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to a servo system used to position the read/write transducer in the desired
alignment with a chosen Magnetic data storage or recording apparatus
track on the disk. typically uses a magnetic storage or recording me-   The
particular apparatus described, while use- dium in which data is stored in
tracks. Moreover,   5   ful, has room for improvement in performance. In
the trend in computer technology is to increase the  particular, for
controlling tracking of magnetic amount and density of data stored in such
media.  heads on opposite sides of a double sided disk it This generally
involves narrower and closer tracks  utilizes a common illumination source
along with a to increase the density of tracks per inch (TPI). For  common
detector that are relatively far apart and example, high density storage
disks typically have  10  so subject to a variety of problems, such as par-
track densities of about 500 to 1000 TPI.         allax. Moreover, because
a common detector is As track density increases, a narrow transducer  used
for tracking control of both sides of the disk, it or head is required for
writing/reading the data in  is not possible to optimize the spatial
relationship tracks and, futhermore, more precise tracking is  of the
various elements involved in the tracking for needed to insure
writing/reading of the desired   15  each of the two sides being tracked,
such as hav- track so that data can be retrieved correctly. To  ing the
detector on the same side as the active this end, it is vital that the
transducer be located  read/write head. accurately on a selected track.
This is a particular problem when a replaceable The art has recognized the
need for accurate   storage medium, such as a flexible or floppy disk, head
tracking and various approaches to this end,  20  is employed because one
of the heads in the drive including servo controlled head positioning sys-
generally is mounted for movement toward and tems, have been used with
varying degrees of      away from the opposite head between a confront-
success.                                          ing operative position
and a spaced apart loading In particular, it is important not only that the
position to allow disk insertion and withdrawal. tracking technique be
reliable but it is also highly  25  Also, the moveable head is typically
mounted on a desirable that it be easy and inexpensive to imple-  gimbal
arrangement which allows it to better orient ment and also that it be able
to handle the inevi-  itself with respect to the flexible recording medium.
table slight variations that are usual in data storage  Given the movable
nature of the gimbal mounted apparatus and media commercially available at
rea-  head, its magnetic transducer can not be main- sonable prices.
30  tained in fixed spaced relation to a single common In U.S. patent
application Serial No. 898,527,  detector thereby resulting in incorrect
error position there is a described magnetic data storage appara-  signals.
tus in which the storage medium, typically a disk,   Additionally, the
signal-to-noise ratio of the rel- includes a pattern of optical tracks over
which is  atively simple detection arrangement used in that superimposed
the magnetic data. The optical pat-  35  system has room for improvement.
In particular, it tern is formed on a transparent base material and  would
be useful to have a detection scheme that is comprises a large number of
lines arranged in     less vulnerable to roughness and non-uniformities
concentric rings that are essentially opaque to light  along the edges of
the optical pattern, is able to radiation, spaced apart by gaps that are
essentially  average detection over relatively large areas to transparent
to light radiation. The base is over-  40  minimize the effect of localized
non-uniformities or coated, generally on both sides, with a layer of
clumping of particles in the thin magnetic recording magnetic recording
medium that is thin enough to  layers, is able to adjust for some offset
between be substantially light transparent.               the magnetic
center and optical center of the cir- The optical pattern in the disk
typically is used  cular tracks, and is more amenable to adjustment as a
Ronchi grating adapted for cooperation with a   45  to compensate for
variations that may exist among reference grating located outside the disk
on a   different disks, transducers, and disk drives as the radially
displaceable read/write transducer assem-  result of being manufactured at
different times. bly that is part of the drive associated with the disk,
Various other improvements are possible as when the disk is in an operative
position. Illumina-  will appear from the subsequent detailed descrip-
tion, provided from a light source on one side of  so  tion of the
invention taken in conjunction with the the disk, passes through both the
Ronchi grating  drawings. on the disk and the reference grating on the head
assembly and is detected.                         Summary of the Invention
Movement of the reference grating with the head relative to the Ronchi
grating modulates the   55  The present invention provides a number of
intensity of the light reaching the detector in a  features for improvement
of the magnetic data stor- substantially linear manner from track to track
so  age apparatus described in the earlier application. as to provide head
position error signal information  It should be noted that some of the
features are 3  
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others of the features so that a    effect of any necessary separation of
the two grat. particular embodiment of the invention need not    ings.
include all of the novel features to be described.     Accordingly,
magnetic storage apparatus in ac- A first feature of the invention is the
inclusion  cordance with preferred embodiments of the inven- in a head
carriage assembly of a pair integrated    5   tion are configured for use
with a double sided heads each including its own read and/or write
storage medium, such as a disk, having a light transducer, light source and
detector and adapted  transmissive support for first and second light tran-
for use to provide tracking control on a respective  smissive recording
layers on its opposite surfaces one of the two opposite sides of the disk
or other  and including intermediate between the two storage      b storage
medium. This arrangement substantially re-  10  layers an optical grating
made up of opaque lines   F laxes head alignment tolerances especially in
the  and light transmissive gaps of substantially equal case of a flexible
disk drive wherein the spaced    widths. relation between the transducer
and its correspond-    Additionally, the head carriage assembly, that
t ing detector is fixed by this integrated head con-  is mounted for radial
movement relative to the disk, struction.
