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vided in respective tracks are made different in such a manner that outer
zone has more data sectors. Ac- The present invention relates generally to
a mag-  cording to this proposal, the storage capacity of the netic disc
apparatus for driving a hard disc or the like  whole disc can be increased
by substantially twice. which Is employed as an external storage apparatus
5   However, when the zone recording system is practi- for a computer and,
more particularly, is directed to a  cally performed, the border positions
of the data sec- tracking servo system, by which a transducer head  tors
become irregular in every zones so that the track for reading and writing
data is properly positioned on  seeking operation utilizing the servo
address data a data track of the hard disc.                     can not be
made. A hard disc drive apparatus is employed for driv-  10  Another
proposal is known, in which when a plur- ing a hard disc or the like as an
external storage ap-  ality of discs are stacked upon use, one surface of a
paratus of a computer. According to such hard disc  desired disc is
employed as a surface in which a ser- drive apparatus, data is recorded on
concentric    vo signal is exclusively recorded, and the track seek- tracks
formed on the hard disc. Also, sectors of a pre-  ing operation is
performed by using the servo signal determined number are provided on each
track, and   15  reproduced from the above surface. According to this data
is recorded on and reproduced from each sector.  proposal, onesurface of
the disc becomes uselessfor Accordingly, when data is recorded on and
repro-   recording and reproducing data, whereby the in- duced from the
tracks of the hard disc, the seeking  crease of the storage capacity
according to the zone operation is performed on a track appointed by a
recording system can not be expected. computer, and the data is recorded on
and repro-  20   DE-A-2,657,266 discloses a magnetic disc appa- duced from
one appointed sector of the tracks.     ratus according to the preamble of
claim 1 in which Fig. 1 shows a typical recording format of a hard  the
disc is radially divided into zones and a different disc 1 according to the
prior art. As shown in Fig. 1,  number of data sectors, separated by servo
sectors, the number of data sectors in each track is selected  are provided
in each zone. to be constant from the innermost track to the outer-  25
According to the present invention, there is pro- most track as shown in
Fig. 1. Further, the positions  vided a magnetic disc apparatus comprising:
of boundaries between adjacent data sections are ar-     at least one
magnetic disc having a plurality of ranged in radial directions. Therefore,
it is proposed  track groups thereon at different distances from the to
provide a servo sector between radially provided  centre of the disc, each
of which groups comprising data sectors, in which there is sequentially and
re-  30   a plurality of data tracks having a plurality of data sec-
peatedly provided servo address data of, forexample,  tors, each of said
track groups having a different num- 4 bits (00 to 15) In order to perform
the track seeking  ber of the data sectors therein in such a manner that
operation. According to this proposal of the sector  outer track groups
have more data sectors and servo servo system disc apparatus in which servo
address  signals provided in servo sectors located between the data are
repeatedly recorded at every predetermined   35  data sectors; number of
tracks, the upper limit of the head moving    transducer means for reading
and writing data speed must be determined in the seeking operation.
signals from and on the data sectors, and for reading In the
above-mentioned example according to the pri-  the servo signals from the
servo sectors, orart the upper limit of the head moving speed is de-
actuatormeansfor positioning said transducer termined such that the head
should not cross more  40   means over a desired one of the data tracks;
than 8 tracks during a period in which the disc I is ro-  controller means
for controlling the actuator tated by one sector amount. Thus, a desired
track can  means according to a tracking error signal so that the be
detected on the basis of servo address data read  transducer means is
positioned over the desired one intermittently and the position in which
the head is  of the data tracks, characterised by: positioned.
45         servo signal processing means for processing In the
above-mentioned magnetic disc appara-   the servo signals read from the
servo sectors into a tus, however, the lengths of the innermost and outer-
tracking error signal, wherein said servo signal proc- most peripheral
tracks are different by about twice. If  essing means has a plurality of
filter means for filter- the number of sectors in the innermost and
outermost  ing the tracking error signal, one of the plural filter
peripheral tracks are determined to be constant so   50   means being
selected corresponding to the track that a storage capacity may become
constant, then a  group from which the servo signal is read. recording
density of the outermost peripheral track   The above, and other objects,
features and ad- will be lowered.
vantages of the present invention, will be apparent In To overcome the
above-mentioned defects, a so-  the following detailed description of
preferred em- called zone recording system is proposed, in which a   55
bodiments when read in conjunction with the accom- record surface of the
disc is divided dependent on ra-  panying drawings in which the same
reference nu- dius positions of tracks to provide a plurality of zones,
merals are used to identify the same or similar parts and at every zone the
number of the data sectors pro-  in the several views. 2   
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representation of a pattern  the track number of each zone Is, for example,
500, of data recorded on a hard disc by a hard disc  then the number of all
data sectors will be expressed drive apparatus according to the prior art;
as Fig. 2 is a planar view of a hard disc drive appa-       500 x (8 + 6 +
4) = 9000 ratus according to an embodiment of the present   5   Thus, 9000
data sectors are provided, and as com- invention;
pared with the number of all data sectors when 4 sec- Figs. 3Aand 3B are
schematic views of a position  tors are assumed to all tracks in order to
radially ar- sensor and a fragmentary enlarged planar view  range the
positions of sectors (1500 x 4 = 6000), data thereof, and to which
reference will be made in  capacity of 1.5 times can be provided.
