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most likely have difficulty reading data at data fre- quency; and although
servo Information can be writ- Background of the Invention
ten at lower data rate, it adds to the real estate taken up for servo.
Third, this arrangement requires one ad- When using separate heads for
reading and writ-   5   ditional read channel for the write head. Finally,
and ing data in a disk file, such as magneto-resistive (MR)  also most
Importantly, thin film inductive heads with heads for reading and Inductive
heads for writing, it is  very narrow pole widths are likely to have domain
difficult to position alternately the read head to the  problems for
reading purposes, rendering them unus- track during reading, and the write
head to the track  able for high track density applications. during
writing. This is not a serious problem when the   10  US Patent 4,575,775
describes a sector servo misalignment between the read head and the write
pattern fora multiple element head, wherein each ele- head is much smaller
than the overall track misregis-  ment reads its own sector servo
information and tration and the track pitch of the system. However, in
reads and writes data onto its specific tracks. high track density
applications or In systems with ro-  There is a need to compensate for
misalignment tary actuators, where the read to write misalignment  15  of
separate read and write heads when reading and Is no longer Insignificant
when compared to the track  writing data on a magnetic disk whether such
mis- pitch, one is faced with two choices: (1) increase the  alignment
varies due to the arcuate direction of so- degree of wrie-wide and
read-narrow, i.e., (a) in-  cess with a rotary actuator or is of
essentially con- crease the write track width which results in lower  stant
magnitude due to variations in the relative pos- track density, or (b)
reduce read trackwidth which re-  20  itions at which the heads are mounted
during manu- suits In lower signal-to-noise ratio - either of which
facture of a radial linear actuator. results in performance degradation; or
(2) devise a servo scheme tp position the write head on the track
Disclosure of the Invention for writing and the read head on the track for
reading. One arrangement heretofore proposed to inde-  25   Accordingly,
the present invention provides a pendently position the read and the write
heads to the  method of positioning separate but linked read and track is
described in the October 1978 issue of the  write heads relative to data
tracks on a disk, the read IBM Technical Disclosure Bulletin at page 2005.
and write heads being misaligned with each other ra- When positioning the
head for writing, the write head  dially of the disk at least at certain
track positions, the is used to read the sector servo information. When
30   method including the steps of: generating for each positioning the
head for reading, the read head Is  track on the disk two sets of servo
Information, the used to read the sector servo information.        two sets
for each track being radially displaced with Another arrangement proposed
to solve this mis-  respect to each other by a distance equal to the re-
alignment problem is described in the June 1974 is-  spective misalignment
between the read and write sue of the IBM Technical Disclosure Bulletin, at
page   35  heads at that respective track; and using one of said 217. It
requires reading a calibration pattern with both  sets during writing of
data and the other during read- the read head and write head, and using
that calibra-  ing of data to align the write head over a selected data
tion pattern to measure the misalignment between  track during writing and
align the read head over said the read and write heads. The misalignment is
then  selected data track during reading of data, thereby stored and used
bythe head positioning servosystem   40  compensating for misalignment of
said heads. to offset the head position during read to compensate  The
invention also provides a disk file having for the misregistration between
the read and write  dedicated but linked read and write heads respective-
elements. This approach requires the write head to  ly for reading and
writing data on a disk, means for read servo type information only during
the calibra-  positioning the heads relative to the same data tracks tion
phase, which can be done in the factory, but re-  45  on the disk the heads
being misaligned with each quires a write head designed to read the
calibration  other radially of the disk when positioned on at least pattern
and electronic circuitry that will permit read-  certain of the tracks;
characterised by:- two sets of ing with the write head.
servo information written on the disk to define the In both approaches, the
write head not only has  data track positions, the two sets for each track
being to write data but also has to read the servo informa-  5o  radially
displaced with respect to each other by a dis- tion. This requirement put
significant limitations on  tance equal to the respective misalignment
between applicability of the scheme, especially In high track  the read and
write heads at that respective track pos- density applications with
MR-read/inductive-write  ition. heads. First, inductive heads have lower
signal-to- noise ratio; and although this problem can be rem-  55   Brief
Description of the Drawings edied to some degree with more turns in the
coil, It adds process complexityand cost to head fabrication.  Figs. 1A and
1 B are schematic diagrams depict- Second, an inductive head optimized for
writing will  Ing one prior art approach to the positioning of 2   



3                   EP 0 428 325 B1                 4 separate write and
read heads.                  manner. Figs. 2A and 2B are schematic diagrams
depict-     As illustrated In Fig. 4, data is read at a selected ing how
two sets of servo information are succes-  track by aligning read head 21
to the second set 24 sively generated according to the method of the  of
servo information and then reading the data with invention;
5   the read head. At this time, write head 20 will be mis- Fig. 3 is a
schematic diagram depicting how a   aligned distance d from read head 21
and second set read head is aligned with the first set of servo In-  24 of
servo information. formation of Fig 2 while a write head is aligned   Fig.
