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(57) ABSTRACT 
Servo data, including three types of servo patterns dis 
tinguishable by phase, are stored in concentric servo 
tracks on a magnetic information storage disk. Each 
servo track includes a plurality of only one type of 
pattern, with consecutive tracks arranged in a repeating 
sequence of the three servo pattern types. For phase 
recognition, the pattern types further are arranged in a 
repeating sequence of angular sectors, each sector hav 
ing a plurality of but one type of pattern. The servo 
patterns in a given storage track thus are always angu 
larly offset from the servo patterns in the next adjacent 
tracks. This permits the use of servo patterns having a 
radial dimension greater than the separation between 
adjacent tracks, increasing servo signal reliability and 
transducer dynamic range. 

11 Claims, 5 Drawing Sheets 
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4,811,135 1. 

TRI-PHASE SERVO PATTERN FOR PROVIDING 
INFORMATION FOR POSITIONING THE 

TRANSOUCERS OF AMAGNETIC DISKSTORAGE 
DRIVE 

CONTINUATION DATA 

This application is a continuation in part of my earlier 
patent application filed on Nov. 20, 1985 and granted 
Ser. No. 06/800,019, now abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates to magnetic storage devices 

using transducers or recording heads for reading, writ 
ing and erasing data on a movable magnetic storage 
medium. The data typically are arranged in parallel 
tracks such that the transducer follows an individual 
track as the storage medium is moved. For example, in 
a rotatable disk the data are arranged in concentric 
tracks with the transducer radially movable with re 
spect to the disk. 
As data density increases and the space between adja 

cent tracks is correspondingly reduced, it becomes ad 
vantageous to record transducer positioning or servo 
data on the recording medium, thus permitting more 
accurate positioning than is possible using exclusively 
mechanical means. An entire disk surface can be dedi 
cated to servo positioning data, as shown in U.S. Pat. 
No. 3,864,740 to Sordello et al granted Feb. 4, 1975. 
Alternatively, servo data can be written in sectors on 
the same medium surface containing the working data. 
This technique is called embedded servo and is dis 
closed in U.S. Pat. No. 3,185,972 to Sipple, granted May 
25, 1965. 
Transducer positioning using servo data is accom 

plished in two stages: coarse positioning or track seek 
ing, in which the head is directed from a random loca 
tion to a selected track; and fine positioning or track 
following, during which the transducer, already near 
the selected track, is maintained in a centered position 
with respect to the track. Preferably the servo data are 
divided into multiple frames of equal angular dimen 
sion, with servo information repeated in each frame. 
Also common is the use of sync bits, at least one in each 
track at the beginning of each frame. The sync bits 
signal entry into each frame, and establish automatic 
gain control (AGC) used in recognizing servo signals. 
The continuing effort to place increased data on the 

same disk surface area raises problems of signal interfer 
ence from servo patterns in tracks adjacent a desired 
servo track. Adjacent track interference can be reduced 
simply by reducing the radial dimension of each servo 
pattern, yet this reduces the dynamic range, meaning 
loss of a signal when the transducer is not sufficiently 
close to the servo track. Yet another problem, encoun 
tered when servo data is divided into angular frames, is 
the lack of phase coherence among the sync signals. 
This is due to the difficulty in placing sync signals from 
a given frame in exact angular alignment. The result of 
misalignment is unwanted modulation of the AGC sig 
nal. 

It is therefore an object of this invention to enable 
reduced spacing between adjacent servo tracks without 
a corresponding reduction in the servo pattern radial 
dimension. Another object of this invention is to in 
crease the signal quality and dynamic range of servo 
signals by increasing the width of servo patterns on a 
data storage medium. Yet another object is to provide 
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2 
servo patterns usable to establish an AGC signal, for 
more consistent AGC signals obtained from various 
tracks and frames on the storage medium. 