explaining a photo-encoder used in the hard disc  10  The hard disc 1 is
rotated at high speed by a spin- drive apparatus of the present Invention;
dle 2 and a head 3 is opposed to the record surface Figs. 4A to 4E are
schematic views used to ex-  of the hard disc 1. The head 3 is mounted to
one end plain a relationship between an output of the pho-  of a head arm
4, and the head arm 4 is pivotally sup- to-encoder and data tracks, and to
which refer-  ported at an intermediate portion thereof by a rotary ence
will be made in explaining the operation of  15  shaft 5 and another end of
the head arm 4 is driven the hard disc drive apparatus of the present in-
by a voice coil motor 6 so that the head 3 is moved to vention;
a desired position of the hard disc 1 along Its radius Fig. 5 (formed of
Figs. 5A and 5B) is a block dia-  direction. The voice coil motor 6 is
comprised of a sta- gram of a tracking servo circuit used In the hard  tor
portion 6a such as a permanent magnet, a yoke disc drive apparatus of the
present invention;  20  and so on fixed to a chassis 15 and a drive coil 6b
Figs. 6A and 6B are schematic diagrams used to  mounted on another end of
the head arm 4. explain a head positioning sequence of the hard    A second
arm 7 is provided to be driven as one disc drive apparatus of the present
invention;  body with the head arm 4, and a scale 8 is attached Figs. 7Aand
7B are schematic views to which ref-  to another end of the arm 7 to detect
the position. A erence will be made in explaining a servo signal  25
circuit base plate 9 is fixed to the chassis 15 or the used in the hard
disc drive apparatus of the pres-  like, and a photosensor 10 is mounted on
the base ent invention;                                 plate 9 so as to
oppose the scale 8. The photosensor Fig. 8 is a block diagram showing a
signal proc-  10 and the scale 8 form a cycle signal in accordance essing
circuit which processes a signal from the  with the movement of the head
arm 4. This cycle sig- photo-encoder used in the hard disc drive appa-  30
nal will be explained more fully later. ratus of the present invention;
Asignal from the photosensor 10 is supplied to a Fig. 9 is a planar view of
the hard disc drive ap-  control circuit 11 on the base plate 9. The
control cir- paratus according to another embodiment of the  cuit 11 on the
base plate 9 is also supplied with a sig- present invention;
nal indicative of a target position from an external Fig. 10 is a schematic
representation used to ex-  35  host computer (not shown) orthe like
through an input plain a relationship between an output of the pho-  and
output cable 12. Acontrol signal from the control to-encoder and data track
and reference track;  circuit 11 is supplied to the drive coil 6b through a
flex- and                                            ible cable 13. Fig. 11
is a schematic representation to which ref-  A signal reproduced from the
hard disc 1 by the erence will be made In explaining the tracking   40
head 3 is supplied to the circuit base plate 9 through servo operation
ofanotherembodimentshown In    a flexible cable 14. Further, the external
host comput- Fig. 9.                                        er or the like
Is connected to the head 3 via the input The present invention will now be
explained with  and output cable 12, the circuit base plate 9 and the
reference to the drawings.                        flexible cable 14,
whereby a signal from the hostcom- Fig. 2 is a planar view of a general or
overall ar-  45  puter or the like is recorded on and/or reproduced
rangementof a tracking servo system according to an  from the hard disc 1.
embodiment of the present invention.                  Fig. 3 shows an
arrangement of the photosensor In Fig. 2, it will be seen that a record
surface of a  10 and so on. hard disc 1 is divided to provide a plurality
of zones  As shown in Fig. 3, the photosensor 10 is com- dependent on
radius positions of tracks. The number  50  prised of a light emitting
diode 20, four photo-diodes of sectors formed on respective tracks at every
zone  16 to 19 for detecting light, a reticle 21 having optical is
Increased on the outer record surface while it is de-  transmissivity
portions a to d corresponding to the creased on the inner record surface.
To gain a better  four photo-diodes 16 to 19, the scale 8 located be-
understanding of the present invention, the record  tween the light
emitting diode 20 and the reticle 21 surface of the hard disc 1 Is divided
to provide three  55  and having a plurality of slits or light
transmissivity zones, namely, the outerzone, intermediate zone and
portions 22 arranged with a predetermined pitch and inner zone, and 8, 6
and 4 sectors are provided on  a convex lens 23 which collimates a diverged
light these zones, In that order. Therefore, assuming that  from the light
emitting diode 20 to a collimated light 3  
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causes the collimated light beam to  track position with which the head 3
is in contact can become incident on the scale 8.                    be
measured by counting the track pulse. In this case, when the head arm 4 is
rotated, the  According to the arrangement thus made, when scale 8 fixed to
the second arm 7 is moved in the di-  supplied with a command, which moves
the head 3 to rection along which the optical transmissivity por-   5   a
desired track, from a host computer 40 through an tions, i.e. slits 22 of
the scale 8 are arranged. The slits  interface circuit 41, the
microcomputer 39 forms a 22 are formed at the predetermined pitch, and the
control signal (velocity control signal) for moving the widths of the slits
22 and the widths of the light-pass-  head 3 from the track in contact with
the head 3 to a inhibiting portionsformed between the slits 22 are se-
target track. Avalue of the control signal is generated lected to be equal
to each other. The widths of the opt-  10  in the form of a digital value.
