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TLYllNG BASED _SERVO SYSTEM FOR !\lAGNETIC TAPE SYSTE:MS 

BACKGRO'CJND OF THE :INVENTION 

1. Field of the Invention 

This invention relates generally to recording and reading data from magnetic storage 

media and, more particularly, to servo control system:v,that"tb.aintain the position of a 

magnetic head relative to tra~ks 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 tracks m a translating direction, which is 

perpendicular to the transducing dkection. 

For example, a recordable di$:;typitruly contains concentric data tracks and is rotated 

beneath a ~anetic head. The direction of rotation defmes the transducing direction. Radial 

movement from track to track defmes 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 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 

infonnation 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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data tracks. When the servo head is centered relative co the boundary between the servo 

patterns, the associated read/write head is centered relative to the data track. 

The servo patterns might comprise bursts of half-width magnetic flux transitions, 

extending halfway across the servo track, that have different phases or .frequencies. These 

patterns are often referred to as "half tracks" because a single servo position is defined by an 

adjacent pair of the patterns. Generally, the servo head has a v,idth greater than or equal to 

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-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. \Vith such systems, every other pattern is made different to avoid the 

problem of the head running into an adjacent track pattern, 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 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 satis~actory for 

direct access storage devices, such as disk drives: Tape storage systems operate under unique 
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characteristics that increase the difficulty of providing higher storage densities. In magnetic 

tape storage systems, the storage media/magnetic head interface is not as clean as the 

environment typically found in disk systems and, unlike most disk systems, the magnetic tape 

runs substantially in contact with the magnetic head. The relatively dirty environment and 

continuous 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. A.s 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 

contamirui.nt 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 difficult 

to detect from the oosition sismal 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 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 ~'YENTION 

In accordance with the present invention, a track-follo"11ng 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 pattern at any point on the pattern varies 
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continuously as the head is moved across the width of the servo track. Tne timing of pulses 

generated by the servo read head is decoded by appropriate · circuiw.: to provide a speed 

invariant position signal used by the servo syste~ 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 cyclic 

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

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 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 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 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 pattern sequence must match a knovm 

format; failure to match within cer"..ain 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 head. The gaps of the head contain geometries appropriate to generate the servo pattern 
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fearures described above. For servo panems comprised of straight tran.sitions at two different 

azimuthal orientations, fur example, a dual gap head having one narrow straight gap ac each 

orientation is sufficient. In one fearure of the invention, the patterned gaps of the head are 

produced by photolithographically defined plating of permalloy material on a ferrite ring head 

structure. Pulses of current through the 1-V"'indings of the write head transfer the geometric 

pattern of the gaps on the head to identical magneti.z:ation patterns on the tape. Appropriate 

timing of the pulses generates the desired panern 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 false 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 

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 ""idths. Tne 

system is especially suited for use with dedicated servo tracks that are always separate from 

data trac~. However, the system may be used in embedded servo systems as well. 

In another aspect of the invention, the servo control system detects magnetic flux 

transitions having a £¥st transition polarity and ignores magnetic flux transitions having a 

second transition polarity. Thus, the servo control information pattern groups are timed only 

between transitions that have the same polarity .. This avoids shifts in the timing of opposite 

polarities of transitions that can occur due to asymmetries in the fabrication of the servo write 

head, in the actual servo control information writing process, the narure 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 fearures and advantages of the present invention sb,ould be apparent from the 

following description of the preferred embodiments, which illustrate, by way of example, the 

principles of the invention. 
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Fig. I is a perspective view of a tape drive storage device and associated tape cartridge 

consttUcted in accordance with the present invention. 

Fig. 2 is a schematic representation of the magnetic head and servo control system of 

the tape drive and cartridge combination illustrated in Fig. 1. 

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 

m 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 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 flttx transitions that can be recorded onto 

a portion of magnetic tape by the system illustrated in Fig. 19. 

-6~ 

TU9-93-062 



···-·-·-------

·THIS SHEET HAS BEEN 
REPLACED 

Fig. 21 is a representation of a multi-gap head that can record the servo pattern 

illustrated in Fig. 9. 

Fig. 22 is a cross-section of the head 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 v..nte head writing a magnetic tape 

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 cartridge comprises a 

housing 19 containing a loop of magnetic tape 20. The system is constructed for use with 

servo control information comprising a repeating servo pattern of magnetic fltLx 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 'INT:ite 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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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 cartridges, such as IBM Corporation "3480" 

and "3490" tape drive units. The tape cartridge 14 can assume any one of a variety of 

cartridge formats, including, for example, conventional 8 mm, 4 mm, 114-inch, and 112-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 simplicity 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 

substantially 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 tra<:k. 

In Fig. 2, the transducing 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. 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?~ to a servo controller 40. The servo controller 
. ..• . '. i . 