SUMMARY OF THE INVENTION 
To achieve these and other objects, there is provided 

an apparatus for controlling the radial position of a 
transducer movable radially of a rotatable disk in a disk 
drive. The apparatus includes a magnetic disk, rotatable 
about an axis. The apparatus further includes a trans 
ducer, and support means for supporting the transducer 
proximate one surface of the disk and for moving the 
transducer generally radially with respect to the disk. A 
plurality of first servo patterns on the disk surface form 
a first servo track generally centered on the axis. A 
plurality of second servo patterns form a second servo 
track radially offset from the first servo track. Each of 
the second servo patterns is angularly offset from one of 
the first servo patterns. A plurality of third servo pat 
terns on the disk surface form a third servo track radi 
ally offset from said first and second servo tracks. Each 
of the third servo patterns is angularly offset from one 
of said first servo patterns and one of said second servo 
patterns. Rotation of the disk causes the servo patterns 
to move past the transducer, generating an electric 
signal in the transducer. The support means, responsive 
to the transducer signal, controls the radial position of 
the transducer. 
Another feature of the present invention is an im 

proved dedicated servo disk, including a disk which is 
rotatable about an axis. A series of first servo patterns 
form a first servo track on the disk which is centered on 
the axis. A second series of second servo patterns form 
a second servo track radially spaced apart from the first 
track. A series of third servo patterns form a third servo 
track on the surface radially spaced apart from the first 
and second tracks. The second servo patterns are angu 
larly offset from said first servo patterns, and the third 
servo patterns are angularly offset from the first servo 
patterns and the second servo patterns. 

Preferably the first, second and third servo patterns 
are arranged in a series of frames equal in angular di 
mension. A sync signal is placed in each of the servo 
tracks and near the beginning of each frame, with the 
first, second and third servo patterns distinguishable 
from one another based upon their angular distance 
from the sync signals. 

This invention further contemplates an improvement 
in servo information stored on an information storage 
medium. The medium has a surface adapted to assume 
either a first or a second condition. First surface por 
tions of the surface are caused to assume the first condi 
tion in accordance with information stored on the me 
dium. The remainder of the surface is caused to assume 
the second condition. The improvement comprises a 
first plurality of the first surface portions arranged lin 
early in a longitudinal direction. A second plurality of 
the first surface portions are arranged parallel to the 
first plurality and transversely spaced apart from it. A 
third plurality of the first surface portions are arranged 
parallel to the first plurality, and transversely spaced 
from the first and second pluralities. The surface por 
tions of each plurality are longitudinally offset from the 
surface portions of the other two pluralities. 
Another aspect of the present invention is a process 

for writing servo information in substantially parallel 
tracks onto a magnetizable surface of a magnetic infor 
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mation storage medium. The process includes the steps 
of: 

a, exposing a magnetizable surface of a magnetic 
storage medium to a first current level to cause said 
surface to assume a first magnetic polarity; 

b. exposing selected first portions of the surface to a 
second and opposite current level to form in the surface 
a first longitudinal array of first servo patterns having a 
second and opposite magnetic polarity; 

c. exposing selected second portions of the surface to 
the second current level to form in the surface a second 
longitudinal array of second servo patterns of the sec 
ond magnetic polarity and parallel to the first array, and 
with the second servo patterns longitudinally offset 
from the first servo patterns; 

d. exposing selected third portions of the surface to 
the second current level to form in the surface a third 
longitudinal array of third servo patterns having the 
second magnetic polarity, parallel to the first and sec 
ond arrays, and with the third servo patterns longitudi 
nally offset from the first and second servo patterns, and 

e. repeating Steps b-d until the surface contains a 
desired amount of servo information. 

