a portion of a cylindrical surface.

54. A servo write head as defined in claim 51, wherein the magnetically permeable

core material comprises ferrite.

55. A servo write head as defined in claim 51, wherein the non-magnetic spacer

is glass.

56. A servo write head as defined in claim 51, wherein the magnetically permeable

film layer comprises a NiFe alloy.

57. A servo write head as defined in claim 51, further including a protective

. overcoating on the magnetically permeable film layer that covers the contour surface.

58. A servo write head as defined in claim 57, wherein the protective overcoating

comprises carbon.
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61. A servo write head as defined in claim 50, wherein the gaps that define the
servo pattern are shunted magnetically by permeable paths that saturate at operating flux

levels.

62. A servo write head as defined in claim 61, wherein the gaps comprise sinall

openings in a substantially continuous film of magnetically permeable material.

63. A servo pattern writing apparatus for producing a servo pattern on a magnetic
storage medium, the apparatus comprising:

a multiple-gap servo write head that generates magnetic flux for producing a servo
pattern comprising a cyclic sequence of magnetic flux transitions recorded in tracks on the
storage medium along a transducing direction that extend continuously across the width of
the servo tracks and define servo pattern stripes such that a servo read head signal produced
by a servo read head varies as the servo read head is moved across the width of a servo track,
the stripes including at least a first azimuthal orientation and a second azimuthal orientation,
such that the first azimuthal orientation is not parallel to the second azimuthal orientation; and

a current pulse generator that intermittently energizes the servo write head with a
predetermined polarity to automatically record the series of magnetic flux patterns on the

storage medium and produce the servo pattern.

64. A servo pattern writing apparatus as defined in claim 63, wherein the multiple

gaps of the servo write head are positioned at a plurality of azimuthal orientations per
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65. A servo pattern writing apparatus as defined in claim 63, wherein the multiple-
gap servo write head comprises: '

a magnetically permeable core having a media-bearing contour surface with multiple
write gaps;

a magnetically permeable film layer that covers the media-bearing contour surface
bridging the core gap except for writing gaps that deﬁne the servo pattern; and .

an electrically conductive coil wound around the magnetically permeable core.

66. A servo pattern writing apparatus as defined in claim 63, wherein each period
of the cyclic transition sequence comprises a plurality of sequential stripes, each group having
a plurality of sequential stripes at the first orientation folldwed by a plurality of sequential
stripes at the second orientation and in which the groups are separated by synchronization

features.

67. A servo pattern writing apparatus as defined in claim 66, wherein each period
of the cyclic sequence of transitions comprises a plurality of groups of stripes, each group
containing stripes of a single azimuthal orientation and at least one group within a period

contains a different number of su'ipés from the number contained within the other groups.

68. A servo pattern writing apparatus as defined in claim 67, wherein each pattern
period of the cyclic sequence of transitions comprises a group of four stripes at a first
orientation, followed by a group of four stripes at a second orientation, followed by a group
of five stripes at the first orientation, followed by a group of five stripes at the second

orientation, a transition-free space occurring after each group.
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w t hout new error-free data. Wen such o f occu , R AP
may choose to accept position signal ﬂ&"ﬂi « ﬂﬁzredu G arV o
track or, if no servo tracks are produ O rdata, the system may

prevent data witing, so as to avoid possibly witing new data off-track
and accidentally erasing desired data on adjacent tracks. Such an
arrangenment is 69l usti maenkticrstdeagy médinmiaying a sarve pytdrh Irecordes it Servoirarks 11
can acconplish error correctjon nmere|ly by substityti th st recent .
orror-f 1 o6 [RECRETANNG AR T8 E?afléizmjsﬁa@t 3are readsed s fae ead s movedrelative

w |l recognj t RS [sfol SAEbrASnes YBS ik UWel f Hnagﬁ' d
current val%éﬁcrr%?too #er cgltrst%ﬁ]& ?gl\%eamnt ages o’rgtﬁghgggreeg&égn?f?o s'{/dgpgﬁ
Fig. 12 sheansidiond thak exiend) comrinubusly dtives ke widitbrof ahe setivd tiaéRs thdidefine servo

det erm nes whet her the burst data signal shoul d be considered valid or
i nval i d. Tipatterarseipegsush thah the serehepadibsad siganl wagies @s the preve irepd head ipmayed

time-out t ia{'.rl%rss %Zwi%{hdofa h SeRIOTFaE E {n\é ud?r{gra(%rlea%? g 1% raz:n%flultl.ba.l orientation and a second
. azimuthal orientation, such that the first azimuthal orientation is not parallel to the second

az:mutbal orientation, such that the stripes are arranged in groups having a plurality of

.sequential stripes at the first azimuthal orientation followed by a plurality of sequential stripes

at the second azimuthal orientation.

70. A magnetic storage medium as defined in claim 69, wherein the stripes are
arranged in groups having a plurality of sequential swipes at a first orientation followed by
a plurality of sequential stripes at a second orientation and are separated by synchronization
features detectable by the servo decoder. '

71. A magnetic storage medium as defined in claim 70, wherein the
synchronization features comprise transition-free spaces that are free of transitions of at least
one polarity whose minimum length in the transducing direction exceeds the maximum length
in the transducing direction between consecutive transitions of that polarity within a group

of stripes of the same azimuthal orientation. .

72. A magnetic storage medium as defined in claim 71, wherein each pattern
period of the cyclic sequence of transitions comprises a plurality of groups of stripes, each
group containing stripes of a single azimuthal orientation and at least one group within a

period contains a different number of stripes from the number contained within the other

groups.
This Sheet Has Been Replaced
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that illustrated in Fig. 11. If the ti. nﬁﬂmu MHMﬂ lillmimges

error-free servo burst signal during a |nterval t hen

the tine-out tiner.provides an error signal to an error gate 146. | f t he

consecutive error counter 144 counts a predeterm' ned nunber of consecutive

bursts having an;err f mabifR 4ibea N4ie i ML Y] Mhetelh bl SHE
I NB- ou

gate. If neither t he nor t e consecutive error count

i ndi cat e. apefitd of the cydiie seqrmrcegfﬂ Eansititiﬁ@ dorprides adgdup iofnfalir issipesnsiadfirsed
valid. A latch 148 then sets a data valid signal 150 to a high Ievel,
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74, A magnetic storage medium as defined in claim 70, wherein the

synchronization features contain information other than servo control information.

75. A magnetic storage medium as defined in claim 69, wherein one or more

pluralities of adjacent servo tracks form one or more servo bands.

76. A magnetic storage medium as defined in claim 73, wherein adjacent servo

tracks within a band are identical.

77. A magnetic storage medium as defined in claim 75, wherein adjacent servo
tracks within a band comprise patterns that are reflections of one another in a line in the
transducing direction, such that all transitions in a servo track band are continuous across the
width of the band.

78. A magnetic storage medium as defined in claim 77, wherein two tracks form
a servo band that is symmetric about the center of the band in the transducing direction, each
track comprising a cyclic sequénce whose period is a group of four linear stripes at a first
orientation, followed by a group of four linear stripes at a second orientation, followed by a
group of five linear stripes at the first orientation, followed by a group of five linear stripes
at the second orientation, a transition-free space occurring after each group; and the first and
second azimuthal orientatibns are symmetric along the center of the band, such that the band

comprises sequential groups of four and five chevrons of opposite direction, separated by

transition-free spaces.
o This Sheet Has Been RTlace
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a combi nation of wide servo track wi dm“ll MilmmﬂliIML noi §e_r at RER-ARFBh ,
sanpling rate, and good error detecti Ji .preferred

enbodi ment of a signal decoder constructed i f alcotddhce with the present
invention is illustrated in block diagramformin Figs. 13-16. Fig. 17
shows the path of a servo read head over a portion of the servo pattern
fromFig. 9 along with the resulting analog signal received by the servo
read head and tHe A Armdagaeliqsiorage nediubestdefiped imadaipn 69 wiersom shes storage

al ter nati ng. Bur ot Sflied 40 Rsdd Sl B4 HERNRL £ R i SBRLE) Sl s

start
recorded.

~ 80. A magnetic storage medium having a servo pattern recorded into servo tracks
for generating a servo read head signal from a servo read head as the head is moved relative
to the servo pattern, the servo pattern comprising a cyclic sequence of magnetic flux
transitions that extend continuously across the width of the servo tracks and define servo
pattern stripes such that the servo read head signal varies as the servo read head is moved
across the width of a servo track, including at least a first azimuthal orientation and a second
azimuthal orientation, such that the first azimuthal orientation is not parallel to the second
azimuthal orientation and the stripes are arranged in groups containing a plurality of
sequential subgroups, each subgroup containing stripes at more than one azimuthal orientation,

the groups being separated by synchronization features.

8l. A magnetic storage medium as defined in claim 80, wherein the subgroups of
stripes comprise pairs of stripes, each pair comprising a stripe at a first azimuthal orientaton

and a stripe at a second azimuthal orientation.

82. A magnetic storage medium as defined in claim 80, wherein the
synchronization features com'prise transition-free spaces that are free of transitions of at least
one polarity whose minimum length in the transducing direction exceeds the maximum length
in the transducing direction between consecutive transitions of that polarity within a group

of stripes of the same azimuthal orientation.

83. © A magnetic storage medium as defined in claim 80, wherein the

synchronization features  contain information other than servo control information.
. \oformaton.
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encountered within bursts. This comi'niﬂmygﬁ ll ﬁ@ﬁg i ng gfloups BEPEAED
[

and five stripes separated by recogniz I g€s periodic

synchroni zation information for the decoder. Because the intervals to be
timed are interleaved and, in the case of B intervals, are contiguous, the
decoder is divi 8&d i At magnetic sstiraigec otdium iandiefinddeth blpim 30, fwWhexeinfone 16r more” 2"

that alternate in producing position signal information, each outputting
every ot hepluﬁﬁmeﬁiogﬁ‘%ﬁeghéﬁm&&a&@.fm&%‘ﬁ Qﬁfm?fﬁéyéms‘{?&geh?&&ers times four A

and four B intervals, which are showmn in Fig. 17. The timng points |abel ed
CLR1, CLR2, QUT1l, and QUT2 in Fig.” 17 indicate the tinme points when each

subdecoder is cggar ed magheribstorarchediimiascestingd 10 Tidiinod4, Svigheih adiketd. setvae
main circuitry of the subdecoders, including interval timng circuitry and
error det etratksiwighin @jand gre jdngabwn in Figs. 13-16. The circuitry shown

I ncl udes error detection, but does not include error correction; this is
assurmed to be handled by the servo controller, using principles simiar :o

86. A magnetic storage medium as defined in claim 84, wherein adjacent servo
tracks within a band comprise patterns that are reflections of one another in a line in the
transducing direction, such that all transitions in a servo track band are continuous across the
width of the band.

87. A magnetic storage medium as defined in claim 86, wherein the transitions in
a band comprise supplementary angles relative to a line along the center of the band, such
that the band comprises sequential groups of four and five chevrons of opposite direction,

separated by transition-free spaces.

88. A magnetic storage medium as defined in claim 86, wherein the storage
medium comprises a tape substrate having a magnetic layer in which the servo pattem is

recorded.

89. A tape cartridge comprising:

a cartridge housing adapted to interface with a tape cartridge drive; and _

a magnetic tape storage medium contained within the cartridge housing, the medium
having a surface with a servo pattern recorded into servo tracks relative to data tracks of the
storage medium surface for generating a servo read head signal in a servo read head of the
tape cartridge drive that is moved relative to the servo pattern, such that the servo pattern
comprises a cyclic sequence of magnetic flux transitions that extend continuously across the
width of the servo tracks and define servo pattem stripes such that the servo read head signal

varies as the servo read head is moved across the width of a servo track, including at least
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decoder; the servo controller performs ln( wlrlm”",”"r TiC
C|rCU|try can be readily determ ned by I the art, in
conjunction with this description. While the intéritaved A and B i nterval s
coul d be ti med wi th individual dedicated counters, the sane functlon may be

per f or med Gfentatith ah®h sécan&%%aw%%ﬁnﬁabn exeH R thel Rt of

A val ues |n e first subdecoder is acconplished as follows Xl accumu or

is initial |oﬁeﬂthﬁmledo(ﬂm¢alﬂﬁhhesmom azmuthad brientatfort, wédiessin ﬂmrsmpwafﬁrralnge@s
track of the head | ocation within the servo pattern (determ ned by how many
have been ¢IF m&ﬁa"%émhﬁﬁh‘yl Josgyearal firipgsatshe fisvt Azmmuty; aricatation foHewed

ncerval's. b IChRIRY oFARAFNAGS & KA LMEn af it Sichlifof accumil ator.

90. A tape cartridge as defined in claim 89, wherein the stripes are arranged in
groups having a plurality of sequential stripes at a first orientation followed by a plurality of
sequential stripes at a second orientation and are separated by synchromization features

detectable by the servo decoder.

91. A tape cartridge as defined in claim 90, wherein the synchronization features
comprise transition-free spaces that are free of transitions of at least one polarity whose
minimum length in the transduéing direction exceeds the maximum length in the transducing
direction between consecutive transitions of that polarity within a group of stripes of the same |

azimuthal orientation.

92. A tape cartridge as defined in claim 91, wherein each pattern period of the
.cyclic sequence of transitions comprises a plurality of groups of stripes, each group containing
stripes of a single azimuthal orientation and at least one group within a period contains a

different number of stripes from the number contained within the other groups. -

93. A tape cartridge as defined in claim 92, wherein each pattern period of the
cyclic sequence of transitions comprises a group of four stripes at a first orientation, followed
bya groub of four stripes at a second orientation, followed by a group of five stripes at the
first orientation, followed by a group of five stripes at the second orientation, a transition-free

space occurring after each group.

94, A tape cartridge as defined in claim 89, wherein one or more pluralities of

adjacent servo tracks form one or more servo bands.
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an increnment valu 3 current 'y being
timed. The X1 acc hi s nunber to its total on each clock
cycle. In this way, the X1 accunul ator serves the role of nultiple parallel
timers. It should be noted that the X1 accumul ator contains the sum of four
A val ues after the intervals are conplete; this is the desired A out put
value for the Iy st @H@ur&mﬂg@aﬁe@hkaﬁn ERIAS4 a&e&ﬁissdjh&adsabeﬁack@m‘fﬂm
accunul ator suns the four B intervals. A deviation accumul ator

al t er nat ela/baxcdcise adedticalbt racts both the A and B intervals in a rranner such
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96. A tape cartridge as defined in claim 94, wherein adjacent servo tracks within
a band comprise patterns that are reflections of one another in a line in the transducing
direction, such that all transitions in a servo track band are continuous across the width of the

band.

97. A tape cartridge as defined in claim 96, wherein two tracks form a servo band -
that is symmetric about the center of the band in the transducing direction, each track
comprising a cyclic sequence whose period is a group of four linear stripes at a first
orientatibn, followed by a group of four linear stripes at a second orientation, followed bf a
group of five linear stripes at the first orientation, followed by a group of five linear stripes
at the second orientation, a transition-free space occurring after each groﬁp; and

the first and second azimuthal orientations are symmetric along the center of the band,
such that the band comprises sequential groups of four and five chevrons of opposite

direction, separated by transition-free spaces.

98. A tape carmridge having a servo pattern recorded into servo tracks for
generating a servo read head signal from a servo read head as the head is moved relative to
the servo pattern, the servo pattern comprising a cyclic sequence of magnetic flux transitions
that extend continuousty across the width of the servo tracks and define servo pattern stripes
such that the servo read head signal varies as the servo read head is moved across the width
of a servo track, including at least a first azimuthal orientation and a second azimuthal
orientation, such that the first azimuthal orientation is not parallel to the second azimuthal
orientation and the stﬁpes are arranged in groups containing a plurality of sequential
subgroups, each subgroup containing stripes at more than one azimuthal orientation, the
groups being separated by synchronization features.
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interval s havemﬂehwletﬂaeﬁ ext ent qua i ti esRERLA{RD
hol d causes the accumul atwma@““ﬁ‘i‘! 70, conpar at or s
| abel | ed DEV eterm ne ev4 at i on has exceeded
predet erm ned bolun ar| es, which indicate an error condition. Error checking

al so includes transition counting, which is acconplished by two nagnitude
conparators 1 and 2. Because the total nunber of transitions expected is

diff t t 135 [
rr:agnle{ ﬁge c(:ﬁiackw;s ar Ceﬁ%erlg%ﬁd&g g@&ggﬁﬁ %&81 gﬁﬁg&ﬁﬁe %ecocﬂ?esl s

current |y domprise paiss dfsteipes, s fayr ¢dn@r&ﬁig‘5€?megnalﬁrsﬂmmummwdnmm andlal
as others depicted in, Fig. :13, will be described in conjunction with Figs.
14- 16. TW%#@M%PM SAEMALGTh Fi g. 13 indicates whether an error

condition has been detected either by the transition counters TCl, TC2 or
the deviation Iimt circuits DEV

100. A tape cartridge as defined in claim 98, wherein the synchronization features

comprise tramsition-free spaces that are free of transitions of at least one polarity whose
minimum length in the transducing direction exceeds the maximum length in the transducing
direction between consecutive transitions of that polarity within a group of stripes of the same

azimuthal orientation.

101. A tape cartridge as defined in claim 98, wherein the synchronization features

contain information other than servo control information.

102. A tape cartridge as defined in claim 98, wherein one or more pluralities of

adjacent servo tracks form one or more servo track bands.

103. A tape cartridge as defined in claim 102, wherein adjacent servo tracks within

a band are identical.

104. A tape cartridge as defined in claim 102, wherein adjacent servo tracks within
a band comprise patterns that are reflections of one another in a line in the transducing
direction, such that all transitions in a servo track band are continuous across the width of the
band.

105. A tape cartridge as defined in claim 104, wherem the transitions in a band
comprise supplementary angles relative to a line along the center of the band, such that the
band comprises sequential groups of four and five chevrons of opposite direction, separated

by transition-free spaces
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IS generated by a conventional peak detector 160 that typically
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drive means for moving the magnetic storage medium relative to a maguetic head
assembly; -

a magnetic head assembly that is moved sufficiently close to a surface of the moving
magnetic storage medium for reading the servo pattern recorded on the stbrage medium
surface and for generating a servo read head signal, the magnetic head assembly including at
least one data head for reading and writing data and at least one servo read head for reading-
servo information on tracks of the storage medium; '

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to generate a position signal that indicates the position of the servo read head
relative to the servo pattern, a translation assembly that is activated to position the head
assembly relative to the storage medium, and a servo controller that activates the translation
assembly in accordance with the position signal, the servo decoder including means for
decoding a servo read head signal produced from a servo pattern that comprises a cyclic
sequence of magnetic flux transitions that extend continuously across the width of the track
and define servo pattern stripes such that the servo read head signal varies as the magnetic
head is moved across the width of the track, the stripes including at least a first azimuthal
orientation and a second azimuthal orientation, such that the first azimuthal orientation is not
parallel to the second azimuthal orienation and the stripes are arranged in groups containing
a plurality of sequential stripes at the first azimuthal orientation followed by a plurality of

sequential stripes at the second azimuthal orientation.
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skilled in the art and needs no further &xpfana output—or the pear——
detector conprises the PK signal, which is provided to the circuitry
illustrated in Fig. 13 and al so i s provided to a down counter 162. The down

counter also re ves, 3 e | Qgete r | a
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w thout a pulse fromthe peak detector 160. That is, the down counter tines
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108. A data storage system as defined in claim 107, wherein the synchronization

REPLACEMENT SHEET Dat e: 13 DEC 1995 22 aﬂmmm H' Hm pedk FHISTREEPRAKS BEEN
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features comprise transition-free spaces that are free of transitions of at least one polarity
whose minimum length in the transducing direction exceeds the maximum length in the
transducing direction between consecutive transitions of that polarity within a group of stripes

of the same azimuthal orientation.

109. A data storage system as defined in claim 108, wherein each pattern period of
the cyclic sequence of transitions comprises a plurality of groups of stripes, each group
containing stripes of a single azimuthal orientation and at least one group within a period

contains a different number of stripes from the number contained within the other groups.

110. A data storage system as defined in claim 109, wherein the servo decoder
identifies individual transition-free spaces within a pattern period by counting the number of
stripes detected in previous groups of stripes.

111. A data storage system as defined in claim 109, wherein each pattern period pf ¥
the cyclic sequence of transitions comprises a group of four stripes at a first orientation,
followed by a group of four stripes at a second orientation, followed by a group of five
stripes at the first orientation, followed by a group of five stripes at the second orientation,

a transition-free space occurring after each group.

112. A data storage system as defined in claim 109, wherein the synchronization

features contain information other than servo control information.
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after a pattern g?_tgd ? E si gnal goes high whenever five servo pattern
stripes ar 4t 3 argfl “gap. An up counter 164 receives the PK signal
at a clock input and receives

115. A data storage system as defined in claim 113, wherein adjacent servo tracks
within a band comprise patterns that are reflections of one another in a line in the transducmg
direction, such that all transitions in a servo track band are continuous across the width of the
band.

116. A data storage system as defined in claim 115, wherein two tracks form a servo
band that is symmetric about the center of the band in the transducing direction, each track
comprising a cyclic sequence whose period is a group of four linear stripes at a first
orientation, followed by a group of four linear stripes at a second orientation, followed by a
group of five linear stripes at the first orientation, followed by a group of five linear stripes
at the second orientation, a transition-free space occurring after each group; and

the first and second azimuthal orientations comprise supplementary angles that are
symmeric about the center of the band, such that the band comprises sequential groups of

four and five chevrons of opposite direction, separated by transition-free spaces.

117. A data storage system as defined in claim 106, wherein the signal decoder
detects signals from the servo read head corresponding to magnetic flux transitions having a

first flux polarity and ignores magnetic flux transitions having a second flux polarity.

118. A data storage system as defined in claim 106, wherein the system further

includes means for writing the servo pattern on the storage medium.

119. A data storage system comprising: This Sheet Has Been RT
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the FOUR and FI VE pul se signals. Fig. 15 shows how the FOJR FI VE, and GAP
signals are used to produce the main .control signals OUT1, QUT2, CLRI, and

CLR2. For the pattern illustrated in Fig. 9,

the QUT1 and QUT2 signals are

generated at evargagesc istogagenmedium hBfng wherveapattene rédoriedaon aClldidt shg Btk

are generated at the internal

conj unctio

gaps 98. An array of flip-flops are used in
th two OR gates to produce the control signals. The GAP

signal is providad, mealRFar S theblaetic storage medium relative to a magnetic head

assembly; _

a magnetic head assembly that is moved sufficiently close to a surface of the moving
magnetic storage medium for reading the servo pattern recorded on the storage medium
surface and for generating a servo read head signal, the magnetic head assembly includiné at
least one data head for reading and writing data and at least one servo read head for reading
servo information on tracks of the storage medium;

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to generate a position signal that indicates the po-sition of the read head relative
to the servo pattern, a translation assembly that is activated to position the head assembly
relative to the storage medium, and a servo controller that activates the translation assembly
in accordance with the position signal, wherein:

the servo decoder includes means for decoding a servo read head signal produced from
a servo pattern that comprises a cyclic sequence of magnetic flux' transitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the magnetic head is moved across the width of the track, the
stripes including at least a first azimuthal orientation and a second azimuthal orientation, such
that the first azimuthal orientation is not parallel to the second azimuthal orientation and the
stripes are arranged in groups containing a plurality of sequential subgroups, each subgroup
containing stripes at more than one azimuthal orientation, the groups being separated by

synchronization features.

120. A data storage system comprising:
a magnetic storage medium having a servo pattern recorded on at least one servo

track;
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surface and for generating a servo read head signal, the magnetic head assembly including at

least one data head for reading and writing data and at least one servo read head for reading
servo informaﬁoxi on tracks of the storage medium,;

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to generate a position signal that indicates the position of the servo read head
relative to the servo pattern, a tramslation assembly that is activated to position the head

“assembly relat"ive to the storage medium, and a servo controller that activates the translation
assembly in accordance with the position signal, whereixt the servo decoder includes means
for detecting errors by means of pattern recognition of the read head signal, suclt that the
servo decoder correlates the read head signal with predetermined servo patterns recorded on
the storage medium and, if the signal does not correlate within an error limit, then the servo

decoder indicates an error condition.

121. A data storage system as defined in claim 120, wherein the servo decoder
means for detecting errors detects a servo pattern that comprises a cyclic sequence of flux
transitions that include periodic synchronization features and the servo decoder correlates the
read head signal by counting the number of transitions occurring between synchronization
features and comparing the number with the number of transitions in the predetermined servo
pattern, such that if the number of transitiops detected by the servo decoder does not equal

the number known to exist in the predetermined servo pattern, then the servo decoder

B[
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exactly one FI VE signal pL“ se. Thus, tHe Q output from the fdpireis S!HEE’FHJAQEBEEﬂ

180 is received at the D-input |ine of ajmi ' I]Irl 184} whi cre®t.AGED
receives the systemclock signal at its mummmuuﬂl Hni nv “HeEpE
of the sixth flip-flop provides the CLR2 gighalt The 30UT2 signal |ine
produces a signal pulse when a GAP signal. occurs after two FOUR signal s,
while the CLRL |line produces a signal pulse when a GAP signal occurs after
exact|ly one FOURI2A gnAldatahstorage sgstemnt asodefinesfiin.cldifn [2hi wherain the servovdetededy
connecting the ipverted FOUR sj to one jnput of an gate 186 and al so

nal
to the D-i nfgams r@mwﬂs@qﬁ% ogad head yigraloproguteddrem 3 Ve Pawery that

flip-fl 176 1 ' ' | ,
out put of t FHReES YR SRal et BE mlbiile AP hastd S ol S hnBiif Wrosf i
188. The GARidih gfithke tiask piiddefiirten® faternstgds subkp that tie sehe ey Beddsignal varies

flip-flop. The Q output of the seventh flip-flop 188 is provided as the -
D-i nput to 2 themagoeyq head|ipmoved acrossethaividih ¢ff the traclspthe stimes dnrluding at/lcastm

clock signap Bt ihiihal bRGkatidPild 4 \08nd IR Hrlegihe O4icR'hat the first azimuthal

orientation is not parallel to the second azimuthal orientation and the stripes are arranged in

-t

groups. having a plurality of sequential stripes at the first azimuthal orientation followed by
a plurality of sequential stripes at the second azimuthal orientation.

123. A data storage system as defined in claim 122, wherein the synchronization
features of the servo pattern comprise transition-free spaces that are free of tramsitions of at
least one polarity whose minimum length in the transducing direction exceeds the maximum
length in the transducing direction between consecutive transitions of that polarity within a

. group of stripes of the same azimuthal orjentation.