5 depicts a sector servo control apparatus with the second set of servo
information during  for implementing the Invention. This apparatus com-
writing of data;                           io  prises a dual element head
structure 30 comprising Fig. 4 is a schematic diagram depicting how the  a
read head 31 and a write head 32. As illustrated, read head is aligned with
the second set of servo  head structure 30 is mounted on a rotary actuator
33 Information during reading of data; and        that moves the head
structure 30 In an arcuate path Fig.5 is a schematic diagram of portions of
a disk  to a selected track on magnetic or optical disk 29. An file
according to the invention.           15  external position reference
sensor 34 provides posi- tion information to servo control electronic
circuitry Description of Prior Art                           35 for
actuator 33 which controls position of head structure 30 using a voice coil
motor 38. Write circuits As illustrated In Fig. 1A during writing of data
on  37 provide signals to the write head 32 to write and to a selected
track of a magnetic disk (not shown), write  20  thereby generate the first
set 23 of servo information head 10 Is aligned with and reads the servo
Informa-  on the disk. Next, read head electronic circuitry 38 tion 11 on
the track; and read head 12 is misaligned  processes the signals from read
head 31 to provide a distance d from the write head and servo informs-
position information to actuator servo control circui- tion. As illustrated
in Fig. I B, during reading of data,  try 35. This is used to position read
head 31 over the read head 12 is aligned with and reads the servo In-  25
first set 23 of servo Information while writing and formation 11, while the
write head 10 is now mis-  hence generating the second set 24 of servo
informs- aligned the distance d from the read head and servo  tion. The
foregoing operation Is controlled by timing information.
and control electronic circuitry 39. Amplifiers 40, 41 amplify the write
signal and read signal, respectively. Description of Preferred Embodiment
30       As earlier noted, the distance d will vary track to track if the
heads are mounted on a rotary actuator. As illustrated in Fig. 2A, while
overlapped but  However, the invention is also of value when the misaligned
write head 20 and read head 21 are tray-  heads are mounted on a radial
linear actuator, espe- elling in the direction of arrow 22, the write head
Is  cailly in high track density applications. In this latter used to write
and generate a first set 23 of sector ser-  35  case, variations In
distance d can occurfrom actuator vo information at a selected track. Read
head 21 will  to actuator due to the relative positioning of the heads be
misaligned the distance d from the write head and  during the manufacturing
process; however, the mis- set 23 at this time.
alignmentdistance d will be substantially constant for A second set 24 of
sector servo information is  any given radial linear actuator. now
generated, as illustrated in Fig. 2B, forthat same   4o  The invention has
been successfully implement- J   selected track by aligning read head 21
with servo in-  ed using a magneto-resistive read head and an induc-
formation set 23 and then writing the second servo in-  tive write head
mounted on a rotary actuator. The In- formation set 24 with write head 20.
vention can also be implemented with any sector ser- The steps just
described are repeated in se-    vo arrangement, provided two sets of servo
informa- quence for each respective track of the disk, so as to  45  tion
are generated - one forwriting and one for read- generate two sets of servo
Information unique to   ing. each track. Note that if the heads are mounted
on a    Although the servo arrangement herein dis- rotary actuator, the
misalignment distance d will vary  closed requires additional storage
capacity to provide from trackto track because of the non-radial (i.e.,
arc-  the two sets ofservo information, it desirably permits uste) path
traversed by the actuator and hence the   so  achievement of higher track
densities by eliminating heads during track access.
design concerns over misalignment of read and write As illustrated in Fig.
3, data is written at a select-  heads. ed track by aligning read head 21
to the first set 23 of servo Information and then writing data on that
track with write head 20. Since the data thus written  55   Claims is
aligned with the second set 24, misalignment d of the heads will be
automatically compensated for    1. A method of positioningseparate but
linked read when the data Is subsequently read in the following    and
write heads (31,32) relative to data tracks on 3  



separate write and read heads.                  manner. Figs. 2A and 2B are
schematic diagrams depict-     As illustrated in Fig. 4, data is read at a
selected ing how two sets of servo information are succes-  track by
aligning read head 21 to the second set 24 sively generated according to
the method of the  of servo information and then reading the data with
invention;                                 5   the read head. At this time,
write head 20 will be mis- Fig. 3 is a schematic diagram depicting how a
aligned distance d from read head 21 and second set read head is aligned
with the first set of servo in-  24 of servo information. formation of Fig
2 while a write head is aligned   Fig. 5 depicts a sector servo control
apparatus with the second set of servo information during  for implementing
the invention. This apparatus com- writing of data;
10  prises a dual element head structure 30 comprising Fig. 4 is a
schematic diagram depicting how the  a read head 31 and a write head 32. As
illustrated, read head is aligned with the second set of servo  head
structure 30 is mounted on a rotary actuator 33 information during reading
of data; and         that moves the head structure 30 In an arcuate path
Fig. 5 is a schematic diagram of portions of a disk  to a selected track on
magnetic or optical disk 29. An file according to the invention.