-8-
TU9-93-062 



; ·-·-· 

THIS SHEET HAS BEEN . 
REPLACED 

generates a servo mechanism control signal and provides it via a control line 42 co the head 

assembly 24. A servo mechanism of the head assembly responds to the control signal from 

the servo controller by moving the head 26 laterally across the width of the servo track 30 

in the translating direction. The servo 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 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 

~eludes 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 corresponcling 

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 v.Tite 

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 flu.x transitions that are detected to generate the servo read head 
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signal. The transitions have two magnetic polarities, one on each edge of a Stripe. \Vhen the 

servo read head crosses a transition, it produces a puise whose polarity is determined by the 

polarity of the transition. For example, the servo head might produce positive pulses on the 

leading edge of each stripe (on encountering a stripe) and negative pulses on the trailing edge 

(on leaving a stripe). Each servo pattern comprises a repeating sequence of different stripes 

having at least two orientations across the width of the track such that the fJist orientation is 

not parallel to the second orientation. 

For example, in Fig. 4, the servo pattern 44 comprises an alternating seq:uence 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 synunetric about the track centerline 62. It should be apparent 

that this pattern 56 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 transducing 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 defme first and second intervals, referred to as A intervals and B intervals, respectively, 
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that are used to generate a position signal that is independent of tape speed. Tne position 

sigxial is generated by timing the intervals and calculating their ratio. For r..1.ese patterns, an 

A interval is defmed as the interval along the tape transducing direction from a stripe of one 

type to the next stripe of the other type, while a B interval is def med as the interval along the 

tape transducing direction between two stripes of the same type. It should be clear that the 

timing intervals from stripe to stripe will vary as the servo read head is moved in the 

translating direction, across the width of the track. It also shoul~ 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 

B 1 extends from the fIISt perpendicular stripe to the next perpendicular stripe. Subsequent 

servo pattern intervals A2, A3, ... and B2, B3, ... can be similarly defined. In Fig. 5, the first 

A interval Al extends from the fIISt perpendicular stripe to the first chevron-shaped stripe 

while the first B interval B 1 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 B 1 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 defme 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 seIYo 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, 
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for example. the system will know whether the next stripe to be read is a straight transition 

or is an azimuthally sloped transition. In the preferred embodiment, the position 

detennlliation is provided by a periodic synchronization feature in the servo pattern that is 

detected by the servo decoder. 

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 stripes for proper 

synchronization. 

For example, in Fig. 4, a first servo patt!!m 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 . • A..s noted 

above, information other than servo control pa:ttem data is written in these intervals. 
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To reduce the chance of head irregularities and control system anomalies from 

distorting the servo read head signal, the servo control system in accordance with the present 

invention times the A and B intervals only between magnetic flux transitions having the same 

polarity. 1bis is done because, for example, asymmetries in the fabrication of the servo i;vTite 

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 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 trailin~ 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 

w~uld 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 generated by the 

magnetic head illustrated in Fig. 2 as it reads the servo pattern illustrated in Fig. 4. Fig. 7 

shows that a f..rst servo read head signal 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 pea.1<s 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 B 1, 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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the downward peaks are ignored in determining the timing intervals for generation of the 

position signal. Fig. 8 indicates that the servo pattern is approximately 408 microns across 

and 434 microns long. 

Fig. 9 shows an alternative nested, or interleaved, diamond pattern 94, "With a 

representation of the path 96 followed by the servo read head, beneath which is a 

representation of the head output signal 97 generated as the head crosses the servo pattern 

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

sequence of five ~terleaved 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 diamonds. 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 dian lOnds, 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 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 direction is 2.5 µm. The period of stripes 

within a group is 5 µm. The width of the servo pattern perpendicular to the transciucing 

direction is 408 µm. divided into two symmetric halves of width 204 µm. The stripes are 

inclined at an angle of 7.4° relative to a line perpendicular to the transducing direction. In 

the following dimensions, all lengths are measured· from the leading edge of a stripe to a 

leading edge of another stripe: the spacing interval 99 between diamonds is 10 µ.m at the 

closest approach; the internal gap 98 in a four-diamond group is 15 µm; the internal gap 98' 

in a five-diamond group is 10 µm. 

-14- i1iii~i1Di TU9-93-062 



THIS SHEET HAS BEEN 
REPLACED 

Fig. 9 illustrates that an A interval is defined to extend from a stripe on the left side 

of a diamond to a corresponding stripe on the right side of the diamond. For example, the 

first A interval Al ·extentjs from the first stripe of the left side of the first diamond to the first 

stripe of the right side of the first diamond. The corresponding B interval extends from a 

stripe 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 ma.'<i.tnum use of the track 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. Tiris advantageously pennitS a relatively simple 

error detection and correcti<:>n scheme to be implemented. 

