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mined radial position on the disk, new data recorded over a previously
recorded track may be recorded on This Invention relates to a magnetic
record disk  the disk in a radial position slightly offset from the having
transducer head positioning servo information  track where the previous
data was recorded. This embedded in at least one sector of the disk.   5
may occureven though the previous data and the new In certain magnetic
recording disk files which  data are identified as having been recorded on
the have a relatively high density of data tracks, it is nec-  same data
track. When the read/write head reads the essary to provide servo control
of the position of the  signal from this track it will also pick up
previously re- read/write heads to both maintain the heads over the  corded
signals on the disk at the edges of the track. tracks in the presence of
various disturbances and to  10   An additional problem with the use of a
continuous position the heads quickly and accurately to other  magneticfilm
is that because the magnetic media ex- tracks for subsequent read and write
operations. In  tends radially on the disk on both sides of the order to
accomplish this, certain disk files utilise pre-  read/write head, fringe
magnetic fields from the recorded servo signals on either a dedicated servo
read/write head during recording will generate mag- diskoron the data disks
to provide a head position er-  15  netic patterns at the edges of the
tracks. In the case ror signal (PES) to the head position control system.
of thin film metal alloy or metal oxide disks, this cre- One method of
incorporating this servo Information is  ates disorientation of the
magnetic domains in the to record the information on a separate dedicated
disk  film at the track edges which results in noise when the and use a
servo read head on that disk to imply the  recorded signal is read back.
location of read/write heads on the same actuator on   20  In order to
overcome the above shortcomings of other data disks within a given
tolerance limit. In this  disks with continuous magnetic films, disks with
dis- method, the control system receives a continuous   crete magnetic
tracks separated by discrete nonmag- PES which permits very accurate
positioning of the  netic guard bands or separator tracks have been pro-
servo head, but the read/write heads suffertrack mis-  posed. One such disk
and its fabrication process are alignment due to thermal and mechanical
effects,  25  described in our copending European patent applica- such as
disk flutter.                              tion no. 89303365.4. The
Applicants are not aware of In order to provide improved track registration
of  any successful published servo technique which the heads, another
method of incorporating the servo  takes full advantage of all the benefits
which discrete information is to embed prerecorded servo signals on  track
disks offer. the data disks in equally angularly spaced sectors  30  The
invention consists of a magnetic record disk which extend out radially from
the data disk centres.  comprising a plurality of concentric substantially
cir- As such a disk rotates, the read/write head, ora dedi-  cular discrete
tracks of magnetic material located on cated servo read head, receives
sampled position   a substrate for the magnetic recording of data, said
signals as the servo sectors pass beneath the head.  tracks being separated
by non-magnetic material, Because in this method the sectors of servo
informa-  35  characterised in that said disk further comprises a tion are
recorded on the disk between sectors of data,  plurality of discrete servo
blocks of magnetic material it is desirable to minimise the numberand
angularex-  located on the substrate in at least one sector of the tent of
these servo sectors in order to maximise the  disk, said blocks being
separated from each other by amount of disk surface area available for
data. Vari-  non-magnetic material and being radially positioned ous
methods of head positioning using sector servo   40  so as to be aligned
with associated data tracks, all of are described in US -A- 3,185,972; US
-A- 4,297,734;  said blocks being magnetically polarised in the same US -A-
4,488,189; and US -A- 4,511,938. While there  circumferential direction.
Both the discrete servo are numerous types of servo patterns which may be
blocks and the discrete magnetic tracks can be used with sector servo, two
specific types are the  formed at the same time during the fabrication of
the "null and "quad-burst" patterns described in the IBM   45  thin film
disk such that each servo block is precisely Technical Disclosure Bulletin
(TDB) articles of Janu-  and permanently radially aligned with an
associated ary 1976 (pp. 2656-2657) and July 1978 (pp. 804-   discrete data
track. Following the fabrication of the 805), respectively.