The digital control signal ical transmissivity portions a to d of the
reticle 21 are  from the microcomputer 39 is supplied through a dig- the
same as those of the slits 22 of the scale 8, and  ital-to-analog (D/A)
converting circuit 42 to a sum- are each located with a positional
displacement of  ming-amplifier 43. (1/4) P + nP if the pitch of the slit
22 In the scale 8 is  The frequency-to-voltage converting circuit 35 taken
as P. In the foregoing, n is any one of 0, 1, 2,  15  derives a voltage
value corresponding to frequencies 3, ... and in this embodiment, 0 and 1
are employed.  of the signals A, B, C and D, i.e. the moving speed of
Detected outputs from the photo-diodes 16 to 19  the head 3. This signal is
supplied to the summing am- corresponding to the optical transmissivity
portions a  plifier 43. A signal from the summing-amplifier 43 is to d of
the reticle 21 are supplied to detecting circuits  supplied through a
switch circuit 44 and a summing- as will be described later, respectively.
20  amplifier 66 to a drive amplifier 45 for the voice coil The detecting
circuits are adapted to generate 4-  motor 6 (see Fig. 2), whereby the head
3 is moved to phase detected outputs Sa to Sd of triangular wave-  the
track thus designated by the command signal forms, each having a phase
difference of 90 degrees  from the host computer 40. as shown in Figs. 4B
to 4E.                            More specifically, the microcomputer 39
gener- Points Xa to Xd atwhich the positive slant portions of  25  ates a
velocity control signal which is, for example, these 4-phase
triangular-shaped position detecting  shown by a curve a in Fig. 6A, and
the velocity of the outputs Sa to Sd cross a reference voltage, for exam-
head 3 is changed in fact as shown by a curve b in Fig. pie, a line of 5.5
V are made corresponding to adja-  6A in response to the velocity control
signal so that cent tracks of the hard disc or magnetic disc 1, for ex-
the head 3 is moved to the target track. Fig. 6B illus- ample, data tracks
[err] and [err] each hav-  30  trates the waveform of the track pulses in
the above- ing an equal pitch, in that order. Thus, when the head  speed
control period. In this manner, the so-called 3 is moved, the moving speed
of the head 3 can be  seeking operation is performed and according to the
detected by detecting the frequencies of these sig-  above-mentioned
arrangement, the head position is nals. Also, it is possible to detect the
track cross-point  servo-controlled after the seeking operation. of the
head 3 by detecting the points at which these   35  To be more concrete,
afterthe seeking operation, signals and the above-noted reference voltage
5.5 V  the switch circuit44 is changed in position. The repro- cross one
another.                                 duced signal from the head 3 is
supplied to a terminal Fig. 5 (formed of Figs. 5A and 5B to permit the use
46, and the signal at the terminal 46 is supplied to a of a suitably large
scale) Is a block diagram showing  head amplifier47. When a plurality of
hard discs 1 are an example of the control circuit 11 provided on the   40
utilized in a stacked condition, a signal corresponding circuit base plate
9.                              to a desired record surface and derived
from the mi- Referring to Fig. 5, signals A, B, C and D from the
crocomputer 39 switches the head amplifier 47, photo-diodes 16 to 19 of the
photosensor 10 are re-  thereby selecting the corresponding head 3. A
signal spectively supplied to first to fourth detecting circuits  from the
head amplifier47 is supplied through an au- 31 to 34, and signals from the
detecting circuits 31 to  45  tomatic gain control (AGC) amplifier48 to a
servo sig- 34 are supplied to a frequency-to-voltage converting  nal
reproducing circuit 49, and is also supplied to a circuit 35 which is
comprised of differentiating circuits  servo signal detecting and sample
and hold signal 201 to 204, amplifiers 210 to 214, a multiplexer 300
generating circuit 50. and so on. The signals from the detecting circuits
33  In this hard disc drive apparatus, the pattern of a and 34 are
waveform-shaped by comparators 36 and   50  so-called tribit servo signal
Is formed on the hard disc 37 and are fed tothe multiplexer 300 in the
frequency-  1, for example, at its every sector with a pattern as
to-voltage converting circuit 35. The signal from the  shown in Fig. 7A so
that, when the head 3 is located comparator 37 is supplied to a track pulse
forming cir-  at the position shown by X1 in Fig 7A, then the repro- cuit
38 which detects an intersection of the above-  duced output of the servo
signal becomes as shown noted center level to form a track pulse indicating
55  In Fig. 7B. Then, the sample and hold signal generat- track
intersection by the head 3.                  ing circuit 50 generates a
detecting signal (see Fig. The track pulse from the track pulse forming
cir-  7C) at every other predetermined time T1 from the cuit 38 is supplied
to a microcomputer 39 in which the  position of, for example, the second
negative-going 4 
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shown in Fig. 7B. This detecting  tion servo. signal is supplied to the
servo signal reproducing cir-  A low-pass filter 87, an AID converter 68, a
D/A cuit 49 in which the level of a positive-going pulse is  converter 69,
the microcomputer 39 and an electrical- detected to derive a difference
therebetween. Thus,  ly-programmable ROM (EPROM) 71 constitute a the servo
signal reproducing circuit 49 derives a dif-   5   compensating circuit
which is employed to cancel an ference output shown in Fig. 7D in response
to the  external force applied to the head arm 4 out. Prior to position of
the head 3, thereby detecting the displace-  the explanation of this
compensating circuit let us ex- ment of the head 3 from the track. In this
embodiment,  plain the external force applied to the head arm 4. this
detecting signal is generated intermittently at ev-  As shown in Fig. 2,
the circuit base plate 9 fixed ery sector. This signal is supplied to a
sample and   10  to the chassis 15 and the head 3 and the drive coil 6b
hold circuit 51, and the sample and hold circuit 51 is  on the head arm 4