15  supports in addition to a separate read/write trans- Additionally,
another feature of the invention is  ducers adjacent to each of the two
storage layers, that each of two separate detectors includes a      first
and second light sources on respective  op- photosensitive sensor which is
designed to serve    posite sides of the disk, and first and second as the
reference grating in its optical system to   detectors aligned with the
respective sources on avoid the need for a separate or discrete reference
20  opposite sides of the disk for defining a pair of grating. This
integration of functions has the advan-  separate light paths through the
disk. Each of the tage of eliminating any gap between the reference
detectors preferably includes a sensor formed by grating and the
sensorthereby eliminating potential  an integral multiple of four
interleaved photosen- optical interference and diffraction.
sitive elements appropriately spaced to serve as a Additionally, in its
preferred form, the detector   25  reference grating for cooperation with
the optical is a quadrature detector comprising four photocells  grating in
the disk. Moreover, the photosensitive interleaved to provide a desired
spatial phase dif-  elements are interconnected to form four separate
ference between cells that is useful for reducing   photocells which in
turn are then interconnected in common mode noise and averaging out minor
local     a circuit for developing a servo signal indicative of deviations
from uniformity in the recording layers .  30  the position of the active
head relative to a selected Additionally, the quadrature detector
introduces an  track. Additionally, the circuit includes parameters
additional degree of freedom that can be used to   that may be varied for
calibration purposes to com- compensate for variations from disk to disk or
drive  pensate for variations from disk to disk. to drive.
Additionally, the efficiency, and hence accu- In particular, the preferred
detector of an illus-  35  racy, of the servo system can be further
enhanced trative embodiment includes a plurality of elon-    by the
inclusion of novel illumination sources to gated active photosensitive
strip elements, typically  cause the optical grating in the disk to self
image sixteen, equally divided among four, uniformly in-  by diffraction
onto the reference grating formed at erleaved but separate, photocells in
which the    the detector. In one embodiment, the illumination width of
each element is equal to the width of each   40  arrangement uses an
extended area light-emitting of the opaque lines forming the optical
grating in  diode source with appropriate optics to form there- the disk
and also of the transparent gaps between  from a line grating whose
multiple beams self im- the opaque lines. Moreover, the elements are
age the disk grating on the detector grating con- spaced apart by opaque
optical stops one half the  structively. Alternatively, a laser diode or
other type width of each of the elements. By properly inter-  45  of
light-emitting diodes may be used as the light connecting the four
photocells in a novel circuit  source. arrangement that includes several
parameters that      The invention will be more fully understood are
variable, there results a detector that can be  from the following detailed
description taken in used to improve the signal-to-noise ratio, to aver-
conjunction with the accompanying drawings. age out non-uniformifies in the
recording layers,  so and to compensate for variations in different drives
Brief Description of the Drawings and different disks. Moreover, one
embodiment of the invention         FIG. 1 shows in simplified form the
basic ele- involves providing optical systems for each side of   ments of a
head carriage assembly with a disk the disk in which collimated
illumination from a   55    inserted therein in accordance with an
illustrative quasi-point or quasi-line source or array of line
embodiment of the invention; sources causes the media grating to self image
by     FIG. 2 shows in simplified form the same ele- diffraction on the
reference grating to reduce the    ments shown in FIG.1 with the carriage
config- 



4    5                 EP0311 859B1                       6 ured for disk
insertion and withdrawal;         ing or storage layers 24 and 25 which are
located FIG. 3 shows in cross section a double sided     on opposite
surfaces of the base member 20. magnetic disk including an optical grating
for   These layers 24 and 25 are very thin compared to use in the assembly
shown in FIG. 1;                      the thickness of base 20 so as to
substantially FIG. 4 shows the layout of the various photosen-   5
transparent, or at least highly transmissive, with ht               sitive
elements of a sensor that also serve as a  respect to the radiation used
for tracking control. -              reference grating at the detector for
cooperation    While the inventive concepts of this invention with the
optical grating in the disk, in an assem-  may be used to advantage in
storage apparatus or bly of the kind shown in FIG.'s 1 and 2;         disk
drives using different types of storage media, FIG. 5 shows a plan view of
silicon device that  10  e.g. magnetic (flexible or rigid), optical or
magneto- al              forms a sensor of the kind included in FIG. 4;
optical, the illustrated embodiment is directed to a FIG. 6 shows
schematically a quadrature detec-   flexible magnetic disk drive as will
become more tor circuit using the sensor of FIG. 4 to provide a  apparent.
In this case disk 20 is a flexible or floppy, servo signal from the light
incident on the sen-  high density magnetic recording disk contained in
sor;                                        15  a cassette housing or
jacket ( not shown) and FIG. 7 shows a novel form of illumination source
having a plastic (e.g. Mylar) support 21 on which suitable for use in the
assembly shown in FIG.'s  the optical grating pattern 22 is
photographically or 1 and 2;
otherwise formed. Typically, support member 21 is FIG. 8 shows in
functional block diagram form a  about .003 inches (0.08 mm) thick and the
thin data storage apparatus embodying the present  20   magnetic recording
layers 24 and 25 have a thick- invention;
ness of about 1 micron (0.001 mm). FIG. 9 is a perspective view of an
integrated       The composition of layers 24 and 25 typically head
stucture in accordance with the present     includes gamma ferric oxide or
barium ferrite par- invention;                                       tides
dispersed in a polymeric binder with the FIG. 1Oa is a plan view of a
diffraction lens used   25  latter particle being preferred for higher
density for collimating purposes in an a head embody-    data storage.
While this type of disk is transmissive ing the present invention; and
to visible light for head position control purposes, FIG. 10b is a
schematic representation of the   it is even more transmissive to light in
the infra-red cross-section of the lens of FIG. 10a.           portion of
the spectrum and therefore the use of It is to be understood that the
various figures  30  infra-red light is preferable. are not to scale unless
indicated.                    With reference again to FIG.'s 1 and 2, the
head carriage assembly 100 includes in operative Detailed Description
relationship with the disk 12, a radially movable head support 14
comprising support members 14A Referring now to FIG. 1, there is shown
sche-  35  and 14B which supports a pair of complementary matically the
basic elements of a head carriage    integrated magnetic and optical heads
0 and 1, assembly 100, in accordance with an illustrative   respectively,
on opposite sides of the disk in embodiment of the invention, operatively
positioned  spaced operative alignment with each other. Each with respect
to a double sided magnetic disk 12    of the heads 0 and 1 includes a body
portion 10, rotatably supported on a drive spindle 13. The   40  suggested
by the dotted lines for visual clarity, details of disk 12 are shown in
FIG. 3. Head       which supports and positions the elements of the
carriage assembly 100 and spindle 13 form part of  head including a
magnetic read/ write transducer a magnetic data storage apparatus or
flexible mag-  15; a light source 16 and an aligned collimating netic disk
drive embodying the present invention.  lens 17; and a light detector 18.