124, A data storage system as defined in claim 121, wherein the servo decoder
means for detecting errors decodes a read head signal produced from a servo patterﬁ that
comprises a cyclic sequence of magnetic flux transitions that extend continuously across £he
width of the track and define servo pattern stripes such that the servo read head signal varies
as the magnetic head is moved across the width of the track, the stripes including art least a
first azimuthal orientation and a second azimuthal orientation, such that the first azimuthal
orientation is not parallel to the.second azimuthal orientation and the stripes are arranged in
groups containing a plurality of sequential subgroups, each subgroup containing stripes at
more than one azimuthal orientation, the groups being separated by synchronization features

detectable by the servo decoder..

125. A data storage system as defined in claim 124, wherein the synchronization

features of the servo pattern comprise transition-free spaces that are free of transitions of at
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fromthe ninth flip-flop 190 produces the Tmm@éym "BEEN
produced by a ninth flip-flop 192 whose m“ Gl@ % d and Wnoagpg\gg
input is received fromthe inverted anpu | i p=Fop=3F

The Q output of the ninth flip-flop is prowded to the Dlnput of a tenth

flip-flop 194, The tenth flip-flop receives the systemclock signal at its

€100k, LPcl e ity MR e B 8ad BEGEL it LR e GBRAL

length in the transducing direction between consecutive transitions of that polarity within a

group of stripes of the same azimuthal orientation.

126. A data storage system as defined in claim 120, wherein the servo decoder
position signal comprises a sequence of values and, if the servo decoder indicates an error
condition in the read head signal, the servo control system replaces the current position signal
‘value with a value derived from one or more position signal values that occurred before the

errqr condition.

127. A data storage system as defined in claim 126, wherein. the replacement value
is the last position signal value generated by the servo decoder before the error condition was

indicated.

128. A data storage system as defined in claim 127, wherein the servo control
system further includes one or more additional read heads for reading respective additional
servo patterns on the storage medium and generating respective additional read head signals
representative of the additional servo patterns and one or more respective additional servo
decoders that receive the additional head signals and decode them to generate respective
additional position signals that indicate the position of the additional read heads relative to
the servo patterns, and the servo control system replaces the discarded current position signal
value with a value derived from one 01: more of the additional servo position signal values

that are not in an error condition.

129. A data storage system comprising:

a magnetic storage medium having a servo pattern recorded on at least one servo
track;

drive means for moving the magnetic storage medium relative to a magnetic head

assembly;
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Fig. 16 illustrates how a SELECT signal | how & daicfsiBadYAS BEEN
(DR) signal is generated. \Wenever an Qﬂﬂlﬂﬁ“ﬁ@ﬂﬂ Lﬁﬂ I pul §& OCCHEPLAGED
data is ready to be output That is, the _ t he ot

di anond pattern, either a group of four interleaved di anonds or a group of

five interleaved di anonds. The SELECT signal is used-to sel ect the proper

regi sters and data ready pul ses. The, K SELECT signal is produced froma J-K

flip-flop 196 wikTagnedc jead assambly that isgreved: suéfictentiyheloseiva surfaee pf thednovisg K

i nput |ine - | . _The clock input of.the J-K ..,

1 p 1 op. 1As sifeds bl ol behll e, soAE eBER coiiet o8 b fortie medium
flip-flop btffadyad f6egetelitin®hlsevd réddiali sighhl el Hhigriiid hM&sémslaghauﬁh at

connected to the input |ines of an OR gate 198, whose out put produces .he

dat a- r eady l¢asRynesdagn bead fonreadiag and tritingadata and asdedst pumsesvayreatl head farireading

the interl eaved di anpnd tterndllustrated in Fig. 9 will be better
under st oad SWPHHE’M%%‘E%%‘StOEéﬁ? ~5‘Pﬁa§wffﬁ§ﬂﬁ?’aw ngs: Fig.

a servo control system for positioning the magnetic head assembly adjacent the surface

of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to generate a position signa.l that indicates the ppsition of the servo read head
relative to the servo pattern, a translation asscmbly that is activated to position the head
assembly relative to the storage medium, and a servo controller that activates the transiation
assembly in accordance with the position signal, wherein the servo decoder includes means
for decoding a read head signal produced from a servo pattern that comprises a cyclic
sequence of magnetic flux transitions that extend continuously across the width of the track
and define servo pattern stripes such that the servo read head signal varies as the magnetié
head is moved across the width of the track, the stripes including at least a first azimuthal
orientation and a second azimuthal orientation, such that the first azimuthal orientation is not
parallel to the second azimuthal orientation and the servo decoder determines the time
intervals between a plurality of predetermined pairs of transitions in the servo pattern and

generates a substantially speed invariant position signal that is a function of the time intervals.

130. - A data storage system as defined in claim 129, wherein the servo decoder
means for decoding generates a position signal value in accordance with the ratio of the read
head signal time interval from a stripe of the first azimuthal orientation to a stripe of the

second azimuthal orientation and the interval between two stripes of the same orientation.

131. A data storage system as defined in claim 129, wherein the signal decoder
means for decoding detects signéls from the read head corresponding to magnetic flux
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13, the logic circuit that illustrates the enerat I on pyé'fstﬁ“{ﬁtﬂ HAS BEEN
signal signals; Fig. 17, the representati IUI! j!& ACED
pattern and output signal; and Fig. 18, a ng the gene

of the output signals and clear signals. AS |nd| cated in Fig. 13, the
position si'gnal conprises alternating values designated XOUT and YOUT. As

not ed above, Fjg 3.sho a here re two co redundant signal
gener ati on Wﬁ% V"Efe?‘nﬁ%i‘hé‘a ‘gé’&quilﬁa%‘ﬁ C%té"“éé‘ms‘lnf’ﬁs DRRRE A sesomd
turns prodw XQUT and.- YOQUT val ues. Thus, one XOUT val ue is generated
by the X1 e nts; followed by a YOUT val ue generated by the Y1 el enents,
foll owed by a next XOUT value fromthe X2 elenents, a next YOUT value from

the Y2 el enents, a next XOUT value fromthe X1 elenents, and so forth. The
sequence of val US2- coﬁrré?%@sagerﬂsrﬁssmmmug gnal . The descr | ption of the

i gnal  goner at | dhmeissorled etk kEYing ) derk phiin gelitted b 4t Tedsf B SERS
track;

drive means for moving the magnetic storage medium relative to a magnetic head

assembly;

a magnetic head assembly that is moved sufﬁc1ent1y close to a surface of the moving
magnetic storage medium for reading the servo pattern recorded on the storage medium
surface and for generating a servo read head signal, the magnetic head assembly including at
least one data head for reading and writing data and at least one servo read head for reading
servo information on tracks of the storage medium;

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in- at least one
track of the storage medium surface, a servo decoder that receives the servo fead head signal
and decodes it to generate a position signal that indicates the position of the servo read head
relative to the servo pattern, a translation assembly that is activated to position the head |
assembly relative 1o the storage medium, and a servo controller that activates the translation
assembly in accordance with the position signal, wherein: |

. the magnetic head assembly cbntains at least one data read head, the servo read head
being less than half the width of the narrowest data read head, where width is defined as the

head dimension perpendicular to the transducing direction.

133. A data storage system as defined in claim 132, wherein the width of the storage

medium servo track containihg the servo pattemn is wider than a single data track.

134. A data storage system as defined in claim 132, wherein one or more pluralities

of adjacent servo tracks on the storage medium form one or more servo bands.

68- -
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The position signal is the sumof four A- hmﬁrval val ues dlﬁ Jg'és&? ?i@% (RREN

of four B-interval val ues descri bed abovi t L gs
in Fig. 13 can

Figs. 8 and 9. The accumul ators X1, X2,
performthe division, or nultiplication by reci procal s, of the A and B
val ues and then add the quotients, or can REPLACENENT SHEET Date: 13 DEC
1995 25 cal culate the suns and then performthe division operation, to
generate the XOUT and YOUT val ues The Aintervals and B intervals are

graphically r eprﬁ%.entg%atlansto% system as defined in claim 134, wherem a servo band is wider

than a single data track.

136. A data storage system as defined in claim 132, wherein the servo decoder
means for decoding decodes a read head signal produced from a servo pattern that compnses
a cyclic sequence of magnetic flux transitions that extend continuously across the width of
the track and define servo pattern stripes such that the servo read head signal varies as the
magnetic head is moved across the width of the track, the stripes including at least a first
azimuthal orientation and a second azimuthal orientation, such that the first azimuthal

orientation is not parallel to the second azimuthal orientation.

137. Adata storage sfsﬁm as defined in claim 136, wherein the servo pattern stripes
* are arranged in groups baving 2 plurality of sequential stripes at a first azimuthal orientation

followed by a plurality of stripes at a second azimuthal orientation.

138. A method of producing a servo pattern on a magnetic storage medium, the
servo pattern comprising a cyclic sequence of magnetic flux transitioﬁs, recorded in tracks on
the storage medium along a transducing direction, that extend continuously across the width
of the servo tracks and define servo pattern stripes, the stripes including at least a first
azimuthal orientation and a second azimuthal orientation, such that the first azimuthal
orientation is not parallel to the second azimuthal orientation and the stripes are arranged in
groups containing a plurality of spaced-apart sequential stripes at the first azimuthal
orientation followed by a plurality of spaced-apart sequential stripes at the second azimuthal
orientation, the method comprising the steps of:

moving the magnetic storage medium in the transducing direction relative to a
multiple-gap servo write head having at least a leading gap and a trailing gap that are spaced
apart in the transducing direction and can be provided with a current pulse to generate

mégnetic flux and record at least one servo pattern stripe of the first azimuthal orientation and
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Fig. 17 shows that the A intervals A, ri a4 JHUS SHEEREAS BEEN
in time, as do the corresponding B inter !II B{ B!ﬁand , ACEDe
counter could be used to tine each A and ;S ver, this approacn

woul d require eight counters. As noted above, in the preferred enbodi nment,
the sunmation is instead achieved using two parallel signal generation

systems hayi [egst Ba¢ §e@vo partrdlkttigé of the sésond| dsithall Ridntafiofrifa sérvo ufable withleath
signal generation systemincludes two paired accunulators X1 and Y1, while
t he secondcwireptgulsgener ati on system includes two accunul ators X2 and Y2.
Each accunul ator_h i nput li.nes for "clear” and."increnment.", and it should
be under st ood tﬂﬁ’t“a‘ﬁ%& I$P°&1p§c?frréﬁﬁ%§uré°’ﬁll?}ﬂ?gsi‘h%ta Eﬁgﬁtﬁﬁﬂﬁlpﬁ%tppgp&j)t? W9 th
each cl ock f¥idiEoat Bev@ i had! BE ?E&:—:&{f@%& BLing SépatAEd BBR Une2RbARNEd
froman incr e%n?aﬂRO\/l (label ed "I !%g:&%%&') to the %atlgé(@)ﬁ)t put. si gnméﬁe. E%cﬂ
accunul at oin tmd by ardelayaimerindrvalf the ¢einting of eepetted pulsks sithincer grfoap beingepenthiang
on the servo pattern band just c¢rossed by the servo head. A pulse on the
respect i vell$i SHAS r@gqngdatbydhe trailing gap during the last current pulse of the group lies

completely between the stripes recorded by the leading gap and the trailing gap during the
first current pulse of the group, and the delay interval being sufficiently long such that all of
the stripes written by a group of pulses lie completely beyond the stripes written by the
previous group of current pulses; and | _

repeating the step of providing current pulses until the stripes recorded in the storage

medium comprise the servo pattern.

139. A method of producing a servo pattern as defined in claim 138, wherein the
stripe positions on the storage medium along the transducing direction are controlled during
the step of moving by moving the magnetic storage medium in the transducing direcﬁén at
a predetermined velocity and during the step of providing by providiﬁg the repeated current
pulses at fixed timing intervals. ‘ | |

140. A method of producing a servo pattern as defined in claim 138, wherein the
stripe positions on the storage medium along the transduciﬁg direction are controlled during
the step of moving by repeatedly measuring the velocity of the magnetic storage medium and
during the step of providing by providing the repeated current pulses at times derived from

the velocity measurements to obtain the desired stripe spacing.

141. A method of producing a servo pattern as defined in claim 138, wherein the
step of providing includes the step of creating a transition-free spacing interval after each
servo pattern group by making the delay interval sufficiently long and the spacing between

the gaps of the multiple-gap servo write head sufficiently long such that the minimum spacing
) S
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systemclear line (CLRL or CLR2) resets the accunul ator out plit "8 %%m@fm
d_wi

accunul ators get their increment i ns-t_rucllmmuul
clock cycle, fromthe increnent ROVs. Th ¥

addressed by transition counters TCL and TC2° I'h operation, when a CLR1

Hi Ito W
8l in turn, are

pul se occurs, the first transition counter TCl resets to zero and its
associ at ed .a%mjl tors,.X1l Y$ and D1 also are reset to zero., As the,  servo
I

RegdiRetign

head noves 3

PRIETR &% BYO $90YC PATIRTN BTAUDS SXGiEdy the sRacing inthe n

esiripes, then crosses two

Fig. 17, .0 te G AR8RSERcHED Bowekn LWy SV pRfkh:

groups of five stripes. The transition counters count peak (PK) pulses to
keep track of how many servo pattern-stripes have been crossed. On the

first PK pul se afger t he ij signal is received, the systembegins tinng
it dedoed b

the first B intdffgal & BsHodL

begi ns,
i nt erval

an
t

HEPKSPUP patter g & elaym d dFvwhereinthe g

B ol ot oy e ol R R ok Sochiid B e ol gt he

timng begiopélic sEquence @f tdcottrd tatisitiois@imprises a plurality of groups of stripes, each group

containing stripes of a single azimuthal orientation and at least one group within a period
containing a different number of stripes from the number contained within the other groups
of stripes.

143. A method of producing a servo pattern as defined in claim 142, wherein the
step of providing groups of current pulses is repeated such that each pattern period of the
cyclic sequence of recorded transitions comprises a group of four stripes at the first azimuthal
orientation, followed by a group of four stripes at the second azimuthal orientation, followed
by a group of five stripes at the first orientation, followed by a group of five stripes at the
second orientation, a transition-free spacing interval occurring after each group of stripes.

144, " A method of producing a servo pattern on a magnetic storage medium, the
servo pattern comprising a cyclic sequence of magnetic flux transitions, recorded in tracks on
the storage medium along a transducing direction, that extend continuously across the width

of the servo tracks and define servo pattern stripes, the stripes including at least a first

.azimuthal orientation and a second azimuthal orientation, such that the first azimuthal

orientation is not parallel to the secpnd azimuthal orientation and the stripes are arranged in
groups containing a plurality of spaced-apart sequential stripes at the first azimuthal
orientation followed by a plurality of spaced-apart sequential stripes at the second azimuthal
orientation, wherein the stripes are arranged in groups containing a plurality of sequential
subgroups, each subgroup containing stripes at more than one azimuthal orientation, the
groups being separated by synchronization features, the method comprising the steps of:
I
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el eventh PK pul se after the CLRL signal, representl t el efleAt? §I0HAS BEEN
pattern crossed, the first A interval and ‘ m “‘lﬂgiﬂﬂmrval.m’ '__EEP%QED |
On the fourteenth PK after the CLR1, all S have ended and '
the suns are ready to be out put REPLACENVENT SHEET 26 fourteenth servo -

pattern stripe, after a pair of five-stripe groups. is when the OUTI pul se

.occurs, producing an output value (Fig. ,15).. The accuymul ators. usi.ng the
increnent data i ﬂmf”ﬁ‘g &ﬁ%ﬁ SFORNES g‘&&t‘ﬁ%ﬂ?i‘ga|fra§“§‘éfe%8“ﬁﬁ%°’} ﬁ‘?lé‘?‘()’af% 33s
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apart in the transducing direction and can be provided with a current pulse to generate

magnetic flux and record at least one servo pattern swripe of the first azimuthal orientation and
at [east one servb pattern stripe of the second azimuthal orientation in a servo track with each
current pulse; ' '

providing groups of repeated current pulses with a predetermined polarity to the
multiple-gap servo write head, the groups of current pulses being separated from one another
in time by a delay time interval, the timing of the repeated pulses within a group béing such
that the stripe recorded by the trailing gap with each current pulse of the group lies
completely beyond the stripe recorded by the leading gap after the previous current pulse of
the group, and the delay interval being sufficiently long such that the minimum spacing along
the transducing direction between the stripe recorded by the leading gap during the last
current pulse of a group and the stripe recorded by the trailing gap during the first current
pulse of the subsequent groups is greater than the maximum distance along the transducing
direction between any pair of sequential stripes within the set of stripes written by a group
of current pulses; and

repeating the step of providing current pulses until the stripes recorded in the storage

medium comprise the servo pattern.

145. A method of producing a servo pattern as defined in claim 144, wherein the
stripe positions on the storage medium along the transducing direction are controlled during
the step of moving by moving the magnetic storage medium in the transducing direction at
a predetermined velocity and during the step of providing by providing the. repeated current

pulses at fixed timing intervals.

146. | A method of producing a servo pattern as defined in claim 144, wherein the
stripe positions on the storage medium along the transducing direction are controlled during

the step of moving by repeatedly measuring the velocity of the magnetic storage medium and

—
— e
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st*sn‘ee :
i ncrement ROMS. In SS colurm is the transitijop,& LEr —
out put val ue that | mﬁ servo p muﬂlm,ﬂl"er fihe a%%m
CLR1 or CLR2 signa n crossed L

what increment values will be added to each respectl vé atcumul at or of Fig. “’
13 for each gl ock&(;ycleflt zﬂéuld be noted that the address refers to the
nunber of PKdptng the step ¢fowowi toy providefpde Gl

i ncrement va{?bées in the X1 colum are |ndexedwcco§§fer?5bfg1§§t etaﬁl%ksn%e&veglﬁ"’ﬂ(
pul ses recei P K MeaSEERENTS tg) ghtam tridesirechgtripaspaaiet val ues in the X2
colum are indexed according to PK pul ses after a CLR2 signal. The
operation of the X1 accunul ator next will be described in greater detail.
The ot her accumul ators operate in a simlar manner. FromFig. 17, it should
be clear that the sixth servo pattern stripe crossed after a CLRL signal
starts the timng of the first Ainterval for a five-stripe dianmond. This
can be seen from exam nation of the servo pattern stripes, the

-73-
TU9-93-062



head output anal og signal, and the second group_of A intervg JH'SPE'EE{%?AQQ BEEN
ny

transition counter TCl output val ue t hahis Sheet l3ceh ¢ qunt |

pul ses is equal to six and the corr-espori l ROM address is equal
to six. FromFig. 18, the anmount of incr 1 accumul ator is one.
On the seventh PK pulse following a CLRL signal, the first A interval

continues to be‘l}:ﬂ\'@fb‘q’ﬂs t CS’!@T? ¢ W ' Tbﬁgt ef ore,
after the sevent pu. se@r?ﬁv;?i ng t yg&%&ﬁh‘g‘o e‘seve%?[%lﬁs}g%o

pattern stripe, the ROM address is seven and fromFig. 18 it is clear that
t he accunul ator X1 increnents :two on _each clock cycle. Simlarly, after the
eighth servo pattern stripe ABIYRACIIOF RHEDISCHOSUREs A, A2, and A3
are simul taneously, ti aceumil at gr | S.i ncrenent ed t hree on .
each clock cycl e’ 'B*fktrﬁgo‘_m%%t%p‘g)epva é'{ &é&ﬂseélts#olrﬂﬂ? ChemEeedtulPBY oYstys in
I ncr enent e dwhiéh frRddheti Oferid) Gaglt SURBISconRAiN SraRsitibRy fecSided RE mdrd thah drSiziduthal
interval Al has ended, and therefore only three intervals continue

orientation across the width of the servo track. The timing of a signal derived from reading

at any point across the width of such a pattern varies continuously as the read head is moved
across the servo track. The pattern is read by a servo read head whose width is small
compared to the servo track pattern. The combination of a wide servo pattern and. a narrow
servo read head offers excellent position sensing linearity and dynamic range. In the
preferred embodiment, the servo read head is also narrow with respect to the data tracks,
which pfovides the additional advantages of superior unmumty to position sensing errors
caused by defects or temporal variations in the servo read head, defects in the servo pattern
on the tape, wear of the head or tape, or debris collection on the head or tape. Position
sensing with this system is achieved by deriving a ratio of two servo pattern intervals and
therefore is insensitive to tape speed during reading. The servo patterns may include spaciﬁg
intervals recognizable for error detection and correction purposes. Servo tracks are recorded
using a patterned multiple gap servo write head whose magnetic gaps have geometries
appropriate to generate the desired servo paﬁerns. The patterned gaps of the servo write head
are produced by photolithographically defined electroplating of permalloy on a ferrite ring
head structure. '
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to be tined. Therefore, the_incfenent to Iy%ﬂx umyl tar i siir § BEﬁ

three, as indicated =~ REPLACEMENT SHEET : 27 | %ﬁ:ﬁfg E

table entry for ROM address el even. After u t servo ia) , :
N :

stripe, all Aintervals are conpleted and ccunul at or
increnent is changed to zero. That is, the accunul ator already contains the
sumof the four A intervals and the output vg%g Is ready to be produced,

after an OUT1 pul se occurs. Sinilarly;rﬁhg Qﬂ%or wi || have been
timng the B intervals and al so has its‘dqt ;ff e out put.
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The set of accunulators X2 and Y2 of the second signal generatlﬁpsssy,%&ernpms BEEN
operate in the same way, starting fromthe CLR2 signal and coffpl et fgp| Acep
time for the OUT2 pul se (Fig. 15). Thus, the sixth servo patt ésa=sitipe
crossed after a CLR2 signal corresponds to the first servo pa, j —
of a four-dianond group.. Therefore, the Al interval for the se

generation group begins and the X2 accumnul at 9y2shoul d be mcreE}mﬂHmﬂu

one. This is shown by the correspondi ng. valgrEdHT Ee Afig. 18 t

address six of the X2 colum. At a tape sprmdggdgeapproximately 2.0 neters

per second, the conbination of the two sets of accunul ators provides new
position signal data at a rate of approximately 18 kHz. Fig. 13 shows that

the outputs of the accunulators are routed through respective selectors

X- SELECT, Y-SELECT, and D- SELECT that choose which of the two signal

generation systens has the current output value that should be output. The

sel ection is governed by the SELECT data signal, described above in.
conjunction with Fig. 1®0 After an
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QUT1 pul se, the set of accunulators fromthe second signal .gené f-{\%@HE:THAS BEE
system becones active, and after an OUT2 pul se, the set of acc ‘H@LAGED
fromthe first signal generation system beconmes active. Thus, ft-he
i nterl eaved di anond servo pattern illustrated in Fig. 17, the flrst set of
accunul ators X1, Y1, D1 becomes active after an OUT2 pul se, meWqumed

after two four-stripe groups, while the second set -of accunul at

D2 becomes active after an OUT1 pul se_ which3dé2urs after tvvo fj;“l!ﬁ@!lﬁﬂll
groups. In the preferred enbodi ment i TRy Jé&i%‘éﬁi - err

is perfornmed to detect m ssing or extra tr and to detect servo
pattern stripes that are erroneously read in a slightly shifted position.
Details of error correction that can be perforned after error detection are
not illustrated in Fig. 14 but those skilled in the art will readily be

able to construct such circuitry, in view of the discussion above .
concerning Figs. 10-12. %b.Fi g. 13, mssing or extra detected stripes are

detected by the transiti counters TCl and TC2 that
[
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36 38
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signal pulse QUT1 or QUT2 occurs, nagnitude conparators check flo secREPLAGED
correct nunber of transitions (either 13 or 14, as indicated) Teen —
detected. For exanple, in the case of the first set of acculmihRAkRlFHasBBA Replaced
predet erm ned nunber of transitions is fourteen whereas for the

of accumul ators, the predeterm ned nunber is thirteen. If a nunﬂmgm&mimﬂl
than the predeterm ned nunber is det ed, % t ta- good (

produced by the SELECT bl ock will beef-§1 3’&,-39 _TOGE$ 4 LL -

REPLACEMENT SHEET Date: 13 DEC 1995 28 count every PK pul se. V\hﬁm’t—ae SHEEFIHAS BEE

Ari

T i

58 50 \. 80 32/
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system decoder 36 (Fig. 2) detects the DG signal and thereby i§ T4BREEETHHHS BEED
the data is bad and takes predetermined corrective action. In flhe prBEREACRDP
enbodi nent, for exanple, the corrective action conprises maintaintng the
output signal at its previous value. If the PK pul se fromonre—servo pattern
stripe is accidentally shifted in tinme, then all A interval Vglligget @B Replaced
interval values will not have the sanme val ue, ‘I:;he systemil |l ust mﬂﬁﬂ»\{“‘“i‘\
individual A and B intervals in a way 'd&i%r ide a zer N
any servo pattern stripe is shifted in ting, th

either positive or negative. A maxi mum conparator DEV and a m ni num

servo pattern stripe shifts to be larger than a predeterm ned m ni num

amount, which permts normal noise within the systemto cause acceptably
smal |l errors, but does not permt shifts to be |larger than a predeterm ned

Fig. 13 provides deviation accunul atQIr hat add and
R, ALB
esult will be non-zero,
conparator [err] check the D1 and D2 devi ati on accunul ator output to permt
maxi mum anmount, which
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indicates an error. If the difference is | ess than the naxi ”“;H:Vﬁ‘%@ﬂdHAS BEEN

| ess than or equal to the mininmumvalue, then the output of tlfe REPLAGED
correspondi ng devi ati on accunmul ator D1 or D2 goes high and, al =k
output fromthe SELECT data signal, produces the data-good ( i
this way, the deviation check circuitry also prevents random no

bei ng considered valid output in the event t random noi se pgfm
suitable patterns to produce an QUTL gﬂségggTsﬂgqgﬂ.pulse.
decoder and position signal circuitry desg¢gglyydggpove use servo contro
information that conprises a repeating servo pattern of stripes having
magnetic flux transitions that extend continuously across the w dth of
servo information tracks in the translating direction in an azi nut hal
sl ope. The signal decoder receives the anal og servo read head signal and
generates a position signal that is a function of the ratio of two
intervals -

In
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REPLACEMENT SHEET Date: 13 DEC 1995 29 derived fromthe servo p
provides a servo control systemthat is independent of tape spg
therefore is insensitive to speed vari ations.