The dimensions of the pattern 94 illustrated in Fig. 9 represent a preferred design 

which balances three se_rvo requirements: servo pattern width, sample rate, and position 

signal noise. The pattern width (indicate~ in Fig. 9 as 408 microns) detennines 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 ser:vo 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 mis, this yields a sample 
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rate of 18,100 samples per second. Tne sample rate requirement is determined by the rest of 

the components of the track-follov,-ing servo loop. If the sample rate is too low, the dynamic 

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 measuremen~ 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 signal 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 servo read head because of 

azimuth loss, which affects the noise in the measurement of the transition times. All of these 

factors should be considered when determining the optimal servo pattern for a given 

application. The pattern 94 illusrrated in Fig. 9 represents a preferred design, however, 

different design objectives can be readily addressed by those skilled in the art by adjustmg 

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 fi.mctions can be provided in 
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the same circuit or can be provided by separate circuit modules. Fig. l 0 shows that the 

decoder 36 receives the analog servo read head signal. 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 I 02. In the preferred embodiment, the output signal from the peak detector goes 

high on a positive-going transition (leading edge) and goes low on a negative-going transition, 

permitting the decoder to distinguish between the two polarities. 

As noted 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 many ways to 

accomplish the function through various hardware and software approaches. For illustrative 

purposes, a decoder and error correction circuit is illusrrated in Figs. I 0 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 maximwn 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 YI 108 and Y2 110 alternate in 
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timing the B intervals. The desired position signal is the ratio of A and B, which is 

calculated in this example circuit as follows: Because full digital division requires extensive 

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 speed varies over a limited 

range). The B value (output of one of the two Y counters) is selected by a Yl/Y2 counter 

selector 112 and is converted to a l/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. I 0. The illustrated circuitry performs error checking 

on each burst, and outputs a sing!~ position signal value for each burst. In the event no error 

is found, the burst output is the average value of the eight individual AIB 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 Viill count a number of 

transitions per burst other than the correct number (eighteen in this example), and will output 

an error signal. Additional error dete.ction is accomplished by comparing the successive 

values of the eight AIB values generated within teach burst. A deviation accumulator 124 

sums four of the eight lvB values, and subtracts the remaining four, giving a deviation result 

that indicates the degree of inequality of the eight values. If this deviation value exceeds 

certain preset boundaries, a deviation limits detector 126 produces an error signal. These 

error signal are processed by an e:r:ror 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 la;tch 130 that causes the last good burst average value from the 

' ".' ::" 
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accumulator 128 to be provided to a data selector !32. A burst error line 123 indicates 

whether the cum:nt output value is a new error-free value or a previous heid value. 

The servo control system makes use of the burst error line 123 and the burst data 

ready line 122 to detennine whether the position signal integrity is sufficient for adequate 

servo control operation. For example, the system may reject position data after a certain 

nwnber of consecutive errors are detected, or after a predetermined time interval is exceeded 

without new error-free 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. Tnose 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. Tne 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 

predetennined. 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 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 sim:ple 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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Fig. 9, which has been optimized for a combination of wide servo track width, high signal-to­

noise ration, high sampling rate, and good error detection capabiFty. 

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. l i shows the path 

of a servo read head over a portion of the servo pattern from Fig. 9 along \'with the ~esulting 

analog signal received· 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 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 infonnation 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 nvo subdecoders indicated by a suffix of "I" or "2" that alternate in producing position 

sign.al infonnation, each outputting every other position signal value. Each of these 

subdecoders times four A and four B intervals, which are shov..n in Fig. 17. Tne timing 

points labeled CLRl, CLR2, OUTl, 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 AIB 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 v.ith this description. 

While the interleaved A and B intervals could be timed with indi..,idual dedicated 

counters, the same function may be performed by a single accumulator in ea.ch subdecoder. 

For example, the timing of A values in the first subdecoder is accomplished as follows: An 

XI accumulator is initially cleared (by CLRl) to a zero value. A transition 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 Xl 

increment ROM produces a value of zero to the XI accumulator, holding its value at zero. 

----------
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At other points in time, the transition counter TCI and increment ROM XI pro,,.ide to the XI 

accumulator an increment vaiue equal to the number of A intervais currently being timed. 

The XI accumulator adds this number to its total on each clock cycle. In this way, the XI 

accumulator serves the role of multiple parallel timers. 

It should be noted that the Xl accumulator contains the sum of four A values after the 

intervals are complete; this is the desired A output value for the burst group. In a similar 

manner as desctjbed above, a Yl accumulator ~ the four B intervals. A deviation 

accumulator D 1 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 D 1 accumulator to 

deviate from zero. Comparators labelled DEV MAX and DEV MIN determine whether the 

deviation has excee_ded predetermined boundaries, which indicate an error condition. Error 

checking also includes transition counting, which is accomplished by two magnitude 

comparators 1 and 2. Because the total m.unber 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 

sigI?AI. 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 TCl, 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 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 

conven 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 pealcs. 

Typical peak detectors us.ed in magnetic drives usually produce a pulse on both positive-going 
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ahd negative-going peaks. The peak detector 160 used in the preferred embodiment should 

be well-known to those skilled in the an and needs no funher explanation. 