are connected to each other by the also supplied with a sample and hold
signal from the  flexible cables 13 and 14, whereby the head arm 4 sample
and hold signal generating circuit 50 at the  can be freely rotated by the
bending of the flexible position of, for example, the third negative-going
cables 13 and 14. In that event if the bending ratio of pulse. Therefore,
the sample and hold circuit 51 forms   15  the flexible cables 13 and 14 is
changed when the a successive position signal.                      voice
coil motor 6 is driven, then a resilient repulsive This position signal is
supplied directly to a switch  force will be generated in the flexible
cables 13 and 53 and is also supplied through an inverter 52 to the  14 and
this resilient repulsive force becomes a torque switch 53. The switch 53 is
changed in position In re-  external disturbance, thereby exerting a
harmful in- sponse to the signal from the microcomputer 39,  20  fluence
upon the voice coil motor 6. Accordingly, in thereby making the polarities
of the position signal  the hard disc drive apparatus, if the compensating
cir- constant at every track. A signal from the switch 53  cuit is not
provided in order to cancel the above- is supplied to a summing-amplifier
54. Asignal corre-  mentioned external disturbance out then the posi-
sponding to a desired level, for example, the center  tioning control
feedback loop will perform the posi- level from the microcomputer 39 is
supplied through   25  tioning control as well as the cancelling operation
for the D/A converter 42 to the summing-amplifier 54   cancelling the
above-mentioned external distur- which derives a control signal of position
servo cor-  bance. Thus, it takes a lot of time (seeking time) for
responding to the displacement of the head 3.      the head to reach the
desired position and to stabilize This control signal is supplied through a
filter cir-  thereat Also, the stability of the positioning control cuit
58a to a change-over switch circuit 59, and the   30  is degenerated.
change-over switch circuit 59 Is changed in position   The external
disturbance is not limited to those in response to a switching control
signal from the ml-  caused by the flexible cables 13 and 14 and may in-
crocomputer 39. Asignal from the change-overswitch  clude irregular
rotation torque which is generated by circuit 59 is supplied to the switch
circuit 44. In this  an airflow caused by the rotation of the disc 1 and
ap- case, the filter circuit 58a is comprised of an integrat-  35  plied to
the head arm 4. In this embodiment, let us ing circuit 55a, a secondary
filter 56a which reduces  consider the total sum of external forces of all
causes. a gain of mechanical resonant frequency and a      These external
forces do not apply the head arm 4 phase-compensating circuit 57a.
with the constant rotation torque at all times, and it Is The
above-mentioned zone recording Is per-      to be noted that these external
forces may become formed. When the number of sectors is different in  40
the function of position of the head arm 4. Further, the each zone, a
sampling frequency (frequency) for    resilient repulsive force of the
flexible cables 13, 14 sampling a servo signal is different In each zone in
a  and so on also includes an aging change character- servo sector provided
between the data sectors. As  istic when they are utilized for a long
period of time. a result, the frequency characteristic of the servo sig-
Referring back to Fig. 5, let us consider that at the nal such as gain and
phase becomes different in each   45  completion of the seeking operation,
the switch 44 is zone. Therefore, in order to optimize the compensat-
changed in position and the head 3 proceeds to the ing characteristic at
every zone, a second filter circuit  track-following operation. The servo
control signal 58b formed of an integrating circuit 55b, a secondary  from
the change-over switch circuit 59 is supplied filter 56b and a
phase-compensating circuit 57b, and a  through the switch 44, the
summing-amplifier 66 and third filter circuit 58c formed of an integrating
circuit 55c,  so  the drive amplifier45 to the voice coil motor 6. Simul- a
secondary filter 56c and a phase-compensating cir-  taneously, the servo
control signal from the change- cuit 57c are provided In
responsetothezones, where-  over switch circuit 59 is supplied through the
low-pass by the change-over switch circuit 59 selects one of  filter 67 to
the D/A converter 68, in which it is convert- the filter circuits 58a, 58b
and 58c in response to the  ed to a digital signal. This digital signal is
supplied characteristic corresponding to the zone included in  55  through
the microcomputer 39 to the RAM 71. On the the target track. Thus, the head
3 performs the seek-  other hand, the present address of the head 3 is com-
ing operation toward the desired track appointed by  puted by the
microcomputer 39 on the basis of the the host computer 40 and the
succeeding head posi-  track pulse obtained from the track pulse forming
cir- 
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then supplied to the RAM 71. Asignal from  possible to perform the head
position control opera- the RAM 71 issupplied through the microcomputer 39
tion more smoothly. to the DIA converter 69, and the analog signal thus
Further, the external force compensating value converted is supplied to the
summing-amplifier 66.  may not be stored in the RAM each time in use but In
this hard disc drive apparatus, prior to using   5   back-up means may be
provided and the preceding the hard disc drive apparatus, an external
compen-  compensating value may be used. Only when the sating value is
stored in the RAM 71. More specifical-  aging change occurs or external
circumstance ly, in the arrangement shown in Fig. 5, the output of
changes, the compensating value may be stored In the D/Aconverting circuit
69 is made "0" and the head  the RAM. 3 is positioned at a desired track
position. Then, under  10  The hard disc drive apparatus can be suitably
ap- this condition, after a sufficiently long period of time,  plied to the
aging change and the change of outside the feedback loop is stabilized.