It should be Assembly 100 is also shown in FIG. 2 in its inoper-  45
understood that the inclusion of collimating lens 17 ative disk insertion
or withdrawal position with the  is preferable for both improving
collimation and magnetic disk 12 removed.
concentrating light flux, but its use in the integrated As shown in FIG. 3,
the disk 12 comprises a     head is not absolutely necessary. base 20,
formed by a support member 21 chosen          Each transducer 15 includes a
body portion to be transparent to the radiation of the light or  so  15a
mounting a ferrite core 15b having a flux gap illumination source to be
used for tracking control  therein at the face of the head confronting the
and an optical grating 22 formed on or in member   respective adjacent
magnetic layer on the disk. 21 by relatively opaque concentric rings 22A,
al-  The head is adapted to fly over the recording ternating with
relatively transparent gaps or rings  surface in air bearing relation
thereto and the body 22B, with respect to the radiation to be used for  55
15a typically includes a slot 15c in the face for tracking control. These
rings also serve as optical  selectively reducing pressure in the air
bearing for 



tracks to define the position of tracks in which    flying height control
as is well known in the art. The information is to be stored in magnetic
data record-  complimentary arrangement of the transducers 15 5    7
EP 0311 859 B1                    8 in the opposed heads 0 and 1 provides a
radial    ence of a portion of the spinning flexible disk 12    spect to
offset of the respective cores 15b which is desir-  therebetween that may
assume a slight curved       activated able  to prevent data print-through
of the opposite  shape depending on head penetration and loading. ording
surface as is known in the art.                Also, the gimbal   mounting
is provided to com- The detector 18 is preferably located on one   5
pensate for transient distortions of the flexible disk  providec side of
the transducer 15 and the light source 16  12 resulting from disk vibration
in response to      spective and associated lens 17 ( if used) are located
on the  rotation. Such gimbal arrangements are well known  on the other
side, although both of these element could be  in the art and need not be
discussed further herein,  drive in grouped together on one or the other
side. Also it   In the U.S. application Serial No. 898,527, op-     ative
re is preferable for tracking purposes to position the  io  tical servo
head position control for double sided  and the detector on the side of the
transducer body where  recording is accomplished with a single optical
will be it is closest to the core 1 5b so that the detector  system
comprising a light source on one side of     8 "looks at " a portion of the
disk that is as close a  the disk and a detector incorporating the
reference  It possible to the magnetic flux gap. While it would  grating on
the opposite side of the disk. While this  detectic be ideal for the
detector to look at exactly the   15  system is workable, it presents a
difficult and cost-  The same portion of the disk as the transducer gap,
ly manufacturing problem relating to the very tight    the O physically
these two elements cannot o ccupy the  mechanical tolerances required for
mounting the        (shown same space and thus are radially offset as
shown.  two magnetic transducers and the single detector      profile
However, by locating the detector 18 as close to  on the carriage so the
detector is in a non-varying     roughr. transducer core 15b as practical,
this offset is  20  predetermined radially spaced relation with respect
servo mized.                                        to each of the magnetic
transducers on opposite        inch f The arrangement of the detectors 18
and the    sides if the disk. The tolerance problem is even       ferrite
light sources 16 on the opposed heads 0 and 1 is  more sever in the case of
a flexible disk drive would complimentary so that the light source 16 on
head  because one transducer must be gimbal mounted             It 0 is
positioned to direct light output therefrom   25  on the arm of the
carriage that pivots or moves    period through the disk 12, for modulation
by grating    relative to the other thus providing two additional     tial
filt pattern 22, onto the aligned detector 18 of head 1.  tolerance factors
to overcome. But, the more im-     portio Similarly the light source 16 on
head 1 directs its  portant concern is that the gimbal mounted trans-
sensc light output through the disk onto the aligned de-  ducer moves in
response varying disk dynamics at      inven tector 1 8 on head 0.
30  the head medium interface so its radial spacing          nal-tc The
details of the light sources and the detec-  from the fixedly mounted
detector will vary and tors will be discussed in detail hereinafter.
result in incorrect position error signals.               impo Support
member 14A is shown schematically         As will become apparent, by using
two sepa-           misa to be pivotally coupled to support member 14B at
rate optical servo systems and incorporating the         ticula hinge point
19. This allows support member 14A to  35  optical and magnetic transducer
components into     track rotate to the raised inoperative position shown
in  an integrated head structure, these types of prob-     prop FIG. 2
where heads 0 and 1 are spaced further     lems are minimized,
the apart to facilitate disk insertion and withdrawal. As  Because it is
important that the spacing be- a disk 12 is inserted into the drive and is
seated on  tween the detector and the active transducer not     use sple
13, support member 14A automatically re-  40  vary, and given the movable
nature of the gimbaled     Of turns to the position shown in FIG. 1. As a
disk 12  head 1, it is desirable to have the tracking control   widl is
removed, support member 1 4A automatically     detector 18 on the same side
of the disk as the           with returns to the position shown in FIG. 2.
active transducer 15 doing the reading or writing,        first Support
members 1 4A and 14B need not be       This can be satisfied only if a
separate detector 18      opt coupled together, but it is desirable that
one of  45  is adapted to be associated with each side of the    Of same
should be designed to capable of being       disk. This necessitates the
inclusion of two sepa         ma moved relative to the other so as to
facilitate easy  rate optical systems, one for each head. and safe removal
and insertion of a disk 12.          Accordingly, in the head carriage
assembly Mechanisms for effecting such movement of the     100 shown in
FIG. 1, detector 18 on head 1 is used         he; head carriage supports
are well known in the art  5o  to control the tracking alignment on the
magnetic     gra and need not be discussed further herein.         layer 24
on the upper surface of the disk 12 and           int Because the
illustrated head carriage assembly  detector 18 on head 0 is used to
control the 100 is adapted for use with a flexible disk 12, the  tracking
alignment on the magnetic layer 25 on the      the upper head I is
preferably suspended from a gim-  lower surface of the disk 12.