15  external position reference sensor 34 provides posi- tion information
to servo control electronic circuitry Description of Prior Art
35 for actuator 33 which controls position of head structure 30 using a
voice coil motor 36. Write circuits As illustrated in Fig. 1A during
writing of data on  37 provide signals to the write head 32 to write and to
a selected track of a magnetic disk (not shown), write  20  thereby
generate the first set 23 of servo information head 10 is aligned with and
reads the servo Informa-  on the disk. Next, read head electronic circuitry
38 tion 11 on the track; and read head 12 is misaligned  processes the
signals from read head 31 to provide a distance d from the write head and
servo Informa-  position information to actuator servo control circui-
tion. As illustrated in Fig. I B, during reading of data,  try 35. This is
used to position read head 31 over the read head 12 is aligned with and
reads the servo in-  25  first set 23 of servo information while writing
and formation 11, while the write head 10 is now mis-  hence generating the
second set 24 of servo informa- aligned the distance d from the read head
and servo  tion. The foregoing operation is controlled by timing
Information.                                       and control electronic
circuitry 39. Amplifiers 40, 41 amplify the write signal and read signal,
respectively. Description of Preferred Embodiment           30      As
earlier noted, the distance d will vary track to track if the heads are
mounted on a rotary actuator. As illustrated in Fig. 2A, while overlapped
but  However, the Invention is also of value when the misaligned write head
20 and read head 21 are tray-  heads are mounted on a radial linear
actuator, espe- elling in the direction of arrow 22, the write head Is
cialy in high track density applications. In this latter used to write and
generate a first set 23 of sector ser-  35  case, variations in distance d
can occurfrom actuator vo Information at a selected track. Read head 21
will  to actuator due to the relative positioning of the heads be
misaligned the distance d from the write head and  during the manufacturing
process; however, the mis- set 23 at this time.
alignment distance d will be substantially constant for A second set 24 of
sector servo information is  any given radial linear actuator. now
generated, as Illustrated in Fig. 2B, for that same   40  The invention has
been successfully implement- selected track by aligning read head 21 with
servo in-  ed using a magneto-resistive read head and an induc- formation
set 23 and then writing the second servo In-  tive write head mounted on a
rotary actuator. The in- formation set 24 with write head 20.
vention can also be implemented with any sector ser- The steps just
described are repeated in se-    vo arrangement, provided two sets of servo
informa- quence for each respective track of the disk, so as to  45  tion
are generated-- one forwriting and one for read- generate two sets of servo
information unique to   Ing. each track. Note that if the heads are mounted
on a    Although the servo arrangement herein dis- rotary actuator, the
misalignment distance d will vary  closed requires additional storage
capacity to provide from track to track because of the non-radial (i.e.,
arc-  the two sets of servo information, it desirably permits uate) path
traversed by the actuator and hence the   5o  achievement of higher track
densities by eliminating heads during track access.
design concerns over misalignment of read and write As illustrated in Fig.
3, data Is written at a select-  heads. ed track by aligning read head 21
to the first set 23 of servo information and then writing data on that
track with write head 20. Since the data thus written  55   Claims is
aligned with the second set 24, misalignment d of the heads will be
automatically compensated for    1. A method of positioning separate but
linked read when the data is subsequently read In the following    and
write heads (31,32) relative to data tracks on 3  



5                  EP 0 428 325B1 a disk (29), the read and write heads
being mis-  7. A disk file as claimed In any one of claims 3 to 6 aligned
with each otherradiallyof the diskatleast  In which the read and write
heads are mounted in at certain track positions, the method character-  a
unitary dual head structure. ised by the steps of generating for each track
on the disk two   5   8. A diskfile as claimed in claim 5 In which the read
sets (23,24) of servo Information, the two sets for  and write heads are
disposed longitudinally of the each track being radially displaced with
respect  actuator. to each other by a distance equal to the respec- tive
misalignment between the read and write heads at that respective track; and
io  Patentanspriche using one of said sets during writing of data and the
other during reading of data to align  1. Emn Verfahren, um separate,
jedoch verbundene the write head over a selected data track during  Less-
und Aufnahmek8pfe (31,32) im VerhAltnis writing and align the read head
oversaid selected  zu den Datenspuren auf einer Platte (29) zu po- data
track during reading of data, thereby com-  15  sitionleren, indem
wenigstens in bestimmten pensating for misalignment of said heads.