Accordingly, the  circumstance. change-over switch circuit 59 derives a
servo control  Furthermore, the torque external disturbance is signal which
compensatesforthe torque external dis-  compensated for so that a freedom
for selecting ma- turbance caused by the cables 13, 14 and so on. This  15
terials of the flexible cables can be increased. In ad- servo control
signal is supplied through the low-pass  dition, the structures by which
the head is rotated or filter 67 to the AID converter 68, in which It Is
convert-  moved straightforwardly can be selected with a large ed to the
digital signal. Then, the RAM 71 stores this  freedom. digital servo
control signal at an address thereof cor-  Let us now explain a correcting
circuit for correct- responding to the track position. The above-  20  Ing
the 4-phase output signal from the photosensor mentioned operation is
performed for all track posi-  10. tions, If necessary, whereby external
compensating     Referring to Fig. 5, the signals from the first to values
corresponding tothe track positions are stored  fourth detecting circuits
31 to 34 are sequentially se- in the RAM 71.
lected by a selector 60, and an output signal from the Thus, when the voice
coil motor 6 is driven upon   25  selector 60 is supplied through a maximum
value de- use, the external force compensating value corre-  tecting
circuit 62 and an A/D converter 63 to the mi- sponding to the track
position at which the head 3 is  crocomputer 39. The output signal of the
selector 60 located is read out from the RAM 71, and the external  is also
supplied through a minimum value detecting force compensating value thus
read is converted to  circuit 64 and an A/D converter 65 to the microcom-
an analog value by the D/A converter 69. This analog   30  puter 39. A
control signal from the microcomputer 39 value is added to the servo
control signal from the  Is supplied to an I/O port 70, from which control
sig- switch 44 by the summing-amplifier 66, whereby the  nals are supplied
to the first to fourth detecting cir- control for the torque external
disturbance Is auto-  cults 31 to 34, respectively. With reference to Fig.
8 matically performed, and only the positioning control  a circuit which
processes the signal will be explained. is performed. Thus, the position
control can be per-  35  In Fig. 8, like parts corresponding to those of
Fig. 5 formed very well and stably.                       are marked with
the same references and therefore According to the hard disc drive
apparatus as de-  need not be described In detail. scribed above, since the
actuator is driven by use of  In Fig. 8, it will be seen that the first to
fourth de- external force compensating value stored in response  tecting
circuits 31 to 34 are supplied with detected to the track position, a bad
influence such as torque   40  outputs of photo-diodes 16 to 19,
respectively. The external disturbance exerted upon the positioning  light
emitting diode 20 is driven by a drive circuit 110 control operation and so
on can be removed, which  in the light emission. The lens 23, the scale 8
and re- provides a very excellent and stable control opera-  tide 21 are
provided between the light emitting diode tion.
20 and the photo-diodes 16 to 19 as described before Since the control
operation Is stabilized, the high-  45  In respect to Fig. 3. The scale 8
is moved in accor- speed positioning (seeking) operation becomes pos-
dance with the rotation of the head arm 4 shown in sible, which makes the
apparatus of the invention  Fig. 2. These arrangement are not shown in Fig.
8. suitable for a computer whose operation speed is in-   Let us first
explain the arrangements of the first creased.
to fourth detecting circuits 31 to 34. These detecting In the
above-mentioned apparatus, it is possible  50  circuits 31 to 34 are the
same, and therefore, only the that the external force compensating values
for all the  first detecting circuit 34 will be explained in detail. In
track positions are not stored in the RAM 71 but those  Fig. 8, the first
detecting circuit 34 is shown to include values for the Intermittent track
positions are stored  a current-to-voltage converting circuit 131 and a
vol- in the RAM 71 and the external force compensating  tage offset amount
adjusting circuit 156 connected to values therebetween can be interpolated.