tw 



bal arrangement 26 mounted on the underside of  55    The drive of which
the head carriage assembly pivoting support 1 4a which allows head 1 to
pivot  100and spindle 13 are part also includes means somewhat about its
pitch and roll axis to maintain  for moving the support 14 radially with
respect to      is its face to face alignment with head 1 in the pres-  the
disk, and in the cross-track direction with re- 6    9                 EP 0
311 859 B1                    10 spect to the disk grating 22, so that the
head being  phase, the opaque portions of one grating block the activated
for reading/writing is aligned with the sin-  transparent portions of the
other grating so that the gle track being addressed. Such means are under
intensity of light that is incident upon the photosen- servo control of the
head position error information  sitive element is at a minimum.
Advantageously, provided by the two optical systems formed re-   5   with
this arrangement of equal pitch gratings, the spectively by the light
sources 16 and detectors 18  variation of light intensity is essentially
linear be- on the opposed heads 0 and 1. Additionally, the    tween the
maximum and minimum offset positions drive includes means for rotating the
disk in oper-  of the gratings providing a linear control range for ative
relation to the disk. These drive components  determining position error of
the transducer relative and the operation of head position control system
10  to a selected track. Thus, the maximum  linear will be described later
herein with reference to Fig.  control range is obtained by making aperture
width 8.                                                 exactly half the
track pitch. Each of the periodic It will be useful to discuss at this
point the  apertures is designed to essentially overlie the detection
process of the tracking control signals.  transition between transparent
space and an opaq- The small scale of the optical tracks defined by   15
ue line of the disk grating so that movement to the opaque rings 22A formed
on the disk 12         reduce the amount of light intercepted will tend to
(shown in FIG. 3) makes it likely that their edge   center the aperture
properly over the transition profile will not be ideal but rather will
include   being tracked. roughness that may produce additional noise in the
Moreover, to insure that minor irregularities in servo signals. As an
example of the scale, in a 3.5  20  edge smoothness of the opaque lines
have a rela- inch flexible disk format, a high density barium    tively
small effect, it is desirable to have an ap- ferrite disk of 20 Mb capacity
( 10 Mb per side)    erture whose length along the track is relatively
would require a track density of about 540 TPI.     long. That is, because
it is desirable to follow a It is known that the signal-to-noise ratio in a
smooth track, the effect of irregularities may be periodic optical system
may be improved by spa-   25  lessened by averaging along the track. Thus
the tial filtering, e.i. weighted integration over periodic  length of the
aperture along the track should be portions of space. Each detector 18 in
its optical  sufficient so the minor irregularities have a much sensor used
in the preferred embodiment of the      smaller percentage effect on the
amount of light invention uses spatial filtering to improve the sig-
falling on the photosensitive portion of the detector. nal-to-noise ratio
of the detection process.   30      However, because the opaque lines of
the disk Additionally, it is to be noted that not only is it  grating are
curved, and because the viewing ap- important for the detection system to
detect any    ertures are linear, as is desirable for ease of fab-
misalignment between the active head, i.e. the par-  rication, an aperture
that is too long may have ticular head being aligned, and the desired
optical  portions that overlie the opposite transition. To get track, but
it is also important to ascertain the ap-   35  an effective longer length,
the detector is designed propriate direction of radial movement to correct
also to include a second set of periodic apertures the alignment.
that essentially tracks the opposite transition (opaq- To this end, it has
been found advantageous to  ue to transparent) of the disk grating, i.e., a
set like use an optical grating in the disk in which the width  the first
set but directly out of phase with it. of the opaque lines 22A is
essentially equal to the   40  In particular, an ideal detector for
generating width of the transparent gaps 22B in combination    servo
signals would comprise a pair of photodiodes with a detector whose sensor
portion includes a     each viewing the same area of the disk through first
periodic set of viewing apertures spaced by   matched spatial filters that
lead and lag the mag- optical stops to form a reference grating, the width
netic track by ninety degrees of pitch, respectively. of the apertures (
the cross track dimension)   45     The geometry for such a generator can
be matching the width of the opaque lnes of the        realized with a
custom photodetector array consist- optical grating in the disk.
ing of two independent active areas, each with a As the reference grating
of a detector on a     periodic set of fingers whose width matches the head
is moved radially with respect to the disk     width of the lines and gaps
to be detected, with the grating, they act in combination to modulate the
50  two sets interleaved to form an interdigitated two intensity of light
that reaches the photosensitive  channel detector whose separate outputs
would be portion of the detector behind the reference grating  supplied to
different inputs of a differential amplifier 



that provides the position error signal. When the   for subtraction. two
gratings are in phase with their respective        There is an additional
complication in that disks opaque and transparent portions in alignment,
the  55  typically are intended to be interchangeable be- amount of light
reaching the photosensitive element  tween drives which have the same
phasing. While is at a maximum. When the two gratings are offset   precise
manufacturing is one way of ensuring the by one half track pitch, or are
180 degrees out of  same phasing, this results in an increase in produc- 7
11             EP 0311 859 B1              12 tion costs. An alternative is
to permit individual    The result is that all four of the finger elements
opposite drives to be adjusted at time of use to achieve the  50 of an
individual photocell have the same spatial  able ce desire  phasing.