The output of the p~ak detector comprises the PK signal, which is provided to the 

1
circuiny illustrated in Fig. 13 and also is provided to a do-wn counter 162. Tne down counter 

'aiso 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 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 beyond a predetermined gap length without 

a pulse from the peak detector 160. That is, the d0Vt11 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. 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 µm. 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 pattern stripes. As noted above, the spacing intervals 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 PK signal and the GAP signal 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 a!ter 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 are used to produce the main 

control signals OUTl, OUT2, CLRl, and CLR2. For the pattern illustrated in Fig. 9, the 

OUTl and OUT2 signals are generated at every spacing interval 99, whereas the CLRI 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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to the clock input of the four flip-flops 172, 176, 178, 188. Tne inverse FIVE signal is 

provided ta the first flip-flop 172 and to an OR gate 174. The OUTl signal produces a single 

pulse whenever a gap is detected after two FIVE pulses. Thus, the Q output 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 third flip-flop 178, and the inverse Q output of the first flip-flop 172 is 

provided as the clock input to a founh 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 sbcth flip-flop 184, which also receives the system clock signal at its 

clock input. The inverse Q output of the sL'<th flip-flop provides the CLR2 signal. 

The OUT2 signal line produces a signal pulse when a GAP signal occurs after two 

FqUR signals, while the CLRI line produces a signal pulse when a GAP signal occurs after 

exactly one FOUR signal. .A.s i1Iustrated in Fig. 15, this can be provided by connecting the 

invez:red 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 1_88. 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 CLRl 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-input of a tenth flip-ilop 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 CLRl signal. 
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Fig. 16 illustrates how a SELECT signai is generated and how a data-ready (DR) 

signal is generated. Whenever an Ot.rn or OUTI signal pulse occurs, data is ready to be 

output. That is, the servo head is at the end of one diamond pattern,· either a group of four 

intez:leaved diamonds or a group of five interleaved diamonds. The SELECT signal is used 

to select the proper registers and data ready pulses. The SELECT signaI is produced from 

a J-K flip-flop 1915 with its J input line coIUlected to the OUT2 signal and its K input line 

connected to the OUTI signal. The clock input of the J-K flip-flop is COilllected to the 

system clock signal. The Q output of the J-K flip-flop 196 produces the SELECT signal. 

The OlJTl and OUT2 signals are connected to the input lines of an OR gate 198, whose 

output produces the data-re~dy (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 YOlJT. As noted above, 

Fig. 13 shows that there are two completely redundant signal generation systems, identified 

by a "l" suffix and "2" suffix, which take turns producing the XOUT and YOUT values. 

Thus, one XOUT value is generated by the Xl elements, followed by a YOUT value 

generated by the Yl 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 XI 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 "I" suffix. 

The position signal is the sum of four A-interval values divided by the swn of four 

B-interval values described above in connection with Figs. 4-6 and Figs. 8 and 9. The 

accumulators Xl, X2, Yl, 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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calculate the sums and then perform the division operation, to generate the XOT.J'T and YOu'T 

values. The A intervals and B intervals are graphically represented in Fig. 17. 

Fig. 17 shows that the A intervals Al, Al, A.3, and A4 overlap one another in time, 

as do the corresponding B intervals Bl, B2, B3, and B4. A separate counter could be used 

to time each A and B interval; however, this approach would require eight counters. As 

noted above, in the preferred embodiment, the summation is instead achieved using two 

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

first signal generation system includes two paired accumulators Xl and YI, 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 amo\lllt 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 respecti:ve signal generation 

system clear line (CLRl 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 tum, are addressed by transition counters TCl and TC2. 

In operation, when a CLRI pulse occurs, the first transition counter TCl resets to zero 

and its associated accumulators Xl, Yl, and DI 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 CLRl 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 ~e eleyenth servo pattern stripe 

crossed, the first A interval and the first B interval timing end. On the fourteenth PK pulse 

after the CLRI, all A and B intervals have ended and the sums are ready to be output. The 
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fourteenth servo panern stripe, after a pair of five-stripe groups, is when the OUTl pulse 

occurs, producing an output value (Fig. 15). 

The accumulators, using the increment data in the increment ROMs, automatically add 

up the intervals as needed. 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 CLRI or CLR2 signal has just 

been crossed. The columns XI, 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 XI column are indexed according to the number of PK pulses 

received after a CLRl signal, while the increment values in the X2 column are indexed 

according to PK pulses after a CLR2 signal. 

The operation of the XI accumulator next \vill 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 CLRI signal starts the timing of the first A interval 

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 transition counter 

TC 1 output value that is produced . from counting PK pulses is equal to six and the 

corresponding increment ROM address is eq~l to six. From Fig. 18, the amount of 

increment to the Xl accumulator is one. 