Preferably, each of the servo patterns is formed by 
moving the medium longitudinally with respect to a 
recording transducer positioned near the surface, and 
by supplying current at the second level to the trans 
ducer for a selected time, then immediately supplying 
current at said first level to the transducer for said se 
lected time, and further by interrupting current to the 
transducer positioned near one of the longitudinal ar 
rays, whenever the transducer is approximately trans 
versely aligned with one of the servo patterns in an 
adjacent longitudinal array. 
Servo patterns in accordance with the present inven 

tion can be substantially wider in radial dimension than 
the nominal track-to-track separation. The result of 
enlarged servo patterns is increased amplitude servo 
signals for improved signal to noise ratio, thus to in 
crease the dynamic range of the servo tracks. Alterna 
tively, servo tracks may be positioned closer to one 
another without any sacrifice in dynamic range. Due to 
the angular offset, servo patterns in adjacent tracks do 
not directly overlap and interfere with one another, yet 
can form an overlapping pattern of servo signals which 
results in more linear AGC and thus enhanced servo 
data. Angularly offset servo patterns can be used, in lieu 
of or in addition to sync signals, to normalize the AGC 
signal. The result is a more consistent AGC signal and 
improved recovery from faulty sync signals. The three 
types of servo patterns generate peak signals having 
three separate phases, a feature which is advantageously 
used to measure transducer velocity directly from the 
phase signals. The tri-phase signals provide a difference 
signal, the slope of which provides direct velocity infor 
mation, eliminating the need to integrate transducer 
actuator current or use other velocity transducing 
equipment. 

IN THE DRAWINGS 

These and other features and advantages of the inven 
tion will become apparent upon reading the following 
detailed description and upon reference to the draw 
ings, in which: 
FIG. 1 is a schematic view of a magnetic information 

storage disk with servo patterns positioned thereon in 
accordance with the present invention; 
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4. 
FIG. 2 is an enlarged schematic view showing a sur 

face portion of the disk of FIG. 1; 
FIG. 3 is a timing diagram corresponding to the disk 

surface portion of FIG. 2 illustrating the writing of 
servo information on the disk; 

FIG. 4 is a graphical representation of the signals 
generated by the servo patterns; 
FIG. 5 is a schematic view of apparatus illustrating 

the recovery of information using the signals in FIG. 4; 
FIG. 6 is a graphical representation of difference 

signals obtained by comparing selected pairs of the 
signals in FIG. 4; 

FIG. 7 is a graphical representation of summing sig 
nals obtained by combining selected pairs of the signals 
in FIG. 4; and 
FIG. 8 shows an alternative embodiment of the pres 

ent invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the drawings, there is shown in FIG. 1 a magnetic 
information storage disk 16 rotatable about a central 
axis 18 by means of a disk drive, not shown. Disk 16 is 
a "dedicated servo' disk, and contains no working da 
ta-only servo data. 

Certain parts of a magnetic disk drive are shown in 
FIG. 1 to illustrate the writing of information on the 
upper surface of disk 16 and the subsequent reading of 
such information. These parts include a read/record 
transducer 20. The transducer is mounted to a movable 
carriage 22 by means of a support arm 24. A voice coil 
26, mounted to the drive, supports carriage 22 for linear 
movement toward and away from axis 18, thus moving 
transducer 20 radially with respect to the disk. Typi 
cally, carriage movement and position are controlled 
through controlling electrical current to voice coil 26. 
By varying transducer radial position and rotating disk 
16 with a drive motor (not shown), information may be 
written at any desired location on the disk surface. 

Servo information is written on disk 16 by introduc 
ing an electrical current I to the transducer through a 
first line 28, with transducer 20 positioned over a se 
lected portion of the disk surface. Transducer 20 also is 
adapted to read information previously written on disk 
16, generating an electrical signal as represented by 
voltage V in a second line 30. As indicated by a third 
line 32, voltage V is an input to voice coil 26. Respon 
sive to the V input, and a source of velocity commands 
(not shown), voice coil 26 either moves carriage 22 or 
maintains it substantially stationary in order to control 
the radial position of the transducer. 
Shown on part on the surface of disk 16 are six servo 