Although mechanical adjustment    phase relation with the optical grating
22. It can be  of the c the individual drives is possible, electrical
adjust-  seen that the horizontal center lines of elements 50  and of ment
typically is more attractive and precise.  5   of photocells A are spaced
one and one-half pitch    during Referring now to FIG. 4. there is shown
the    distance of the optical grating 22 from the horizon-  inserte layout
of the photosensitive sensor portion 500 of a  tal centerlines of the
elements 50 of photocell B,  transd quadrature detector 18 for use in the
present inven-  and the horizontal centerlines of elements 50 of    ence
tion and designed additionally to facilitate calibra-  photocell C are
similarly spaced from the elements  sured tion of each detector 18 to the
particular disk used.  10  50 of photocell D. Moreover, the horizontal
center-  an ab This sensor comprises a uniformly spaced array of  lines of
the elements 50 of photocell A are spaced     justing sixteen parallel,
rectangular, photosensitive ele-  three quarters of the pitch distance of
optical grat-  usuall ments 50 interconnected in groups of four to form
ing 22 frorp the horizontal centerlines of elements    (not SI four
photocells. In particular, as depicted, each  50 of photocell C, as are the
elements 50 of           contro element labelled A is connected to a common
lead   15  photocell B from the elements 50 of photocell D.  the p 51 and
forms part of photocell A, each C element      Referring now to FIG. 5.
there is shown a four      also is connected to common lead 52 and forms
part of  channel sensor of this kind. It comprises a silicon     the p
photocell C, each B element is connected to corn-  chip 600, the back
surface (not shown) of which        well k mon lead 53 and forms part of
photocell B and     includes an N-type region covered with a large
I firstly each D element is connected to common   20  area electrode (not
shown), the front surface of      act to lead 54 and forms part of
photocell D. It will be  which includes an array of sixteen elongated P-
magn convenient to describe the interleaving of elements  type regions 60,
corresponding to the sixteen ele-       It of four photocells in this
fashion as "periodic"  ments 50 shown in FIG. 4. Generally, there is
each interleaving of the elements of the four photocells.  included an
intermediate intrinsic layer (not shown)  half t Between each element 50 is
a non- photosensitive   25  between the P-type and N-type region to form
range or "dead" space 55 which serves as an optical     sixteen PIN
structures (not shown) that are pho-         Ing f stop to minimize
cross-talk between elements 50.  tosensitive. The spacing of the sixteen
elements is     line i The array of sixteen elements 50 corresponds   as
previously described and each group of every         the c essentially to a
square aperture desired for the  fourth element is connected to a different
one of       is a sensor to intercept the infra-red radiation that  30
four output electrodes 61, 62, 63, and 64 car- passes through the disk and
is modulated by the   responding respectively to leads 51, 52, 53 and 54
elem disk grating 22.                                  of FIG. 4. Large
area conductive pads labelled 66A,      integ There is also shown included
on the right side  66B, 66C and 66D, respectively, are provided as
the of FIG. 4, the opaque lines 22A spaced by gaps    output terminals of
the four photocells A. B, C and      enla 228 forming the optical grating
22 included on the   35   D. The electrode (not shown) on the back surface
sitivi disk. The relative position of the elements 50 of the  (not shown)
serves as a common electrode for the    ansiti sensor array to the optical
grating 22 corresponds  four photocells A,B,C, and D. Aluminum strips 65,
nois to that when the array is in the alignment cor-   opaque to the
illumination, serve as optical stops to     edgi responding to that desired
for stable tracking, with  isolate individual P-type regions from their
neigh-  patti essentially no servo current being generated. It will  40
boring P-type regions.                            25, be noted that the
height of the sixteen elements 50   Referring now to FIG. 6, there is shown
how           as c correspond to twelve opaque lines 22A and inter-  the
four photocells A, B, C and D are intercon-           a di vening
transparent gaps 22b of the disk grating 22.  nected to form a quadrature
detector 70. A com-       that To this end, each finger element 50 has a
width   mon electrode of each is a.c. grounded. Output            tota
equal to the average width of an opaque (or trans-  45  electrodes
(terminals) of cell A and cell B are     bet, parent) grating line 22A and
, when active, serves  connected to the inverting and non-inverting input
as a half track pitch aperture. Each optical stop 55  ports, respectively,
of a differential amplifier 71 and has a width of one-half the width of a
finger ele-  output electrodes (terminals) of cells C and D are      p ment
50. The uppermost, or first opaque line 22a,  connected to the inverting
and non-inverting input       are has its bottom edge aligned with the top
edge of  so  ports, respectively, of a differential amplifier 72. An 



the uppermost or first C finger element. The pec-  output terminal of
amplifier 71 is supplied directly     trat ond opaque line 22a has its top
edge aligned with  to one position of a switch 73, and by way of an
dis the bottom edge of the first C finger element 50.  inverter circuit 74,
to the other position of switch The third opaque line 22a is aligned with
the first D  73. Similarly, an output terminal of amplifier 72 is  the
element 50 and the fourth opaque line 22a, like the   55  supplied directly
to one position of a switch 75 and  no first, has its bottom edge aligned
with the top edge  indirectly, by way of an inverter circuit 76, to the
va of the next or second C element 50 and the pattern  other position of
switch 76. Respective output ter-      or is repeated.
minals of switches 73 and 75 are connected to             tic 8    13
EP0311 859B1                       14 opposite ends of a potentiometer 77,
whose adjust-     Finally, a quadrature detector formed by inter- able
center tap 78 supplies an output terminal 79  leaving two sets of pairs of
photocells, shifted in of the detector. The settings of switches 73 and 75
phase in the manner described, there is added an and of the center tap 78
are adjusted typically    extra degree of freedom for electrical adjustment
to during a calibration phase, when a disk 12 is first   5   compensate
both for minor deviations from uni- inserted in the drive, so that when a
read/write   formity because of imprecision of manufacture of transduce
core 15b is properly aligned with a refer-  different transducers and for
offsets between the ence track provided on the disk 12 ,a null is mea-
centers of the magnetic and optical tracks. sured at the output terminal
79, corresponding to     In the illustrated embodiment, the sensor 600 an
absence of servo signal for providing any ad-  10  utilizes the geometry of
the individual photosen- justing movement of the head carriage 14. It will
sitive elements 60 and their relative spacing in the usually be desirable
to include a reference track  arrqy to form a photosensitive electronic
reference (not shown) on the disk together with appropriate  grating, thus
combining the function of light modu- control circuitry (not shown) to set
the switches and  lation and detection into a single structural element.