disk, each of the servo blocks is exposed to the mag- In commercially
available disks, such as those  netic field generated by passing a direct
current (DC) which may be used in disk files using a sector servo   50
through a recording head. In this manner each of the method, the magnetic
layer formed on the disk sub-  servo blocks becomes magnetised in the
circumfer- strate is either a continuous thin film of magnetic met-  ential
direction and thereby presents two discrete al alloy or metal oxide or a
continuous film of organic  magnetic transitions to a servo read head or a
material containing magnetic particles. Thus, during  read/write head.
operation of the diskfile, data may be recorded atany   55  Application of
the invention can avoid problems radial position on the disk where the
continuous mag-  which would be associated with a discrete track disk netic
film Is formed. Because the read/write head can-  If such a disk were to
use servo sectors formed on not always be precisely aligned over any
predeter-  continuous magnetic media. By forming the servo 2    
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sector at the time the discrete track  or writes data on a selected one of
a number of con- disk is fabricated, there Is no need to write a specific
centric data tracks located between the ID 14 and OD servo pattern in the
servo sectors. More importantly,  16 of the data band 12. In order to
accurately read or because the "writing of the servo Information is   write
data from a selected track, the head is required merely the DC magnetising
of each servo block, this   5   to be maintained over the centerline of the
track. Ac- magnetisation can be done In the disk file by either  cordingly,
each time one of the servo sectors, such as the read/write head or a
dedicated servo recording  the typical sector 18, passes beneath the head,
the head. Since a DC recording technique is used to mag-  head positioning
control system receives servo infor- netise the discrete servo blocks,
which are perma-  mation from the servo blocks contained within the nently
aligned with their respective data tracks, there  10  servo sector. The
information contained in the servo Is no need foraspecial servo writer and
its associated  blocks generates a PES which is used by the head external
position sensor to align the servo recording  positioning control system to
move the head towards head with the data tracks. In addition, the absence
of  the track centerline. Thus, during a complete rotation continuous media
in the servo sectors permitsthe an-  of the disk 10, the head is
continually maintained over gular extent of the sectors to be narrower.
This is be-  15  the track centerline by servo Information from the cause
the servo signal comprises a discrete number  servo blocks in successive
servo sectors. of pulses which occur at the transitions between ser-  Fig.
2 provides an expanded view of the typical vo blocks of magnetic material
and the absence of  servo sector 18 and portions of three discrete data
magnetic material, thereby eliminating the need for  tracks 20, 22, 24
containing magnetisable material, averaging a high frequency servo signal
to eliminate  20  such as a cobalt-based magnetic alloy. The data media
defects, as would be required if the servo sig-  tracks are separated from
each other by discrete nal were recorded in the conventional manner on con-
guard bands or tracks 21, 23. All of the shaded por- tinuous media. Because
the servo blocks are isolated  tions of Fig. 2, including the discrete data
tracks 20, from one another in the radial direction, the radial  22, 24,
represent magnetisable material formed on width of the servo pattern is
precisely defined by the   25  the disk 10. All other portions on the disk
10 are of a servo blocks, rather than by the width of a conven-
nonmagnetisable material. tional servo recording head. In continuous media,
the  The disk as just described is identical to the disk fringing fields
created by the servo recording head  made according to the process
described In our co- during servo writing is a factor which limits the
mini-  pending European patent application, serial number mum radial width
of a servo track.            3o  89303365.4, with the exception that it
contains the How the invention can be carried out will now be  sector servo
patterns, such as the typical pattern 18. described by way of example, with
reference to the  Accordingly, the preferred process for making a disk
accompanying drawings, In which:-                  embodying this Invention
is the same as the process Fig. I is a representation of a disk having a
data  described In the aforementioned application, with the band
interspersed with 32 equally angularly  35  exception that the mask used to
form the patterned spaced servo sectors;
photoresst is patterned to include the servo sectors, Fig. 2 is a
representation of a portion of the disk  such as the servo sector 18 shown
in Fig. 2. of Fig. I illustrating three date tracks and one   Referring
again to Fig. 2, a portion of the servo servo sector which includes
circumferentially  sector 18 is a servo field 30 which Includes discrete,
magnetised servo blocks formed in a null-type   40  spaced-apart servo
blocks, such as typical servo pattern to provide normal and quadrature
posi-  blocks 32,34 and 36,38. Also included in servo sector tion error
signals;                             18 is a field 40 of radial stripes 42,
44 46, 48 which Fig. 3A Is a function of the sum of signal ampli-  are used
to provide synchronisation and gain control tudes created by the normal
servo blocks pass-  for the subsequently read servo signals from servo Ing
beneath the head as a function of radial pos-  45  blocks 32,34 and 36,38.