groups, R1-R6, radially and uniformly spaced apart 
from one another and generally concentric about axis 
18. Each group can be a separate ring, or all groups can 
be part of a continuous spiral group, there being a se 
lected index or angular position on disk 16 as a cutoff 
point between a group and the next subsequent group. 
There types of servo pattern groups, labelled A, B 

and C respectively, are written on disk 16 during for 
matting, and need not be rewritten during normal oper 
ation. Servo pattern groups R1 and R4 contain only 
type A servo patterns, servo pattern groups R2 and R5 
contain only type B servo patterns, while sero pattern 
groups R3 and R6 contain servo patterns only of type 
C. It should be understood that this sequence of A, B 
and C is repeated for the desired number of servo tracks 
on disk 16, typically in the hundreds or thousands. 
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Servo patterns A, B and C are further arranged angu 

larly in sectors and radially in groups, such as repre 
sented by radii. 1-7. Radii 1, 4 and 7 contain only type A 
servo patterns, radii 2 and 5 contain only type B pat 
terns, while radii 3 and 6 contain only type C patterns. 
This A, B and C sequence is repeated through the entire 
revolution of disk 16. Servo patterns A, B and C thus 
are radially and angularly offset from one another, and 
arranged in a repeating sequence both in the radial and 
angular directions. Each individual A, B and C pattern 
written by transducer 20 can be also read by transducer 
20 at a later time for purposes of indicating radial posi 
tion of arm 22 on disk 16. As is well understood by those 
skilled in this art, a transducer 20 when writing on a disk 
16 produces individual A, B, and C patterns whose 
physical width, which is measured along a disk 16 ra 
dius (vertically in FIG. 2), is related to the width of the 
flux gap of transducer 20 itself, also measured along a 
radius and usually approximately equal to the physical 
width of the flux gap of transducer 20. During reading 
the transducer produces a signal whenever a pattern 
passes beneath it. The strength of that signal is approxi 
mately proportional to the radial width of the portion of 
the transducer 20 flux gap beneath which the pattern 
sweeps. Thus, if the pattern sweeps beneath 40% of the 
gap width, the level of the signal generated by the wind 
ing of transducer 20 will be approximately 40% of the 
level generated by a pattern sweeping beneath all of the 
width of the transducer 20 flux gap. Thus, the signal 
level from transducer 20 is a measure of its alignment 
with a particular pattern. In general, the apparent width 
of a transducer 20 flux gap when reading substantially 
equals that when writing, and both are substantially 
equal to the physical width of the transducer itself. 
Each group of consecutive radii containing A, B and 

C servo patterns forms one of a series of substantially 
identical data frames F. One such frame F1, and a por 
tion of the following frame F2, is shown in FIG. 2, 
which is an enlargement of a selected portion of the 
surface of disk 16. 
At the leading edge of frame F1 is a column of over 

lapping code bits C1, C2, C3, C4 and C5 corresponding 
to servo tracks R1 through R5. Spaced angularly from 
the code bits is a column of sync bits S1, S2, S3, S4 and 
S5. Neighboring code and sync bits overlap one an 
other, and are slightly angularly displaced from one 
another because it is not possible with current technol 
ogy to align them perfectly. 
The code bits are used to indicate an index (a specific 

angular location) and to indicate the innermost and 
outermost servo tracks. For example, an index can be 
marked by intentionally avoiding writing code bits, as 
indicated at C12 and C13. Sync bits contribute to estab 
lishing the level for automatic gain control (AGC), and 
they enable differentiation between servo patterns A, B 
and C based on their difference in phase or angular 
location. 
Each data frame consists of 50 equal divisions. The 

lead edge of each servo pattern A is approximately 
seven divisions distant from the trailing edge of its asso 
ciated sync bit (e.g., S1 or S4). The leading edge of each 
servo pattern B is separated from the trailing edge of its 
corresponding sync signal by approximately eighteen 
divisions, while the distance between the leading edge 
of each servo pattern C and the end of its associated 
sync bit is twenty-nine divisions. The difference in sepa 
ration is sufficient to avoid any overlap between the 
patterns in adjacent servo groups. As a result, the elec 
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6 
trical signal generated by transducer 20 when posi 
tioned over rotating disk 16 can be recognized as a 
signal of three separate phases, one phase correspond 
ing to each type of servo pattern. 
Note that the angular offset enables servo patterns A, 