Spurpositionen Lesekopf gegenfiber Aufnahme- kopf radial zur Platte
versetzt wird, wobel das 2. Amethod as claimed In claim 1, in which the
gen-  Verfahren durch die Schritte gekennzeichnet erating step Includes:
wird: writing said one set of servo information   20  auf jeder Spur auf
der Platte zwel Satze (23,24) with the write head; and
von Servo-Informationen zu erzeugen, indem die writing said other set with
the write head   beiden Satze fOr jede Spur in bezug zuelnander while the
read head is aligned with said one set.  urn einen gleichen Abstand zu dern
Jeweiligen Versatz zwischen Less- und Aufnahmekopf in der 3. A disk file
having dedicated but linked read and   25  jeweillgen Spur radial
verachoben warden; und write heads (31,32) respectively for reading and
einen dieser Satze wihrend der Aufnahme von writing data on a disk (29),
means (33) for posi-  Daten und den anderen wihrend des Lesens von tioning
the heads relative to the same data tracks  Daten zu benutzen, urn den
Aufnahmekopf Ober on the disk, the heads being misaligned with each  einer
ausgewahlten Datenspur wAhrend der Auf- other radially of the disk when
positioned on at  9o  nahme auszurichten und den Lesekopf Ober der least
certain of the tracks; characterised by:-   ausgewahIten Datenspur wihrend
des Lesens two sets (23,24) of servo information writ-  von Daten
auszurichten, Indem dadurch derVer- ten on the disk to define the data
track positions,  satz dieser K8pfb kompensiert wird. the two sets for each
track being radially dis- placed with respect to each other by a distance
35  2. Ein Verfahren wis in Anspruch I angemeldet, in equal to the
respective misalignment between      dem der Schritt zur Erzeugung enthalt:
the read and write heads at that respective track  das Schreiben des einen
Satzes von Servo- position.
Informationen mit dern Aufnahmekopf; und das Schrelben des anderen Satzes
mit dem Auf- 4. Adiskfile as claimed In claim 3, in which the disk  40
nahmekopf, wihrend der Lesekopf mitdem einen is magnetic, said read head is
a magneto-resis-   Satz ausgerichtet wird. tive head and said write head is
an Inductive head.                                          3. Ein
Plattenantrieb mit bestimmtem, Jedoch ver- bundenem Less- beziehungswelse
Aufnahme- 5. A disk file as claimed in either claim 3 or claim 4   45  kopf
(31,32), urn Daten auf sine Platte (29) zu le- in which the positioning
means comprises a ro-    sen und zu schreiben, Mittel (33), um die Kbpfe
tary actuator, so that the misalignment between   in bezug auf die gleichen
Datenspuren auf der the read and write heads varies from track to
Platte zu positionieren, wobei die K6pfe gegen- track, the displacement
between said two sets of  seltig radial zur Platte versetzt werden, wenn
die servo information varying correspondingly.  50    Kapfe wenigstens in
bestimmten Spuren positio- niert warden; dadurch gekennzelchnet, daB: 6. A
disk file as claimed in either claim 3 or claim 4  zwei SAtze (23,24) von
Servo-informatlonen zur In which the positioning means comprises a radial
Definition der Datenspurpositionen in dis Platte linear actuator so that
the misalignment between  geschrieben warden, Indem die beiden Satze fOr
the read and write heads Is constant, the dis-  55  jede Spur in bezug
zueinanderum einen gleichen placement between the two sets of servo infor-
Abstand zu demjeweiligen Versatzzwischem Le- mation also being constant.
se- und Aufnahmekopf in derjeweiligen Spurpo- sition radial verachoben
warden. 4 



4. Ein Plattenantrlebwle In Anspruch 3 angemeldet,    1'6tape de genbratlon
comprend lea etapes In dem die Platte magnetisch, der Lesekopf sin
consistant A: Magneto-Widerstandskopf und der Aufnahme-          ecrire
l'un des dits ensembles d'informations kopf sin induktiver Kopf ist.