Additional information, e.g., Ition of the head; and
timing marks indicating the beginning of a servo sec- Fig. 3B is a function
of the sum of signal ampil-  torand/ora coded pattern for identifying the
specific tudes created by the quadrature servo blocks    servo track by
track number, may also be included in passing beneath the head as a
function of radial  servo sector 18. As shown in Fig. 2, each of the servo
position of the head.                      so  blocks 32,34 and 38,38 is
precisely and permanently Referring first to Fig. 1, a thin film alloy or
metal  aligned with the centerlIne of associated data tracks oxide magnetic
record disk 10 has an annular data re-  20, 22, 24. In contrast, if the
servo sector contained gion or band 12 which is defined byan Inside
diameter  magnetic transitions written in the conventional man- (ID) 14 and
an outside diameter (OD) 16. Inter-    ner on continuous magnetic media
interspersed be- spersed about the data band are 32 equally angularly  55
tween the discrete data tracks 20, 22, 24, the mag- spaced servo sectors,
represented as radial lines,  netic transitions would be arbitrarily
aligned, depend- such as typical servo sector 18.                   ing
upon the radial position of the servo recording During operation of the
disk file, the head reads  head relative to the discrete data tracks. 3    
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34 and 36,38 in servo field  resents the relative amplitude of signals from
the 30 and the radial stripes 42 to 48 In the synchronisa-  quadrature
blocks as a function of radial position of tion/galn field 40 are DC
magnetised in the circumfer-  the head. ential direction, as indicated by
the designations "N"  In one specific embodiment of the present inven- and
"S" in Fig. 2. Thus, Instead of a large number of   5   tion, data tracks
of 4.0 micron radial width separated magnetic transitions between the ends
of a servo   by 3.0 micron radially wide nonmagnetic separator block, as
would be the case in continuous magnetic  tracks were lithographically
formed on a substrate. A media, only two such transitions occur in a servo
sector servo pattern of 12 discrete servo blocks, each block These are the
transitions at the beginning and  having a circumferential length of 1.5
micron and to- end of a servo block since those ends are located at  10
gather having an angular extent of approximately 0.1 the transitions
between areas of magnetisable and  degrees, was formed between the data
tracks. With nonmagnetisable materialon the disk. For each pas-  the use of
an inductive thin film head, the servo sage of a servo block beneath the
head 50 (repre-  blocks provided readily distinguishable signal pulses,
sented by dashed lines in Fig. 2), two discrete pulses  ranging in
amplitude from 100 microvolts to 14 micro- will be generated.
15  volts peak-to-peak, at a frequency corresponding to The servo blocks
and synchronisation/gain       a disk rotational speed of approximately
3000 RPM. stripes are formed by a recording head having direct  While an
embodiment of the invention has been current (DC) applied to it. This is
accomplished by  described which uses multiple equally angularly either a
specific servo recording head or the data  spaced servo sectors, the
Invention is also applicable read/write head In the disk file which exposes
the en-  20  to those types of disk files which use a single sector tire
disk surface to the DC magnetising field as the  or "wedge" servo on the
data disk. head is moved radially. Alternatively, the disk may be
magnetised by a DC magnetic field prior to incorpor- ation into the disk
file.                          Claims In the specific null-type quadrature
servo imple-  25 mentation shown in Fig. 2, servo blocks 32, 34 are  1. A
magnetic record disk comprising: "normal" blocks which provide a normal
PES, and ser-        a plurality of concentric substantially cir- vo blocks
36, 38 are quadrature blocks which pro-      culardiscrete tracks
(20,22,24) of magnetic ma- vide a quadrature PES. The normal blocks are
pre-     terial located on a substrate for the magnetic re- cisely radially
aligned relative to the data tracks such   30  cording of data, said tracks
being separated by that the edges of radially adjacent normal servo
non-magnetic material, characterised in that said blocks are radially
aligned with the centerlines of the  disk further comprises data tracks.