Those skilled in

: t'ﬂ-ﬁé @mf-ésﬁ“t—ﬁxs BEER

ted a
Lt

appreciate that a variety. of techni ques can be used to produge_Lhe_SELMQ_____;;;
patterns illustrated in Figs. 4-9 in magnetic storage nedia,: ﬁl 1 o
ac

magnetic tape. A variety of systens for prodUC|ng the servo pa
nagnerlc

HEb@WeALNhgnetlc
s8%¢s wound ar ound

by the decoder will be described next_ _Fi

300 for producing the servo patterns B@s 8§§

onto which the servo patterns are to be r
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a curved portion of the circunference 304 of a drum 306 such tjjh&HIS $HEET HAS BEEN
curved portion is adjacent an el ectromagnet 308 on the oppositle_si dBEBLABRR
tape that projects a nagnetic field of flux outwardly toward the tape. A

sequence of raised bands is deposited onto the circunference %%QMW

the desired servo pattern. For exanple, bands deposited ont I
8 té‘latﬂ? in Fig. 20 qiﬂ MHHMIII II
%g_ as that illustrat | :

t
circunferential portion 304 of the”grx
servo pattern on the tape 302 that I's \Y'a
4. O her details of a drum system i nplenentation for producing the servo
patterns are well-knowndto those skilled in the art and do not form part of
the invention described=herein. See, for exanple, U S. Patent No. 3,869, 711
to Bernard. Those skil Igd inthe art wl| appreciate that the drum portion
304 shields those | engt hsgof the magn®tBc tape with which the bands have
contact while the exter ag el ectromagﬁe&SOB projects a magnetic field onto
the tape, |eaving the gkred servo rn flux transition bands.
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The drum pattern bands 310 preferably are deposited using photplTH®SHERD hAS BEER
t echni ques, as such techni-ques provide the extreme accuracy needed fREPLAGED
accurate reproduction of the servo patterns. Preferably, the bandsS are
constructed of a nickel iron or permalloy material on a ”Onmgnﬁhééhee‘t‘i{k'sﬁee{ke Iace
preferred method for producing the patterg S W|th amltiple g

wite head. The nultiple gap headsy %%E%ﬁ?f Ejli.r enbodi nent aiﬂnﬂﬂlm mll
f rom phot ographi ¢ techni ques knovvn t"h I in the art.

shows a nmultiple gap servo wite head 40 construct ed in accordance with

the present invention. The head illustrated in Fig. 21 conprises a ferrite

ring 402 with.a parterned N Fe pol e piece regi ono404. Two ferrite bl ocks
406, 408 formthe bulk of the nagnetic head and &e %pﬁrat ed by a gl ass

>
spacer 411. G eo 5 2..‘5 E
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REPLACEMENT SHEET Date: 13 DEC 1995 30 In constructing the head ﬁs ST T e

bl ocks 406, 408 and gl ass spacer 411 are first bonded togetherffw ETHAUULI\
epoxy glue -or with glass bonding techniques. The resulting stri d-AGED
then | apped to produce the desired front contour, -which conprlses t he tape
bearing surface. In the preferred enbodi nent, a cyllndr T4 SkeerHas Been Replaced
surface is provided. Cross-slots 412 are cut Cﬂﬁo t he head to re M “Nm“\
i ncluded air when the head is in operati netic tape

Fig. 22, a conducting seedl ayer 416 |§ht%&3 ”EQ gt on

surface. In the preferred enbodi nent, 800 angstrons of N|Fe have been used
Phot oresi st material is then deposited on the front surface and patterned

in the shape of the desired servo
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patferns 414. The patterning of the cyILﬁHTrHFS o 'an be d@ﬂSSHEETHASBEER
ei ther contact-exposure or projection- expoEH IHHH ﬁ fam
skilled in the art. Because high resolutio red for

patterns |ocated at the apex of the cylindrical contour, standard pl anar
exposure techni ques can be used. In the preferred enbodinent, the _ '
photoresi st |ines which define the gap regiags are 2 [err] wide and 3.5
[err] tall. After the desired gap StR.uALBREGHTaIET fAbr ned i n A4teDnhot or esi st , -
[err] material 418 is plated to a thickﬁé%§3dﬁ2approxinateljzzg[-rr] on the

seedl ayer 416 wherever the photoresist has been renobved. Thegqr®uai ni ng
photoresi st materi gl5Ns then renoved. A wedry\resistant overcOft 420 is then
deposited over the{foont contoured surface protect it. | e preferred
enbodi ment, this owgggoat is a |lam nated gN FeN structure@i tNy a total

t hi ckness of approxipately 3000 angstrons. S& ternative ov:rcé%1 at eri al s

that can be used ardg, for exanple, dianond{lii ke carbon or
wear -resi stant mat erfifal s.
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Finally, as shown in Fig. 21, a coil 420 is s wound_ar, around gng o f [t HEISrHiGET AS BE
bl ocks 408 through a wring slot 422 to confii ﬁm m The x_t REBLAGED

each gap is in the sane pl ane asthellthogr ts the gap
width to the resolution of |ithographic tech ovvs arbitrarily
conpl ex 'gap shapes wthin that restriction. Thus, the straight diagonal
gaps needed for the servo patterns illustrated in Figs. 4-9 are easily
fabricated in this horizontal head design da3£23 bed above. Those skilled in
the art will appreciate that a nuch nbRe ALBRBEHX BT o8kess woul d be needed to
produce the desired gap structure in a vedtPe¥d-062ad because of the linits
of planar processing. REPLACENMENT SHEET
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NGO TR uvvn NG

Date : 13 DEC 1995 31 (One novel aspect of t hej ugle TYS SHEET HAS BEEI
magneti c saturation phenomena to sinplify it ﬁﬁalm ! i tillng gaBEPMQED
shown in greater detail in Fig. 23, are cont contTTroous—sthreet
of magnetic N Fe. Conventional w sdom would dictate that t he magnetic field
in these gaps should be very small when this head is energi zed because
almost all of the flux would flow through the | owr el uctance Ni Fe rat her

t han t hrough the high- reluctance witin 13Tﬁ§ s appear to be
shunted by the sheet of N Fe. However, at- ﬂ d‘_@ﬂﬁe tAtfr the shunting
regions of N Fe becone magnetical |y saturate aﬁrs‘ﬁ?g the perneability to
drop sharply. As saturation becones nore severe, the witing gaps becone
the preferred path for the additional flux. At high witing currents, this
design generates the necessary gap fields to adequately wite magnetic

tape. This design provi désxn al nost
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conpletely snooth surface for the tape to r n over. Nbre convert Hﬂ%ﬁthElHASBEE

designs would require wide isolation gaps t net lﬁEFUA D _
the witing gaps. Such isol ation gaps_prOV|d# 1 ‘ed e
will be subject to wear by the tape. These w I rOV|de reglons

for tape debris to accunul ate which can cause unwant ed spaci ng between the
head and tape. It should be noted that extra flares 432 are added to the

writing gaps 430 to sharply denarcate e mw ﬁ If the flares
% eé ease
f

are not present, the field across the wrtt s at the ends.
The flares act to maintain nearly the full ield up to the end of
the witing gaps. Saturation effects are also used effectively to elimnate
negative effects due to the nmagnetic seedl ayer and the preferred magnetic
wear overcoat. These | ayers are magnetic and cover the entire front surface
of the head, including across the witing gaps 414. This shorting of the
gaps woul d cause a probl em except that these filns are saturated at very

| ow
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currents and cause no effect at higher witing currents. Thoselfs *th@%éﬂLASBCET
the art will recognize that the advantageous use of these satu a 'OnREPLACED

effects sinplifies the design and inproves the perfornmance of
The preferred enbodi nent of the servo wite head uses a cylindrlcally

contoured head with cross-slots to maintain good contact betwsgx a2 )

and the tape. O her techniques for maintaining this contact ca ' pchtaced
used. In particular, a flat head with a smal3£23adi us edge can E’Im‘ﬁ m”', " _
over wr appi-ng t he tape around the edgéT?FA?BRQQHTIEDsﬁhates t hi '

REPLACEMENT SHEET Date :13 DEC 1995 U9-93-062
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32 techni que. The head 900 has a planar front surface 902. The
contacts the head with a slight overwap (for exanple, [err]). aREPOACED

of passing the tape over the overw apped corner of the head act's=te~-temve——=-
the layer of air between the head and the tape. The cape |iHtf-SpiohfiBtenHeplaced
t he head near the corner because of its finite nodulus of elas

then conmes into contact vm'th the head. This %ec ni que may be uk UIII mnm“
mai nt ai n head-tape contact. Those: Sk'Hﬂ?d .;éﬁgl reco

certain sinplifications in the head fabri may be used to
advant age by eliminating the cylindrical contour and cross-slots fromthe

t e \
Tﬁﬁ% S?»%T HAS B[:r_(

head design. Fig. 25 illustrates the process of producing a nagnetic tape
having the servo patterns illustrated above using a pattern recording
system 502. The system 502 can be provided, for exanple, in the tape drive
12 illustrated in Fig. 1. In particular, Fig. 25 illustrates the process
ADDRESS - X1 X2 Yi Y2 D1 D2
0 0 0 0 0 0 0
1 0 0 1 1 1 1
e 0 0 2 2 2 2
3 0 0 3 -3 1 1
4 0 0 4 4 0 0
S 0 0 4 4 0 0
6 +1 +1 4 4 1 1
7 +2 +2 4 4 2 2
8 +3 +3 4 4 1 1
9 +4 +4 4 4 0 0
10 +4 +3 4 3 0 -
11 +3 +2 3 2 -2 -4
i2 +2 +1 2 1 -4 -2
13 +1 0 1 0 -2 0
14 0 0 0 0 0 0
15 0 0 0 0 0 -0

FIG. 18



of producing a magnetic tape having the servo pattern of Fig. lﬂpgsﬁ 10 >
magnetic tape 504 in a top view 506 and in a side view 508 as jt ;%%:@SBE‘:N
in contact wwth a wite head 510 such as that illustrated in D

23. The tape is passed in the direction indicated by the arrow 512. The

tape wite head 510 ordinarily is not energized, but is peri otdimssnteyrmass
energized with a current pulse of predetermned polarity at pretﬂ! H III,

times. That is, the head is swtched between23ero current and
of a single polarity. Those skilled i A-#-h&L %cWIﬁT Mdte that t
from conventional schenes, in which a magnE 83198% e head is switched back
and forth between oppos_ite polarity currents. To produce the desired servo
pattern on the tape 504, the tape is noved at a predeterm ned velocity
while the wite head 510 is intermttently pulsed with current. The
intermttent current pulses of the wite head produce flux patterns on the

tape that are a copy of the head gap structure, as illustrated by
300

\ 308

304
302

.-' 306 ’.'

FIG. 19
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the representation of the tape pattern 514J1“HHMHIEIM shoul dfpe sREERHAS BEEN
fromFig. 25 that the two chevron-shaped wili , paced] apar tggp| ACGED
sufficiently such that two opposed stripe nds, aEe—tecotrdet—
wi th each current pul se through the wite head 510 and that the current

pul ses are timed to create the interl eaved dianond pattern illustrated in
Fig. 9, where a group of four interleaved dianQ Is foll owed by a group
of five i _nterl eaved di am)nds. REPLACENENE, B TI%JreA'Lls DEC 1995 33
: TU9-93-062
o
™~
~1

FIG. 21




Fig. 25 illustrates that the space 511 between the head wit g §RRSSHEET HAS BEEN
sel ected so that the interleaved pattern can be witten in a g| ngl e g8 Acg

the tape. The magnetic storage nmediumis noved in a head transgsetng

direction at a predeterm ned velocity and the servo wite head is energized
with a predeterm ned polarity pulse to generate nmagnetic flux and
automatically record one servo pattern transition stripe of thérh‘Fm

Has Been Repiaced
azimuthal orientation and one servo pattern stt9/@8 of the secondu m‘rm"““
[

orientation in a track on the tape wth TdacAL p &XiAMn. The h
repeat edly energized until the stripes recofH8®3R62he tape conprise one of
the interl eaved di anond groups. Mre particularly, the spacing between the
servo wite gaps is selected so that, at the tape witing speed, the
transition stripe recorded by the trailing gap 513 at the |ast current

pul se of a four-stripe or five-stripe group |ies conpletely between the
first stripes recorded by the |eading gap 515 and trailing gap at the first
current pul se of the group. Thus, after four or five activations of the
head, as appropriate, the desired
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interl eaved servo pattern . is obtained. Simlarly, the synchroniigati®8HEET HAS B,;é
feature spacing intervals are formed by continuing to nove the |} ape aigpLACED
predeterm ned velocity without energizing the servo wite head t=o=p g
servo pattern stripe. The extent of the spacing interval in thetransducing
direction is determ ned by the length of tine the head is not ﬂﬁs%h@étﬁ?sds glplg

by the predeternined tape speed. Preferably, the time wthout e laced
the wite head is sufficiently long such thawa/281 of the stri pe?ﬂl}'ﬂﬂmu m
[

a group of pulses lie conpletely beydRi ARBREEHT &6 Ak.itten by ﬂ
group of pulses. That is, all transition E¥9i93e@df one group have passed
by the trailing gap 513 before any stripes of the next group are witten to
the tape. To wite a non-interleaved pattern, such as illustrated in Fig.

8, the wite gap spacing and pulsing of the head is such that the
transition stripe recorded by the trailing gap during each current pulse

| ies conpletely beyond the stripe recorded by the |l eading gap during the

/

400

432

430 430

432

FIG. 23



noved past the trailing gap before the next energization of thHe Wi mEPIRCED
The synchroni zati on features between stripe groups are forned ‘y=d -
energi zation of the servo wite head to produce a servo pattern strijpe for
a sufficiently long tinme so that the m ni num spaci ng al ong the transduci ng

previous current pulse. That is, the stripe witten by the Ie%drrp,@s 9PPET BIAS BEEN

direction between the |ast stripe recorded b% t he | eadi ng gafrhisl Blieet s B&S Repl
| ast REPLACEMENT. SHEET Dat e: 13 DEC 95 341/3% r ent puI se of
the first-stripe recorded by the trail'r 9@5&5" eflrst

800

—INNP

FIG. 24



current pul se ofthe subsequent group is greater than the naxinﬂfﬂﬁﬁ%$%ﬁE%HASBEa
in the transducing direction between any pair of sequential stijpes REP o
a group. As illustrated in Fig. 25, a programmable pattern generator 516 of
the servo pattern recording system 502 generates pul ses that_—_are provi ded

to a pul se generator 518 that causes the intermttent energizing of the

write head 510. Because the pulse width is finite and the tapthis Sheétbldd Begn Réplaced
a predeternined velocity, the servo flux pat324R8s recorded ont

504 are el ongated versions of the act Bt CHT EfeAbrite hea ﬂJH
patterns recorded on the tape are wider tHEh%eM¥2gaps on the wi

t he product of the tape velocity and the pulse width. The servo pattern
recordi ng system 502 can operate with either AC or DC erased nagnetic tape.
I f the magnetic tape 504 i's AC-erased, neaning that the tape has zero
magnetization, then the tape is nagnetlzed with one polarity over the gap -
regi ons when the

sy sy
508 —= (( ))((((())))) & MWK

[ F1ARRRRRNRT 11K3 _RMAR 1381 8

512’;_...

513 504
510

518—_] PULSE |
GENERATOR)
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wite head 510 is energized. The remainder of the tape isleﬁt_ﬁyﬂﬂigégégA%BEEN
magnetization. If the magnetic tape is DC erased, neaning.that :

magneti zed in one polarity then the current through t he MWIte head 510 nust
be directed such that the recorded flux pattern stripes are magnetized in

the opposite polarity. The resul ti ng recorded pattern then 00%3 m}ﬁs cen Re laced
a

transiti ons between magneti zed regi ons of ite polarity

produced when a servo pattern is rea bqﬁhﬁﬁza erased t

approxi mately tw ce the anplitude of ro uced from

tape. In the preferred enbodi ment, homever an C—erased tape i s used to
prevent producing a signal so Iarge t hat the servo read head. becones
saturated. The magnitude of the wite current can al so be reduced to
decrease the nmagnetization of the witten regions of the tape, |owering the
readback signal. The pattern generator 516 in Fig. 25 may be constructed
with several techniques which are famliar to one skilled in the art. For
exanpl e, the required pulse pattern could be

518 PULSE PREAMP
GENERATOR
528 526
516 O ATTERN PATTERN
GENERATOR] |, YERIFIER
LECTRONICS

502

FIG. 26



recordedain a prograrrmabl e read-only nenory (PROM and cycl eg
*iat e addr essi ng circuit. Alternatively, the requi r(édbéwl 3 DEC 1995

----------------------------

an Approd
pattern coul d be produced by a collection of suitable countefis—and
associ ated | ogic. These techniques are fagiliar to those-skilled in the art

!Ei% le %MEN'!{ ﬁHEET

and require no further explanation. ACEMENT SHEET Date: 13 DEC 1995
35 It al so shoul TEMING BAEFD SERY O YSTEM FOR MEAGNETIGd APE o8 STHMSEr n
recorded on the tape depends on the ‘accuracy of the pattern generation
timng and of the tape velocity. The

BACKGROUND OF THE INVENTION
1. Field of the Invention
'I_'his invention relates generaily to recording and reading data from magnetic storage
media and, more particularly, to servo control systems that maintain the position of a

magnetic head relative to tracks in magnetic storage media.

2. DeScription of the Related Art

The recording and reading of data in wacks on magnetic storage media requires precise

 positioning of magnetic read/write heads. The read/write heads must be quickly moved to,

and maintained centered over, particular data tracks as recording and reading of data takes
place. The magnetic heads can record and read data as relative movement occurs between
the heads and the magnetic storage media in a transducing direction. The heads are moved
from track to track across the width of the tracks in a translating direction, which is
perpendicular to the transducing direction.

For example, a recordable disk typically contains concentric data tracks and is rotated
beneath a magnetic head. The direction of rotation defines the transducing direction. Radial
movement from track to track defines the translating direction. A magnetic tape typically
contains data tracks that extend along the length of the tape, parallel to the tape edges, in the
transducing direction. In magnetic tape helical scan systems, however, the tape is moved
beneath heads that are moved at an angle across the width of the tape, the diagonal direction
defining the transducing direction.

Storage devices that read and record data on magnetic media typica.lfy use servo
control systems to properly position the data heads in the translating direction. The servo
control systems derive a position signal from a servo magnetic head that reads servo control
information recorded in servo tracks on the storage media. Typically, the servo control
information comprises two parallel but dissimilar patterns. The servo head follows the

boundary between the two dissimilar servo patterns, which are recorded in alignment with the

w
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approximately one-half servo track. With a half-width servo head it is readily possible to

.determine which direction to move the head for centering up until the head has moved more
than one;half track off center. Servo heads that are less than one-balf track width would not
be able to determine which direction to move as soon as the head was completely over one
haif of the serfro wrack or the other. Servo heads that are greater than one-half track width
are most commonly used with imbedded servo systems, which use the same read head for
servo and for data. With such systems, every other panern. is made different to avoid the
problem 6f the head running into an adjacent track pantern, which then would not be able to
determine which direction in which to move. '

An alternative to the half-track servo control approach is described in U.S. Patent No.
3,686,649 to Behr, which describes a disk drive servo control system that uses servo control
information comprising iines of magnetic flux transition that extend across a servo track width
at two different angles from a line parallel to a disk radius. A pair of such transition lines |
define a contwol zone in the form of a symmetric trapezoid. A control head detects a positive-
going pulse generated by a first transition and a negative-going pulse generated by a second
transition. The signal thus generated comprises a pulsed position signal that can be compared
with a reference signal to indicate how far the control head has deviated from the servo track
centerline. The system is said to permit more than 200 tracks per inch on a storage disk.
Nevertheless, there is a demand for disk storage devices and tape storage devices of greater
and greater storage density. For example, conventional disk drives can provide 5000 tracks
per inch.

The half-track servo control approach has been found to be generally satisfactory for

direct access storage devices, such as disk drives. Tape storage systems operate under unique
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spatial response of the servo head to the servo controi information changes with time, both
gradually as a result of wear over time and suddenly as a result of interaction with
contaminant debrs.

Changes in the servo head spatial response cause errors in the position signal, so that
a position signal can indicate no track misregistration when the servo head actually is
displaced from the servo track centerline. Errors in the position signal are typically difficult
to detect from the position signal itself. As a result. redundant servo tracks are often used
for increased reliability, wherein the servo control system uses the position signal data only
if the data from two or more redundant tracks agres. Redundant servo tracks reduce the tape
storage media surface area available for data recording and requires more heads and
supporting electronics. |

From the discussion above, it should be apparent that there is a need for a servo
control system that is especially suited to the magnetic tape ehvironment, that reduces the
magnitude' of position signal error due to wear on the servo head and debris, and that permits

position signal errors to be detected more easily. The present invention satisfies this need.

_ SUMMARY OF THE INVENTION
In accordanée with the present invention, a track-following servo conmol system in a
magnetic media storage device derives head position information from one or more specially
patterned servo tracks. The servo patterns are comprised of magnetic transitions recorded at
more than one azimuthal orientation in a servo track, such that the timing of the servo

position signal pulses derived from reading the servo pattern at any point on the pattern varies

REPLACEMENT SHEET |
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excl usivel yor servo patterns. In operation a“serv
invariant position signal used by the servo system to position the data heads over the desired

data tracks on the storage media.

In one aspect of the invention, the servo pattern is comprised of a repeating cyciic

: sequence containing two different transition azimuthal orientations. For example, the patiemn

may comprise swaight transitions essentially perpendicular to the length of the wack
alternating with azimuthally inclined or sloped transitions. That is, the azimuthally sloped
transitions extend across the width of a track at an 'a.ngl.e to the head transducing direction.
The relative timing of transitions read by a servo read head varies linearly depending on the
head position with respect to the center of the track. Speed invariance is provided by
determining the ratio of two timing intervals. In particula.r,. the ratio can be determined by
normalizing the variable time interval beﬁween dissimilar transitions with the interval
measured between like transitions. Maximum dynamic range and linearity are obtained by
using a read head that is narrow with respect to the width of the servo track pattern and the
data track width. Synchronization of the decoder to the servo pattern is accomplished by
providing periodic gaps called spacing intervals or synchronization gaps in the pattern that
are recognized as pattern starting points. '

In another aspect of the invention, error detection and correction are accomplished
through recognition of servo pattern sequences. For example, if the servo pattern contains
a predetermined number of transitions between synchronization gaps, a failure to encounter
the expected number of transitions between gaps indicates faulty servo track reading.

. Similarly, the timing of various intervals within a servo parttern sequence must match a known
format; failure to match within certain parameters indicates erroneous servo track reading.
Upon detection of errors, the sf/stem may correct the false information by substituting
information from a different (redundan:) servo track, temporarily substituting information of
an estimated value, or by other means.

Servo patterns on a tape storage media can be generated using a multiple gap servo

write head. The gaps of the head contain ;:o”‘etr’es appropriate to generate the servo pattern
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servo track uce a ser
‘timing of the pulses generates the desired pattern sequences.

In accordance with the invention, using a servo read head that is narrow compared to
the data tracks written on the storage media minimizes tracking errors due to faise position
signals. Defects in and wear of the servo read head or servo patterns on the storage media
cause minimal position errors if the servo read head is narrow. Likewise, temporary or
permanént collection of debris on either the storage media or servo read head cause minimal
pdsition sensing errors if the servo read head is narrow relative to the data track widths. The
system is especially suited for use with dedicated servo wracks that are always separate from
data tracks. However, the system may be used in embedded servo sysiems as well.

In another aspect of the invention, the servo control system detects magnetic lux
transitions having a first transition polarity and ignores magnetic flux transitions having a
second transition polarity. Thus, the servo control information pattern groups are timecd oaly
between transitions thﬁt have the same polarity. This avoids shifts in the timing of ogresite
polarities of transitions that can occur due to asymmerries in the fabrication of the-serve write
head, in the actual servo control information writing process, the nature of the magner:c aze,
and the read heads themselves. If desired, signal-to-noise ratios can be further impro» 2z =v
using the redundant second set of opposite polarity wransitions.

Other features and advantages of the present invention should be apparent == e

principles of the invention.
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accordance with the invention.

Figs. 4, 5, and 6 are representations of three alternative servo patterns constructed in
accordance with the present invention.

Fig. 7 is a graph of the servo information signal generated by the magnetic head
illustrated in Fig. 2.

Fig. 8 is a representation of the servo head as it tracks the servo pattern illustrated in
Fig. 6 and a graph of the head output sxgnal it oeqerates

Fig. 9 is a representation of the servo head as it tracks an 111u5trated fourth alternative
servo pattern constructed in accordance with the present invention and a graph of the head
output signal it generates.

Figs. 10, 11, and 12 are block diagrams of a nosmon signal decoder for the servo
control system illusrated in Fig. 2

Figs. 13, 14, 15, and 16 are block diagrams of an alternate position signal decoder for
the servo control system illustrated in Fig. 2

Fig. 17 is a representation of the servo head as it tracks the servo pattern illustrated
in Fig. 9, along with a representation of the head output signal it generates and the
corresponding A and B signal intervals.

Fig. 18 is a chart of data stored in the system illustrated in Fig. 13 for use with
demodulating the servo patiem illustrated in Fig. 17. |

Fig. 19 is a representation of a drum system for recording the servo patterns onto
magnetic storage tape.

Fig. 20 is a representation of the magnetic flux transitions that can be recorded onto

a portion of magnetic tape by the system illustrated in Fig. 19.
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Fig. 22 is a cross-section of the head illustrated in Fig. 21.

Fig. 23 is a plan view of the servo pattern gap région of the head illustrated in Figs.
21 and 22. |

Fig. 24 is a schematic representation of a servo write head writing a magnetic tape
constructed in accordance with the invention.

Fig. 25 is a schematic representation of a recording system for producihg a magnetic
tape in accordance with the present invention. | '

Fig. 26 is a schematic diagram of the recording system illustrated in Fig. 25.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a timing based servo tape system 10 constructed in accordance with the
present invention. The system includes a tape drive 12 that accepts a tape data cartridge 14
and is connected to a host processor 16 by a data cable 18. The tape c;.artn'dge comprises a
housing 19 c-onfaining a loop of magnetic tape 20. The system is constructed for use with
servo control information comprising a repeating servo pattern of magnetic flux transitions
that are recorded in tracks on the magnetic tape 20 in the data cartridge and extend across the |
width of the tracks such that a servo position information signal generated by reading the
servo control information varies continuously as a magnetic servo read head is moved across
the width of a track in a translating direction, thereby indicating the relative position of the
head within the track. The tape drive 12 can read the servo control information and generate
a position signal to control the position of an associated data read head, or can write the servo
control information into tracks on a data cartridge using a magnetic servo write head, or can
do both. The system is optimized for the magnetic tape environment, so that the magnitude
of the position signal error due to wear and debris is reduced and such errors are easier to
detect.

The tape drive 12 includes a receiving slot 22 into which the cartridge 14 is inserted.