On the seventh PK pulse following a CLRl 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 Xl increments two on each clock cycle. Similarly, 

after the eighth ·servo pattern stripe is crossed, three A intervals A 1, A2, and A3 are 

simultaneously timed, so the accumulator is incremented by three on each clock cycle. On 

the ninth servo pattern stripe, the accumulator 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 Xl accumulator is reduced to three, as indicated 
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in the Fig. 18 table entry for ROM address eleven. After the fourteenth servo oattem strioe . . ' 
all A intervals are completed and therefore the accumulator increment is changed to zero. 

That is, the accumulator already contains the sum of the four A intervals and the output value 

is ready to be produced, after an OUT! pulse occurs. Similarly, the YI accumulator v.till 

have been timing the B intervals and also has its data ready to be output. 

The set of accumulators 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 the second 

signal generation group begins and the X2 accumulator should 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 route~ 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 data signal, described above in conjwiction with Fig. 16. After an 

OUTl 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 Xl, YI, DI 'becomes active after an OUT2 pulse, which occurs 

after two four-stripe groups, while the second set of accwnulators X2, Y2, 02 becomes active 

after an OUTl 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 pattern stripes that are erroneously read 

in a slightly shifted position. Details of error correction that can be perf onned 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 TC 1 and TC2 that 
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count every PK pulse. \\inen an output signal pulse OUTl or OUT2 occurs, magnirucie 

comparators check to see if the correct number of transitions (either 13 or 14, as indicated) 

have been detected. For exampfe, in the case of the first set of accumulators, the 

predetermined number of transitions is fourteen whereas for the second set of accumulators, 

the predetermined 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 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 '-Vill not have the same value. The system illustrated 

in Fig. 13 provides deviation accumulators D 1 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 ::iax and a minimum comparator DEV min check the D 1 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 ma"(jmum value and less than or equal 

to the minimwn value, then the output of the corresponding deviation accwnulator D 1 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 circuitry 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 
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derived from the servo oattem. This orovides a servo control svstem that is indeoendent of .. .. ~ .. 
tape speed and therefore is insensitive to speed variations. Those skilled in the an will 

appreciate that a variety of techniques can be used to produce the servo patterns illustrated 

in Figs. 4-9 in IIlagiletic 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 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 electromagnet 308 on the opposite side of the tape that projects a magnetic 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 3 04 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 flu.x 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 preferred embodiment are produced from photographic 

te~ques 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 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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In constructing the head, the ferrite blocks 406, 408 and glass spacer 411 are first 

bonded together with an epoxy glue or with glass bonding techniques. The resulting structure 

is then lapped to p~duce the desired front contour, which comprises the tape bearing surface. 

In the preferred embodiment, a cylindrical front contour surface is provided. Cross-slots 412 

are cut into the head to remove included air when the head is in operation with magnetic tape. 

As shown in Fig. 22, a conducting seedlayer 416 is then deposited on the front contour 

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-exposure 

or projection-exposure 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 embodiment, the photoresist lines 

which defme the gap regions are 2 µ.m wide and 3 .5 µm tall. 

After the desired gap structures are fanned in the photoresist, ~i45Fess material 418 

is plated to a thickness of approximately 2 µm 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 wi~ 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 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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One novel aspect of the head 400 is its use of magnetic saturation phenomena to 

simplify its design. The writing gaps 414, shown in greater detail in Fig. 23, are contained 

within a continuous sheet of magnetic NiF e. 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 through the Io:w-reluctance NiFe rather than through the high­

reluctance writing gaps. The gaps appear to be shunted by the sheet of NiFe. However, at 

larger cmrents. 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 unwante~ 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 pattern. 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 magnetic wear overcoat. These layers are magnetic and 

cover the entire front surface of the head. including across the w"r:iting gaps 414. This 

shorting of the gaps would cause a problem except that these films are sarurated 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 use~. In particular, a flat head with a small-radius 

edge can be used by overwrapping the tap~ around the edge. Fig. 24 illustrates this 
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technique. The head 900 has a planar front surface 902. The tape 904 contacts the head with 

a slight overwrap (for example, I 0 ). The action of passing the tape over the overwrapped 

comer of the head acts to remove the layer of air between the head and the tape. The tape 

lifts slightly off the head near the comer because of its finite modulus of elasticity, but then 

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 

i>rocess may be used to advantage by eliminating the cylmdrical contour and cross-slots from 

the head design. 

Fig. 25 illustrates the process of producing a magnetic tape having the servo patterns 

illustrated above using a pattern recording system 502. The system 502 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 !iead 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 fonh 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 intenninently pulsed with ctirrent. 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 

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 ~f four interleaved diamonds· is followed by a group of five interleaved 

diamonds. 
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Fig. 25 illustrates that the space 511 between the head write gaps is selected so that 

the interleaved panem can be written in a single pass of the tape. The magnetic storage 

medium is moved in a head transducing direction at a predetennined velocity and the servo 

write head is energized with a predetermined polarity pulse to generate magnetic flux and 

automatically record one servo pattern transition stripe of the fll'St 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 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 predetemrined 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 tlie 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 leading 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 striee recorded by the leading gap during the last 
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current pulse of a group and the first stripe recorded by the trailing gap during the first 

current pulse of the subsequent group is greater than the maximum distance in the tranSducing 

direction between any pair of sequential stripes within a group. 