the potentiometer tap electronically. It should be   15  In this sensor,
each of the elements 60 functions as also understood that the switches 73
and 75 and    an aperture for its corresponding photocell and the the
potentiometer 77 are electronic components     aluminum stripes 65 serve as
optical stops. How- well known for such roles.
ever, each element 60, while serving as an ap- It can also be appreciated
that this circuit can  erture for its own photocell, also effectively
serves act to correct for offsets between the center of the   20  as an
optical stop for the other photocells. For magnetic track and the center of
the optical track.  example, with regard to photocell A, the intervening It
can be shown that by making the width of     elements 60 of cells C,B, and
D do not provide each finger element 60 of the sensor equal to one-
signals to the A channel even though light passing half the pitch distance
of the disk grating 22, the  through the disk 12 is incident thereupon, so
effec- range of linear control is maximized, and by divid-  25  tively
these elements are inactive as far as ing this pitch distance equally
between the opaque  photocell A is concerned and thereby function as line
and the transparent gap in the disk grating 22,  optical stops. the chances
for a jump between tracks when there       To maximize the effectiveness of
the tracking is a drift from alignment is minimized.            technique,
various other considerations are also Additionally, by using four
photosensitive finger  30  important. elements 60 in each photocell spaced
apart by an       First, it is desirable to maximize the degree of integral
number of pitch distances (three pitches in  modulation and the triangular
waveform of the ser- the illustrated embodiment) , there is effectively
vo-signal provided by the sensor while minimizing enlarged the size of the
detector for higher sen-  the distortion arising from separation of a
detector sitivity which results in better averaging out noise   35  18,
formed by sensor 600 from the optical grating arising from the various
sources. These sources of  22 on the disk. This distortion is caused by
diffrac- noise typically include irregular spacing and ragged  tion blur
and can be minimized ideally by locating edges of the grating lines, the
viewing of optical  the detector 18 in close proximity to the disk 12.
patterns through grainy magnetic coatings 24 and   However, this is not
always easy to do because 25 , and , also, non-uniformities in the disk 12
such   40  there are usually wire leads bonded to the top as elliptical
track distortion caused by anisotropy of  surfaces of the conductive pads
66 of the a disk's base material 21. It should be understood  photocells
and these tend to limit how close the that an integral multiple of four can
be used for the  detector 18 on an integrated head 0 or 1 may be total
number of elements 60 to be used for division  positioned to the disk.
Nevertheless, in some in- between the four photocells A,B,C, and D, the
45  stances it has been the practice to position the larger the number the
greater the averaging effect.  detector 18 as close to the disk as such
obstruc- Moreover, by using a pair of photocells such as  tions permit,
tolerating some degradation of the photocells A and B, viewing essentially
the same   disk grating modulated light pattern received. 



area that lead and lag the magnetic tracks, respec-    One such integrated
head structure is shown in tively, by one-quarter the pitch distance, one
for  50  Fig. 9 wherein integrated head 90 comprises a tracking the upper
illustrated edge of an opaque   body portion or collar 92 adapted to
receive and disk grating line 22a and the other for tracking the  support a
magnetic transducer 15 as shown. Adja- lower edge of grating of the next
adjacent line 22a,  cent the ferrite core 15b, collar 92 mounts the there
is effectively canceled out common mode      sensor 600, which is the
equivalent of the detector noise which may be caused , for example, by   55
18 in Fig. 1, in fixed radial spaced relation to the variation of the
intensity of the illumination source  flux gap of core 15b. On the opposite
side of or variations in the optical transmission characteris-  transducer
15, the collar mounts a lens 17 for tics of the magnetic coatings 24 and
25.           directing the light output from a light source 16 9    15
EP0311859B1                        16 therebehind (not shown) through the
disk 12.       ing V shaped faceted portions where incident light The
collar 92 supports the sensor 600 as close  is scattered and does not
effectively pass through as possible to as the plane of the flux gap while
to the exit surface. The exit light surface 84 is permitting space for the
wire bonded leads 94a-d   aspheric so that element 82 serves as a
collimating connected to the corresponding pads 66a-b. Al-   5   lens.
Because of the geometry of element 82, the though not shown in the
drawings, thin transparent  extended area light emitting diode 81 simulates
an covers may be provided over the sensor 600 and     array of line
sources. As a result, there exits from lens 17 to provide the head 80 with
a smoother     exit surface 84 a set of angularly spaced collimated face
that is adapted to confront the disk surface.  beams, one for each of the
flat portions of the Alternatively, it is also possible to include an   10
entrance surface 83, that are spatially coherent. In optical element such
as a gradient-index rod in the  the interest of simplicity, only three of
the beams head body adjacent to the disk facing surface to   are shown in
FIG. 7. These beams are then passed image the optical grating 22 of the
disk onto the  through the optical grating 22 in the disk 12 to self
reference grating of the detector 18, but this struc-  image the disk
grating 22 on the detector reference ture tend to be difficult and costly
to package and   15  grating, as previously indicated to be desirable.
manufacture.                                       The linear grating
formed at the entrance surface A more promising approach includes the use
of   83 is designed to have a periodicity that causes the highly collimated
light from a quasi-point or line  corresponding multiple self images to
superimpose source for the illumination so that the disk grating
constructively. 22 self images on the reference grating of the   20   It is
possible, if desired, to position the refer- detector 18 by diffraction.
This can make for easier  ence grating on the detector 18 further from the
packaging, less expensive optics, and reduced op-  disk grating 22 at the
focus of a higher order tical noise resulting from dirt, scratches and edge
diffraction self image. roughness in the media.