Converse-  55  the output side of the circuit 131. The current-to-vol- ly,
if the external force compensating values for that  tage converting circuit
131 is served as a gain adjust- intermittent track positions are stored in
the RAM 71  ing circuit 155 which is supplied with the detected out- 
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The current-to-voltage converting circuit 131 is  151 to 154 is selectively
turned ON so that the sum comprised of an operational amplifier 132,
resistors  values thereof are made constant. A write and read 133 to 137
for adjusting the gain of the operational  control signal line W/R, an
address bus line AB and a amplifier 132 and on-off switches 138 to 141. The
data bus line DB are each provided between the mi- cathode of the
photo-diode 16 is connected to the in-   5   crocomputer 39 and the I/O
port 70. The nonvolatile verting inputterminal of the operational amplifier
132,  memory, i.e. RAM 71 stores control status of the gain and an anode of
the photo-diode 16 and a constant  adjusting circuits 155 and the offset
amountadjusting voltage supply source +B are connected to a non-in-
circuits 156 of the respective detecting circuits 31 to verting
inputterminal of theoperational amplifier 132.  34, i.e. ON-OFF conditions
of the on-off switches 138 The series circuit of resistors 133 to 137 is
connected   10  to 141 of the gain adjusting circuits 155 and ON-OFF
between the output terminal and the inverting input  conditions of the
on-offswitches 151 to 154 ofthe vol- terminal of the operational amplifier
132, and the on-  tage offset amount adjusting circuits 156. Upon oper- off
switches 138 to 141 are connected between the  ation, the contents stored
in the RAM 71 are read out, respective ends of resistors 134 to 137 and the
re-  and on the basis of the thus read contents, the micro- spective
junctions therebetween.              15  computer39 controls the gain and
the offsetamounts In the voltage offsetamount adjusting circuit 156,  of
the respective detecting circuits 31 to 34. an input resistor 142 is
connectd between an inverting  According to the optical position detecting
appa- input terminal of an operational amplifier 143 and the  ratus as
described above, it becomes possible to pos- output terminal of the
operational amplifier 132, a  itively and easily adjust the gains and the
offset non-inverting input terminal of the operational ampli-  20  amounts
of the plurality of detecting circuits which are fier 143 is connected to
the constant voltage supply  supplied with the detected outputs from the
plurality source +B, a feedback resistor 144 is connected be-  of
photo-detectors. Also, the adjusted states can be tween the output terminal
and the inverting input ter-  reproduced with ease. minal of the
operational amplifier 143, a series circuit  In the above-noted embodiment,
the record sur- of offset adjusting resistors 145 to 149 is connected   25
face of the disc is divided along the radius position of between the
Inverting input terminal of the operation-  the track to provide the
plurality of zones, and each al amplifier 143 and the ground, on-off
switches 151  of the zones has a different number of the data sec- to 154
are respectively connected between one ends  tors therein in such a manner
that outer zone has of the resistors 146 to 149 and the junctions of the
re-  more data sectors than the inner zone. Further, the sistors 146 to 149
and a resistor 150 is connected be-  30  servo sector is provided between
the data sectors, tween the junction of the resistors 145 and 146 and  and
the servo signal such as the tribit signal or the the constant voltage
supply source +B.             like is recorded in the servo sector. Thus,
the head is The operational amplifier 143 derives a detected  moved to the
target track by the position encoder output whose waveform is triangular.
Then, the de-  such as the photo-sensor for sensing the position of tected
outputs from the first to fourth detecting cir-  35  the head arm in the
seeking operation, and then the cults 31 to 34 are supplied to the selector
60, in which  servo signal is intermittently read out from the servo they
are selectively switched in response to a switch-  sector of the target
track, thereby positioning the ing control signal from the microcomputer 39
and are  head accurately. fed to the maximum value detecting circuit62 and
the   Fig. 9 illustrates anotherembodimentofthe pres- minimum value
detecting circuit 64. Thus, the maxi-  40  ent invention. According to this
embodiment of Fig. 9, mum value detecting circuit 62 and the minimum val-
the servo signal is not recorded in the servo sector ue detecting circuit
64 detect the maximum and mini-  but it is recorded on the whole areas of
the innermost mum values, respectively. The detected outputs from  and
outermost portions of the record surface of the the circuits 62 and 64 are
respectively supplied to the  disc. In Fig. 9, like parts corresponding to
those of A/D converters 63 and 65, in which they are convert-  45   Fig. 2
are marked with the same references and ed to digital values. These digital
detected values are  therefore need not be described in detail. supplied to
the microcomputer39. TheA/D converting    As shown in Fig. 9, a reference
zone 200 is circuits 63 and 65 may be replaced with a common   formed on
the outermost peripheral portion of the re- A/D converting circuit.
cord surface of the disc 1. In the reference zone 200, The microcomputer 39
supplies control signal in-  50  four reference tracks   [err] and [err]
are put terminals 123, 125, 127, 129; and 122, 124, 126,  recorded in
response to four-phase outputs from the 128 with control signals through
the I/O port70. Thus,  photo-sensor 10 as shown In Fig. 10. Fig. 10 Illus-
one of or a plurality of on-off switches 138 to 141 of  trates only one
phase-output of the four-phase out- the gain adjusting circuit 155 are
selectively turned  puts of the photo-sensor 10. Similarly, four reference
ON so that the difference and sum operation of the  55  tracks   [err] and
[err] are formed on a ref- maximum value and the minimum value of the
detect-  erence zone 200' of the innermost peripheral portion 



ed outputs are performed for each of the detecting cir-  of the record
surface of the disc 1. The tribit signal cuits 31 to 34 and one of a
plurality of on-off switches  shown in Fig. 7 is recorded on each reference
track. 7    13                  EP 0 366 439 B1                 14 In this
embodiment, when the power switch of the   groups having a different number
of the data sec- disc drive apparatus is turned ON, the head 3 is posi-
tors therein in such a manner that outer track tioned over each reference
track in response to the    groups have more data sectors and servo signals
output of the photo-sensor 10 in the seeking opera-    provided In servo
sectors located between the tion, and the off-track amount is supplied
through the   5  data sectors; low-pass filter 67 and the A/D converter 68
to the mi-      transducer means (3) for reading and writ- crocomputer 39
(see Fig. 5). Then, 8 off-track         ing data signals from and on the
data sectors, and amounts corresponding to the 8 reference tracks are
for reading the servo signals from the servo sec- stored in the RAM 71.