The host processor 16 can comprise, for example, a personal computer such as the IBM
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pattern on - Corporation "PS/2" personal computer, or can be a workstation such as the IBM Corporation

"RS6000" workstation, or can be a mini computer, such as the IBM Corporation "AS400"
computer. The tape drive 12 preferably is compatible with such host processors and, for
example, tape library systems that employ tape carmidges, such as IBM Corporation "3480"
and "3490" tape drive units. The tape cartridge 14 can assume any one of a van'eiy of
cartridge formats, including, for example, conventional 8 mm, 4 mm, 1/4-inch, and 1/2-inch
data cartridge formats.

| Fig.2isa view looking down on a portion of the magnetic tape 20 of the cartridge
14 (Fig. 1) past a head assembly 24 of the tape drive unit 12. The tape is shown in phantom
with dashed lines where it passes beneath the head assembly. The head assembly is shown
in solid. lines and includes a relatively narrow servo read head 26 that detects a servo pattern
recorded in a servo track 27 of the tape. Also shown, for. pﬁrposes of illustrating relative
size, is a data read head 28 of the head assembly that is positioned over a data track region
29 of the tape containing multiple data tracks for reading data recorded in a data track. Fig.
2 shows a single servo read head and a single data read head for simpiicity of illustration.
Those skilled in the art will appreciate that most tape systems have multiple servo tracks,
multiple servo read heads, and multiple data read and write heads. '

In Fig. 2, the servo track centerline 30 is indicated, extending along the length of the
tape 20. Fig. 2 shows that the servo read head is relatively narrow and has a width
substantiaily  less than the width of the servo track 27. In particular, in the preferred
embodiment the servo read head has a width that is less than one-half the width of a single
'data track (not illustrated), which typically is more narrow than a servo track..

In Fig. 2, the wansducing direction of tape-head relative movement, in which the servo
read head 26 can read the servo pattern, occurs when the tape 20 is moved linearly with
respéct to the head, along the length of the track 30. When such movement occurs, the servo
pattern of magnetic flux transitions is detected by the servo read head so that it generates an
analog servo read head signal that is provided via a servo signal line 34 to a signal decoder
36.. The signal decoder processes the servo read head signal and generates a position signal

that is delivered via a position signal line 38 to a servo controller 40. The servo controller
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that the control signal equals the signal when the head is at the desired target.

Fig. 3 shows a multiple servo track, multiple head system constructed in accordance
with the present invention. The system is similar to that shown in Fig. 2 with the following
exceptions. The Fig. 3 head assembly 24’ includes a data read head 28a and a data write head

. 28b for reading and writing data, respectively, in a data track of the tape data region 29. The
‘tape 20 illustrated in Fig. 3 includes a second servo track 27" in addition to the first servo
track 27, the servo tracks being placed on opposite sides of the data region 29. The centerline
30’ of the second servo track also is shown. Fig. 3 shows that the head assembly 24’ also
includes a second servo read head 26’ for reading servo information recorded in the second
servo track 27'. It should be noted that the head assembly 24’ produces two servo signals,
one for each servo read head. The head assembly provides the servo signal from the first
servo read head ié over a signal line 34 to a cdxrespoﬁding decoder 36 and provides thé servo
signal from the second servo read head 26” over a second signal line 34’ to a corresponding
decoder 36’. These respective decoders provide their position signals to the servo controller
40. It should be noted that most tape systems include a multiplicity of data read and write
heads and that only a single pair are shown in Fig. 3 for purposes of illustration.

As noted above, servo pattemns in accordance with the present. invention comprise
magnetic flux transitions that extend across the width of the servo track such that the. servo
read head signal produced by reiding the pattern varies continuously as the servo read head
is moved across the width of each servo track. Figs. 4, 5, and 6 show altemative
embodiments of servo patterns in accordance with the present invention. Those skilled in the
art will recognize that the dark vertical tands, hereafter called stripes, represent magnetized
areas of recorded magnetic flux that 2xtend across the width of a servo track and that the

edges of the stripes comprise flux transit:ors that are detected to generate the servo read head -
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(on leaving a stripe). Each servo pattern comprises a repeating sequence of different swipes

having at least two orientations across the width of the wack such that the first orientation is
not parallel to the second orientation.

For example, in Fig. 4, the servo pattern 44 comprises an alternating sequence of first
stripes 46 that extend across the width of the tack substantially perpendicular to the
transducing -direction of a track and second stripes 48 that have an azimuthal slope with
respect to the read head. That is, the second stripes are at a slope relative to the lengthwise

track cg.ntcrline 49. The pattern 30 illustrated in Fig. 5 comprises an alternating sequence of
straight first stripes 52 that are oriented perpendicular to the track centerline and chevron-
shaped second stripes 54 having two legs each with an azimuthal slope symmetrically from
the other about the track centerline 55. That is, the pattern 50 comprises a band that can be
characterized as being formed from two tracks that are reflections of each other, each track
including one leg 54a or the other 54b of the chevrons. The Fig. 6 pat_tern 56 comprises
chevron-shaped first 58 and second 60 stripes that are placed back-to-back so as to form a
diamond-shaped pattern that is symmetric about the track centerline 62. It should be apparent
that this pﬁttern 56 also can be characterized as a servo band comprised of two servo tacks

reflected about a band centerline.

to the head in the wansducing direction generates an analog servo read head signal ha- ..z
peaks whose peak-to-peak timing varies as the head is moved across the width of the ::x
in the translating direction. As described more fully below, the variation in timing s .= :
to determine the relative position of the magnetic servo read head within the servo 2«
The servo patterns 44, 50, 56 illustrated in Figs. 4-6 include first and second <=-: -

that define first and second intervals, referred to @s A intervals and B intervals, respec:.- -
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timing intervals from stripe to stripe will vary as the servo read head is moved in the
translating direction, across the width of the wack. It also should be noted that only the A
' intervals vary; the B intervals aré consiant_. regardless of position.

Thus, in Fig. 4, the first A'interval, which will be referred to as Al, extends from the
first perpendicular stripe to the first stripe having an azimuthal slope and the first B interval
B1 extends from the first perpendicular stripe to the next perpendicular stwipe. Subsequent
servo pattern intervals A2, A3, ... and B2, B3, ... can be similarly defined. In Fig. 5, the first
A interval Al extendS from the first perpendicular stripe to the first chevron-shaped stripe
while the first B interval Bl extends from the first perpendicular stripe to the second
perpendicular stripe. The second A interval, A2, extends from the second perpendicular stripe
to the second chevron-shaped stripe. The second B interval, B2, extends from the second
perpendicular stripe to the third perpendicular stripe. In Fig. 6, the first A interval Al
extends from the first chevron, comprising the left side of a first diémond, to the next
chevron, comprising the right side of the first diamond, while the first B interval Bl extends
from the left side of the first diamond to the left side of the second diamond. The second
A interval A2 extends from the left side of the second diamond to the right side of the second
diamond. The second B interval B2 extends from the left side of the second diamond to the
left side of the third diamond. It should be noted that the last stripe is not used to define an
interval. |

A servo control system constructed in accordance with the present inveﬁtion provides
a means-of determining the position of the servo read head relative to the beginning and
ending of the servo pattern. Determination of the pdsition within the pattern permits the
system to know the nature of the next stripe that will be read and to perform error detection

and, if desired, error correction. In terms of the first servo pattern 44 illustrated in Fig. 4,
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by means In the patterns illustrated in Figs. 4, 5, and 6, the synchronization feature comprises
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spacing intervals between groups of stripeé. The spacing intervals are transition free, so that -
no Suipes occur in the transducing direction for an interval greater than the maximum interval
between any two stripes within a group. If desired, information other than servo control
pattern data can be placed in the spacing intervals. For example, if the gaps between stripes
have at least two different lengths, information may be written in the synchronization feature
spacing intervals as a serial code of gap lengths. Such information might be used to indicate
data block locations, tape'longitudinal position, or other information useful to the o;iération
of the drive. The servo control system can be synchronized with the spacing intervals .to
provide position determination because the system will know that the next magnetic flux
transition after a spacing interval is a perpendicular group stripe. The groups of stripes
between successive spacing intervals are referred to as "Servo bursts". Each servo burst
contains a predetermined number of stripes and transitions, which can be used in error
' detection and correction, as described further below. The number of stripes per burst
provides adequate servo control synchronization while efficiemtly using the tape media, such
that a synchronization feature is not needed after every pair of different stripes for proper
synchronization.
For example, in Fig. 4, a first servo pattern group 66 and a second servo pattern group
68 are illustrated. The first and second servo pattern groups are separated by a
synchronization feature comprising a spacing interval 70. The spacing interval extends along
the tape in the transducing direction for an interval greater than an A interval, which is the
interval from a stripe of the first perpendicular orientation to a stripe of the second
azimuthally sloped orientation. Similarly, Fig. 5 shows a sPacing interval 72 between the
servo bursts 74, 76 and Fig. 6 shows a start gap 78 between servo bursts 80, 82. As noted

above, information other than servo control pattern data is written in these intervals.
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pattern thal, oMY e %End rfiilehd 38" B SEnR cohltlsysteA Bl dccffdince with the present
invention times the A and B intervals only between magnetic flux ransitions having the same
polarity. This is done because, for example, asymmeties in the fabrication of the servo write
head, variations in the actual servo writing process, and other difficulties due to the nature
of the tape itself or of the read heads can cause apparent shifts in the timing of transitions
having opposite polarities. Timing only between transitions of like polarify elimipates timing
errors due to differences between the polarities. For example, only transition pulses such as
gencraied by the read head in moving- across the leading edge of a stripe might ‘be used.
Transition pulses generated by moving across the trailing edge of a swripe are ignored.

The signal-to-noise ratio can be further improved by using the redundant set of second
transitions of opposite polarity. In such a case, a redundant servo pattem'decoding system
would be provided to decode the position signa.l separately from the magnetic flux transitions
of both polarities. For purposes of this detailed description, the decoding system associated
with one polarity will be described. It should be understood, however, that a similar decoding
system could be provided for the transitions having opposite polarity.

Fig. 7 shows a graph of the analog servo read head signal 84 generated by the
magnetic head illustrated in Fig. 2 as it reads the servo pattern illustrated in Fig. 4. Fig. 7
shows that a first servo read head signal peak 86 occurs as the servo read head crosses the
leading cdge of the first stripe of Fig. 4. A first negative .peak 88 in the servo read head
signal occurs as the servo read head crosses the trailing edge of the first stripe in Fig. 4. This
second transition polarity is ignored. The remaining description of the servo control system
will relate to detecting only the positive peaks of the servo read head signal.

Fig. 8 illustrates the diamond pattern of Fig. 6 showing a path 90 followed by the
servo read head and, below it, the corresponding servo read head signal 92 generated by the
magnetic servo read head as it crosses the servo pattern stripes, with the A and B intervals
indicated. As described above, each successive A interval is referred to as Al, A2, and so
on and the B intervals are similarly referred to as Bl, B2, and so on. Fig. 8 illustrates that

a positive peak is generated for each stripe crossed and defines the pattern intervals, whereas
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that include periodic synchronization features and the servo
cortel ates<the servo head signal by counting the nunmber of tr

occurring between synchronization features and conparing the Wt
the nunber of transitions in the predetergi ned servo pattern, such that if
the nunber of transitions detected by the Servo decoder. does not -equal the
nunber known Heod@avedrd ipsaktshere figrmdet @y démadniszgr e ljmaing anwrvaishion geheragen o the
decoder indicates an error condition. 7. A servo control %em as
defined in CPQSIWIBSIMereS r m@@mﬁétf&empa%%%awpw%%rﬁ FUEPRDAEOSS
decodes a read, hgead produced froma servo pattern that conprises a
cyclic sequeﬁ‘E% rrﬁéag%fbng flux transitions that extend continuously
across the width gfg thehéwael dchatet inesed by dnpabived) didmadnde parems D4, heith a
the servo read head signal varies as the nmagnetic head_ is noved acrqss the
wi dth of the represciatiomeofsthei pak 96néollatradg béit thee 88570 arepd rhead.q penegtn gyhich 1s a

2;: ﬁm ﬁ;: on ?enp?es%ntséggg g? th%z'rlleg}ftog%ht sxgnaelrg‘}at drre P HE the RR3H FdlEes’ thé Skrvo partern

bands, illustrating the A and B intervals. The interleaved diamond pattern comprises a

- sequence of five interleaved diamonds, formed by a band of chevron-shaped transitions, which
is followed by four interleaved diamonds. This sequence is repeated to form the servo
pattern.

The groups of five diamonds and four diamonds illustrated in Fig. 9 are separated by
relatively short spacing intervals 99 that are wider at their narrowest point than the maximum
separation between any two like stripes within an interleaved group and between any two
diémond groups. It also should be apparent that another type of pattern gap -héving no
transitions is located in the Fig. 9 pattern internal to a group of diaﬁonds. These internal
gaps 98 can be-readily distinguished by control circuitry of the decoder because they occur
between a sequence of four diamonds and five dianionds, or between a sequence of five
diamonds and four diamonds. In contrast, the spa.ing intervals 99 can be recognized because
they occur only after two sequences of stripes having an equal number of stripes, such as after
two 4-stripe groups or after two 3-stripe groups.

The servo pattern of the preferred embodiment is given by Fig. 9. The dimensions
are as follows: The stripe width in the transducing direcfion is 2.5 um. The period of stripes
within a group is 5 pm. The width of the servo pattern perpendicular to the transducing
direction is 408 pm, divided into two symmetric halves of width 204 ym. The stripes are
.inclined at an angle of 7.4° relative to a lire perpendicular to the transducing direction. In
the following dimensions, all lengths are measured from the leading edge of a stripe to a
leadihg edge of another stripe: the spacing interval 99 between diamonds is 10 pm at the
closest approach; the internal gap 98 in a four-diamond group is 15 pm; the intemal gap 98'

in a five-diamond group is 10 pm.
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The pattern 94 illustrated in Fig. 9 makes maximum use of the track length to generate
a posiﬁon signal. The pattern repeats every 221 microns, thus, the sampling period is only
221 microns long, as compared with the longer sampling periods of the other illustrated servo
patterns. Because each interleaved diamond of the Fig. 9 servo pamermn contains a
predetermined number of stripes, the synchronization feature spacing interval can be detected
by counting the number of stripes passed by the servo read head. Grouping the pattern into
groups of four diamonds followed by five diamonds permits the decoder to determine the
location of the head relative to the track in the transducing direction. More particularly, the

 decoder can synchronize itself, even if it misses a stripe, because it can expect that, after it
receives two bursts of five swipes, it next will receive two bursts of four stripes, then two
more bursts of five siripes, and so forth. This advantageously permits.a relatively simpie
error detection and correction scheme to be implemented.

The dimensions of the oattern 94 illustrated in Fig. 9 represent a preferred cesign
which balances three servo requu'eme_nts. servo pattern width, sample rate, and pos::on
signal noise. The pattern width (indicated in Fig. 9 as 408 microns) determines the razge of
the servo read head signal. This range can be the width of several data tracks ot
illustrated). In this embodiment the servo pattern width is equal to approximately eigs: 22
track widths so that one servo read element can be used to position a given data reac -~zad
element over eight different data tracks. |

The sample rate of the servo read head signal is determined by the length of the = >
pattern and the tape speed. In the preferred embodiment, the servo pattern is 221 m.:r =
long. It yields two data points in that space, one at the end of the interval B4 and one =
end of the interval B8. At a typical tape speed of approximately 2.0 m/s, this yields a .= -
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" response of the loop must be relaxed in order to maintain enough phase margin in the system

for adequate control loop stability.

The position signal noise is determined by three factors: the noise in the measurement
of the transition interval times, the number of transition interval times measured per sample,
and the scaling factor which converts transition interval time to position signal. The noise
in the measurement of the transition interval times is governed by such factors as media noise
and electronics noise and is largely independent of the pattern dimensions. The noise is
considered a constant in this discussion. The number of transitions measured affects the

- position sighal noise because of averaging. In the illustrated Fig. 9 pattern 94, four A- and
B-intervals are measured per sample. In the decoder, these four measurements are averaged
together to produce the position signal for the sample. Including more stripes and therefore
more transitions in the pattern will lower the noise by increasing the averaging, but will also .
require a longer pattern, which lowers the sample rate. The scaling.factor that converts
transition interval time to position signal is given by the slope of the stripes.

As the stripe transitions are sloped more azimuthally away from being perpendicular
to the servo track centerline, the timing between transitions will vary more with servo head
position. These larger timing differences lower the noise in the position signal.'_ Increased
slopes, however, also make the servo pattern longer, lowering the sample rate. It should be
noted that increased slopes decrease the signal strength from the sérvo read head because of
azimuth loss, which affects the noise in the measurement of the wansition times. All of these
factors should be considered when determining the optimal servo pattern for a given
application. The pattern 94 illustrated in Fig. 9 represents a preferred design, however,
different design objectives can be readily addressed by those skilled in the art by adjusting
the pattern layout and dimensions. '

Figs. 10, 11, and 12 show block diagrams of the signal decoder 36 illustrated in Fig.
2. As described further below, the decoder preferably includes error detection and correction

circuitry. Those skilled in the art will appreciate that these two functions can be provided in
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As noted above, the position signal is decoded by a digital signal decoder 56 (Fig. 2).

------- desnnsannsanys

The function of the decoder is to measure the A and B time intervals and perform the
necessary calculations to make the position signal available to the remainder of the servo
control system. Additionally, error detection and correction may be applied within the
decoder. Those skilled inlthe art will recognize that while the decoder design and operation
must be tailored for the particular servo track pattern used, there are many ways to
accomplish the function through various hardware and software approaches. For illusmative
purposes, a decoder and error correction circuit is illustrated in Figs. 10 and 11, for use with
simple patterns of the type shown in Fig. 4. '

Fig. 7 shows the analog signal derived from a servo read head as a result of reading
a pattern as shown in Fig. 4. As shown in Fig. 10, this analog signal is converted to a digital
signal By a peak detector 102. The output of the peak detector switches from logic "low" to
logic "high" upon detection of positive peaks, and from "high" to "low" at negative peaks.
The decoder is designed to trigger the timing of all intervals from only one polarity of peaks,
which correspond to a single polarity of magnetic transition, as discussed previously.

In the decoder, a nﬁmber of counters serve as timers for synchronization and interval
timing purposes. A start counter 104 detects start gaps 70 (see Fig. 4) by looking for

transition-free intervals longer than the maximum allowed within a burst. When a start gap

is detected, synchronization and control circuits 111 are reset to begin decoding a new burst.
As each peak in the servo pattern is encountered, the appropriate counters are enabled and
reset to time the appropriate A and B intervals. A single "X" .counter 106 times each A
interval. Because consecutive B intervals are contiguous, and a finite time is required to

output a counter total and reset a counter, two "Y" counters Y1 108 and Y2 110 alternate in
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circuitry, it is advantageous to use a multiplier in combination with a ROM look-up table
when the expected range of B values is small (assuming tape spesd varies over 2 limited
range). The B value (output of one of the two Y counters) is selected by a Y1/Y2 counter
selector 112 and is converted to a 1/B value by a ROM table 116, whose output is multiplied
By A in a multiplier 114. Thus, the raw position- signal 118 comprises the value A/B at the
completion of each pair of A and B values (eight times in each burst).

Fig. 11 shows a block diagram of a practical error detection and correction circuit to
accompany the decoder shown in Fig. 10. The illustrated circuitry performs error checking
on each burst, and outputs a single position signal value for each burst. In the event no error
is found, the burst output is the average value of the eight individual A/B values found within
the burst. If an error is detected, a simple scheme is used to replace the current false burst
output value with the most recent error-free value. These functions are accomplished as
follows: A transition counter 120 counts the number of transitions occurring in each burst.
Experimentally it has been determined that most errors involve accidental detection of an
extra transition, or failure to detect a legitimate transition, due to noise, dropouts, debris, or
other causes. When such errors occur, the tranSition counter 120 will count a number of
transitions per burst other than the correct number (eighteen in this example), and will output
an error signal. Additional error detection is accomplished by comparing the successive
values of the eight A/B values generated within teach burst. A deviation accumulator 124
sums four of the eight A/B values, and subtracts the remaining four, giving a deviation result
that indicates the degree of inéq_uality of the eight values. If this deviation value exceeds
certain preset boundaries, a deviation limits detector 126 produces an error signai. These
error signal are processed by an error gate/control logic 121. When no error is detected, the
logic produces a burst data ready signal on a line 122 that pulses to indicate the availability
of good burst data from a burst average accumulator 128. If an error is detected, the new
burst average data is rejected, and replaced with the most recent error-free value. This is

accomplished with a latch 130 that causes the last good burst average value from the
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decoder i ndisemoeeonga!l apsraon. For example, the system may reject position data arter a certain

number of consecutive errors are detected, or after a predetermined time interval is exceeded
without new error-fres data. When such error conditions occur, the system may choose to
accept position signal data from another redundant servo track or, if no servo tracks are
producing error-free _data, the system may prevent data writing, so as to avoid possibly
writing new data off-track and accidentally erasing desired data on adjacent tracks. Such an
arrangement is illustrated in Fig. 12.

| The circuitry illustrated in Fig. 11 can accomplish error correction merely by
substituting the most recent error-free value whenever an error is detected. Those skilled in
the art will recognize that other algorithms, such as substitution of an estimated current value,
may offer certain advantages for the servo control system. -

Fig. 12 shows a block diagram of a discriminator circuit 140 that determines whether
the burst data signal should be considered valid or invalid. The burst data ready signal is
received over the line 122 by a time-out timer 142 and a consecutive error counter 144.
Burst error determinations are received from an error gate/control such as that illustrated in
Fig. 11. If the time-out timer 142 does not receive an error-fres servo burst signal during a
predetermined time interval, then the time-out timer provides an error signal to an error gate
146. If the consecutive error counter 144 counts a predetermined number of consecutive

‘bursts having an error, then it provides an error indication to the error gate. If neither the
time-out timer nor the consecutive error counter indicate an error to the error gate, then the
decoded signal is considered valid. A 'atch 148 then sets a data valid signal 150 to a high
level, indicating a valid output.

The decoder described in connec::on with F igs. 10-12 is a relatively simple case that
illustrates the principles of t,iming-bascd servo pattern decoding and error detection and

correction. The preferred embodiment of the invention uses the interleaved patten shown in
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of a servo read head over a portion of the servo pattern from Fig. 9 along with the resulting

analog signal received by the servo read head and the A and B intervals to be imed. The
pattern consists of alternating bursts of four and five interleaved diamonds, separated by start
gaps that exceed, at their narrowest points, the length of any gaps encountered within bursts.
This combination of alternating groups of four and five stripes separated by recognizable gaps
provides periodic synchronization information for the decoder. Because the intervals to be
timed are interleaved and, in the case of B intervals, are contiguous, the decoder is divided
into two subdecoders indicated by a suffix of "1" or "2" that alternate in producing position
signal information, each outputting every other position signal value. Each of these
subdecoders times four A and four B intervals, which are shown in Fig. 17. The timing
points labeled CLR1, CLR2, OUT1, and OUT? in Fig. 17 indicate the time points when each
subdecoder is cleared and when each produces a position signal value. The main circuitry
of the subdeéodcrs, including interval timing circuizry and error detection circuitry, is shown
in Figs. 13-16. The circuitry shown includes error detection, but does not include error
correctidn; this is assumed to be handled by the servo controller, using principles simiiar :0
those discussed above. Likewise, the quotient A/B is not calculated in this decoder; the sero
controiler performs this function. The details of such circuitry can be readily determizez =+
those skilled in the art, in conjunction with this description.

While the interleaved A and B intervals could be timed with individual dec:cate:
counters, the same function may be performed by a single accumulator in each subdec...z-
For example, the timing of A values in the first subdecoder is accomplished as follows
X1 accumulator is initially cleared (by CLR1) to a zero value. A transition counter °
keeps mack of the head location within the servo pattern (determined by how many o
have been crossed). When the location in the pattern is outside of the A intervais, .

increment ROM produces a value of zero to the X1 accurnulator, holding its value a:
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signal representative of t he servo. pattern;
accumulator an increment vaiue equal 0 the aumber of A intervais currendy being timed.

The X1 accumulator adds this number to its total on each clock cycle. In this way, the X1
accumulator serves the role of multiple parailel timers.

It should be noted that the X1 accumulator contains the sum of four A values after the
intervals are compléte; this is the desired A output value for the burst group. In a similar
manner as described above, a Y1 accumulator sums the four B intervals. A deviation

- accumulator D1 alternately adds and subtracts both the A and B intervals in a manner such
that its sum is zero if all A intervals have equal length and all B intervals have equal length.
The extent to which these equalities do not hold causes the sum in the D1 accumulator.to
deviate from zero. Comparators labelled DEV MAX and DEV MIN determine whether the
deviation has exceeded predetermined boundaries, which indicate an error condition. Error
checking also includes tramsition counting, which is accomplished by two magnitude
comparators 1 and 2. Because the total number of transitions expected is different (either 13
or 14) for each subdecoder, separate counters and magnitude checkers are provided for each.

- Selection of which subdecoder is currently in use is determined by the SELECT signal. This
signal, as well as others depicted in Fig. 13, will be described in conjunction with Figs. 14-
16. I

The DATA GOOD signal shown in Fig. 13 indicates whether an error cbndition has
been detected either by the transition counters TC1, TC2 or the deviation limit circuits DEV
MAZX and DEV MIN for the values cufrently being produced on XOUT and YOUT data lines
at the time of a DATA READY pulse (Fig. 16). The state of the DATA GOOD line is used
by the serve controller for error correction purposes.

| Fig. 14 illustrates the generation of the PK signal as well as three other intermediate
signals, namely, a GAP, FOUR, and FIVE signal. The PK signal is generated by a |
conventional peak detector 160 that typically is used in magnetic disk or tape drives to
convert an analog signal into digital pulses. The peak detector 160 -differs slightly from those
used in most conventional drives in that it produces a pulse only on positive-going peaks.

Typical peak detectors used in magnetic drives usually produce a pulse on both positive-going
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system as defined in claim18, wherein one or nore pluralities .
also receives a clock signal 163 from a system clock and receives a GAP length signal, which

can be set by a user to a predetermined value, for exarnp'le, corresponding o the separation
between stripes in a diamond of Fig. 9. A GAP signal comprises a pulse generated by the
down counter whenever a time interval is detected beyond a predetermined gap length without
a pulse from the peak detector 160. That is, the down counter times out, or counts down to
zefo, if no PK pulse is detected after the gap length amount of time. For a given tape speed
.and servo pattern size, a suitaBIe gap time limit is chosen. In the preferred embodiment, the
tape speed is approximately 2.0 meters per second and the pattern comprises groups of four
and five stripes 5 pm apart, and the preferred time limit is selected to be 3.75 msec. As a
result, the generated GAP signal comprises a pulse at each gap between the groups of four
and five servo partern stripes. As noted above, the spacing intewal§ 99 (Fig. 9) can be
readily distinguished from the internal pattern gaps 98 based on keepihg track of the number
of diamond stripes encountered. This is described further below.

The PK signal and the GAP signal are used to produce the FOUR and FIVE signals,
respectively. The FOUR signal goes high whenever foﬁr servo pattern stripes are detected
after a pattern gap. The FIVE signal goes high whenever five servo pattern stripes are
detected after a gap. An up counter 164 receives the PK signal at a clock input and receives
the GAP signal at a clear input. The up counter provides its counting output to the input
lines of a 3-to-8 line decoder 166. In a manner well-known to those skilled in the art, the
3-to-8 line decoder produces the FOUR and FIVE pulse signals.