For example, servo blocks 32, 34 have          a plurality of discrete
servo blocks (32,34, their radially adjacent edges aligned with the center-
36, 38) of magnetic material located on the sub- line of track 22. The
quadrature blocks are in turn pre-  35  strate in at least one sector of
the disk, said cisely radially aligned with the data tracks such that
blocks being separated from each other by non- the edges of radially
adjacent quadrature blocks are   magnetic material and being radially
positioned radially aligned with the centerlines of the guard     so as to
be aligned with associated data tracks, tracks. For example, quadrature
blocks 36, 38 have     all of said blocks being magnetically polarised in
their radially adjacent edges aligned with the center-  40  the same
circumferential direction. line of guard track 23. The DC magnetised servo
blocks provide a linear position signal which is always  2. A record disk
as claimed in claim 1, further com- available from either the normal or
quadrature PES.    prising synchronisation and gain stripes of mag- In the
technique for utilising the signals from the ser-  netic material located
in the sector, circumferen- vo blocks to provide a PES, which is well known
in the   45  tially magnetically polarised in said same direc- art and does
not form a part of the present Invention,  tion. the amplitudes of the
signals from servo blocks on either side of the track centerline are
compared, with  3. A record disk as claimed in claim 1 or claim 2, the PES
being generated by the difference in ampli-    wherein the servo blocks are
located in a plurality tudes of signals from the appropriate blocks. For
ex-  50  of sectors substantially equally angularly spaced ample, If the
head 50 is exactly positioned on the cen-  around the disk, whereby the
data tracks are div- terline of track 22 (Fig. 2), the normal blocks 32, 34
ided into a plurality of arcs, the blocks in all sec- will generate pulses
of equal amplitude. If the head 50  tors being magnetically polarised in
said same is located slightly off centre from the centerline of
circumferential direction. track 22, then the relative amplitudes of the
pulses  55 from the blocks 32, 34 will provide a normal PES   4. A record
disk as claimed in claim 3, wherein the whose magnitude and direction is
related to radial    servo blocks In each sector form a radially repet-
position, as shown by Fig. 3A. Similarly, Fig. 3B rep-  itive pattern. 4
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M   S The servo blocks 32, 34 and 38,38 in servo field  resents the
relative amplitude of signals from the 30 and the radial stripes 42 to 48
in the synchronisa-  quadrature blocks as a function of radial position of
tion/gain field 40 are DC magnetised in the circumfer-  the head. ential
direction, as indicated by the designations "N"  In one specific embodiment
of the present inven- and "S" In Fig. 2. Thus, instead of a large number of
5   tion, data tracks of 4.0 micron radial width separated magnetic
transitions between the ends of a servo    by 3.0 micron radially wide
nonmagnetic separator block, as would be the case in continuous magnetic
tracks were lithographically formed on a substrate. A media only two such
transitions occur in a servo  sector servo pattern of 12 discrete servo
blocks, each block. These are the transitions at the beginning and  having
a circumferential length of 1.5 micron and to- end of a servo block since
those ends are located at  10  gether having an angular extent of
approximately 0.1 the transitions between areas of magnetisable and
degrees, was formed between the data tracks. With nonmagnetisable material
on the disk. For each pas-  the use of an inductive thin film head, the
servo sage of a servo block beneath the head 50 (repre-   blocks provided
readily distinguishable signal pulses, sented by dashed lines In Fig. 2),
two discrete pulses  ranging in amplitude from 100 microvolts to 14 micro-
will be generated.                             15  volts peak-to-peak, at a
frequency corresponding to The servo blocks and synchronisation/gain
a disk rotational speed of approximately 3000 RPM. stripes are formed by a
recording head having direct   While an embodiment of the Invention has
been current (DC) applied to it. This is accomplished by  described which
uses multiple equally angularly either a specific servo recording head or
the data  spaced servo sectors, the invention Is also applicable read/write
head in the disk file which exposes the en-  20  to those types of disk
files which use a single sector tire disk surface to the DC magnetising
field as the  or "wedge" servo on the data disk. head Is moved radially.