When the head 3 is positioned    tors, over the data track in the seeking
operation at the   10    actuator means (4-6) for positioning said
completion of this calibration operation, the following  transducer means
over a desired one of the data tracking-servo is performed.
tracks; In accordance with the output from the photo-            controller
means (44, 45) for controlling sensor 10, the head 3 is positioned over a
target data  the actuator means according to a tracking error track in the
seeking operation. In this case, however,  15  signal so that the
transducer means is positioned the servo signal can not be obtained from
the data     over the desired one of the data tracks, charac- track unlike
the first embodiment of Fig. 2. Therefore,  tensed by: the off-track amount
stored in the RAM 71 is read out,      servo signal processing means
(49-59) for and the microcomputer 39 computes the off-track
processing the servo signals read from the servo amount corresponding to
the data track. The calculat-  20  sectors into a tracking error signal,
wherein said ed off-track amount is supplied through the D/Acon-    servo
signal processing means has a plurality of verter 69 to the voice coil
driving amplifier 45. In that  filter means (56a, b, c) forfiltering the
tracking er- event, dependent on which one of four-phase outputs    ror
signal, one of the plural filter means being se- from the photo-sensor
corresponds to the target        lected corresponding to the track group
from track, two suitable off-track amounts are selected   25  which the
servo signal is read. from 8 off-track amounts stored in the RAM 71. For
example, when the head 3 is positioned over the data track [err] ([err]
indicates a number of track groups ex-  PatentansprOche isting at every 4
tracks) in the seeking operation, the off-track amounts corresponding to
the reference   30  1. Magnetische Plattenvorrichtung, umfassend: tracks
[err] and [err] are read out from the RAM 71.     mindestens sine
magnetische Platte (1) mit einer Then, the microcomputer 39 computes the
off-track      Vielizahl von Spurgruppen In unterschiedlichen amount in the
target track DT2 from an interpolation   Abstanden vom
MitteipunktderPlatte, von denen straight line shown in Fig. 11. Four
straight lines for  jede Gruppe eine Vielzahl von Datenspuren mit linear
interpolation shown in Fig. 11 are available, and   35  einer Vielzahl von
Datensektoren umfallt, wobei one of the four interpolation straight lines
is selected  jede der Spurgruppen eine unterschiedliche An- depending on
the selection of the target data tracks   zahl von Datensektoren in
einerderartigen Weise [err] and [err]. In this manner, the servo-
aufweist, daM AuBere Spurgruppen mehr Daten- tracking  operation  is
performed. The above-          sektoren besitzen und In zwischen den Daten-
mentioned calibration is performed at every predeter-  40  sektoren
angeordneten Servosektoren Servosi- mined time (for example, at every five
minutes), and   gnale vorgesehen sind; the off-track amount to be stored in
the RAM 71 is up-  Wandlermittel (3) zum Lesen und Schreiben von dated each
time the calibration is performed.          Datensignalen von und auf die
Datensektoren According to the present invention, as described    und zum
Lesen der Servosignale von den Servo- above, the recording capacity can be
increased effi-  45  sektoren, ciently by the zone-recording system, and
the head     sine Stelleinrichtung (4-8) zum Positionieren der can be
positioned accurately over the target track by  Wandlermittel Ober eine
einzelne gewi~nschte use of the external position encoder.
der Datenspuren; Steuermittel (44, 45) zur Steuerung der Stellein- so
richtung entsprechend einem Spureinstellungs- Claims
fehlersignal, so daB die Wandlermittel Ober der einzelnen gewOnschten der
Datenspuren positio- 1. A magnetic disc apparatus comprising:
niert werden, gekennzeichnet durch: at least one magnetic disc (1) having a
Servosignalverarbeitungsmittel (49-59) zur Ver- plurality of track groups
thereon at different dis-  so  arbeitung der von den Servosektoren
gelesenen 



tances from the centre of the disc, each of which  Servosignale in ein
Spureinstellungsfehlersignal, groups comprising a plurality of data tracks
hav-  wobei die Servosignalverarbeltungsmittel eine ing a plurality of data
sectors, each of said track  Vielzahl von Filtereinrichtungen (56a, b, c)
zum 8    13                 EP 0 366 439 B1                  14 In this
embodiment, when the powerswitch of the   groups having a different
numberof the data sec- disc drive apparatus is turned ON, the head 3 is
posi-  tors therein In such a manner that outer track tioned over each
reference track in response to the   groups have more data sectors and
servo signals output of the photo-sensor 10 in the seeking opera-
provided in servo sectors located between the tion, and the off-track
amount is supplied through the   5  data sectors; low-pass filter 67 and
the A/D converter 68 to the mi-       transducer means (3) for reading and
writ- crocomputer 39 (see Fig. 5). Then, 8 off-track       ing data signals
from and on the data sectors, and amounts corresponding to the 8 reference
tracks are  for reading the servo signals from the servo sec- stored in the
RAM 71. When the head 3 is positioned  tors, over the data track in the
seeking operation at the   10   actuator means (4-6) for positioning said
completion of this calibration operation, the following  transducer means
over a desired one of the data tracking-servo is performed.