Fig. 15 shows how the FOUR, FIVE, and GAP signals .a.re used to produce the main
control signals OUT1, OUT2, CLRI, and CLR2. For the pattern illustrated in Fig. 9, the
OUT1 and QUT?2 signals are generated at every spacing interval 99, whereas the CLR1 and
CLR2 signals are generated at the internal gaps 98. An array of flip-flops are used in

conjunction with two OR gates to produce the control signals. The GAP signal is provided
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of adjacent servo tracks formone or nore servo bands. 21. servo
control system as defined in claim?20, wherein a servo band i \macberlt:}lauEralggﬁ
single data track. 22. A servo controlﬁastem as defined in ; -

wherein the servo decoder is adapted to ode a read head signal produced
froma servo pattern that conprises a cyclic sequence of magnetic fl ux

transitions fhab foekGRshedithe THRUBLVAGHS! PAS 178E1 74, digR. OTné RiveldeBEI IR i
define servo pattern stripes such that the'servo read head si gna1 varies as
t he magneti cprovidet-ta tACENMENip-BoirET2 Lad 1©:2hDWighte 1995 The OUT! signal produces a single
pulse whenever a gap is detected after two FIVE pulses. Thus, the Q ourput of the first flip-
flop 172 is provideci to the other input of the OR gate 174, whose ourtput is provided to the
D-input line of a third flip-flop 178, and the inverse Q outpurt of the first flip-flop 172 is
 provided as the clock input to a fourth flip-flop 180. The D-input of the fourth flip-ilop is
grounded. A fifth flip-flop 182 receives the Q output signal from the third flip-flop 178 and
also receives a system clock signal at its clock input. The fifth flip-flop produces the OUT1
signal from its inverse Q oin:put line. .

The CLR2 line produces a siﬁgle pulse whenever a GAP signal is detected after
exactly one FIVE signal pulse. Thus, the Q output from the fourth flip-flop 180 is recerved
at the D-input line of a sxxr.h flip-flop 184, which also receives the system clock signal at its

" clock input. The inverse Q output of the sixth flip-flop provides the CLR2 signal.

'I'h'e OUT2 signal line produces a signal pulse when a GAP signai occurs after two
FOUR signals, while the CLRI line produtes a signal pulse when a GAP signal occurs after
exactly one FOUR signal. As illustrated in Fig. 15, this can be pfovided by connecting the
inverted FOUR signal to one input of an OR gate 186 and also to the D-input of the second

_ ﬂip—ﬂop 176. The output Q of the second flip-flop 176 is provided to the other input line
of the OR gate 186. The outpur of the OR gate is provided as the D-input to a seventh flip-
flop 188. The GAP signal is provided as the clock input to the seventh flip-flop. The Q
output of the seventh flip-flop 188 is provided as the D-input to a ninth flip-flop 190. The
ninth flip-flop receives the system clock signal at its clock input line. The inverted Q output
from the ninth flip-flop 190 produces the OUT2 signal. |

The CLRI signal is produced by a ninth ﬁip-ﬂop 192 whose D-input is grounded and
whose clock input is received from the inverted Q input of the second flip-flop 176. The Q
output of the ninth flip-flop is provided to the D-input of a tenth flip-flop 194. The tenth
flip-flop receives the system clock signal at its clock input line. The inverted Q input of the
tenth flip-flop 194 comprises the CLR1 signal.
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pattern on the storage medium’in-a trans irection and generating a
read head sitgnrelectr®epepentegistereand data ready pulses. The SELECT signal is produced from

a J-X flip-flop 196 with its J input line connected to the QUT2 signal and its K input line
connected to the OUT1 signal. The clock input of the J-K flip-flop is connected to the
system clock signal. The Q output of the J-K flip-flop 196 produces the SELECT signal.
The OUT1 and-OUT2 signals are connected to the input lines of an OR gate 198, whose
output produces the data-ready (DR) signal.

The generation of the position signal relative to the interleaved diamond pattern
illustrated in Fig. 9 will be better understood with reference-to the following drawings: Fig.
13, the logic circuit that illustrates the generation of the position signal signals; Fig. 17, the
representation of the interleaved diamond pattern and output signal; and Fig. 18, a chart
illustrating the generation of the output signals and clear signals. As indicated in Fig. 13, the
position signal comprises alternating values designated XOUT and YOUT. As noted above,
Fig. 13 shows that there are two completely redundant signal generation systems, identified
by a "1" suffix and "2" suffix, which take turns producing the XOUT and YOUT values.
Thus, one XOUT value is generated by the X1 elements, followed by a YOUT value
generated by the Y1 elements, followed by a next XOUT value from the X2 elements, a next
YOUT value from the Y2 elements, a next XOUT value from the X1 elements, and so forth.
The sequence of values comprises the position signal. The description of the circuit operation
initially will refer only to the first of the redundant signal generation systems, indicated by
a "1" suffix.

The position signal is the sum of four A-imervﬂ values divided by the sum of four
B-interval values described above in ccnnection with Figs. 4-6 and Figs. 8 and 9. The
accurnulators X1, X2, Y1, and Y2 stown in Fig. 13 can perform the division, or

multiplication by reciprocals, of the A and B values and then add the quotients, or can
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to time each A and B mterval however, this approach would require eignt counters. As

. noted. above, in the preferred embodiment, the summation is instead achieved using two
parallel signal generation systems having paired accumulators. As illustrated in Fig. 13, the
first signal generation system includes two paired accumulators X1 and Y1, while the second
signal generation system includes two accumulators X2 and Y2. Each accumulator has input
lines for "clear" and "increment”, and it should be understood that each also receives a clock
input (not illustrated). With each clock cycle, the accumulator adds the amount of the
inicrement obtained from an increment ROM (labeled "INC ROM") to the data output signal.
Each accumulator adds an increment of zero, one, two, three, or four, depending on the servo
pattern band just crossed by the servo head. A pulse on the respective signal generation
system clear line (CLR1 or CLR2) resets the accumulator output to zero. The accumulators
get their increment instruction, the amount to add with each clock cycle, from the increment
ROMs. The increment ROMs, in turn, are addressed by transition counters TC1 and TC2.

In operation, when a CLR1 pulse occurs; the first transition counter TC! resets o zero
and its associated accumulators X1, Y1, and D1 also are reset to zero. As the servo head
moves along the servo pattern after the CLR1 pulse, as illustrated in Fig. 17, it cresses a
group of four servo pattern stripes, then crosses two groups of five swipes. The wansiton
counters count peak (PK) pulses to keep track of how many servo pattern stipes have neen
crossed. On the first PK pulse afier the CLRI signal is received, the system begins uming

the first B interval. On the second PX pulse, the second B interval timing begins, anc sc <.

On the sixth PK pulse after the CLRI signal, the first A interval timing begins. 'z e
seventh PK pulse, the second A interval timing begins. This continues such that. == ‘he
eleventh PK pulse after the CLRI signal, representing the eleventh servo pattem rmre

crossed, the first A interval and the first B interval timing end. On the fourteenth PX ..
after the CLR], all A and B intervals have ended and the sums are ready to be outzu:. © =

(41
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The accumulators, using the increment dara in the increment ROMs, automatically add
up the intervals as nesded. Fig. 18 shows the increment data that is stored in the respective
increment ROMs. In Fig. 18, the ADDRESS column is the transition counter output value
that indicates which servo pattern stripe after the associated CLR1 or CLR2 signal has just
been crossed. The columns X!, X2, ..., D2 show what increment values will be added to
each respective accumulator of Fig. 13 for each clock cycle. It should be noted that the
address refers to the number of PX pulses following the corresponding clear signal. " Thus,
the increment values in the X1 column are indexed according to the number of -PK pulses
received after a CLR1 signal, while the increment values in the X2 column are indexed
according to PK pulses. after a CLR2 signal.

" The operation of the X1 accumulator next will be described in greater detail. The
other accumulators operate in a similar manner. From Fig. 17, it should be clear that the

* sixth servo pattern stripe crossed after a CLR1 signal starts the timing of the first A intérval
for a five-stripe diamond. This can be seen from examination of the servo pattern stripes, the
head output analog signal, and the second group of A intervals. Thus, the traﬁsitidn counter
TC1 output value that is produced .from counting PK pulses is equal to six an& the
corresponding increment ROM address is equal to six. From F ig. 18, the amount of
increment to the X1 accumulator is one.

" On the seventh PK pulse following a CLRI signal, the first A interval continues to
be timed while the second A interval timing begins. Therefore, after the seventh PX pulse
indicating the crossing of the seventh servo pattern stripe, the ROM address is seven and from

. Fig. 18 it is clear that the accumulator X1 increments two on each clock cycle. _ Similarly,
after the eighth servo pattermn stripe is crossed, three A intervals Al, AZ, and A3 are
simultaneously timed, so the accumulator is incremented by three on each clock cycle. On
the ninth servo partern stripe, the accumnulator is incremented by four. On the eleventh servo
pattern stripe, the first A interval Al has ended, and therefore only three intervals continue

to be timed. Therefore, the increment to the X1 accumulator is reduced to three, as indicated
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as defined in clail erein each pattern period
The set of accurnulators X2 and Y2 of the second s1gna1 generation system operate

in the same way, starting from the CLR2 signal and completing in time for the OUT2 pulse
.(1'-' ig. 15). Thus, the sixth servo pattern stripe crossed after a CLR2 signél corresponds to the
first servo pattern stripe of a four-diamond group. Therefore, the Al interval for tﬁe -second
signal generation group begins and the X2 accumulator shouid be incremented by one. This
is shown by the corresponding value in the Fig. 18 table for ROM address six of .the X2
column. At a tape speed of approximately 2.0 meters per second, the combination of the two
sets of accumulators provides new position signal data at a rate of approximately 18 kHz.
Fig. 13 shows that the outputs of the accumulators are routed through respective
selectors X-SELECT, Y-SELECT, and D-SELECT that choose which of the two signal
generation systems has the current output value that should be output. The selection is
governed by the SELECT dat; signal; described above in conjunction with Fig. 16. After an
OUT]1 pulse, the set of accumulators from the second signal generation system becomes
active, and after an OUT2 pulse, the set of accumulators from the first signal generation
system becomes active. Thus, for the interleaved diamond servo pattern illustrated in Fig. 17,
the first set of accumulators X1, Y1, D1 becomes active after an OUT2 pulse, which occurs
after two four-strip_e groups, \Yﬁile the second set of accumulators X2, Y2, D2 becomes active
after an OUT1 pulse, which occurs after two five-stripe groups.
In the preferred embodiment illustrated in Fig. 14, error checking is performed to
detect rmssmg or exua transitions and to detect servo pattern stripes that are erroneously read
“in a slightly shlﬁed position. Details of error correction that can be performed after error
detection are not illustrated in Fig. 14 but those skilled in the art will readily be able to
construct such circuitry, in view of the discussion above cbnceming Figs. 10-12. In Fig. 13,

missing or extra detected stripes are detected by the transition counters TC1 and TC2 that -
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predetermined number of transitions is fourteen whereas for the second set of accumulators,
the predetérmined number is thirteen. If a number other than the predetermined number is
detected, then the data-good (DG) signal produced by the SELECT block will be false. The
system decoder 36 (Fig. 2) detects the DG signal and thereby is warned that the data is bad
and takes predetermined correcﬁve action. In the preferred embodiment, for example, the
cdrrective action comprises maintaining the output signal at its previous value.

If the PK pulse from one servo paﬁem stripe is accidentally shifted in time, then all
A interval values and B interval values will not have the same value. The system illustrated
in Fig. 13 provides deviation accumulators D1 and D2 that add and' subtract the individual
A and B intervals in a way that should provide a zero result. If any servo pattern stripe is
shifted in time, the result will be non-zero, either positive or negative. A maximum

" comparator DEV_,, and a minimum comparator DEV check the D1 and D2 deviation

* accurmulator output o permit servo pattern stripe shifts to be larger than a predetermined
minimum amount, which permits normal noise within the system to cause acceptably small
errors, but does not permit shifts to be larger than a predetermined maximum amount, which
indicates an error. If the difference is less than the maximum value and less than or equal
to the minimum value, then the output of the corresponding deviation accumulator D1 or D2
goes high and, along with output from the SELECT data signal, produces the data-good (DG)
signal. In this way, the deviation check circuitry also prevents random noise from being
considered valid output in the event that random noise produces suitable partterns to produce
an OUT1 or an OUT2 signal pulse.

The signal 'decoder and position signal circuitry described above use servo control
infonﬁation that comprises a repeating servo pattern of stripes having magnetic flux
transitions that extend continuously across the width of servo information tracks in the
translating direction in an azimuthal slope. The signal decoder receives the analog servo read

head signal and generates a position signal that is a function of the ratio of two intervals
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transition-free space occurring after each group. 31. A servo control

system as defined in claim24, wherein ik or nore pluralities of adjacent

servo tracks,on t St.Qr | umaf.or 0 I k. bands.. 32..
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cont i nuous a@r%‘%‘ ‘{'ﬁéhvﬂl?ﬁ”ﬁu%imfaﬁ% migy Such as magnetic tape.” A variety of systems for

producing the servo patterns used by the decoder will be described next.

Fig. 19 shows a magnetic drum system 300 for producing the servo patterns described
above. Magnetic tape 302 onto which the servo patterns are to be recorded is wound around
a curved portion of the circumference 304 of a drum 306 such that the curved portion is
adjacent an electromagner 308 on the opposite side of the tape that projects a magﬁetic field
of flux outwardly toward the tape. A sequence of raised bands is deposited onto the
circumference of the drum in the desired servo pattern. For example, the bands deposited
onto the circumferential portion 304 of the drum illustrated- in Fig. 20 produce a servo pattern
on the tape 302 that is the same as that illustrated in Fig. 4. Other details of a drum system
implementation for producing the servo patterns are well-known to those skilled in the art and
do not form part of the invention described herein. See, for example, U.S. Patent No.
3,869,711 to Bernard.

Those skilled in the art will appreciate that the drum portion 304 shields those lengths
of the magnetic tape with which the bands have contact while the external electromagnet 308

- projects a magnetic field onto the tape, leaving the desired SErvo pattern flux transition bands.
The drum pattern bands 310 preferably are deposited using photolithographic techniques, as
such techniques provide the exueme accuracy needed for accurate reproduction of the servo
patterns. Preferably, the bands are constructed of a nickel iron or permalloy material on a
nonmagnetic drum. .

A preferred method for producing the patterns is with a2 multiple gap servo write head.
The multiple gap heads of the preferred embodiment are produced from photographic
techniques known to those skilled in the art. Fig. 21 shows a multiple gap servo write head
400 constructed in accordance with the present invention. The head illustrated in Fig. 21
comprises a ferrite ring 402 with a parterned NiFe pole piece region 404. Two ferrite blocks

406, 408 form the bulk of the magnetic head and are separated by a glass spacer 411.
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surface. In the preferred embodiment, 800 angstroms of NiFe have been used. Photoresist

material is then deposited on the front surface and patterned in the shape of the desired servo
patterns 414. The patterning of the cylindrical surface can be done by either contact—éxbome
61' projecdoﬁ-expowe techniques familiar to those skilled in the art. Because high resolution
is only required for the servo patterns located at the apex of the cylindrical contour, standard
planar exposure techniques can be used. In the preferred érnbodi_rn_ent, the photoresist lines
which define the gap regions are 2 pm wide and 3.5 pm tail. _
After the desired gap structures are formed in the photoresist, Ni,Fe,s material 418
is plated to a thickness of approximately 2 um on the seedlayer 416 wherever the photoresist
has been removed. The remaining photoresist material is then removed. A wear-resistant
gvercoat 420 is then deposited over the front contoured surface to protecféit. In the preferred
embodiment, this overcoat is a laminated NiFeN/FeN structure with a total thickness of
approximately 3000 angstroms. Alternative overcoat materials that can be used are, for
example, diamond-like carbon or other wear-resistant materials. | |
Finally, as shown in Fig. 21, a coil 420 is wound around one of the ferrite blocks 408
through a wiring siot 422 to complete the head. The flux through each gap is in the same
plane as the lithography. This limits the gap width to the resolution of lithograph:c
techniques, but allows arBitrarily complex gap shapes within that restriction. Thus, te
straight diagonal gaps needed for the servo patterns illustrated in Figs. 4-9 are =zasiiy
fabricated in this horizontal head design described above. Those skilled in the art wiil
appreciate that a much more complex process would be needed to produce the desirez :ap

structure in a vertical head because of the limits of planar processing.
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simplify its design. The writing gaps 414, shown in greater detail in Fig. 23, are contained
within a contnuous sheet of magnetic NiFe. Conventional wisdom would dictate that the
magnetic field in these gaps should be very small when this head is energized because almost |
all of the flux would flow tizrough the low-reluctance NiFe rather than through the high-
reluctance writing gaps. The gaps appear to be shunted by the sheet of NiFe. However, at
larger currents the shunting rcgions of NiFe become magnetically saturated, causing the

permeability to drop sharply. As saniration becomes more severe, the writing gaps become

- the preferred path for the additional flux. At high writing currents, this design generates the

necessary gap fields to adequately write magnetic tape. This design provides an almost
completely smooth surface for the tape to run over. More conventional designs would require
wide isolation gaps to channel the magnetic flux into the writing gaps. Such isolation gaps
provide high-pressure edges which will be subject to wear by the tape. These wide gaps also
provide regions for tape debris to accumulate which can cause unwanted spacing between the
head and tape. It should be noted that extra flares 432 are added to the writing gaps 430 to
sharply demarcate the written pa.ttem._ If the flares are not present, the field across the writing
gaps decreases at the ends. The flares act to maintain nearly the full writing field up to the
end of the writing gaps.

Saturation effects are also used effectively to eliminate negative effects due to the
magnetic seedlayer and the preferred mégnetic wear overcoat. - These layers are magnetic and
cover the entire front surface of the head, including across the writing gaps 414. This
shorting of the gaps would cause a pfobiem except that these films are saturated at very low
currents and cause no effect at higher writing currents. Those skilled in the art will recognize
that the advantageous use of these saturation effects simplifies the d_esign and improves the
performance of this head. ' - |

The preferred embodiment of the servo write head uses a cylindrically contoured head
with cross-slots to maintain good contact between the head and the tape. Other techniques
for maintaining this contact can aiso be used. In particular, a flat head with a small-radius
edge can be used by overwrapping the tape around the edge. Fig. 24 illustrates this
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comes into contact with the head. This technique may be used to maintain head-tape contact.

| Those skilled in the art will recognize that certain simplifications in the head fabrication
process may be used to advantage by eliminating the cylindrical contour and cfoss-slots from
the head design.

Fig. 25 illustrates the process of producing a magnetic tape having the servo parterns
illustrated above using a pattern recording system 502. The system 502 can be provided, for
example, in the tape drive 12 illuswrated in Fig. 1. In particular, Fig. 25 illustrates the process
of producing a magpetic tape having the servo pattern of Fig. 9 and shows a magnetic tape
504 in a top view 506 and in a side view 508 as it is passed in contact with a write head 510
such as that illuszrated in Figs. 21 and 23. The tape is passed in the direction indicated by
the arrow 512. _

The tape write head 510 ordinarily is not energized, but is periodically energized with
a current pulse of predetermined polarity at predetermined times. That is, the bead is
switched between a zero current and '_a current of a single polarity.. Those skilled in the art
will note that this differs from conventional schemes, in which a magnetic write head is
sudtcﬁed back and forth between opposite polarity currents. To produce the desired servo
pattern on the tape 504, the tape is moved at a predetermined velocity while the write head
510 is ixitenni_ttently pulsed with current. The intermittent current pulses of the write head
produce flux patterns on the tape that are a copy of the head gap structure, as illustrated by
the repreSentation of the tape pattern 514 in Fig. 25. It should be clear from Fig. 25 that the
two chevron—shaped write gaps are spaced apart sufficiently such that two opposed stripe
ba.nds, or diamonds, are recorded with each current pulse through the write head 510 and that
the current pulses are timed to create the interleaved diamond pattern illustrated in Fig. 9,
where a group of four interleaved diamonds-is followed by a group of five interleaved

diaﬁmnds.



such that the sérvo read head signal varies as the servo read hg@@ I,
across the width of the track, the stripes including at |east (& et
azimuthal orientation and a second azi rad3hal orientation, such that t he
first azinmuthal -orientation.is not parallel to the second azi nut hal
orientation and t Fag.Srillpweatesthat she spaged!] hc@fegmphe head tverite igaps i splectediso that

of sequentl
azi nut hal -

1995

REPLAC::MENT SHEET
continuously across the width of the track and define servo pgttern jtm

o RS BT Grtb B ST S SBRIPEY obyhe Jekn, Dht FHERcHt Sorage
features delgtidRiemdved A saa\ﬁ%mige&mmn RER p e nedVeokihaha e sl

write head is energx;ed with a predetermined polarity pulse to generate magnetic flux and
automatically record one servo pattern ;rahsition stripe of the first azimuthal orientation and
one servo pattern stripe of the second azimuthal orientation in a track on the tape with each
energization. The head is repeatedly energized until the stripes recorded in the tzipe comprise
one of the interleaved diamond groups. More particularly, the spacing between the servo
write gaps is selected so-that, at the tape writing speed, the transition stripe recordéd'by the
trailing gap 513 at the last current pulse of a four-stripe or five-stripe group lies completely
between the first stripes recorded by the leading gap 515 and trailing gap at the first current
pﬁlsé of the group. Thus, after four or five activations of the head, as appropriate, the desired
interleaved servo pattern is obtained. '

Similarly, the synchronization feature spacing intervals are formed by continuing to

' move the tape at the predetermined velocity without energizing the servo write head to

produce a servo pattern stripe. The extent of the spacing interval in the transducing direction
is determined by the length of time the head is not energized and by the predetermined tape
speed. Preferably, the time without energizing the write head is sufficiently long such that
all of the stripes written by a group of pulses lie completely beyond the stripes written by the
previous group of pulses. That is, all transition stripes of one group have passed by the
trailing gap 513 before any stripes of the next 'group are written to the tape.

To write a non-interleaved pattern, such as illustrated in Fig. 8, the write gap spacing
and pulsing of the head is such that the transition stripe recorded by the trailing gap during
each current pulse lies completely beydnd the stripe recorded by the leading gap during the
previous current pulse. That is, the stripe written by the [éading gap is moved past the
trailing gap before the next energization of the write head. The synchronization features
between stripe groups are formed by delaying energization of the servo write head to produce
a servo pattern stripe for a sufﬁciently long time so that the minimum spacing along the
transducing direction between the last stripe recorded by the leading gap during the last
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recording system 502 generates pulses that are provided to a pulse generator 518 that causes

the intermittent energizing of the write head 510. Because the pulse width is finite and the
tape is moving at a predetermined velocity, the servo flux patterns recorded onto the tape 504
are elongated versions of the actual gaps of the write head. The flux patterns recorded on the
tape are wider than the gaps on the write head by the product of the tape velocity and the
pulse width, - ' "

The servo pattern recording system 502 can opei-ate with either AC or DC erased
magnetic tape. If the magnetic tape 504 is AC-erased, meaning that the tape has zero
magnetization, then the tape is magnetized with one polarity over the gap fegions when the.
write head 510 is energized. The remainder of the tape is left with zero magnetization. If
the magnetic tape is DC-erased, meaning that the tape is magnetized in one polarity, then the
current through the write head 510 must be directed such that the recorded flux pattern stripes
are magnetized in the opposite polarity. The resulting recorded pattern then consists of
transitions between ma@etized regions of opposite polarity. The signal produced when a
servo péttcm is read back from a DC-erased tape will have approximately twice the amplitude
of the signal produced from an AC-erased tape. In the preferred embodiment, however, an
AC-erased tape is used to p.rcvent producing a signal so large that the servo read head
becomes satirated. The magnitude of the write'current can also be reduced to decrease the
magnetization of the written regions of the tape, lowering the readback signal.

The pattern generator 516 in Fig. 25 may be constructed with'several techniques which
are familiar to one skilled in the art. For example, the required pulse pattern could be
recorded in a programmable read-only memory (PROM) and cycled through with an
appropriate addressing circuit. Alternatively, the required pulse pattern could be produced
by a collection of suitable counters and associated logic. These techniques are familiar to

those skilled in the art and require no further explanation.
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a tape velacity accuracy of 0.1% is required. An alternative to obtaining such accuracy is 0

measure the tape velocity near the write head and adjust the timing of the pattern generator
to correct for tape velocity errors. Measuring the tape velocity can be accomplished, for
example, with an accurate shaft encoder 505 rotated by the tape or with a laser d0ppler
device. The details of such a tape velocity measurement system should be clear to those
skilled in the art. |

- After the pattern pulses are generated, they must be converted into current pulses
through the write head. In the preferred embodiment, pﬁlse genefator circuitry produces
pulses with a duration of 150 ns, with up to 3 amps of peak current and a rise and fall time
of less than 50 ns. Those skilled in the art will recognize that such a pulse generator can be
constructed with, for example, a power MOSFET switch and a current-limiting resistor.

~ These techniques will be readily apparent to those skilled in the art without further

explanation.

| Fig. 26 is a schematic diagram of the tape wnung system 502 illustrating tape
verification elements and showing that the tape 504 is passed from a supply reel 520 o0 a
take-up reel 522 as the seﬁo pattern is recorded onto the tape. The pattern generator 316
produces the pattern pulses, which are provided to the servo write head pulse generator 318
that intermittently energizes the write head 510. After the tape 504 is recorded with the servo
pattern, the pattern must be verified to assure high quality. A servo read head 524 reads the
just-recorded servo pattémI and provides a servo signal to a pre-amplifier 526. The rre-
amplifier provides an amplified version of the servo signal to a pattern verifier 328 tnat
performs a variety of verifying operations, such as checking the servo pattern. cianal
amplitude, dropout rate, and consistency of redundant servo tracks. The verifier causes a ~aa-
tape markmg head 530 to place a magnetic mark on the tape 504 if any errors are four.: o
that bad sections of tape are not loaded into a tape cartridge (Fig. 1).
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- system is also applicable to embedded servo embodiments. In dedicated servo track systems,

certain tracks on the tape are used exclusi#ely for servo patterns. In operation a servo read
element is always over one of these servo tracks while other elements are used for reading
and writing data. Embedded servo systems spatially separate servo patterns and data blocks
on the same track. With this approach, a single element can be used for reading both servo
information and data. The embedded servo approach decreases the servo sample rate and the
data rate because a single element is used for both. One disadvantage to using the same head
element for servo and data reading is that using a narrow servo read head is, for all practical
purposes, precluded. However, other advantages are obtained, such as decreasing the number
of elements needed in a head module and decreasing offset errors which result from using
separate servo and data elements. Those skilled in the art will_appreciate that the servo
system described here can be extended to apply to embedded servo applications.

Thus, described above is a serv6 pattern of repeating magnetic flux transitions that
extend across the width of each servo track such that they produce a servo position
information signal that varies continuously as a servo read head is moved across the width
of the servo track in the translating direction and the tape is moved beneath the head in the
transducing direction, permitting the interval between transitions to be tmed to thereby
indicate the relative position of the magnetic head within the track. Also described above are
a variety of servo write heads suitable for generating the servo pattern, including a preferred
method of constructing a multiple gap servo write head. Also described above is a servo
pattern writing system, including a tape verification system to ensure accurate reproduction
of the servo patterns on tape.' .