B and C to have a radial dimension wider than the 
corresponding radial distance between servo track cen 
ters. In this instance the servo pattern width is equal to 
1.375 times the track space, though the optimal pattern 
width can vary with the specific application. These 
wider servo patterns have been found to improve signal 
amplitude by 43 percent. The greater signal amplitudes 
thus permit improved accuracy in positioning trans 
ducer 20. FIG. 2 also shows on the frame F1 the projec 
tion 20a of the flux gap of the transducer 20 which reads 
and writes the servo patterns with relative movement 
from left to right on the medium. Projection 20a repre 
sents the physical width of the transducer 20 and can be 
seen to be substantially equal in radial width to each 
servo, sync and code pattern as originally written. Gap 
projection 20a represents transducer 20 which has just 
swept past B pattern 94 at a radial position which gener 
ates a signal whose level is approximately 65% of maxi 
mum in that approximately 65% of the gap width 
passed over B pattern 94. Transducer 20 as shown by 
projection 20a is positioned to continue its motion by 
sweeping next across C pattern 95. By comparing the 
appropriate two signal levels the control system can 
determine the radial movement of transducer 20 neces 
sary to center it on a desired track. In fact, the gap 
projection 20a is shown radially positioned so as to 
allow C pattern 95 to sweep past about 65% of trans 
ducer 20's width. 
With the two signals thus generated by B pattern 94 

and C pattern 95 nearly equal, transducer 20 is by defini 
tion centered on a track whose centerline is indicated by 
the D hash mark 96. By selecting different pair combi 
nations of radially adjacent A, B and C patterns for 
comparison and shifting transducer 20 to equalize the 
signal levels from each pattern type in the pair, the 
transducer 20 may be centered on any desired track. 
Each such track is radially spaced from its neighbors by 
the original radial spacing of adjacent A, B and C pat 
tern groups. The individual A, B and C pattern signals 
may be identified by the time which elapses from the 
sync bit signal to the A, B or C pattern signal, the times 
for each of the three types being different from each 
other. Thus, it may be seen that transducer 20 may have 
a width or radial dimension greater than the individual 
track spacings and yet be able to both write and read the 
individual A servo patterns 92,93, etc. Further, it can 
be seen that each radially aligned pattern group, i.e., all 
patterns at the same nominal radius, in conjunction with 
a radially adjacent group define a single servo track. 
Thus, the number of pattern groups plus one equals the 
number of servo tracks. 
FIG. 3 shows how direct current is introduced to 

transducer 20 while disk 16 is rotated, in order to write 
servo patterns A, B and C on the disk. The writing of 
servo pattern groups R1, R2 and R3 is illustrated. In 
each case, as disk 16 is rotated over the desired servo 
pattern location, transducer 20 is subjected to one of 
three levels of the direct current; a positive level, a 
substantially equal but negative level, and a zero level 
equivalent to the absence of any current. The whole 
disk surface is first subjected to the negative current 
level to cause it to assume a first magnetic state or con 
dition, e.g., "north'. Each code bit and each sync bit 
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then is written with positive current over three angular 
divisions, followed immediately by negative current 
over three angular divisions. In each case, it is the three 
divisions of positive current which actually forms the 
bit, by causing the surface portion to assume a second 
and opposite magnetic state, e.g., "south'. The trailing 
three divisions of negative current serve to balance the 
positive current and avoid magnetization of transducer 
20, 
Servo patterns A, B and C also are written with posi 