Another type of optical element 17 that may be One technique to achieve
collimation and   25  used in the integrated head structure is a
diffraction therefore to form a diffraction image is to use a   lens, or
zone plate, that is a circular diffraction laser diode light source 16, as
a quasi point source  grating which focuses light not by refraction like a
or line source at the infinity focal plane of a lens,  standard lens, but
by diffraction. In an integrated such as a gradient index rod, a plastic
aspheric   head it would serve as a collimator lens for a quasi-
collimating lens, or a holographic collimating lens,  30  point source LED.
to supply a collimated beam of light. This light is    The diffraction
lens comprises alternating transmitted through the optical grating 22 of
the  opaque and transparent zones 9 concentric cir- disk to self image
optical grating 22 onto the sur-  cles), each zone having the same area,
but the face of the detector 18 incorporating the reference  pitch of each
zone decreases from the center to grating therein. . The detector 18 is
placed at a   35  the outer edge. Such a diffraction lens 96 is shown
distance D from the disk grating 22 as given by the  in Fig. 1 Oa. The
cross section of lens 96 is shown relation D = [err] , where P is the pitch
of the disk  schematically in Fig. 10b. The amplitude of each grating 22
and L is the wavelength of the light.   diffraction element peak is equal,
but the frequency Alternatively, it may be preferable from a cost and  of
circlular elements increase toward the outer packaging view to substitute
an edge light-emitting   40  edge. The grating is symmetrical, so light is
di- diode or area light-emitting diode, wherein the    verted into the zero
order and equally into the emitting area is less than 5 microns in one
dimen-  positive and negative first orders of diffraction. sion, as a
quasi-point or line source for the diode  Weaker focal points occur at each
positive and laser light source 16, thereby also avoiding objec-  negative
odd order of diffraction ( i.e.,3,5,7... etc). tionable interference
patterns that may arise be-  45  Alternatively, light may be diverted
preferen- cause of the temporal coherence of a laser. When   tially into a
selected order by including appropiate 



line sources are used, they should be aligned to be  asymmetry in the
grating of the diffraction lens. parallel to the disk and detector
gratings.            The aforementioned methods in addition tend An
alternative that permits use of a relatively  to improve the modulation of
the detected signal. large or extended area light source 16 is shown in  so
A data storage apparatus or flexible magnetic FIG. 7. It includes a surface
area light-emitting  disk drive 110 embodying the present invention is
diode 81, illuminating the rear surface of optical  shown in functional
block diagram form in Fig. 8. element 82. This rear surface includes an
entrance  The apparatus 110 operates under the control of a surface 83 that
is shaped to form a linear grating  controller circuit 112 having read/
write control and and coincides with the infinity focal plane of optical
55  servo circuits sections that are operated in a co- element 82. In
particular, the surface 83 includes  ordinated manner under the
administration of a flat portions where light enters for passage to the
microprocessor based control logic circuit section. exit surface 84,
alternating with rearwardly extend-  The controller 112 also is provided
with an inter- 10    17                EP0311 859B1
18 face section for operatively connection the drive      Data to be
recorded on the disk 12 is fed from 110 to a host computer (not shown).
the read/write section through a write channel cir- The head carriage
assembly 14 is connected       cuit 124 connected to the first head select
switch to a head position actuator 114 responsive to head  120 while data
that is to be read from the disk is position signals provided by an
actuator control   5   routed through a read channel circuit 126 con-
circuit 116 for moving the head carriage assembly   nected between the
first head select switch 122 14 radially with respect to the disk 12 for
track  and the read/write control circuit. seek, read/write and position
error adjustment oper-  If data is to be written on or read from the 0
ations. The actuator 114 preferably is of the fast  side of the disk ( the
underside as viewed in Fig. response, precise positioning type and may be
10    8). head 0 is designated as the active head. In this selected from a
variety of such actuators recog-    mode, the read/write control circuit
directs the head nized in the art as being suitable for high data   select
switch 120 to assume a configuration where- density applications.
by the read/write transducer 15 on head 0 is con- The apparatus 110 also
includes means for       nected to the appropriate one of the read and
write moving the storage medium past the read/write  15  channels 126 and
124 (and the transducer on head transducers and, in the illustrated
embodiment,     1 is disconnected therefrom) and the light source such
means take the form of a spindle motor         16 on head 1 is energized to
direct its light output assembly 118 for effecting rotation of the disk 12.
through the disk 12 and onto the reference grating The spindle motor
assembly 118 is operated by       of the detector 18 on head 0 which the
second the actuator control circuit 116 which receives in-  20  head select
circuit 120 has connected to the servo dex signals from the motor assembly
118 and         circuit in response to the active head designation provides
drives signals thereto in a well known     provided by the read write
control circuit. While the manner. The actuator control circuit 116 in turn
head 1 light source 16 is energized, the first head operates in response to
input signals received from  select circuit 120 maintains the head 0 light
source the read/write control and servo circuits of the   25  16 in a
de-energized state and the second head controller 112.
select switch 122 blocks signals from the detector To effect servo
controlled head tracking, both  18 on head 1 from being transmitted to the
servo of the integrated heads 0 and 1 are operative, but  circuit. the head
that is enabled for read or write oper-       In the opposite mode for
writing data onto or ations with respect to its adjacent facing side of the
30  reading it from side 1, the head select switches are disk 12 is
designated as the "active head". The    reversed to connect the transducer
on head 1 to non-active head on the opposite side of the disk 12  the
appropriate one of read and write channels 162 is operative in that its
light source 16 is turned on  and 124 , to energize the light source 16 on
head 0 to direct light through the disk, for modulation by  and direct the
position error signal output from the the optical pattern or grating 22,
and onto the  35  "active" detector 18 on head 1 to the servo circuit.