The present invention has been described above in terms of presently preferred
embodiments so that an understanding of the present invention can be conveyed. There are,
however, many configurations for servo decoders, servo pattems, servo control systems,
storage media, servo writing systems, data storage systems, and servo write heads not
specifically described herein, but with which the present invention is applicable. The present

invention should therefore not be seen as limited to the particular embodiments described
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WE CLAIM:

1. A servo control system for positioning a magnetic head adjacent a surface of
a moving magnetic storage medium for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising:

a head assembly having at least one servo read head for reading the servo pattern on
the Storagc mediumin a transdﬁcing direction and generating a read head signal representative
of the servo pattern;

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the pési;ion of the read head relative to the servo péttem;

a translation assembly that is activated to position the head assembly relative to the
storage medium; and _ | |

a servo controller that activates the translatipn assembly in accordance with the
position signal;

the servo ‘decoder including means for decoding a read head signal produced from a
servo pattern that comprises a cyclic sequence of magnetic flux transitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the magnetic head is moved across the width of the track, the
stripes including at least a first azimuthal orientation and a second azimuthal orientation, such

“that the first azimuthal orientation is not parallel to the second azimuthal orientation, and the
servo decoder includes means for determining time intervals between a plurality of
predetermined pairs of transitions in the servo pattern and generating a substantially speed

invariant position signal that is a function of the time intervals.

2. A servo control system as defined in claim 1, wherein the servo decoder
generates a position signal value in accordance with the ratio of the read head signal time
interval from a stripe of the first azimuthal orientation to a stripe of the second azimuthal

orientation and the interval between two stripes of the same orientation.
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wound around the magnetically per rreabl e core. 51." SA dervo WTtE head as
defined in claimb50, wherein the core conprises: two bl ocks of magnetically
perneabl e material that are joined by a -magneti ¢ spacer that extends
fromone block to the other at the nedi a bearing contour surface. 52. A
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surface is a planar surface. : servo wite head as defined in claim
51, wherein tdeecsignalsfoam ithegrechhcaﬂmrmaudm tosmagnetict fluntafsitions yaving rai first

sur f ace. flux polarity and ignores magnetic flux transitions having a second flux polarity.

4. A servo control system as defined in claim 1, wherein the signal decoder
decodes a read head signal produced from a servo pattern in which the stripes are arranged
in groups having a plurality of sequential stripes at the first orientation followed by a plurality
of sequential stripes at the second orientation and in which the groups are separated by

synchronization features.

3. A servo control system for positioning a magnetic head adjacent a surface of
a moving magnetic storage medium for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising:

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattern;

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

a translation assembly that is activated to position the head assembly relative to the
storage medium;

a servo controller that activates the translation assembly in accordance with the
position signal, wherein: |

| the servo decoder including means for detecting errors in the position signal by means. -
of pattern recognition of the read head signal, such that the servo decoder correlates the read
head signal with predetermined servo panems recorded on the storage medium and, if the
signal does not correlate within an error limit, thenh the servo decoder indicates an .error

condition.
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54. A servo writ ned in claimb51, wherein the gnet iqcgl
permeabl e core mat;maﬂﬂ Eiﬂﬂﬁﬁ rrite. 55. A servo wit langClQQS

defined in claim5b n magneti c spacer is gl asst
servo.wite head as defined in claimb51, _ébﬁherel n the magnetically perrreabl e
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claimb51; furthefi ncﬁmﬁgoaﬂglrsaste@tas\denmﬁbmmlmgﬂmmﬂ@smgmecoq;amem
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car bon. that include periodic synchronization features and the servo decoder correlates the servo head
signal by counting the number of transitions occurring between synchronization features and
comparing the number with the number of transitions in the predetermined servo pattern, such
that if tile number of transitions detected by the servo decoder does not equal the number
known to exist in the predetermined s;crvo pattern, then the servo decoder indicates an error

condition.

7. A servo control system as defined in claim 6, wherein the servo decoder means

" for detecting errors decodes a read head signal produced from a servo pattern that comprises
a cyclic sequence of mﬁgnetic flux transitions that extend continuously across the width of
the track and define servo pattern stripes such that the servo read head signal varies as the
magnetic head is mov'ed across the width of the track, the stripes including at least a first
azimuthal orientation and a second azimuthal orientation, such that the first azimuthal
orientation is not parallel to the second azimuthal orientation and the stripes are arranged in
groups having a plurality of sequential stripes at the first azimuthal orientation followed by

a plurality of sequential stripes at the second azimuthal orientation.

8. A servo control system as defined in claim 7, wherein the synchronization
features of the servo pattern comprise transition-free spaces that are free of transitions of at
least one polarity whose minimum length in the transducing direction exceeds the maxinum
length in the transducing direction between consecutive transitions of that polarity witun a

group of stripes of the same azimuthal orientation.

9. A servo control system as defined in claim 6, wherein the servo decoder means
for detecting errors decodes a read head signal produced from a servo pattern that comprises
a cyclic sequence of magnetic flux transitions that extend continuously across the width -f

the track and define servo pattern stripes such that the servo read head signal vanies a5 "ne
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azimuthal orientanon and a second azimuthal orientation, such that the first azimuthal
 orientation is not parallel to the second azimuthal orientation and the stripes are arranged in
groups containing a plurality of sequential subgroups, each subgroup containing stripes at
more than one azimuthal orientation, the groups being separated by synchronization features

detectable by the servo decoder.

10. A servo control system as defined in claim 9, wherein the synchronizaiion
features of the servo pattern comprise transition-free spaces that are free of transitions of at
least one polarity whose minimum length in the transducing direction exceeds the maximum
length in the transducing direction between consecutive transitions of that polarity within a

group of stripes of the same azimuthal orientation.

11. A servo control system as defined in claim 3, wherein the servo decoder means
for detecting errors detects a servo pattern that comprises a cyclic sequence of flux transitions
and the servo decoder correlates the read head signal by determining the time intervals
between a plurality of predetermined pairs of transit@ons and comparing the duration of the
time intervals to a predetermined time interval relationship, such that if the relationship
between the time intervals does not equal the predetermined relationship within an error limit,

then the decoder indicates an error condition.

12. A servo control system as defined in claim 11, wherein the servo decoder
means for detecting errors compares a plurality of time intervals between pairs of transitions
for equality, such that if the time intervals differ from one another by more than a

predetermined error limit, then the servo decoder indicates an error condition.

13. A servo control system as defined in claim 11, wherein the servo decoder

means for detecting errors compares sums of a plurality of time intervals between pairs of



i &LREPLA{:EMENT SHEET

62. A servo wite head as defined in clai ﬂ“‘a aps conprise
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pattern on a nagnetic storage nmedium thg apparatus conprising: a

mul tipl e-gap servo wite head that generates magnetic flux for producing a
Servo patt ergunGieiny fiori ﬂﬁmﬁtyﬂm‘:ﬂ that 6f| den semo fdifferg et oné lanyther dpsinbiotdn a
recorded in tracks on the storage nedium along a transducing direction that
ext end cont ipredetesinined ermos dimit sheni the serve deeasies andicstasy ancwzoraeaddioni ne servo
pattern stripes such that a servo read head signal produced by a servo read
head varies as the servo read head is noved across the width of a servo
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second azinuthal orientation, such that the first azimuthal orientation is
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generator that intermttentl _gtrl]ﬁr | zes the servo wite head with a .
condition n the read head signal, the servo control system replaces the current position signal
value with a value derived from one or more position signal values that occurred before the

error condition.

15. A servo control system as defined in claim 14, wherein the replacement value

is the last position signal value generated by the servo decoder before the error condition was

indicated.

16. A servo control system as defined in claim 5, wherein the servo decoder
position signal comprises a sequence of values and, if the servo decoder indicates an error
condition in the read head signal, the servo control system discards the current position signal

value,

17. A servo control syste_rh as defined in claim 16, wherein the servo control
system ‘includes one or more additional read heads for reading respective additional servo
patterns on the storage medium and generating respeétive additional read head signals
representative of the additional servo patterns and one or more respective additional servo
decoders that receive the additional head signals and decode them 10 generate respective
additional position signals that indicate the position of the additional read heads relative to
the servo patterns, and the servo control system replaces the discarded current position signal .
\';alue with a value derived from one or more of the additional servo position signal values

that are not in an error condition.
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di rection of any gap.
: on the storage medium surface, the system comprising:

a head assembly having at least one servo read head for reading the servo pé.ttem on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattern;

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

a translation assembly that is activated to position the head assembly relative to the
storage medium; and

a servo controller that activates the translation assembly in accordance ‘with the
position signal, wherein:

the head assembly contains at least one data read head, the servo read head being less
than half the width of the narrowest data read head, where width is defined as the head

dimension’ perpendicular t6 the transducing direction.

19. A servo control system as deﬁned' in claim 18, wherein the width of the storage

medium servo track containing the servo pattern is wider than a single data track.

20. A servo control system as defined in claim 18, wherein one or more pluralities

of adjacent servo tracks form one or more servo bands.

21. A servo control system as defined in claim 20, wherein a servo band is wider

than a single data track.

22. A servo control system as defined in claim 18, wherein the servo decoder is
adapted to decode a read head signal produced from a servo pattern that comprises a cyclic
sequence of magnetic flux transitions that extend continuously across the width of the track

and define servo pattern stripes such that the servo read head signal varies as the magnetic
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65. A servo pattern witing apparatus .as defined in claim®6

mul tiple-* gap serv ri ses: a nmagnetically per
havi ng a nedi a- beaﬂl“ﬂlmmmmmmce with nultiple wite ga
magnetical |y pernmealfl efitmYayer *that cdfers the nedi a- bearing contour
surface, bridging the core gap except for witing gaps that define the
servo patt erhead énhowed adresstthe sadthyofahe dack,i the stipes (nududinig ar rastc fitse azimuthal
magnetically permeabl e core, 66. A servo pattern witing apparatus as
defined i n cnsni#ngrand A secand agmuthal ariemarion, seehobat the iﬁéﬁta%é‘-ﬁ%li%ﬁmé@%é%
conprises a pl ' 118 . pes, each group having a plurality
of sequenti CI?ltdpes sg{ontﬁﬁaéﬂiﬁbéégdn&ﬁlﬁéh ‘ation followed by a plurality of
sequential stripes at the second orientation and in which the groups are

separated by synchroni zation features. ) . . .
23. A servo control system as defined in claim 22, wherein the servo pattern stripes

are arranged in groups having a plurality of sequential stripes at a first azimuthal orientation
followed by a plurality of stripes at a second azimuthal orientation.

24, A servo control system for positioning a magnetic head adjacent a surface of
a moving magnetic storage medium for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising: .

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattern; o _

a servo decoder that receives the read head éignal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

a translation assembly that is activated to position the head assembly relative to the
storage medium; and . |

a servo controller that activates the transiation assembly in accordance with the
position signal;

the servo decoder including means for decoding a read head signal produced from a
servo pattern-that comprises a cyclic sequence of magnetic flux transitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the servo read head is moved across the width of the track, the
stripes including at least a first azimuthal orientation and a second azimuthal orientation, such
that the first azimuthal orientation is not parallel to the second azimuthal orientation, such that

 the servo decoder means for. decoding decodes a read head signal representative of a pattern

in which the stripes are arranged in groups containing a plurality of sequential stripes at the
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orientation and at |®tast dnefgrbup withigs a period contains a di fferent
nunber of stripes fromthe number contajned within the other, groups.

A servo pat fiestazimuihal ﬁ@cﬁiﬂ?&r fallopedey aipluralisy of sequenfiaksEpes itk r de%‘ﬁ“thal
pattern periad of the cyclic sequence of transitions conprises a group of
four stripeSngR AL st orientation, followed by a group of four stripes at

a second orientation, followed by a group of five stripes at the first
orientation, foIIovved by a group of five stripes at the second orientation,
a transition-fre@sspadesaer conticigystmers defoiedgnoipim 24, wherein the servo decoder

means for decoding decodes a read head signal produced from a servo partern having stripes
. that are arranged in groups having a plurality of sequential stripes at a first orientation
followed by a plurality of sequential stripes at a second orientation and that are separated by

synchronization fearures detectable by the servo decoder.

26. A servo control system as defined in claim 25, wherein the synchronization

features of the servo pattern contain information other than servo control information.

27. A servo control system as defined m claim 25, wherein the synchronization
features of the servo pattern comprise wransition-free spaces that are free of transitions of at
least one polarity and whose minimum length in the transducing ciirection exceeds the

. maximum length in the transducing direction between consecutive transitions of that polarity

within a group of stripes of the same azimuthal orientation.

28. A servo control system as defined in claim 27, wherein each partern period of
the cyclic sequence of transitions comprises a plurality of groups of stripes, each group
containing stripes of a single azimuthal orientation and at least one group within a period

contains a different number of stripes from the number contained within the other groups.

29. A servo control system as defined in claim 28, wherein the servo decoder
means for deéoding identifies individual transition-free spaces within a pattern penod by

counting the number of stripes detected in previous groups of stripes.

30. A servo control system as defined in claim 28, wherein each pattern pericd of

the cyclic sequence of transitions comprises a group of four stripes at a first oneruauun,
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servo pattern re'cordeimllmwumm“u ks for generating a ser\popgead theatcv K
signal froma-servo ead is noved rel ative tathe-—servs
pattern, the servo pattern tonpri%sifdg a cyglic sequence of magnetic flux

transitions that extend conti nuously across the wdth of the servo tracks
and define sollawed by acgroup of foxr sHipds dthakedohe cirhmbon cftlioheddysi ghdlp YRAVES
as the servo read head is noved across the width of a servo track,

i ncl udi ng "atstripes et the fust exientgtiom follawed rbwenmup@m fiya tripes @& diecseaondhenidnstion,
orientation, sucl t the first azinut orientation is not parallel to

t he second &Wﬁ?&%ﬁ%ﬁt?ﬁc aﬁﬂ %P Phe stri pes are arranged in
groups having a plurality of sequentlal stripes at the first azinuthal

orientation followed by a plurality of sequential stripes at the second
azi mut hal ori ent &li on.A servo control system as defined in claim 24, wherein one or more pluralities

of adjacent servo tracks on the storage medium form one or more servo track bands.

32. A servo control system as defined in claim 31, wherein adjacent servo tracks

within a band are identical.

33. A servo control system as defined in claim 31, wherein adjacent servo tracks
on the storage medium within a band comprise pattems that are reflections of one another in
a line in the transducing direction, such that all transitions in a servo track band are

continuous across the width of the band.

34. A servo control system as defined in claim 33, wherein two tracks on the
storage medium form a servo band that is symmemic about the center of the band in the
transducing direction, each track comprising a bycli‘c sequence whose period is a group of
four linear stripes at a first orientation, followed by a group of four linear stripes at a second
orientation, followed by a group of five linear stripes at the first orientation, followed by a
group of five linear stripes at the second orientation. a transition-free space occurring after
each group; and

the first and second azimuthal orienations comprise supplementary angles that are
symmetric about the center of the band, such that the band comprises sequential groups of

four and five chevrons of opposite direction, separated by transition-free spaces.

35. A servo control system as defined in claim 24, wherein the signal decoder

means for decoding detects signals from the servo read head corresponding to magnetic flux
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are arrangéd in* groummmllmluﬂmum ality of sequential stripgsDate:al.
orientation followe | of sequential stripes at
orientation and are Separdted by synchrodi/zati on features detectable by the
servo decoder. 71. A nefic storage nedium as defined in c¢laim 70,
wher ei n t he Taostions having 2 Sestiluxinolasisy anmignpess magrsus {lus fansEans paeg; a seeond
are free of transitions of at |east one polarity whose mninmumlength in

t he transduc"l‘?@lp‘aﬂ1 ttion exceeds the maxi numlength in the transducing
direction between consecutive transitions of that polarity within a group
of stripes of the same azinuthal orientation. 72. A magnetic storage

medi um as defi nedBf.n oA aeme Tonuelisystemrasedefined dn clatm 29 Wherein thet $terage aadium
sequence of transitions c rises a plurality af grqups of stripes,. each
group cont ai ‘fﬂ‘ﬁ‘fﬁ’sﬁ?i‘?«g@% %ﬁvﬁ’élaeg‘éﬁ?ﬁﬂﬁti r%r‘ﬁ@ﬁi i SHCapRite: lslré‘é%rﬁe‘éme

group within a

37. - A servo control system for positioning a magnetic head adjacent a surface of
a moving magnetic storage medium for reading a servo pattern recorded in at least one track
on the storage medium surface, the system comprising: '

a head assembly having at least one servo read head for reading the servo pattern on
the storage medium in a transducing direction and generating a read head signal representative
of the servo pattern; _ | .

a servo decoder that receives the read head signal and decodes it to generate a position
signal that indicates the position of the read head relative to the servo pattern;

"2 translation assembly that is activated to position the head assémbly relatiw)e to the
storage medium; and ' _

a servo controller that activates the translation assembly in accordance with the
position signal;

the servo decoder including means for decoding a read head signal produced from a
servo pattern that comprises a cyclic sequence of magnetic flux transitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the servo read head is moved across the width of the track, the
stripes including at least a first azimuthal orientation and a second azimuthal oﬁentation, such
that the first azimuthal orientation is not parallel to the second azimuthal orientation and the
stripes are arranged in groups containing a plurality of sequential sﬁbgroups, each subgroup
containing stripes at more than one azimuthal orientation, the groups being separated by

synchronization features detectable by &e servo decoder.
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I'ged=1'n claim72, wherein each pikketa—peried
of the cyclic sequence of transitions cafises a group of four stri pes at

a first orientation, followed by a group_of fo stripes, at a second
orientation, -fol P8wed: ASFTVQ CQRBRLSYSemsasdefi 1%%4’%5%&"“ grejn §§ut2§'?‘é9$t°&t5m5

fol  oned by ofi's §§ Cpgﬁcé'c&% pi %@@g;ﬁ@%ﬁ@f@%&ﬂﬁsﬂg 2LHBE ar Pirst azimuthal

transition- occur
orientation and a stripe at a second azimuthal orientation.

39. A servo control system as defined in claim 37, wherein the synchronization
features of the servo pattern comprise transition-free spaces that are free of transitions of at
least one polarity whose minimum length in the transducing direction exceeds the maximum
length in the transducing direction between consecutive transitions of that polarity within a

group of stripes of the same azimuthal orientation.

40. A servo control sjrstem as defined in claim 37, wherein the synchronization

features of the servo pattern contain information othet than servo control information.

41. A servo control system as defined in claim 37, wherein one or more pluralities
of adjacent servo tracks on the storage medium form one or more servo track bands.
42, A servo control system as defined in claim 41, wherein adjacent servo tracks

within a band are identical.

43. A servo control system as defined in claim 41, wherein adjacent servo tracks
within a band comprise patterns that are reflections of one another in a line in the transducing
direction, such that all transitions in a servo track band are continuous across the width of the
band.

44, A servo control system as defined in claim 37, wherein the signal decoder
means for decoding detects signals from the servo read head corresponding to magnetic flux
transitions having a first ﬂUx.polarity and ignores magnetic flux transitions having a second

flux polarity.
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synchroni zati on f ea | iath i 4 Or mat i on ot her than servo [C@atg Qll..9. 252 YN,
i nformation. 75. Hmmﬁmﬂmm“me medi um as defined in cla ,

wherein one or nore plusalutivessof«adj acget servo tracks formone or nore -
servo bands. 76. A magnetic storage nedium as defined in claim?75,

wherein adj acent s§[Vvo A sfrek somtd] Risterd B8 ajefined én cRENSTC athereln the siérag@ grediting
storage nedium as defined in claim75, wherein adjacent servo tracks within
a band conpr icomppiststatape subistratehawing af magneticrayesfin ovhichn tstsaeio pattem isiraeorded.
the transducing direction, such that all transitions in a servo track band
are continuous across the width of the band. 78. A magnetic storage

medi um as defined 4gn clinbedetic MAR! RidBIV ot 18 K af BEdHelc SBIr¥se RAOR Al tHat

symetric about the center —of the band in the transducing direction, each

positions the head assembly adjacent a surface of a2 moving magnetic storage medium for
reading a servo pattern recorded in at least one track on the storage medium surface in a
transducing direction, the head assembly containing at least one servo read head and one data
read head, the servo read head being less than half the width of the narrowest data read head,
where head width is defined as the head dimension perpendicular to the transducing direction.

47. A servo write head for writing a plurality of magnetic flux transitions in servo
tracks of a magnetic storage medium along a head transducing direction, the servo write head
having muitiple gaps at a plurality of azimuthal orientations to the transducing direction per
servo track such that the minimum spacing in the transducing direction between any two gaps

exceeds the width in the transducing direction of any gap.

48. A servo write head as defined in claim 47, wherein the head includes gaps
located such that the head has two gaps per servo track written, at a first and second

azimuthal orientation.

49. A servo write head as defined in claim 47, wherein the minimum gap spacing
in the transducing direction between any two gaps exceeds four times the gap width in the

transducing direction.

- 50. A servo write head that gcneratés magnetic flux for producing a servo pattern

.in a magnetic storage medium for use in a computer storage media drive system, the head
comprising:

a magnetically permeable core having a media-bearing contour surface with at least

one gap;
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t rack corrprl Si ng a lic sequence whose period is a group of Rour an$aggc\gg§
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at a second ori ent y a group of five linear st [1Te
first orientation, fol I oned y *a group of 50i ve linear stripes at the second
orientation, a transition-free space occurring after each group; and the
first and second aamagnetically perineatiien film isyexrtbatsgaverst the anedia bepring ecoatour enrfads,
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an electticaﬂy conductive coii wound around the magnetically permeable core.

51. A servo write head as defined in claim 50, wherein the core comprises:
two blocks of magnetically permeable material that are joined by a non-magnetic

spacer that extends from one block to the other at the media bearing contour surface.

52. A servo write head as defined in claim 51, wherein the media-bearing contour

surface is a planar surface.

53. A servo write head as defined in claim 51, wherein the media-bearing contour

surface is a portion of a cylindri;al surface,

54.  Aservo write head as defined in claim 51, wherein the magneucally permeable

core material comprises ferrite.
55. A servo write head as defined in claim 51, wherein the non-magnetic spacer
56. A servo write head as defined in claim 51, wherein the magnetically peneable
film layer comprises a NiFe alloy.

57. A servo write head as defined in claim 51, further including a protective

overcoating on the magnetically permeable film layer that covers the contour surface.

58. A servo write head as defined in claim 57, wherein the protective overcoat:ng

comprises carbon.
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t he servo patternwgmmﬁumﬁmm A magnetic storage nedi umfaving a
servo pattern recor c svOo«Lracks for generating a servo read head
signal froma servo read head as the he%g Is noved relative to the servo
pattern, the servo pattern conprising & clic sequence of magnetic flux

transitions that 39t endserentvricdipids by defiriedsia cldi® 3N, dihred the peoreivemvefaattisg
and define servo pattern stripes such that the servo read head signal

vari es as t fompEses? pageeticalliypsrmeshle mpterialoss the width of a servo track,
including at least a first azinmuthal orientation and a second azi nut hal
orientation, such that the first azinuthal orientation is not parallel to

the second azi mutgpal QY sepvd WhietRaddHeFined & dARESY, ItRred TR eli¢hl Y HeHAGble
containing a plurality of .
' material comprises a NiFeN/FeN laminate.

61. A servo write head as deﬁned in claim 50, wherein the gaps that define the
servo pattern are shunted magnetically by permeable paths that saturate at operating flux

levels.

62. A servo write head as defined in claim 61, wherein the gaps comprise small

openings in a substantially continuous film of magnetically permeable material.

63. A servo pattern writing apparatus for producing a servo pattern on a magnetic
storage medium, the apparatus comprising: '

a mulﬁpie-gap servo write head that generates niagnetic flux for prdducing a Servo
pattern comprising a cyclic sequence of magnetic flux transitions recorded in tracks on the
storage medium along a transducing direction that exfend continuously across the width of
the servo tracks and define servo pattern stripes such that a servo read head signal produced
by a servo read head varies as the servo read head is moved across the width of a servo track,
the stripes including at least a first azimuthal orientation and a second azimuthal orientation,
such that the first azimuthal orientation is not parallel to the second azimuthal orientation; anc.i

a current pulse generator that intermittently energizes the servo write head with a
predetermined polarity to automatically record the series of magnetic flux patterns on the

storage medium and produce the servo pattern.

64. A servo pattern writing apparatus as defined in claim 63, wherein the multiple

gaps of the servo write head are positioned at a plurality of azimuthal orientations per

defined in claim69, whefein tnmi.gﬁc 1995
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azi mut hal Orl ent at'i ng separated by synchronil|zedteon:.. ... NN
feat'ures. nmummllmmnmﬂlﬁedl um as defined in claim e

t he subgroups of strl *peS congride pairs stripes, each pair corrprl sing a
stripe at a first azinuthal orientation an a stripe at a second azi nut hal

orientati on. efgded sefvo WR§REEH hatth® midithuie SHadig iA Shed@drnsteing dir€dtidhPer@n any
wherein the synchronization features conprise transition- fTee spaces that’

are free of  twoogaps ekesads bt vddthl ipabe tramsdugiog alirectjonwloany gapni num | ength in
t he transduci ng direction exceeds the maximumlength in the transducing
direction between consecut ive transitions of that polarity within a group

medi um "as definad i n sl o g: WiRh Braliriles (Angd ifbialBRE Mteferk e RAEple-
cont ai n i nf qfapeservonwritettead térapriseer vo control informati on. _
a magnetically permeable core having a media-bearing contour surface with multiple
write gaps; |
a magnetically permeable film layer that covers the media-bearing contour surface,
bridging the core gap except for writing gaps that deﬁne the servo pattern; and

an electrically conductive coil wound around the magnetically permeable core.

66. A servo pattern writing apparatus as defined in claim 63, wherein each period
of the cyclic transition sequence comprises a plurality of sequential stripes, each group having
a plurality of sequential stripes at the first orientation followed by a plurality of sequential
stripes at the second orientation and in which the groups are separated by synchronization

features.

67. A servo pattern writing apparatus as defined in claim 66, wherein each period
of the cyclic sequence of transitions comprises a plurality of groups of stripes, each group
containing stripes of a single azimuthal orientation and at least one group within a period

contains a different number of suipés from the number contained within the other groups.