tive current, followed by negative current for an equal 
number of divisions. In FIG. 3, this number of divisions 
is five, although this is not critical. The zero level of 
current is applied whenever transducer 20, when writ 
ing track R2, for example, is angularly aligned with 
either servo pattern A in track R1 or with servo pattern 
C in track R3. Thus, interference with neighboring 
tracks during write is avoided. 
The broken lines in tracks R2 and R3 indicate where 

code bits are intentionally not written in order to mark 
an index, corresponding to the cross hatched areas C12 
and C13 in FIG. 2. The track-to-track timing delay is an 
unwanted consequence of the inability to exactly align 
the sync and code bits as previously explained. 
FIG. 4 shows peak voltage levels, generated by a 

series of servo patterns passing by transducer 20 when 
disk 16 rotates. A first peak voltage signal 34 is gener 
ated by servo patterns A, a second peak voltage signal 
36 is generated by servo patterns B, while a third peak 
voltage signal 38 is generated by type C servo patterns. 
Signals 34, 36 and 38 are shown over a radial traverse of 
transducer 20 covering four data tracks labelled T, D, 
U, and again T to show the beginning of the next se 
quence. Each data track is radially located midway 
between its two most adjacent servo tracks. Also, if a 
surface on disk 16 is dedicated to servo data, tracks T, D 
and U will then be on a different disk surface. Thus, the 
proper centering of a data head on a data track corre 
sponds to the positioning of transducer 20 equidistant 
from the two adjacent servo groups. 
Whenever transducer 20 is positioned midway be 

tween adjacent servo groups, the voltage level of sig 
nals from the tracks are equal. This is graphically repre 
sented by a series of comparison or "null' points, one 
corresponding to each of data tracks T, D and U. For 
example, when a data head is centered on track T, peak 
signal 34 generated by servo patterns A equals peak 
voltage signal 38 generated by servo patterns C as indi 
cated at null point 40. Likewise, with a data transducer 
centered at track D, peak voltage signals 36 and 38 
generated by servo patterns B and C are equal, at point 
42. 
Three additional comparison points at 44, 46 and 48 

are generated when transducer 20 is located directly on 
a servo pattern group. For example, with transducer 20 
directly on a servo pattern group consisting of type B 
servo patterns, peak voltage signals 38 and 34 of servo 
patterns C and A are equal. 
The tri-phase servo signals can be selectively com 

pared and accumulated in order to control the position 
of transducer 20 as is illustrated in FIG. 5. A pulse 
detector 50 has four inputs: a clocking input 52, a type 
A input 54 corresponding to peak voltage signal 34, a 
type B input 56 corresponding to signal voltage level 
36, and a type C input 58 corresponding to peak voltage 
signal 38. Pulse detector 50 has two outputs 60 and 62 
corresponding to selected pairs of inputs 54, 56 and 58. 
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8 
The clocking input 52 generated by a sync pattern S1, 

S2, etc. (shown in FIG. 2) enables the selection of a pair 
of inputs 54, 56 and 58 as the pulse detector outputs. Of 
the three phases of incoming signals 34, 36 and 38, the 
two phases of the desired pair are selected in accor 
dance with the selected data track location. For exam 
ple, for data track U the inputs selected are 54 and 56 
corresponding to peak voltage signals 34 and 36 gener 
ated by type A servo patterns 92, 97, etc. and type B 
servo patterns 94, etc., respectively. 
The pulse detector outputs are compared in a sub 

tracting amplifier 64, and accumulated in a cumulative 
amplifier 66. Both amplifier outputs are fed to a micro 
processor 68 (or, alternatively, an integrated circuit), 
which generates movement and velocity commands to 
voice coil 26 in order to control the position of trans 
ducer 20. 
FIG. 6 shows the difference signals provided to mi 

croprocessor 68 by subtracting amplifier 64 over a ra 
dial transducer displacement corresponding to that 
shown in FIG. 4. Different signal 70 represents the 
difference between signals 34 and 36, difference signals 
72 represents the difference between signals 36 and 38, 
while difference signal 74 represents the difference be 
tween signals 38 and 34. 
When transducer 20 crosses the half track point 46 or 