tracks; In accordance with the output from the photo-           controller
means (44, 45) for controlling sensor 10, the head 3 is positioned over a
target data  the actuator means according to a tracking error track in the
seeking operation. In this case, however,  15  signal so that the
transducer means is positioned the servo signal can not be obtained from
the data    over the desired one of the data tracks, charac- track unlike
the first embodiment of Fig. 2. Therefore,  terised by: the off-track
amount stored in the RAM 71 is read out,     servo signal processing means
(49-59) for and the microcomputer 39 computes the off-track
processing the servo signals read from the servo amount corresponding to
the data track. The calculat-  20  sectors into a tracking error signal,
wherein said ed off-track amount is supplied through the D/Acon-   servo
signal processing means has a plurality of verter 69 to the voice coil
driving amplifier 45. In that  filter means (56a, b, c) forfiltering the
tracking er- event, dependent on which one of four-phase outputs   ror
signal, one of the plural filter means being se- from the photo-sensor
corresponds to the target       lected corresponding to the track group
from track, two suitable off-track amounts are selected   25  which the
servo signal is read. from 8 off-track amounts stored in the RAM 71. For
example, when the head 3 is positioned over the data track DT2 (DT2
indicates a number of track groups ex-  PatentansprOche isting at every 4
tracks) in the seeking operation, the off-track amounts corresponding to
the reference  30  1. Magnetische Plattenvorrichtung, umfassend: tracks
[err] and [err] are read out from the RAM 71.    mindestens eine
magnetische Platte (1) mit elner Then, the microcomputer 39 computes the
off-track     Vieizahl von Spurgruppen in unterschiedlichen amount In the
target track DT2 from an Interpolation  Abstinden vom MitteipunktderPlatte,
von denen straight line shown In Fig. 11. Four straight lines for  jade
Gruppe eine Vlelzahl von Datenspuren mit linear interpolation shown In Fig.
11 are available, and   35  einer Vielzahl von Datensektoren umfal~t, wobei
one of the four interpolation straight lines is selected  jede der
Spurgruppen eine unterschiedliche An- depending on the selection of the
target data tracks  zahl von Datensektoren In einerderartigen Weise [err]
and [err]. In this manner, the servo-     aufweist, daB auSere Spurgruppen
mehr Daten- tracking operation  is performed. The above-          sektoren
besitzen und in zwischen den Daten- mentioned calibration is performed at
every predeter-  40  sektoren angeordneten Servosektoren Servosi- mined
time (for example, at every five minutes), and  gnale vorgesehen sind; the
off-track amount to be stored in the RAM 71 Is up-  Wandlermittel (3) zum
Lesen und Schreiben von dated each time the calibration is performed.
Datensignalen von und auf die Datensektoren According to the present
invention, as described   und zum Lesen der Servosignale von den Servo-
above, the recording capacity can be increased effi-  45  sektoren, ciently
by the zone-recording system, and the head    eine Stellelnrichtung (4-6)
zum Positionieren der can be positioned accurately over the target track by
Wandlermittel fiber eine einzelne gewfinschte use of the external position
encoder.                 der Datenspuren; Steuermittal (44, 45) zur
Steuerung der Stellein- 60     richtung entsprechend einem
Spureinstellungs- Claims
fehlersignal, so dall die Wandlermittel fiber der einzelnen gewrinschten
der Datenspuren positio- 1. A magnetic disc apparatus comprising:
nlert warden, gekennzeichnet durch: at least one magnetic disc (1) having a
Servosignalverarbeltungsmittel (49-59) zur Var- 



plurality of track groups thereon at different dis-  55  arbeitung der von
den Servosekloren gelesenen tances from the centre of the disc, each of
which  Servosignale in ein Spureinstallungsfehlersignal, groups comprising
a plurality of data tracks hav-  wobel die Servosignalverarbeitungsmittel
eine ing a plurality of data sectors, each of said track  Vialzahl von
Fllterelnrichtungen (56a, b, c) zum 8    15                  EP 0 366 439
B1                 16     fll                IN Filtern des
Spureinstellungssignals aufwelsen, wobel eine einzlge der mehrfachen
Filbtreinrich- tungen entsprechend der Spurgruppe, von wel- cher das
Servosignal goelsen wird, ausgewihit wird.
5 Revendlcatlons 1. Apparell A disque magn6tique comprenant:   to au molns
un disque magn6tique (1) ayant une pluralit6 de groupes de plate sur
celul-ci A des diatanoes diff6rentos du centre du disque, chaque groups
compronant une pluralite de pis- tea de donn6es ayant une plurallitb de
secteurs de   15 donn6es, chacun dosdits groupes de plate ayant un nombre
diff~rent de sectours de donnees A l'interieur de manlere tells quo des
groupes de plato extbrnes ont plus de secteurs de donn6es et de signaux
d'asservissement places dans des   20 secteurs d'asservissement situbs
entre lea sec- tours de donn6es; un dispositif transaducteur (3) pour
6crire et lire des signaux de donnees A partir et sur lea secteurs de
donnbes, et pour lire lea signaux   25 d'asservissement a partir des
secteurs d'asser- vissement; un dispositif d'actionnement (4 A 6) pour
positlonner ledit dispositif transducteur sur une des plates de donn6es
voulue;             3O un dispositif de commando (44, 45) pour commanderle
dispositif d'actionnementselon un signal d'erreur de suiv de plate de sorts
quo le dispositif transducteurest positionn6 sur une des pistes de donn6es
voulue, caractbrisb par:  35 un dispositif de traibtment de signal d'as-
servissement (49 a 59) pour traitor lea signaux d'asservissement lus par
les secteurs d'asservis- sement en un signal d'erreur de suMi de plato,
dane lequel leditdispositifde traibtmentde signal  40 d'asservissementa une
pluralit6de disposktifs de filtrage (56a, b, c) pourfiltrer le signal
d'erreur de suivi de plate, un dispositif de la pluralit6 de dis- positifs
de filtrage s6lectlonn6 correspondant aux groupes de plato A partir duquel
Is signal  45 d'asservissement est lu. 50 55 9    