68. Aservo pattefn writing apparatus as defined in claim 67, wheréin each pattern
period of the cyclic sequence of transitions comprises a group of four stripes at a first
orientation, followed by a group of four stripes at a second orientation, followed by a group
c;f five stripes at the first orientation, followed by a group of five stripes at the second

orientation, a transition-free space occurring after each group.
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defined in claim SOWMEum(lmﬁl“{umgre pluralities of adjac
tracks form one or nds. 85. A magnetic st
as defined in claim84, wherein adJ acent 53ervo tracks within a band are

| dentical. 86. A magnetic storage nedium as defined in cl gckm 84, wherein

adj acent servo t r@eks A ORERGHC SIO5E8eomed By haVEng 1 $9T¥0 RETSTR 53C05ded IRISF St Trasks
of one anot r}er gene 'ar!:%n)or}eﬁfﬁcad signal from a servo read head as the head is moved relative

to the servo pattern, the servo pattern comprising a cyclic sequence of magnetic flux

transitions that extend continuously across the width of the servo tracks and define servo
pattern stripes such that the servo read head signal varies as the servo read head is moved
across the width of a servo track, including at least a first azimuthal orientation and a second
azimuthal orientation, such that the first azimuthal oriéntation is not parallel to the second
azimuthal orientation, such that the stripes are arranged in groups having a plurality of
'sequential stripes at the first azimuthal orientation followed by a plurality of sequential stripes

at the second azimuthal orientation.

70. A magnetic storage medium as defined in ‘claim 69, wherein the stripes are
arranged in groups having a plurality of sequential stripes at a first orientation followed by
a plurality of sequential stripes at a second orientation and are separated by synchronization

features detectable by the servo decoder.

71. A magnetic storage medium as defined in claim 70, wherein the
synchronization features comprise transition-free spﬁccs that are free of transitions of at least
one polarity whose minimum length in the transducing direction exceeds the maximum length
in the transducing direction between consecutive transitions of that polarity within a group

of stripes of the same azimuthal orientation.

72. A magnetic storage medium as defined in claim 71, wherein each pattern
period of the cyclic sequence of transitions comprises a plurality of groups of stripes, each
group containing swipes of a single azimuthal oriemation and at least one group within a

period contains a different number of stripes from the number contained within the other

groups.
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suppl enentary angles*refativd t8 a*line adpng the center of the band, such
that the band conprises sequential groups of four and five chevrons of

opposite directiofs. sepanagnetic Istordageamediumoas idefinreds paclasm B3, wherdin reagingiattern
storage nedium as defined in claim@86, wherein the storage rf'redi um conpri ses

a tape substpesiod efathergychc feqpeees of (tapsifons, CORMPEIFS 1% §TAWr b Iyt dpes 3tsa furst

recorded. 89, . i L sing: ' : '
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contai ned wi fhfide istiipes at the HEE okientatiog, followed e uEroup of five stripes at the second

orientation, a transition-free space occurring after each group.

74. A magnetic storage medium as defined in claim 70, wherein the

synchronization features contain information other than servo control information.

75. A magnetic storage medium as defined in claim 69, wherein one or more

pluralities of adjacent servo tracks form one or more servo bands.

76. A magnetic storage medium as defined in claim 75, wherein adjacent servo

tracks within a band are identical.

77. A magnetic storage medium as defined in claim 75, wherein adjacent servo
tracks within a band comprise patterns that are reflections of one another in a line in the
transducing direction, such that all transitions in a servo track band are continuous across the
width of the band. |

78. A magnetic storage medium as defined in claim 77, wherein two tracks form

~ aservo band that is symmetric about the center of the band in the transducing direction, each
track comprising a cyclic sequénce whose period is a group of four linear stripes at a first
orientation, followed by a group of four linear stripes at a second orientation, followed by a
group of five liﬁear stripes at the first crientation, followed by a gfoup of five linear stripes
at the second orientation, a transition-fres space occurring after each group; and the first and
second az:muthal orientations are symmetric along the center of the band, such that the band
comprises sequential groups of four and five chevrons of opposite direction, separated by

transition-free spaces.
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recorded.

80. A magnetic storage medium having a servo pattern recorded into servo tracks
for generating a servo read head signal from a servo read head as the head is moved relative
to the servo pattern, the servo patten comprising a cyclic sequence of magnetic flux
transitions that extend continuously across the width of the servo tracks and define servo
pattern stripes such that the servo read head signal varies as the servo read head is moved
across the width of a servo track, including at least a first azimuthal orientation and a second
azimuthal orientation, such that the first azimuthal orientation is not parallel to the second
azimuthal orientation and the stripes are arranged in groups containing a plurality of
sequennal subgroups each subgroup containing stripes at more than one ammutha.l orientation,

the groups bemg separated by synchromzauon features.

81. A magnetic storage medium as defined in claim 80, wherein the subgroups of
stripes comprise pairs of stripes, each pair comprising 2 stripe at a first azimuthal orientation

and a stripe at a second azimuthal orientation.

82. A magnetic storage medium as defined in claim 80, wherein ‘he
synchronization features com.prise transition-free spaces that are free of transitions of at least
one polarity whose minimum length in the trarisducing direction exceeds the maximum iength
in the transducing diiection between consecutive transitions of that polarity within a grcup

of stripes of the same azimuthal orientation.

83. ° A magnetic storage medium as defined in claim 80, wheremn ene

synchronization features contain information other than servo control information.
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86. A magnetic storage medium as defined in claim 84, wherein adjacent servo
tracks within a band comprise patterns that are reflections of one another in a line in the
transducing direction, such that all transitions in a servo track band are continuous across the
width of the band. | |

87. A magnetic storage medium as defined in claim 86, wherein the transitions in
a band comprise supplementary angles relative to a line along the center of the band, such
that the band comprises sequential groups of four and five chevrons of opposite direction,

separated by transition-free spaces.

88. . A magnetic storage medium as defined in claim 86, wherein the storage
medium comprises a tape substrate having a magnetic layer in which the servo pattern is

recorded.

89. A tape cartridge comprising:

a cartridge housing adapted to interface with a tape cartridge drive; and

a magnetic tape storage medium contained within the cartridge housing, the medium
having a surface with a servo pattern recorded into servo tracks relative to daa tracks of the
storage medium surface for generating a servo read head signal in a servo read head of the
tape cartridge drive that is moved relative to the servo pattern, such that the servo pattern
comprises a cyclic sequence of magnetic flux transitions that extend continuously across the
width of the servo tracks and define servo pattern stripes such that the servo read head signal

varies as the servo read head is moved across the width of a servo track, including at least
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as defined i erein 6ne or nore pluralities of adjacent servo
tracks formone or nore servo bands.

90. A tape cartridge as defined in claim 89, wherein the stripes are arranged in
groups having a plurality of sequential stripes at a first orientation followed by a piurality of
sequential stripes at a second orientation and are separated by synchronization features

detectable by the servo decoder.

91. A tape cartridge as defined in claim 90, wherein the synchronization features
comprise transition-free spaces that are free of transitions of at least one polarity whose
minimum length in the transducing direction exceeds the maximum length in the ransducing
direction between consecutive wansitions of that polarity within a group of stripes of the same |

azimuthal orientation.

92. A tape cartridge as defined in claim 91, wherein each pattern period of the
-cyclic sequence of transitions comprises a plurality of groups of stripes, each group containing
stripes of a single azimuthal orientation and at least one group within a period contains a

different number of stripes from the number contained within the other groups. -

93. A tape cartridge as defined in claim 92, wherein each pattern period of the
cyclic sequence of transitions comprises a group of four stripes at a first orientation, followed
by a groﬁp of four stripes at a second orientation, followed by a group of five stripes at the
first orientation, followed by a group of five stripes at the second orientation, a transition-free -

space occurring after each group.

94, A tape cartridge as defined in claim 89, wherein one or more pluralities of

adjacent servo tracks form one or more servo bands.
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A tape cartridge as“lﬂ mnmlmﬁmﬁwh 94, wherein adjacent ser PaAg =k

w thin a band conpr are reflections of one anothér 1n a
line in the transducing dlrectlon such that all transitions in a servo
track band are continuous across the wi di® of the band.

95. A tape cartridge as defined in claim 94, wherein adjacent servo tracks within

a band are identical.

96. A tape cartridge as defined in clann 94, wherein adjacent servo tracks within
a band compnse patterns that are reflections of one another in a line in the transducing
direction, such that all transitions in a servo track band are continuous across the width of the

band.

97. A tape cartridge as defined in claim 96, wherein two tracks form a servo band .
that is symmetric about the centér of the band in the transducing direction, each track
comprising a cyclic sequence whose period is a group of four linear stripes at a first
oricntatibn, followed by a group of four linear stripes at a second orientation, followed b}) a
.group of five linear stripes at the first orientation, followed by a group of five linear stripes
at the second orientation, a transition-free space occurring after each group; and

the first and second azimuthal orientations are symmetric along thie center of the band,
such that the band comprises sequential groups of four and five chevrons of opposite

direction, separated by transition-free spaces.

98. A tape cartridge having a servo pattern recorded into servo tracks for
generating a servo read head signal from a servo read head as the head is moved relative 10
the servo pattern, the servo pattern comprising a cyclic sequence of magnetic flux transitions
that extend continuously across the width of the servo tracks and define servo pattern stripes
such that the servo read head signal varies as the servo read head is moved across the width
of a servo &ack, including at least a first azimuthal orientation and a second azimuthal
orientation, such that the first azimuthal orientation is not paralle] to the second azimuthal
orientation and the Sfripes are arranged in groups containing a plurality of sequential.
subgroups, each subgroup containing stripes at more than one azimuthal orientation, the

groups being separated by synchronization features.
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transduci ng direction, each track conpri icyel 1€ sequence

is a group of four linear stripes at a first orientation, followed by a

group of four linear stripes at a second orientation, followed by a group

of five linear stripes at the first oriem@tion, followed by a group of

five linear stripes-at the second orientation, a transition-free space

occurring after eggh gAOHpe %ehé défirel i@l é!a@@@ndrh%i’dm&ﬂbg?éﬂp%%fa&m%s

are symetric along the center t he band, such that_ the band conpri ses
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separ at ed by tran5|t|on free aces. A tape cartridge having a servo

pattern recofHRE 3 & 5%Fond AGE 8E‘§m?%?n generating a servo read head signal

froma servo read head as the head is noved relative to the servo pattern,

the servo pattern conprising a cyclic sequence of nmagnetic flux transitions
100. A tape cartridge as defined in claim 98, wherein the synchronization features -

comprise transition-free spaces that are free of transitions of at least one polarity whose
minimum length in the transducing direction exceeds the maximum length in the transducing
direction between consecutive transitions of that polarity within a group of stripes of the same

azimuthal orientation.

101. A tape cartridge as defined in claim 98, wherein the synchronization features

contain information other than servo control information.

102. A tape cartridge as deﬁned in claim 98, wherein one or more pluralities of

adjacent servo tracks form one or more servo track bands.

103. A tape cartridge as defined in claim 102, wherein adjacent servo tracks within

a band are identical.

104. A tape cartridge as defined in claim 102, wherein adjacent servo tracks within
a band comprise patterns that are reflections of one another in a line in the transducing
direction, such that all transitions in a servo track band are continuous across the width of the

band.

105. A tape cartridge as defined in claim 104, wherem the wansitions in a band
comprise suppiementary angles relative to a line along the center of the band, such that the
.band conipﬁses sequential groups of four and five chevrons of opposite direction, separated

by transition-free spaces.
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that extend continuously across the width of the servo tracks fand d
servo pattern st'ri pes such that the servo read head signal var
servo read head is noved across the width of a servo track, i

| east a first azimuthal orientation and a second azi nmut hal~—orientatiom,
such that the first azinuthal orientatiopb@s not parallel t
azi nut hal orientation and the strr pes are arranged in group ll mrn!&q IHHIII

plurality of sequ i al up containing str

t han one azi nut hal%%rl én | on groﬁﬂ;’ %{él ng separated by

synchroni zati on f qahagnetic storagBEBédi@l\ﬁ\thSHEEﬂ?r&pa‘item recorded on at .least one servo
track;

dﬁve means for moving the magnetic storage medium relative to a magnetic head
assembly; | |

a magnetic head assembly that is moved sufficiently close to a surface of the moving
magnetic storage medium for reading the servo pattern recorded on the storage medium

surface and for generating a servo read head signal, the magnetic head assembly including at
least one data head for reading and writing data and at least one servo read head for reading:
servo information on tracks of the storage medium; '

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and' decodes it to generate a position signat that indicates the position of the servo read head
relative to the servo pattern, a translation assembly that is activated to position the head
assembly relative to the storage medium, and a servo controller that activates the translation
assembly in accordance with the position signal, the servo decoder including means for
decoding a servo read head signal produced from a servo pattern that comprises a cyclic
sequence of magnetic flux transitions that extend continuously across the width of the Tack
and define servo pattern stripes such that the servo read head signal varies as the magnetic
head is moved across the width of the track the swipes including at least a first azimuthal
orientation and a second azimuthal orientation, such that the first azimuthal orientation :s ot
parallel to the second azimuthal orientation and the stripes are arranged in groups containing
a plurality of sequential stripes at the first azimuthal orientation followed by a plurai:v of

sequential stripes at the second azimuthal orientation.
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99. A tape cartridge_ a i m“t claim98, wherein the su
stri'pes conprisé pa \g“\“m \88each pair conprising a stri
azi mut hal orientati a Str ispe* at a second azi nut hal orien :
A tape cartridge as defined in claim98, _Gdherein the synchronization
features conprise transition-free spaces that are free of transitions of at
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azi mut hal origntation. 1. Atape.cartridge as defined in claim98,
wherein the %ﬁ?{&ﬂ‘&ﬁgg‘éﬁ i laiincin IEEGH{I ‘n information other than servo
control information. 102. A tape cartridge as defined in claim98, wherein
one or nore pluralities of adjacent servo tracks formone or nore servo
track bands. 108. A data storage system as defined in claim 107, wherein the synchronization

(@)

features comprise transition-free spaces that are free of transitions of at least one polarity
whose minimum length in the transducing direction exceeds the maximum length in the
transducing direction between consecutive transitions of that polarity within a group of stripes

of the same azimuthal orientation.

109. A data storage system as defined in claim 108, wherein each pattern period of
the cyclic sequence of transitions comprises a plurality of groups of stripes, each group
containing stripes of a single azimuthal orientation and at least one group within a period

contains a different number of stripes from the number contained within the other groups.

110. A- data storage system as defined in claim 109, wherein the servo decoder
identifies individual transition-free spaces within a pattern period by counting the number of

stripes detected in previous groups of stripes.

111. A data storage system as defined in claim 109, wherein each pattern period of
the cyclic sequence of transitions comprises a group of four stripes at a first orientation,
followed by a group of four stripes at a second orientation, followed by a group of five -
stripes at the first orientation, followed by a group of five stripes at the second orientation,

a transition-free space occurring after each group.

112. A data storage system as defined in claim 109, wherein the synchronization

features contain information other than servo control information.
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| 114. A data storage system as defined in claim 113, wherein adjacent servo tracks
within a band are identical.

115. A data storage system as defined in claim 113, wherein adjacent servo tracks
within a band comprise patterns that are reflections of one another in a line in the transducing
direction, such that all transitions in a servo track band are continuous across the width of the

band.

116. A data storage system as defined in claim 115, wherein two tracks form a servo
band that is symmetric about the center of the band in the transducing direction, each track
comprising a cyclic sequence whose period is a group of four linear stripes at a first
orientation, followed by a group of four linear stripes at a second orientation, followed by a
group of five linear stripes at the first orientation; followed by a group of five linear stripes
at thé second orientation, a transition-free space occurring after each group; and

the first and second azimuthal orientations comprise supplementary angles that are
symmetric about the center of the band, such that the band comprises sequential groups of

four and:five chevrons of opposite direction, separated by transition-free spaces.
117. A data storage system as defined in claim 106, wherein the signal decoder
detects signals from the servo read head corresponding to magnetic flux transitions having a

first flux polarity and ignores magnetic flux transitions having a second flux polarity.

118. A data storage system as defined in claim 106, wherein the system further

includes means for writing the servo pattern on the storage medium.

119. A data storage system comprising:
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a magnetic’storage nedi ' servo pattern recorded on ftDaleast--O@E
servo track; dri vi M\“ﬂﬁ“m g the magnetic storage nedi efatTve 10

a magnetic head ad® L megnet i ¢ heig%assenbly that is noved

sufficiently close to a surface of the tng magnetic storage medi um for
readi ng the servo pattern recorded on the storage nedi um surface and for
generating a ser\amegaetic fterages mgdim heviag rmasgmen pattetaageerdedt obl ap least boelisenyo
at | east one dﬁ_ta head for reading and witing data and at | east one servo
read head f df3Feading -

drive means for moving the magnetic storage medium relative to a magnetic head
assembly; o

a magnetic head assembly that is moved sufficiently close to a surface of the moving

_ magnetic storage medium for reading the servo pattern recorded on the storage medium
surface and for generating a servo read head signal, the mégnetic head assembly includiné at
least one data head for reading and writing data and at least one servo read head for reading
servo information on tracks of the storage medium;

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to gé.nerate a position signal that indicates the position of the read head relative
to the servo pattern, a translation assembly that is activated to position the head assembly
relative to the storage medium, and a servo controller that activates the translation assembly
in accordance with the position signal, wherein:

the servo decoder includes means for decoding a servo read head signal produced from
a servo pattern that comprises a cyclic sequence of magnetic flux transitions that extend
continuously across the width of the track and define servo pattern stripes such that the servo
read head signal varies as the magnetic head is moved across the width of the track, the
stripes including at [eaét a first azimuthal orientation and a second azimuthal orientation, such
that the first azimuthal orientation is not parallel to the second azimuthal orientation and the
stripes are arranged in groups containing a plurality of sequential subgroups, each subgroup
containing stripes at more than one azimuthal orientation, the groups being separated by

synchronization features.

120. A data storage system comprising:
a magnetic storage medium having a servo pattern recorded on at least one servo

track;
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i ncl udi ng at|ehstdfié ditahiesid foragdding &l writing data and at least one servo read head for reading

-servo information on tracks of the storage medium;

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to generate a position'signal that indicates the position of the servo read head
relative to the servo pattern, a translation assembly that is activated to pos_in'on the head
assembly rclaﬁve to the storage medium, and a servo controller that activates the translation
assembly in accordance with the position signal, whereiﬁ the servo decoder includes means
for detecting errors by means of pattern recognition of the read head signal, sucﬁ that the
servo decoder correlates the read head signal with predetermined servo patterns recorded on
the storage medium and, if the signal does not correlate within an error limit, then the servo

decoder indicates an error condition.

121. A data storage system as defined in claim 120, wherein the servo decoder
means for detecting errors defects a servo pattern that c_ompriSés a cyclic sequence of flux
transitions that include periodic synchronization features and the servo decoder correlates the
read head signal by counting the number of transitions occurring between synchronization
features and comparing the number with the number of transitions in the predetermined servo
pattern, such that if the number of transitions detected by the servo decoder does not equal
the number known to exist in the predetermined servo pattern, then the servo decoder

indicates an error condition.
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azi mut hal ‘ori entat | ' m lgullel to the second azi nut hal Bﬁ&éfltgtpgglggﬁ
and the stripes arummmlm “““ ups containing a plurality-or seguentrar—
stripes at the first aginuthal Sori*entation followed by a plurality of
sequenti-al stripes at the second azi nut hfP orientati on. REPLACENMENT
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separated-fromg rfgygée&{ngmayoaés §tr£ddpﬁ‘e°ada§ignal produced from a servo pattern that

comprises a cyclic sequence of magnetic flux transitions that extend continuously across the

width of the track and define servo pattern stripes such that the servo read head signal varies
as the magnetic head is moved across the width of the track, the stripes including at least a
first azimuthal orientation and a sécond azimuthal orientation, such that the first azimuthal
orientation is not parallel to the second azimuthal orientation and the stripes are arranged in
group§ having a plurality of sequential stripes at the first azimuthal orientation followed by
a plurality of sequential stripes at the second azimuthal orientation. |

| 123. A data storage system as defined in claim 122, wherein the synchronization
features of the servo pattern comprise transition-free spaces that are free of transitions of at
least one polarity whose minimum lexigth in the transducing direction exceeds the maximum
length in the transducing direction between consecutive transitions of that polarity within a
group of stripes of the same azimuthal orientation.

124. A data storage system as defined in claim 121, wherein the servo decoder
means for detecting errors decodes a read head signal produced from a servo pattern that
comprises a cyclic sequence of magnetic flux transitions that extend continuously across the
width of the track and define servo pattern stripes such that the servo read head signal varies
as the magnetic head is moved across the width of the track, the stripes including at least a
first azimuthal orientation and a second azimuthal orientation, such that the first azimuthal
orientation is not parallel to the second azimuthal orientation and the stripes are arranged in
groups containing a plurality of sequential subgroups, each subgroup contining smiges at
more than one azimuthal orientation, the groups being separated by synchronization fearures

detectable by the servo decoder..

125. A data storage system as defined in claim 124, wherein the synchron:zaton

features of the servo pattern comprise transition-free spaces that are free of transitions ¢ 1t
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orientation. 109. A data storage system as defi ned in claim108, wherein
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period by counting the nunber of
position signal comprises a sequence of values and, if the servo decoder indicates an error

condition in the read head signal, the servo control system replaces the current position signal
‘value with a value derived from one or more position signal values that occurred before the

error condition.

127. A data storage system as defined in claim 126, wherein the replacement value
is the last position signal value generated by the servo decoder before the error condition was

indicated.

128. A data storage system as defined in claim 127, wherein the servo contrel '
system further includes one or more additional read heads for reading respective additional
servo patterns on the storage medium and generating respective additional read head signals
representative of the additional servo patterns and one or more respective additional servo.
decoders that receive the additional head signals and decode them to generate respective
additional position signals that indicate the position of the additional read heads relative to
the servo patterns, and the servo control system replaces the discarded current position signal
value with a value derived from one 01: more of the additional servo position signal values

that are not in an error condition.

129. A data storage system comprising:

a magnetic storage medium having a servo pattern recorded on at least one servo
track;

drive means for moving the magnetic storage medium relative to a magnetic head

assembly;
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surface and for generating a scrvo read head signal, the magnetic head assembly including at
least one data head for reading and writing data and at least one servo read head for reading

servo information on tracks of the storage medium;

a servo control system for positioning the magnetic head assembly adjacent the surface
of the moving magnetic storage medium for reading the servo pattern recorded in at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to generate a position signal that indicates the position of the servo read head
relative to the servo pattern, a translation assembly that is activated to poSition the head
assembly relative to the stofage medium, and a servo controller that activates the translation
assembly in accordance with the position signal, wherein the servo decoder includes means
for decoding a read head signal produced from a servo pattern that comprises a cyclic
sequence of magnetic flux transitions that extend continuously across the width of the track
and _deﬁne servo pattern stripes such that the servo read head signal varies as the magnetie
head is moved zicross_ the width of the track, the stripes including at least a first azimuthal
orientation and a second azimuthal orientation, such that the first azimuthal orientation is not
parallel to the second azimuthal orientation and the servo decoder determines the time
intervals between a plurality of predetermined pairs of transitions in the servo pattern and

generates a substantially speed invariant position signal that is a function of the time intervals.

130. A data storage system as defined in claim 129, wherein the servo decoder
means for decoding generates a position signal value in accordance with the ratio of the read
head signal time interval from a stripe of the first azimuthal orientation to a stripe of the

second azimuthal orientation and the interval between two stripes of the same orientation.

131. A data storage system as defined in claim 129, wherein the signal decoder
means for decoding detects signals from the read head corresponding to mﬁgneﬁc flux
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wher ei n ‘on'e or ““‘“ e‘ﬁ f. adj acent servo tracks for
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track band #ug peRfity.nuous across the width of the band. 116. A data storage
system as defined in claim115 wherein two tracks forma servo band that
Is symmetric about the center of the band in the transducing direction,

each track

132. A data storage system comprising: |

a magnetic storage medium having a servo pattern recorded on at least one servo
track; |

drive means for movi'ng. the magnetic storage medium relative to a magnetic head
assembly;

a magnetic head assembly that is moved sufficiently close to a surface of th;z moving
magnetic storage medium for reading the servo pattern recorded on the storage medium
surfacc and for generating a servo read head signal, the magnetic head assembly inciuding at
least one data head for réading and writing data and at least one servo read head for reading
servo information on tracks of the storage medium;

a servo éontrol system for positioning the magnetic head assembly adjacent the surface
of the mc;ving magnetic storage medium for reading the servo pattern recorded in- at least one
track of the storage medium surface, a servo decoder that receives the servo read head signal
and decodes it to generate a position signal that indicates the position of the servo read head
relative to the servo pattern, a translation assembly that is activated to position the head
assembly relative to the storage medium, and a servo controller that activates the translation
assembly in accordance with the position signal, wherein: .

| the magnetic head assembly contéins at least one data read head, the servo read head
being less than half the width of the narrowest data read head, where width is defined as the
head dimension perpendicular to the transducing direction. '

133. A data storage system as defined in claim 132, wherein the width of the storage

medium servo track containing the servo pattern is wider than a single data track.

134. A data storage system as defined in claim 132, wherein one or more pluralities

of adjacent servo tracks on the storage medium form one or more servo bands.
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second orientation} roup of five linear stripés—at—the—fitrot
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orientation, a tran5|t|on free space occurring after each group; and the
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in claim 10%%@5 dataltRackl gnal decoder detects signals fromthe servo

read head corresponding to magnetic flux transitions having a first flux
polarity and ignores magnetic fI ux transitions having a second fl ux

polarity. 118. 0 stem a béi‘ff I ned_.n.claim 106, wherein
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med I um means for decoding decodes a read head s1gna.l produced from a servo pattern that comprises

a cyclic sequence of magnetic ﬂux transitions that extend continuously across the width of
the track and define servo pattem stripes such that the servo read head signal varies as the
magnetic head is moved across the width of the track, the stripes including at least a first
anmuthal orientation and a second azimuthal orientation, such that the first azimuthal

orientation is not parallel to the second azimuthal orientation.

137. A datastorage sz}stein as defined in claim 136, wherein the servo pattern stripes
" are arranged in groups having a plurality of sequential stripes at a first azimuthal orientation

followed by a plurality of stripes at a second azimuthal orientation.

138. A method of producing a servo pattern on a magnetic storage medium, the
servo pattern comprising a cyclic sequence of magnetic flux transitions, recorded in tracks on
the storage medium along a transducing direction, that extend continuously across the width

~ of the servo tracks and define servo pattern stripes, the stripes including at least a first
azimuthal orientation and a second azimuthal orientation,. such that the first azimuthal
orientation is not parallel to the second azimuthal orientation and the stripes are arranged in
groups containing a plurality of spaced-apart sequential stripes at the first azimuthal

~ orientation followed by a plurality of spaced-apart sequential stripes at the second azimuthal
orientation, the method comprising the steps of: _

moving the magnetic storage medium in the transducing direction relative to a
multiple-gap servo write head having at least a leading gap and a trailing gap that are spaced
apart in the transducing direction and can be provided with a current'pulse to generate

megnetic flux and record at least one servo pattern stripe of the first azimuthal orientation and
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1995 63 a 'magnet haV| ng a servo pattern recqroad:Qn. AL o2 N |
| east one servo for noving the magnetic s : '
relative to a magnetic head asserrbly, a y@gneti c head assenbly that is
moved sufficiently close to a surface of the noving

at least one servo pattern swripe of the second azimuthal orientation in a servo track with each

119, A data stor ﬁmﬂmlﬁm corrprl sing: - REPLACEMENT SHEET Pat e: 13

current pulse;
providing groups of repeated current pulses with a predetermined polarity to the
- multiple-gap servo write head, the groups of current pulses being separated from one another
in time by a delay time interval, the timing of repeated pulses within a group being such that
the stripe recorded by the trailing gap during the last current pulse of the group lies
completely between the stripes recorded by the leading gap and the trailing gap during the
first current pulse of the group, and the delay interval being sufficiently long such that all of
the stri;ies written by a group of pulses lie completely beyond the stripes written by the
previous group of current pulses; and
repeating the step of providing current pulses until the stripes recorded in the storage

medium comprise the servo pattern.