48 while moving toward data track U as shown in FIG. 
4, inputs 54 and 56 are selected as the pulse detector 
output and amplifier 65 supplies difference signal 70 
(FIG. 6) to microprocessor 68. In similar fashion, differ 
ence signals 74 is the output of amplifier 64 whenever 
transducer 20 is within a half track spacing of data track 
T while difference signal 72 is the amplifier output 
whenever the transducer is within a half track of data 
track D. 
The resultant signal is a sawtooth wave, inclining 

upwardly and to the right in FIG. 6, having a zero value 
at the center of the corresponding data track, then expe 
riencing a sharp vertical drop as the head approaches 
the next data track. Transducer radial velocity can be 
derived by differentiating this sawtooth wave with 
respect to time, disregarding the vertical drop when 
switching between successive signals (midway between 
zero points). 
Transducer radial velocity is derived directly from 

the difference signal, the slope of which varies linearly 
with velocity. As the slope of the sawtooth wave is 
always positive when moving rightward as viewed in 
FIG. 6 (disregarding the instantaneous vertical drop 
corresponding to crossing each servo track), velocity 
can be derived directly from the slope of the difference 
signal. There is no need for the less reliable approach of 
integrating transducer actuator current, or for any addi 
tional velocity transducing equipment. 
FIG. 7 shows three cumulative signals: a signal 76 

obtained by adding peak voltage signals 34 and 36 in 
FIG. 4; a cumulative signal 78 obtained by adding volt 
age signals 36 and 38; and a cumulative signal 80 ob 
tained by the addition of voltage level signals 34 and 38. 
As was the case in connection with subtracting ampli 

fier 64, the pulse detector outputs fed to cumulative 
amplifier 66 are controlled by the radial location of 
transducer 20. For example, when transducer 20 is 
within one half track space of data track U, pulse detec 
tor inputs 54 and 56 are selected, to produce an output 
of amplifier 66 corresponding to the sum of voltage 
level signals 34 and 36. The effect of sensing selected 
pairs of inputs 54, 56 and 58 in accordance with the 
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particular data track traversed is a straight line V 
indicating a constant voltage level. When used to estab 
lish AGC level, V-- is a substantial improvement over 
the sync signal. Because the corresponding servo pat 
terns A, B and C are angularly offset, there is no over 
lapping of adjacent servo patterns and no problem with 
the sync bit track-to-track timing delay illustrated in 
FIG. 3 which avoids phase coherence problems. 
FIG. 8 is equivalent to FIG. 2, but illustrates an em 

bodiment in which the width of servo patterns AA, BB 
and CC is less than the separation distance between 
adjacent data tracks. There are two servo tracks for 
each data track. The advantages of angular offset are 
still achieved, with the additional advantage that servo 
patterns AA, BB and CC can be written with the same 
transducer that writes working data signals. This is an 
advantage particularly in connection with embedded 
servo, where servo and working data are written on the 
same surface. Servo data then appear in bursts of the 
repeating sequence. 

It is understood that this invention can be practiced in 
connection with recording media other than magnetic 
disks. For example, in any medium capable of assuming 
two distinguishable states or conditions, servo patterns 
can be formed in the recording medium as longitudinal 
arrays, with neighboring longitudinal arrays consisting 
of servo patterns longitudinally offset from one another. 
What is claimed is: 
1. In a disk drive, apparatus for controlling the radial 

position of a transducer movable radially on a rotatable 
disk, including: 
a magnetic disk, rotatable about an axis and adapted 

to carry a plurality of servo pattern groups, each 
group radially offset a preselected track separation 
distance from those adjacent to it; 