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 is moving at a predetennined velocity, the servo flux patterns recorded onto the tape 504 

are elongated versions of the actual gaps of the write head. The flu.x 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 ze~o 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 magnetized regions of opposite polarity. The signal produced when a 

servo pattern 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 prevent producing a signal so large that the servo read head 

becomes saturated. 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 seyeral techniques which 

aie familiar to one skilled in the art. For e.."Caillple, 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 0e produced 

by a collection of suitable counters and associated logic. These techniques are familiar to 

those skilled in the art and requiie no further explanation. 
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It also should be appreciated that the accuracy of the servo pattern recorded on the 

tape depends on the accuracy of the patteIIJ, generation timing and of the tape velocity. The 

pattern generation timing preferably is crystal controlled and therefore is very accurate and 

stable. The tape velocity, however, is more difficult to control. In the preferred embodiment, 

a tape velocity accuracy of 0.1 % is required. An alternative to obtaining 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 pulses 

through the write he~d. In the preferred embodiment, pulse generator circuitry produces 

pulses with a duration of 150 ns, with up to 3 ~ps 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 an~ 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, dropo~t 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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Although this discussion has focused on dedicated servo track embodiments, this servo 

system is also applicable to embedded servo embodiments. In dedicated servo track systems, 

certain tracks on the tape are used exclusively 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 i_s used for both. One disadvantage to using the s~e 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 i~ a servo pattern of repeating magnetic. flux transitions ~t 

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 timed 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 "'1Tite head. Also described above is a servo 

pattern writing system, including a tape veri~cation system to ensure accurate repro~uction 

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 ~ Liµrit~.d to the particular embodiments described 
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herein. but rather, it should be understood that the present invention has wide applicability 

with respect to servo decoders, servo patterns, and servo 'Write heads generally. All 

modifications, variations, or equivalent ammgementS that are within the scope of the attached 

claims should therefore be considered to be within the scope of the invention. 
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1. A servo control system for positioning a magnetic head adjacent a surface of 

a moving magnetic storage mediwn 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 readin.g the servo pattern on 

the storage medium in a transducing direction and generating a read head signal !epr~sentative 

of the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position 

signal that indicates the posi~on 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; 

the servo decoder including means for decoding a read head signal produced fr~m 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 

predetennined 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. 

-38-
TU9-93-062 



111111111111111111111111111111 
* C L M S * 

THIS SHEET HAS SEEN 
REPLACED 

3. A servo control system as defined in claim 1, wherein the signal decoder 

detects signals from the read head corresponding to magnetic flu.x transitions having a first 

flux polarity and ignores Ina:gnetic flux transitions having a second flu.x polarity. 

4. _A servo contra~ system as defined in claim l, 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 ~ 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 m~gnetic 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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6. A servo control system as defmed in claim 5, 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 servo head 

signal by counting the number of transitions occurring between synchronization features and 

comparing the number with the nwnber· 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. 

7. A servo control system as defmed 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 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 trac~ 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 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 a servo pattern that compris~s 

a cyclic sequence of magnetic flux transitions that extend continuously across the width of 

the track and defme servo pattern stripes such that the servo read head signal varies as the 
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magnetic head is moved across the \vidth 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 the servo decoder. 

IO. 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 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 5, 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 predetennined 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 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 
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transitions fur equality, such that if the sums differ from one another by more than a 

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

14. 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 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 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 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 or more of the additional servo position signal values 

that are not in an error condition. 
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18. 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 

storae:e 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 ~e 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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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. 

23. A servo control system as defmed 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; 

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; 

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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first azimuthal orientation followed by a plwality of sequential stripes at the second_ azimuthal 

orientation. 

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

means for decoding decodes a read head signal produced from a servo pattern having stripes 

that are ammged 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 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 infonnation other than servo control information. 

27. A servo control system as defmed in claim 25, wherein the synchronization 

features of the servo pattern comprise transition-free spaces that are free of transitions of at 

least one polarity and 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. 

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 nwnber of stripes detected in previous groups of stripes. 

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

the cyclic sequence of transitions comprises a group of four stripes at a first orientation, 
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followed by a group of four stripes at a second orientation, followed by a group of five 

stripes at the fll'St orientation, followed by a group of five stripes at the second orientation, 

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 ~e 

storage medium form a servo band that is symmetric about the ~enter 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 sequential groups of 

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

35. A servo control system as defmed 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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transitions having a first flu."< polarity and ignores magnetic flu."< transitions having a second 

flux polarity. 

36. A servo control system as defined in claim 24, wherein the storage medium 

comprises a tape substrate having a magnetic layer in which the servo pattern is recorded. 