Alternatively, the disk may be magnetised by a DC magnetic field prior to
incorpor- ation into the disk file.                           Claims In the
specific null-type quadrature servo imple-  25 mentation shown In Fig. 2,
servo blocks 32, 34 are  1. A magnetic record disk comprising: "normal"
blocks which provide a normal PES, and ser-         a plurality of
concentric substantially cir- vo blocks 36, 38 are "quadrature" blocks
which pro-    cular discrete tracks (20,22,24) of magnetic ma- vide a
quadrature PES. The normal blocks are pre-.     terial located on a
substrate for the magnetic re- cisely radially aligned relative to the data
tracks such   30  cording of data, said tracks being separated by that the
edges of radially adjacent normal servo       non-magnetic material,
characterised in that said blocks are radially aligned with the centerlines
of the  disk further comprises data tracks. For example, servo blocks 32,
34 have           a plurality of discrete servo blocks (32,34, their
radially adjacent edges aligned with the center-  36, 38) of magnetic
material located on the sub- line of track 22. The quadrature blocks are in
turn pre-  35  strate in at least one sector of the disk, said cisely
radially aligned with the data tracks such that  blocks being separated
from each other by non- the edges of radially adjacent quadrature blocks
are   magnetic material and being radially positioned radially aligned with
the centerlines of the guard     so as to be aligned with associated data
tracks, tracks. For example, quadrature blocks 36, 38 have     all of said
blocks being magnetically polarised In their radially adjacent edges
aligned with the center-  40  the same circumferential direction. line of
guard track 23. The DC magnetised servo blocks provide a linear position
signal which is always  2. A record disk as claimed in claim 1, further
com- available from either the normal or quadrature PES.    prising
synchronisation and gain stripes of mag- In the technique for utilising the
signals from the ser-  netic material located in the sector, circumferen-
vo blocks to provide a PES, which Is well known In the   45  tially
magnetically polarised in said same direc- art and does not form a part of
the present Invention,  tion. the amplitudes of the signals from servo
blocks on either side of the track centerline are compared, with  3. A
record disk as claimed in claim 1 or claim 2, the PES being generated by
the difference in ampli-    wherein the servo blocks are located in a
plurality tudes of signals from the appropriate blocks. For ex-  50  of
sectors substantially equally angularly spaced ample, If the head 50 is
exactly positioned on the cen-  around the disk, whereby the data tracks
are div- terline of track 22 (Fig. 2), the normal blocks 32, 34  ided into
a plurality of arcs, the blocks in all sec- will generate pulses of equal
amplitude. If the head 50  tors being magnetically polarised in said same
is located slightly off centre from the centerline of  circumferential
direction. track 22, then the relative amplitudes of the pulses  55 from
the blocks 32, 34 will provide a normal PES    4. A record disk as claimed
in claim 3, wherein the whose magnitude and direction is related to radial
servo blocks in each sectorform a radially repet- position, as shown by
Fig. 3A. Similarly, Fig. 3B rep-  itive pattern. 4    
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claimed in claim 4, wherein the   des welteren bestshend aus
Synchronisations- repetitive pattern Is a quadrature pattern.       und
Verstarkungsstrelfen aus magnetischem Material, das sich im Sektor befindet
und umiau- 6. A record disk as claimed In any preceding claim,   fend
magnetisch in derselben genannten Rich- in which the tracks and servo
blocks are formed   5  tung polarisiert st. from a thin film of magnetic
alloy or metal oxide. 3. Elne Aufzeichnungsplatte gemaEl Anspruch I 7. A
method of making a magnetic record disk com-     oder 2, auf der die
Servo-Blo8cke in elner Mehr- prising
zahl an Sektoren angeordnetsind, die im wesent- forming a plurality of
concentric substan-  10  lichen in gleichen Winkein zueinander auf der
tially similar discrete tracks (20, 22, 24) of mag-  Platte getrenntsind,
wobel die Datenspuren in ei- netic material located on a substrate for the
mag-  ne Mehrzahl von Bigen unterteilt und die Blocke netic recording of
data                           in alien Sektoren magnetisch in der
genannten characterised by                             selben Richtung
polarisiert sind. forming a plurality of discrete servo blocks  15 (32, 34,
36, 38) of magnetic material located on  4. Eine Aufzeichnungsplatte gemAl
Anspruch 3, the substrate in at least one sector of the disk,  auf der die
Servo-B18cke In jedem Sektor ein in said blocks being separated from each
other by    radialer Richtung sich wlederholendes Muster non-magnetic
material and being radially posi-    bilden. tioned so as to be aligned
with associated data  20 tracks; and                                    5.