139. A method of producing a servo pattern as defined in claim 138, wherein the
stripe positions on the storage medium along the transducing direction are controlled during
the step of moviag by moving the magnetic storage medium in the transducing direction at
a predetermined velocity and during the step of providing by providiﬁg the repeated current
pulses at fixed timing intervals.

140. A method of producing a servo pattern as defined in claim 138, wherein the
stripe positions on the storage medium along the transducing direction are controlled during
the step of moving by repeatedly measuring thé velocity of the magnetic storage medium and

" during the step of providing by providing the repeated current pulses at times derived from

the velocity measurements to obtain the desired stripe spacing.

141. A method of producing a servo pattern as defined in claim 138, where:a he
step of providing includes the step of creating a transition-free spacing interval after cach
servo pattern group by making the delay interval 'sufﬁci'ently long and the spacing between

the gaps of the multiple-gap servo write head sufficiently long such that the minimum sgaz.3
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erating a servo read head

atorage oo I

: " | east one data head for
witing data and at I|°%ast oOne’ servo reacei gead for reading servo infornmation
on tracks of the storage nedium a serv ntrol. systemfor positioning the

magneti ¢ hea . | f ' tic .Storage
medi um f or ’r“cej‘ﬂﬁu n 1}eig %ﬁﬁﬁ%ﬁr@#é&%gﬁég pla#]gt egs%gcgo%gﬂﬁgggﬁn%fn &ge
storage nmediHisdhg dizectiod beblett alPeRE SirvbAkeregapeses the servo read head

signal and decodes it to generate a position signal that indicates the
position of the read head relative to the servo pattern, a translation

assenbly that is, gctiyate 0. posi t.ion the head as Ly relative o th
Storage medi um W X 3ieiled 8 RBRIRER stag panem S50eRt i B il pheiein e
assenbly in : Hﬁikﬁﬁg bouBs o QurP@t ipulsed iSteplatbd sHéMehgE Bach! dgegder
I ncl udes megﬁ;gsfgr decogiin s‘a servo pEleadlhe&gd si gnal proéucﬁggeﬁg#d ¢
cyclic sequence of recorded transitions comprises a plurality of groups of stripes, each group

containing stripes of a single azimuthal orientation and at least one group within a period
containing a different number of stripes from the number contained within the other groups

of stripes.

143. A method of producing a servo pattern as defined in claim 142, wherein the
step of providing groups of current pulses is repeated such that each pattern period of the
cyclic sequence of recorded transitions comprises a group of four stripes at the first azimuthal
orientation, followed by a group of four stripes at the second azimuthal orientation, followed
by a group of five stripes at the first orientation, followed by a group of five stripes at the
second orientation, a t:ansition—ﬁce spacing interval occurring after each group of stripes.

144. A method of producing a servo pattern on a magnetic storage medium, the
servo pattern comprising a cyclic sequence of magnetic flux transitions, recorded in tracks on
the storage medium along a transducing direction, that extend continuously across the width
of the servo tracks and define servo pattern stripes, the stripes including at least a first
.azimuthal orientation and a second azimuthal orientation, such that the first azimuthal
orientation is not parallel to the second azimuthal orientation and the stripes are arranged in
groups containing a plurality of .spaced-apart sequential stripes at the first azimuthal
orientation followed by a plurality of spaced-apart sequential stripes at the second azimuthal
orientation, wherein the stripes are arranged in groups containing a plurality of sequential
subgroups, each subgroup containing stripes at more than one azimuthal orientation, the

groups being separated by synchronization features, the method comprising the steps of:
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a servo pattern that conprises a cyclic sequence of magnetidg| fl ux
transitions th ously across the width of th Daack.‘aa.dnEclggs
define servo pi‘“mmllgm Bm;"“nm t hat the servo read head

the magnetic head s koved sacross the wgdth of the track, the stripes

including at least a first azimuthal orientation and a second azi mut hal

orientation, suc ! tHeN@agr, c'hétstéligé“ﬁéﬁhn%' @8t @ddshiicihg diRtufRralblifd 1§ &
t he second azi nmut orientation and the stripes are arranged in groups

cont ai ni ng mmpleghp serve fritechpad haviag aswagra)lagmng earéndsaibygiling [gan ¢t aterspacgd
by Synchr onRBR iy EARGHGSE CrseHon, ik CH0 B GRYEEL it i CorEF PR o Generete
magnet i ¢ st o age: ERAS éﬁﬁ‘r&%\‘d Bedd: éﬁ&&%ﬁ%@&%@ﬁ&%ﬁm Sstaitifand

servo track;
at least one servo pattern stripe of the second azimuthal orientation in a servo track with each

current pulse; _
providing groups of repeated current pulses with a predetermined polarity to the
multiple-gap servo write head, the groups of current puises being separated from one another
in time by a delay time interval, the timing of the repeated pulses within a group béing such
that the stripe recorded by the trailing gap with each current pulse of the group lies
completely beyond the stripe recorded by the leading gap after the previous current pulse of
the group, and the delay interval being sufficiently long such that the minimum spacing along
the transducing diréction between the stripe recorded by the leading gap during. the last
current pulse of a group and the stripe recorded by the trailing gap during the first current
pulse of the subsequent groups is greater than the maximum distance along the transducing
direction between any pair of sequential stripes within the set of stripes written by a group
of current pulses; and '
. repeating the step of providing current pulses until the stripes recorded in the storage

medium comprise the servo pattern.

145. A method of producing a servo pattern as defined in claim 144, wherein the
stripe positions on the storage medium along the'transducihg direction are controlled during
the step of moving by moving the magnetic storage medium in the transducing direction at
a predetermined velocity and duﬁng the step of providing by providing the repeated current

pulses at fixed timing intervals.

146. A method of producing a servo pattern as defined in claim 144, wherein the
stripe positions on the storage medium along the transducing direction are controlled during

. the step of moving by repeatedly measuring the velocity of the magnetic storage medium and
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magneti c storage j’ﬁ 'mmu"ml a magneti c head assenbly Baté’&gilgfj.. L 1995..
head assenbly that ¥ ! ulﬂlnﬁently close to a surface &~k i

magneti c storage mnedi um ¥ or® réadrng the78ervo pattern recorded on the

storage nedi um surface and for generating a servo read head signal, the

nmagnet i ¢ heakiriag sisndp/ of providifignisy providimg thecrepeatied eurhen dufses ar wraes degivet drom
witing data and at | east one servo read head for reading servo information
on tracks. ofthe MelogtYomepuremeats igobtain the desired stripe spacing.




a servo centrol systemfor positioning the magnetic head asse R;?éﬁ(}&M&H{TSHEET

the surface of the noving magnetic storage nmedium for reading &% selvd DEC
pattern recorded in at |east one track of the storage nmediums Toro i - I
servo decoder that receives the servo read head signal and decodes |t to
generate a position signal that |nd|catest#y? Position of the servo read
head relative to the servo pattern, a translation assenbly that is _
activated to position the head assenbly relative to the storage nmedium and
a servo controller that activates the translation assenbly in accordance
with the position signal, wherein the servo decoder includes neans for
detecting errors by neans of pattern recognition of the read head signal,
such that the servo decoder correlates the read head signal with
predeterm ned servo patterns recorded on the storage nediumand, if the
signal does not correlate wthin an ? ror limt, then the servo decoder
i ndicates an error condition. 121. A a storage systemas defined in
claim 120, wherein the servo decoder
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nmeans for+detecting errors detects a servo pattern that conprilses a cyclic
sequence of flux transitions that include periodic synchronizgdtp&a: f]azﬁ @ﬁﬁs‘lﬂﬁﬁ

and the servo decoder correlates the read head signal by coun
nunber of transitions occurring between synchronization features and
conparing the nunber with the nunber of transitions in the predeterm ned
servo pattern, such that if the nunber of2/23ansitions detected by the servo
decoder does not equal the nunber known to exist in the predeternined servo
pattern, then the servo decoder indicates an error condition.
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*C L M=-S,65 122. A data storage system as defined in clai rr#ﬁfLmEéfEélTrSHEET
the servo decoder neans for detecting errors decodes a read hgad si
produced froma servo pattern that conprises a cyclic sequencg Dgfe ‘rag §@PEEE95
flux transitions that extend continuously across the w dth of tne trawﬁa:—
define servo pattern stripes such that the servo read head signal varies as

the magnetic head is noved across the w d/l230f the track, the stripes

including at least a first azinuthal orientation and a. second azi nut hal
orientation, such that the first azinmuthal orientation is not parallel to

the second azimuthal orientation and the stripes are arranged in groups

having a plurality of sequential stripes at the first azinuthal orientation
followed by a plurality of sequential stripes at the second azi nut hal
orientation. 123. A data storage systemas defined in claim 122, wherein

t he synchroni zati on
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features of .the servo pattern conprise transition-free spaces || IRFPLACEMENS SHEET
of transitions of at |east one polarity whose mninumlength ijh the 13 DECBQS
transduci ng direction exceeds the maxi mum |l ength in the transdueABHg: - Tt st
di rection between consecutive transitions of that polarity w tmrmn a group

of stripes of the same azinuthal orientation. 124. A data storage system as
defined in claim121, wherein the servo dg er nmeans for detecting errors
decodes a read head signal produced froma servo pattern that conprises a
cyclic sequence of magnetic flux transitions that extend cgntlnuously

across the wdth of the track and define servo pattern st es such that

the servo read head signal varies as the magnetic head i aned across the

wi dth of the trackfTmh® stripes including at | east a figst azinuthal

orientation and aAgedond azi nut hal orientation, such that the first

azi mut hal- orientat i siinbk [ bdE R UE] to 449 |4 or|e ation
and the stripes arg |gqrjr | I pUPps copf il hijnd J4 uenti al
subgr oups, each suljdriqy Al hl h tfépe :
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more than+ome azinuthal orientation, the groups being separ at dfl HEPLACEMENT SHEET
synchroni zati on features detectable by the servo decoder. 125.}j A datT3 BEC ‘995

storage system as defined in claim 124, wherein the synchroni Zatatn...
features of the servo pattern conprise transition-free spaces ‘THar—are—free
of transitions of at REPLACEMENT SHEET Date: 13 DEC 1995 66 | east one
polarity whose mninmumlength in the transducing direction exceeds the

maxi mum | ength in the traducing direction between consecutive transitions

of that polarity within a
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group of stgipes,of the sanme azinuthal orientation. 126. A dath stor
system as defined in claim120, wherein the servo decoder posi
conprises a sequence of values and, if the servo decoder indic
condition in the read head signal, the servo control systemrepl aces the
current position signal value with a value derived fromone or nore

posi tion signal val ues that occurredGUQBore the error condition. 127. A
data storage systemas defined in claim126, wherein the replacenent val ue
is the |ast position signal value generated by the servo decoder before the
error condition was indicated. 128. A data storage systemas defined in
claim 127, wherein the servo control systemfurther includes one or nore
addi tional read heads for reading respective additional servo patterns on

t he storage nedi um and generating respective additional read head signals
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representative of>the additional servo patterns and one or norf REPPEEMENE SHEET

addi ti onal servo decoders that receive the additional head sigpals afcb _
decode themto generate respective additional position signal DamDECHSS
i ndicate the position of the additional read heads relative t TS —
patterns, and the servo control systemreplaces the discarded current

position signal value with a val ue deriv%ﬂ fromone or nore of the

addi tional servo position signal vaIUes‘;Mgﬁ are not in an error condition.

129. A data storage system conprising: a nmagnetic storage nedi um having a

servo pattern recorded on at | east one servo track; drive means for noving

the magnetic storage nediumrelative to a magnetic head assenbly;
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REPLACENMENT, SHEET Date: 13 DEC 1995 67 a magnetic head assenbly tﬁ%ﬁLﬁQFMENTSHEE
noved sufficiently close to a surface of the noving magnetic sto e di

for reading the servo pattern recorded on the storage nediums r@ge‘"gﬁduEm‘ggsg
for generating a servo read head signal, the magnetic head assenbly

including at |east one data head for reading and witing data and at | east

one servo read head for reading servo infgfgmtion on tracks of the st or age

medi um a servo control systemfor positioning-the nmagnetic head assenbly

adj acent t-he surface of the noving magnetic storage nmediumfor reading the
servo pattern recorded iy at |east one '
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track of the storage nedium surface, a servo decoder that recel REPLAGEMENT SHEET
servo read head signal and decodes it to generate a position signal t v

i ndi cates the position of the servo read head relative to the %irﬁchm
pattern, a translation assenbly that is activated to position The nead -
assenbly relative to the storage nedium _and a servo controller that

activates the translation assenbly in acR3ance with the posi tion signal
wherein the servo decoder includes neans for decoding a read head signa
produced froma servo pattern that conprises a cyclic sequence of magnetic
flux transitions that extend continuously across the width of the track and
define servo pattern stripes such that the seMNfgead head signal varies as

t he magnetic head is noved across the width of t traac®, the stripes
including at least a firstgagi al orientation argd & Second azi nut hal
orientation, such that thesf rgt 5313 mut hal ori ent&tq-cgNPs not parallel to

t he second azi nmut hal ori enbahienaaiiid e he servo dé}éﬁe{ageternines the time
intervals between a plurali t% of“predeterm' ned pai rsT of transitions in the

servo pattern and
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gener at es ? substantially speed invariant position signal t FEFEA%EMENTSHEETq
function of the tine intervals. 130. A data storage system defy 'n1Q¢ l
claim 129, wherein the servo decoder neans for decodi ng gengt @?t §]§'39@EC1935 I
position signal value in accordance with the ratio of the read head signal

tinme interval froma stripe of the firsj ﬁgjnuthal'orientation to a stripe

of the second azinmuthal orientation .and? e interval between two stripes of

the sane orientation. 131. A data storage systemas defined in claim 129,
wherein t-he signal decoder neans for decodi ng detects signals fromthe read
head corresponding to magnetic fl ux REPLACEMENT SHEET Date: 13 DEC 1995
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68 transistions having a first flux polarity and ignores magnetfjc flu

X _
transitions having a second flux polarity. 132. A data storag @ﬁ@tem:iDEClQ%
conprising: a nmagnetic storage medi um having a servo pattern rlecerged—moa—at—
| east one servo track; drive means for noving the magnetic storage nedi um
relative to a magnetic head assenbly; a {pgpgtic head assenbly that is

nmoved sufficiently close to a surface of the noving nmagnetig orage nmedi um

for reading the servo pattern recorded on the storage ned
for generating a-servo read head signal, the nagnetic head
including at | east gre data head for readipg and witing da
one servo read hea@=$qr readi ng
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servo information on tracks of the storage nmedium a servo con r%ﬁP%¥%¥%§NTSHEET
for positioning the magnetic head assenbly adjacent the surfacg of 1 He3 DEC 1395
movi ng magnetic storage medi um for reading the servo pattern rgcorded T Af """
| east one track of the storage nedium surface, a servo decoder that

receives the servo read head signal and decodes it to generate a position

signal that indicates the position of the servo read head relative to the

servo pattern, a translation assenbly thagajz3activated to position the

head assenbly relative to the storage medium and a servo controller that
activates the translation assenbly in accordance with the position signal,
wherei n: the magnetic head assenbly contains at | east one data read head,

the servo read head being |l ess than half the width of the narrowest data

read head, where width is defined as the head di mensi on perpendicular to

the transducing direction. 133. A data storage systemas defined in claim

132, wherein the width of the storage
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medi um servo tragk containing the servo pattern is w der thad
track. 134. A data storage systemas defined in claim132,
nore pluralities of adjacent servo tracks on the storage nedl
nore servo bands. REPLACEMENT SHEET Date: 13 DEC 1995 69 11
storage systemas defined in claim134, wherein a servo band |s wi der than
a single data track. 136. A data storage systemas defined in claim132,

wherein the servo decoder o
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means for ¢ecoding decodes a read head signal produced fromg servo %?bkgwags

that conprises a cyclic sequence of nmagnetic flux transition @Qgglq _______________________
continuously across the width of the track and define servo pattesrp—stri-pes
such that the servo read head signal varies as the magnetic head is noved
across the wdth of the track, the stripes including at least a first

azi mut hal orientation and a second azi nuthal orientation, such .that the
first azinmuthal orientation is not parallel to the second azi nuthal
orientation. 137. A data storage systemas defined in claim 136, wherein
the servo pattern stripes are arranged in groups having a plurality of
sequential stripes at a first azimuthal orientation followed by a plurality
of stripes at a second azinmuthal orientation. 138. A nmethod of producing a
servo pattern on a nagnetic storage nedif 2:;he servo pattern conprising a
cyclic sequence of magnetic flux transitions, recorded in tracks on the
storage nedi um al ong a transducing direction, that extend continuously
across the width '
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of the sefve traecks and define servo pattern stripes, the stril|jpBEPLMeFMENHGHEET
at least a first azinuthal orientation and a second azi nut hal orientgg%iﬂm
such that the first azinmuthal orientation is not parallel to qh@@@ée -+ 1935

azinmuthal orientation and the stripes are arranged in groups containing a
plurality of spaced-apart sequential stripes at the first azinuthal
orientation followed by a plurality of spaced-apart sequential stripes at

t he second azinmuthal orientation, the method conprising the steps of:
novi ng the magnetic storage nediumin the transducing direction relative to
a nultiple-gap servo wite head having atlA/dakst a leading gap and a
trailing gap that are spaced apart in the transducing direction and can be
provided with-a current pulse to generate nmagnetic flux and record at |east
one servo pattern stripe of the first azinuthal orientation and
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REPLACENMENT, SHEET Date: 13 DEC 1995 70 at | east one servo pat tjeREPEACEMENGISHEET
the second azinmuthal orientation in a servo track w th each qurrent lplglp 01995
provi di ng groups of repeated current pulses with a predeterninedtepol g ............
to the nmultiple-gap servo wite head, the groups of current '
separated fromone another in tine by a delay tine interval, the timng of
repeat ed pul ses within a group being such that the stripe recorded by the
trailing gap during the last current pulse of the group lies conpletely

bet ween ‘the stripes recorded by the |eadin ap and the trailing gap during
the first current pulse of the group, and6 ?Bg del ay interval being
sufficiently long such that all of

ADDRESS X1 X2 Y1 Y2 D1 D2
0 0 0 4] 0 0 0
| 0 0 1 1 1 1
e 0 1] 2 2 2 2
3 0 0 3 3 1 1
4 0 0 4 4 0 0
5 0 0 4 4 0 0
6 +1 +1 4 4 1 1
7 +2 +2 4 4 e 2
8 +3 +3 4 4 1 1
S +4 +4 4 4 0 0

10 +4 +3 4 3 0 -2
11 +3 +2 3 rad -2 ~4
i2 +2 +1 2 1 -4 -2
13 +1 0 1 0 -2 0
14 0 0 0 0 0 0
15 0 0 0 0 0 o

FIG. 18
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the stripesewitten by a group of pulses lie conpletely beyo dREHEA%EME%E§HEET

witten by the previous group of current pulses; and repeatimg the asgpggglggs
providing current pulses until the stripes recorded in the s obPsige.- kPP s emereones

conprise the servo pattern. 139. A nethod of producing a ser atterimr as
defined in claim138, wherein the stripe positions on the storage nedi um

al ong the transducing direction are controlled during the step of noving by
nmovi ng the nmagneti'c storage mediumin the transducing direction at a
predetermned velocity and during the step of providing by providing the
repeated current pulses at fixed timng intervals. 140. A nethod of
producing a servo pattern as defined in ai7g2% 138, wherein the stripe
positions on the storage nedium al ong the transducing direction are
controlled during the step of noving by repeatedly nmeasuring the velocity
of the magnetic storage nmedi um and
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during the step of providing by providing the repeated currer} RERLACEMENT SHEET
tinmes derived fromthe velocity neasurenents to obtain the dgpired gt |Eﬁcw95
spacing. 141. A nmethod of producing a servo pattern as defi re@aieﬁ--z-l-g-i-- seien BTN,
138, wheren the step of providing includes the step of creatimTg a
transition-free spacing interval. after each servo pattern group by making

the delay interval sufficiently |ong and the spaci ng between the gaps of

the nmultiple-gap servo wite head sufficiently I ong such that the m ni num
spacing =~ REPLACEMENT SHEET -Date: 13 DEC 1995 7 1 -

18/23

420

FIG. 21




in the transduci pg direction between any two servo pattern gripREPLAZENMENT SHEET
the spacing in the transducing direction between any two ser pattf;?Jyﬂ:EBS
stripes. 142. A nethod of producing a servo pattern as defi ngdDate :cl.af.d3.%0. 000
141, wherein the step of providing groups of current pul ses

such that each pattern period of the cyclic sequence of recorded

transitions conprises a plurality of groups of stripes, each group

containing stripes of a single azinuthal orientation and at | east one group
within a period containing a different nunber of stripes fromthe nunber
contained within the other groups of stripes. 143. A nmethod of producing a
servo pattern as defined in claim 142, wherein the step of providing groups

of current pulses is repeated such that é&é33pattern period of the cyclic
sequence of recorded transitions conprises a group of four stripes at the
first azinmuthal orientation, followed by a group of four stripes at the

second azi nut hal orientation, followed
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= A H & -
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: . . . . . . REP
by a group of fiwe stripes at the first orientation, followe by LACEMﬁERﬁHEET_

five stripes at the second orientation, a transition-free sp
occurring after each group of stripes. 144. A nethod of prod _
pattern on a magnetic storage medium the servo pattern conprising a cyc'lc
sequence of magnetic flux transitions, recorded in tracks on the storage
medi um al ong a ‘transduci ng direction, that extend continuously across the
wi dth of the servo tracks and define servo pattern stripes, the stripes
including-at least a first azinuthal OFIEHiﬁI(ﬁlaﬂd a second azi nmut ha
orientation, such that the first azi mut ientation is not parallel to
the second azinuthal orientation and the stripes are arranged in groups
containing a plurality of spaced-apart sequential stripes at the first
azinmuthal orientation followed by a plurality of spaced-apart sequenti al
stripes at the second azinuthal orientation, wherein the stripes are
arranged in groups containing a plurality of sequential subgroups, each
subgroup containing stripes at nore than one azinuthal orientation, the
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groups bei ng*separated by synchronization features, the nethod {drETLAGEMENT SHE
the steps of; - REPLACEMENT SHEET Date: 13 DEC 1995 C L ‘M S j|* nnvlng DEC EEE
t he magnetic storage mediumin the transducing direction relati{date:

mul tiple-gap servo wite head having at |east a | eading gap and=a trartrmg

gap that are spaced apart in the transducing direction and can be provided

with a current pulse to generate nagnetic flux and record at | east one

servo pattern stripe of the first azinuthal orientation and at |east one

servo pattern stripe of the second azinuthal orientation in a servo track

wi th each

—Tx
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L - REPLACEM:NTSHEET
current pul §e; providing groups of repeated current pul ses w h

predeterm ned polarity to the multiple-gap servo wite head,
current pul ses being separated fromone another in tinme by a
interval, the timng of the repeated pul ses within a group being such that
the stripe recorded by the trailing gap with each current pul se of the
group lies conpletely beyond the stripe recorded by the | eading gap after

t he previous current pulse of the group, and the delay interval being
sufficiently long such that the m ni num spaci ng al ong the transducing
direction between the stripe recorded by the | eading gap during the |ast
current pulse of a group and the stripe recorded by the trailing gap during
the first current pul se of the subsequen& gﬁgups is greater than the

maxi mum di stance al ong the transducing di'r i on between any pair of
sequential stripes wthin the set of stripes witten by a group of current
pul ses; and

------------------------------
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repeating the step of providing current pulses until the stri <§§PF§98M5§ESHEET
in the storage nmedi um conprise the servo pattern. 145. A net %g)f 1 3 DEC ]995
produci ng a servo pattern as defined in claim 144, wherein th G

positions on the storage nedium al ong the transducing direction are
controlled during the step of noving by noving the magnetic storage nedi um
in the transducing direction at a predeterm ned velocity and during the
step of providing by providing the repeated current pulses at fixed timng
intervals. 146. A nethod of producing a servo pattern as defined in claim
144, wherein the stripe positions on th%jiggage medi um al ong t he
transduci ng direction are controlled durd he step of noving by
repeatedly neasuring the velocity of the magnetic storage nmedi um and

518 [ PULSE - [PREAMP
GENERATOR ™
- . 526
516 BATTERN PATTERN
- GENERATOR| |, VERIFIER
ELECTRONICS

502

FIG. 26



L _ _ REPLACEMENT SHEET
REPLACEMENL SHEET Date: 13 DEC 1995 during the step of providijhg by
provi ding the repeated current pulses at tines derived fromt 1@a§éeldc3t95cﬂgs

measurenents to obtain the desired stripe spacing.

TIMING BASED SERVO SYSTEM FOR MAGNETIC TAPE SYSTEMS

ABSTRACT OF THE DISCLOSURE
A track following servo system is disclosed for use with magnetic tape systems in
which magnetic servo track patterns contain transitions recorded at more than on azimuthal
orientation across the width of the servo track. The timing of a signal derived from reading
at any poiht across the width of such a pattern varies continuously as the read head is moved
across the servo track. The pattern is read by a servo read head w_!mse widtk; is small
compared to the servo track pattern. The combination of a2 wide servo pattern and a narrow
servo read head offers excellent position sensing linearity and dynamic range. In the
preferred embodiment, the servo read head is also narrow with respect to the data tracks,
which pfovides the additional advantages of superior unmnmty to position sensing errors
' caused by defects or temporal variations in the servo read head, defects in the servo pattern
on the tape, wear of the head or tape, or debris collection on the head or tape. Position
sensing with this system is achieved by deriving a ratio of two servo pattern intervals and
therefore s insezisitive to tape speed during reading. The servo patterns may include spacing
intervals recognizable for error detection and correction purposes. Servo tracks are recorded
using a pattefned muitiple gap servo write .head whose mﬁgnetic gaps have geometries
appropriate to generate the desired servo paﬁems. The patterned gaps of the servo write head
are produced by photolithographically defined electroplating of permalloy on a ferrite ring

head structure. | -