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 hea~ 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 

sto~e 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 def me 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 the servo decoder. 
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3 8. A servo control system as defined in claim 3 7, wherein the subgroups of stripes 

of the servo pattern comprise pairs of stripes, each pair comprising a stripe at a first azimuthal 

orientation and a stripe at a second azimuthal orientation. 

39. A servo control system as defmed in claim 37, wherein the synchroniz.ation 

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 system as defined in claim 37, wherein the synchronization 

features of the servo patt~m contain information other tha.ri servo control information. 

41. A servo control system as defined in claim 3 7, wherein one or more pluralities 

of adjacent servo tracks on the storage medhun 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 flu.x transitions having a second 

flux polarity. 
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45. A servo control system as de.fined in claim 3 7, wherein the storage medium 

comprises a tape substrate having a magnetic layer in which the servo pattern is recorded. 

46. A magnetic head assembly for use in a magnetic storage 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 flu."( 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 track such that the minimum spacing in the transducing direction ~etween 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 generates 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; 

-49-
TU9-93-062 



- ------·--·------

111111111111111111111111111111 
* C L M S * 

rr========------.: 
THIS SHEET HAS BEEN 

REPLACED 

a magnetically permeable film layer that covers the media-bearing contour surface, 

bridging the core gap except for writing gaps in the film layer that defme the servo pattern; 

and 

an electrically conductive coil 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 v,.Tite head as defmed in claim 51, wherein the media-bearing contour 

surface is a ponion of a cylindric~ 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 ~bon. 
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59. A servo write head as defined in claim 57, wherein the protective overcoating 

comprises a magnetically permeable material. 

60. A servo write head as defined in claim 59, wherein the magnetically permeable 

material comprises a NiFeN/FeN laminate. 

61. A servo write head as defmed in claim 50, wherein the gaps that defme the 

servo pattern are shunted magnetically by permeable paths that saturate at operating flux 

levels. 

62. A servo write head as def med 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 multiple-gap servo write head that generates magnetic fl1L"'< 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 seco~d azimuthal orientation; and 

a current pulse generator that .intermittently energizes the servo write head with a 

predetennined polarity to automatically record the series of magnetic flu.x patterns on the 

storage medium and produce the servo pattern. 

64. A servo patte.m writing apparatus as defmed in claim 63, wherein the multiple 

gaps of the servo write head are positioned at a plurality of ai:imuthal orientations per 
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recorded 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. 

65. A servo pattern writing apparatus as defined in claim 63. wherein the multiple-

gap servo write head comprises: 

a IIlB.:,OD.etically penneable core having a media-bearing contour surface with multiple 

write gaps; 

a magnetically pe~eable 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 p~urality 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 

con~g 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. 

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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69. 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 se~ond 

azimuthal orientation, such that the first azimuthal orientation 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 sequen~al stripes at a second orientation and are separated by synchronization 

features detectable by the servo decoder. 

71. A magnetic storage medium as defmed m 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 

p·eriod contains a different nwnber of stripes from the number contained within the other 

groups. 
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73. A magnetic storage medium as def med in claim 72, wherein each pattern 

period of the cyclic sequence of ~itions 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. 

74. A magnetic storage medium as defined in claim 70, wherein the 

synchronization fearures 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 lirie 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 sequence whose period is a group of four linear stripes at a first 

orientatio:II, 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 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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79. A magnetic storage medium as defmed in claim 69, wherein the storage 

medium comprises a tape substrate having a magnetic layer in which the servo pattern is 

recorded. 

80. A magnetic storage mediwn 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 defiD.e · 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. 

81. 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 orientation 

and a stripe at a second azimuthal orientation. 

82. A magnetic storage mediwn as defined in claim 801 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. 

83. · A magnetic storage mediwn as defined in claim 80, wherein the 

synchronization features· contain information other than servo control infonnation. 
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84. A magnetic storage medium as defined in claim SO, wherein one or more 

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

85. A magnetic storage medium as defined in claim 84, wherein adjacent servo 

tracks witlrin a band are identical. 

86. A magnetic storage medium as defined in claim 84, wherein adjacent servo 

tracks within a band comprise patterns that are refl~ctions of one another in a line in the 

transducing direction, such that all transitions in a servo track band are continuous aeross the 

width of the band. 

87. A magnetic storage medium as defmed 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 defmed in claim 86, wherein the storage 

medium coin.prises 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 mediwn 

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 defme 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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a first azimuthal orientation and a second azimuthal orientation~ such that the first azimuthal 

orientation is not parallel to the second azimuthal orientation. wherein 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. 

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 synchromzation features 

detectable by the servo decoder. 

91. A tape cartridge as defined in claim 90, wherein the synchroni7.ation features 

comprise transition-free spaces that are free of transitions of at least one polarity whose 

minimum length in the transducing direction exceeds the ma."<lmum length in the transducing 

direction between consecutive ~itions 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 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. 

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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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 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 directio_n, 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 flISt 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 

qirection, separated by transition-free spaces. 