d'asservissement avec la tote d'6criture; et 5      6crire I'autre des dits
ensembles d'informations 5. Ein Plattenantrieb wie entweder In Anspruch 3
d'asservissement avec la tte d'criture pendant oder Anspruch 4 angemeldet,
in dim die Positlo-    que la t6te de lecture est align6e avec ledit pre-
niermittel inen rotierenden Aktuator enthalten,    mler ensemble. so daiS
der Versatz zwlschen Lese- und Aufnah- mekopf von Spur zu Spur schwankt und
dement-  10  3. Fichler sur disque ayant des totes de lecture et sprechend
die Verschiebung zwischen den bei-       d'6criture specialisees mais
solidaires (31, 32) den Sitzen von Servo-Informationen schwankt.       pour
6crire et lire respectivement des donnees sur un disque (29), comprenant un
dispositif (33) 6. Ein Plattenantrieb wie entweder In Anspruch 3       pour
positionner les totes par rapport aux plates odor Anspruch 4 angemeldet, in
dem die Positio-  15  de donn6es du disque, lea tetes 6tant en desaxa-
niermittel eonen radial-linearen Aktuator enthal-  ge entre elles
radialement au disque lorsqu'elles ten, so dal der Versatz zwischen Lese-
und Auf-    sont positionn6es sur au moins certalnes des di- nahmekopf
konstant ist und die Verschiebung        tes plates, caract6ris6 par:
zwlschen den  beiden Satzen von Servo-             deux ensembles (23, 24)
d'informations d'asser- Informationen ebenfalls konstant ist.      20
vissement ecritos sur la disque pour definir lea positions des plates de
donn6es, les deux en- Y>    7. Ein Plattenantrieb wie in irgendelnem der
An-      sembies pour chaque piste 6tant d6cales i'un par sprOche 3 bis 6
angemeldet, in dem Lose- und       rapport A l'autre d'une distance egale
au desaxa- Aufnahmekopf in einer einheitlichen Doppelkopf-    go respectif
entre los totes de lecture et d'ecritu- struktur montiert sind.
25      re sur cottb position de plate respective. 8. Eln Plattenantriebwie
in Anspruch 5 angemeldet,  4. Fichler sur disque solon la revendicatlon 3,
dana in dem Lese- und Aufnahmekopf longs zu dem         lequel Is disque
est magn6tIque, ladite tte de Aktuator angeordnot sind.
lecture est une t6bt magnetoresistive et ladite 30     tote d'6crture est
une tote inductive. Revendlcatlons                                     5.
Fichier sur disque solon la revendication 3 ou 4, dans lequel le dispositif
de positionnement 1. Procod6 pour positlonner des tOtes de lecture et
comprend un actionneur rotatif, de sorts quo le d'ecriture distinctes mais
solidaires (31, 32) par  3S  desaxage entre les tites de lecture et
d'6criture rapport a des plates de donneos sur un disque      varie d'une
plate A I'autre, le decalage entre les (29), los dites totes de lecture et
d'6crlture 6tant  dits deux ensembles d'Informations d'asservis- en
d6saxage entre iles radlalement au disque       sement variant
proportionnellement. sur au molns certalnes positions de plate, le pro-
code etant caracthris6 par les etapes consistent  40   S. Fichier sur
disque solon la revendication 3 ou 4, A :
dens lequel le dispositif de positionnement g6nerer pour chaque plate du
disque deux en-       comprend un actionneur A translation radiale, de
sembles (23, 24) d'informations d'asservisse-      sorte quo le desaxage
entre les tetos de lecture ment, les deux ensembles pour chaque plate
et d'ecriture est constant, le decalage entre les 6tant decal6s radialement
I'un par rapport A l'au-  45  deux ensembles d'informations d'asservisse-
tre d'une distance egale au desaxage respectif     ment etant egalement
constant. entre lea tOtes de lecture et d'6crlture sur cette plate
respective; it                            7. Fichiersurdisque selon lune
quelconque des re- utiliser l'un des dits ensembles au cours de M'ocri-
vendlcations 3 A 6, dans lequel les tetes de leo- ture de donnees et
l'autre au cours de la lecture  so  ture et d'ecriture sont montees dans
une structu- de donnees pour aligner Is tOte d'ecriture sur une  re
unitaire A deux ates. plate de donnees selectionn6e au cours de l'Mcm- ture
de donnoes etla tOte de lecture surladite pis-  8. Fichier sur disque solon
la revendicatlon 5, dans te de donnees slectionn6e au cours dela lecture
loquel les t~tes de lecture et d'ecriture sont dis- de donn6es, pour
compenser ainsi le desaxage   ss  posbes longitudinalement par rapport A
l'action- entre les dites tOtes                              neur. 2.
Procede selon la revendication 1, dans lequel 5    