Eine Aufzeichnungsplatte gemarl Anspruch 4, magnetising at least said
plurality of dis-  be! der das sich wiederholende Muster ein qua- crete
servo blocks all in the same circumferential  dratisches Muster ist.
direction. 25  6. Eine Aufzeichnungsplatte gemaS allen vorheri- 8. A method
as claimed in claim 7 in which said       gen Ansprflchen, auf der die
Spuren und Servo- magnetising step comprises                         Blocke
aus elnem dfInnen Film magnetischer Le- applying direct current to a
recording head  glerung oder Metalloxid bestehen. to produce a magnetising
field and moving the said recording head radially across the disk so as
30  7. Eln Verfahren zur Herstellung einer magneti- to expose the entire
disk surface to the magne-   schen Aufzeichnungsplatte, bestehend aus:
tising field.                                      Bildung elner Mehrzahl
konzentrischer, Im we- sentlichen ahnlicherdiskreter Spuren (20,22,24)
magnetischen Materials, das sich auf einem ma- Patentanspruche
35      gnetischen Substrat befindet und zur magneti- schen Aufzeichnung
von Daten dient, 1. Eine magnetische Aufzelchnungsplatte, die fol-
charakterislert durch gendes umfaft:
Bildung einer Mehrzahl diskreter Servo-Blocke elne Mehrzahl an
konzentrischen, im wesentli-     (32,!34,38,38) magnetischen Materials, das
sich chen krebeformig verlaufenden diskreten Spuren   40  aufdem Substrat
in mindestens elnem Sektorder (20,22, 24) magnetlachen Materials, das slch
auf  Platte befindet, wobei diese Blocke durch nicht- einem Substrat zur
magnetlichen Aufzeichnung      magnetisches Material voneinandergetrennt
und von Daten befindet, wobei die genannten Spuren    radial so
positioniert sind, dall ale auf dazugeh6- durch nichtmagnetisches Material
voneinander      rige Datenspuren ausgerichtet sind; und getrennt sind,
dadurch charakterislert, daB die  45  Magnetislerung  mindestens der
genannten genannte Platte des welteren folgendes urnfait:    Mehrzahl an
diskreten Servo-Blocken in dersel- elne Mehrzahl an diskreten Servo-Bl8cken
(32,     ben umlaufenden Richtung. 34, 36, 38) von magnetischem Material,
das sich auf dem Substrat in mindestens einem Sektorder  8. Verfahren gemiS
Anspruch 7, In dem der ge- Platte befindet, wobel die genannten Bldcke  50
nannte Schritt der Magnetisierung folgendes um- durch nichtmagnetisches
Material voneinander      fast getrennt und radial so positionlert sind,
dag ale  Anlegen elnes Gleichstroms an elnen Aufzelch- mit den
dazugeh8rigen Datenspuren ausgerich-      nungskopf, um eln
Magnetisierungsfeld zu er- tbt sind, wobeb alle genannten magnetlachen
zeugen, und Bewegen des genannten Aufzeich- Blocke in derselben umlaufenden
Richtung ma-  55  nungskopfes radial Oberdle Platte, sodaB die ge- gnetisch
polarisiert sind.                        samte Plattenoberflache dem
Magnetisierungs- feld ausgesetzt ist. 2. Elne Aufzeichnungsplatte gemIB
Anspruch 1, 5    