98. A tape ~arnidge 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 patte~ 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 separate~ by synchronization features. 
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99. A tape cartridge as def med in claim 98, wherein the subgroups of stripes 

comprise pairs of stripes, each pair comprising a stripe at a first azimuthal orien:tation and a 

stripe at a second azimuthal orientation. 

100. A tape cartridge as defined in claim 98, wherein the syncbroni7.ation 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 defmed in claim 102, wherein adjacent servo tracks within 

a band are identical. 

104. A tape cartridge as defmed 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, wQ.erein 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 an9. five chevrons of opposite direction, separated 

by transition-free spaces. 
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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; 

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, th~ magrietit 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 defme 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 le8:5t 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 stripes at the first azimuthal orientation followed by a plurality of 

sequential stripes at the second azimuthal orientation. 
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107. A data storage system as defined in claim 106, wherein the groups of 

sequential stripes at a single orientation are separated from groups of sequential stripes at 

other orientations by sync.hronization features. 

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 con~ed 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 defmed in claim I 09, 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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113. A data storage system as defined in claim 106, wherein one or more pluralities 

of adjacent servo tracks fonn one or more servo traek bands. 

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 svstem 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 lin~ar 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 gro1:1p 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 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 

flist flux polarity and ignores magnetic flu.x transitions having a second flu.x 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 medium having a servo pattern recorded on at least one servo 

drive 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 po.sitioning 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 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 ~lation 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 defme 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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drive 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 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 servo dee.oder includes means 

for detecting errors by .means of panem 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. 

121. A data storage system as defmed in claim 120, wherein the servo decoder 

means for detecting errors detects a servo pattern that comprises a cyclic sequence of flu.x 

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 predetennined servo 

pattern, such that if the number of transitio~ 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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122. 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 su~h that the servo. read head signal varies 

as the magnetic head is moved across the width of the trac~ 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 foijowed 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 minimwn length in the transducing direction exceeds the ma."Cimum 

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 se~o decoder 

means for detecting errors decodes a read head signal produced from a servo pattern that 

comp~ses a cyclic sequence of magnetic flux transitions that extend continuously across the 

width of the track and defme servo pattern stripes such that the servo read head signal varies 

as the magnetic head is moyed 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 azhnuthal 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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least one polarity whose minimum length in the rransducing direction exceeds the ma."<im.wn 

length_ in the transducing direction berween 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 

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 control 

system further includes one or more additional read heads for reading respective additional 

servo patterns on the storage medium and gene~g 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 or 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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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 h~. 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 ass~mbly that is activated to position the ·head 

assembly relative to the storage medium, and -~ 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 tb,e 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 ~d . tl;i.~ servo decoder determine~ the time 

intervals between a plurality of predetennined pa.4"s. pf 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 defmeq 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 

s~cond azimuthal orientation and the interval between two stripes of the same orientation. 

131. A data storage system as defmed in claim 129, wherein the signal decoder 

means for decoding detects signals from the read head corresponding to magnetic flux 
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transitions having a first flu.x polarity and ignores magnetic flux transitions having a second 

flux polarity. 

132. 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; 

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 infonnation on· tracks of the storage medium; 

a servo control system for positioning the magnetic head assembly adjacent the sm:face 

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, wherein: 

the magnetic 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_ 

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

medium servo track containfug 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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135. A data storage system as defined in claim 134, wherein 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 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 vari~s 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. A data storage system as defined in claim 136, wherein the servo pattern stripes 

are manged in groups having a plurality of sequential stripes at a first azimuthal orientation 

followed by a plurality of stripes at a second azimuthal orientatj.on. 

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 relativ~ 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 

magnetic flux and record at least one servo pattern stripe of the first azimuthal orientation and 
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at least one servo pattern stripe of the second azimuthal· orientation in a servo· track v,ith each 

cUITCnt pulse; 

providing groups of repeated current pulses VYith a predetemrined 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 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 defmed 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 direction at 

a predetermined velocity and during the step of providing by providing 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 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 defmed in claim 13 8, 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 minimwn spacing 
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in the ttansducing direction between any two servo pattern groups exceeds the spacing in the 

transducing direction between any rwo servo pattern stripes. 

142. A method of producing a servo pattern as defmed in claim 141, wherein the 

step of providing groups of current pulses is repeate~ such that each pattern period of the 

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 pCriod 

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 defmed 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 defme 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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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 

~etic flux and record at least one servo pattern stripe of the first azimuthal orientation and 

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 pulses being separated from one another 

in time by a delay time interval, the timing of the repeated pulses within a group being 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 tlie 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 d~g 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 producjng 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 predeternrined velocity and during the step of providing by providing the repeated current 

pulses at fixed timllig intervals. 

146. A method of producing a servo pattern as defined in claim 144, wherein the 

stripe positions on the storage mediwn 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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during the step of providing by providing the repeated current pulses at times derived from 

the velocity measurements to obtain the desired ~pe spacing. 
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