a transducer for reading magnetic servo patterns on 
said magnetic disk, said transducer having a radial 
gap dimension wider than the track separation 
distance, and support means for supporting said 
transducer proximate one surface of said disk and 
for moving said transducer generally radially with 
respect to said disk, responsive to a velocity com 
mand; 

a plurality of first servo pattern groups on said sur 
face, the patterns in each first group radially offset 
by three preselected track separation distances 
from an adjacent first group and generally centered 
on said axis; 

a plurality of second servo pattern groups on said 
surface, the patterns in each second group radially 
offset by one preselected track separation distance 
from a first servo pattern group, and each of said 
second servo patterns being angularly offset from 
the first servo patterns; 

a plurality of third servo pattern groups on said sur 
face, each third pattern group comprising third 
patterns radially offset from an adjacent second 
servo pattern group by one preselected track sepa 
ration distance, each of said third servo patterns 
being angularly offset from the first servo patterns 
and the second servo patterns and each of said first, 
second, and third servo patterns having approxi 
mately the radial dimension of the transducer gap; 
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said disk, as it rotates, moving said servo patterns past 

said transducer to generate electric signal pulse 
outputs from said transducer; and 

a pulse detector receiving the transducer signal pulse 
outputs and comparing the pulses generated by 
radially adjacent groups of servo patterns, and 
responsive thereto providing velocity commands 
to the support means to move the transducer into 
alignment with a track. 

2. The apparatus of claim 1 including further first, 
second and third repeating servo patterns defining 
servo pattern groups, wherein all of said servo pattern 
groups are arranged in a repeating sequence radially 
outward consisting of a first servo pattern group, a 
radially adjacent second servo pattern group whose 
centerline is one preselected separation distance from 
the centerline of the adjacent first servo pattern group 
and a radially adjacent third servo pattern group whose 
centerline is one preselected separation distance from 
the centerline of the second servo pattern group and 
also one preselected track separation distance from the 
centerline of another adjacent first servo pattern group. 

3. The apparatus of claim 1 wherein said servo pat 
terns are arranged in a plurality of radial sectors, each 
sector including a plurality of only one of said first, 
second and third servo patterns. 

4. The apparatus of claim 3 wherein said sectors are 
arranged in repeating angular frames, each frame in 
cluding a sector of said first servo patterns, followed by 
a sector of said second servo patterns, followed by a 
sector of said third servo patterns. 

5. The apparatus of claim 4 including a radial sector 
comprised of sync bits at the beginning of each frame, 
and wherein said first, second and third servo patterns 
are distinguishable from one another based upon their 
angular separation from said sync bits. 

6. The apparatus of claim 1 wherein the radial dimen 
sion of said first, second and third servo patterns equals 
approximately 1.375 times the separation distance be 
tween adjacent servo tracks. 

7. The apparatus of claim 1 wherein the radial dimen 
sion of said first, second and third servo patterns is 
between approximately 1 and 1.375 times the radial 
distance between adjacent servo track centers. 

8. The apparatus of claim 1 wherein the disk's mag 
netic pattern further includes a pattern of polarity oppo 
site that of the first through third servo patterns and 
which occupies areas of the disk between individual 
patterns within each servo track. 

9. The apparatus of claim 1 further including means 
for positioning the transducer in each of the desired 
servo pattern groups and means for generating and 
providing to the transducer direct current pulses of 
predetermined level as the desired positions for servo 
patterns pass under the transducer, whereby the servo 
patterns are generated to comprise the servo pattern 
groups. 

10. The apparatus of claim 9 wherein the current 
generating means further comprises means for provid 
ing a level of zero current to the transducer when no 
servo pattern position is under the transducer. 

11. The apparatus of claim 9, wherein the magnetic 
disk is further adapted to carry a plurality of data tracks, 
each data track radially positioned with its centerline 
substantially midway from the radial centerlines of the 
servo patterns in a pair of servo pattern groups radially 
adjacent to each other. 
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