reference grating of the detector 18 on the active     With the disk 12
mounted on the spindle 13, head adjacent its enabled corresponding
read/write  the position of its grating 22 is relatively fixed and
transducer 15.                                     the reference gratings
on the heads 0 and 1 pri- Upon receipt of the active head designation
marily move relative thereto for modulating the light signals from  the
host computer, the controller  40  intensity sensed by the detector 18. In
effect the 112,through its control logic section, directs the  two gratings
act as a comb type shutter so that read/write control circuit to send head
selection   when the detector apertures are aligned with the signals to two
head select switching circuits, 120  light transmissive gaps of the disk
grating 22, maxi- and 122, which configure the heads for the des-     mum
light intensity is sensed and when the ap- 



ignated selection. The first head select switch cir-  45  ertures are in
the opposite phase relation to the cuit 120 is connected between the
read/write con-   gaps, minimum light intensity is sensed. Between trol
circuit if the controller 112 and the read/write  these two conditions
sensed light intensity varies transducers 15 and light sources 16 of heads
0 and  linearly and thereby provides proportionate head 1. The second head
select circuit 122 likewise     position error information. connected
between the controller 112 and the de-  so   In the case of a flexible
disk, a previously tectors 18 of heads 0 and 1 and is operative to
recorded circular magnetic track may assume an direct the position error
signal output from the    elliptical shape due to anisotropic expansion of
the detector 18 on the active head to the servo circuit  disk base
material, so in effect the rings of the disk which in response provides
corrective position sig-  grating 22 have moved or shifted relative to the
nals to the actuator control circuit 116 to effect  55  reference grating
which causes a change in the alignment of the active head transducer with
the   intensity of light at the quadrature detector 18. In selected track .
response, detector 18 provides the appropriate er- ror position signal to
the servo circuit to effect    19                EP 0 311 859 B1
20 movement of the head carriage 14 for aligning the      said reference
grating (50) for providing posi- active head with the selected track.
tion error signals indicative of the position of The illumination used in
the illustrative system,   said transducer relative to a selected track;
typically infra-red in a band centered at about 890       a head carriage
(100) configured for cross nanometers, is readily available from GaAIAs
light-   5  track movement relative to the medium (12) emitting diodes or
GaAIAs diode lasers. Silicon        and mounting said first and second
heads (0, photocells  are  convenient to  use  at such           1) thereon
in complementary alignment on op- wavelengths. Moreover, light at this
wavelength is     posite sides of the medium (12); compatible with the
typical materials used for the         means responsive to said position
error magnetic disk and can readily be arranged to be   10   signals for
moving said head carriage assem- absorbed by the opaque portions of the
optical         bly to maintain a selected one of said trans- grating 22.
Of course, other wavelengths can be        ducers (15) in aligned relation
to a selected used that satisfy the various requirements that       track,
must be met if the illumination is to function in the  characterized in
that said role desired.                                  15      head
carriage assembly (100) includes support While the invention has been
described with         members (1 4A) and (1 4B) which supports said
reference to the use of disks, either floppy or rigid,  heads as a pair of
complementary integrated as the storage medium, it should be obvious that
magnetic and optical heads (0) and (1) respec- the invention is applicable
with obvious modifica-     tively, on opposite sides of said medium in
tions to other forms, such as tape, where the in-  20  spaced operative
alignment with each other, formation is stored in linear tracks and there
is a    that each of the heads (0) and (1) includes a need for accurate
alignment of a read/write head       body portion (10), which supports and
posi- with the particular track being addressed.             tions the
elements of the head including a The quadrature detector may be omitted and
a        magnetic read/ write transducer (15) a light simpler form of
detector substituted. Such a sim-   25  source (16) and a light detector
(18), such that pier form might be a large area photosensitive cell    said
transducers (15) are each in recording whose surface has been suitably
masked to form a       and/or reading relation to a respective adjacent
linear reference grating thereof for cooperation with  one of the storage
layers (24,25) said light the optical grating in the disk. Alternately,
there    source (16) on said first head (0) is positioned may be employed
simply a pair of photocells each   30  to direct its light output through
the medium including an array of spaced strip elements, the       (12) and
onto said reference grating (50) of two arrays being interleaved in a
fashion to form a    said detector (18) on said second head (1), linear
reference ngrating  at the detector for         and said light source (16)
on said second head cooperation with the optical grating in the disk.
(1) is positioned to direct its light output 35      through the medium
(12) and onto said refer- Claims
ence grating (50) said detector (18) on said first head (0) for providing
said position error 1. A data storage apparatus for use with a double
signals. sided data storage medium (12) of the type including a transparent
support (21), a light  40  2. The magnetic data storage apparatus of claim
transmissive data storage layer (24,25 on each      1 wherein each of said
detectors (18) com- of respective opposite sides of the support
prises a photosensitive sensor (50) which is (21), and an optical grating
(22) formed on the    configured to serve as reference grating as 



support (21) between  the storage layers           well as providing said
position error signals. (24,25) for defining the location of data storage
45 tracks in the storage layers (24,25), said ap-  3. The magnetic data
storage apparatus of claim paratus comprising:
2 wherein the magnetic storage medium is a means (13) for supporting and
moving            flexible magnetic recording disk and said head such a
medium (12) for data read and/or write      carriage includes first and
second head sup- operations;                                50      ports,
mounted for movement between a first first and second heads (0,1), each
includ-      position wherein said first and second heads ing a data
recording and/or reading transducer     are in operative relation to the
disk and a (15);                                              second
position wherein said first and second a light source (16). and
heads are spaced further apart than when in a detector (18), including a
reference grating   55  said first position to facilitate disk insertion
and (50), responsive to light transmitted through      removal. the medium
(12) for modulation by the me- dium grating (22) and thereafter incident
upon 12    19                 EP0311 859B1                       20
*   C   L   M   S   * movement of the head carriage 14 for aligning the
said reference grating (50) for providing posi- active head with the
selected track.                    tion error signals indicative of the
position of The illumination used in the illustrative system,    said
transducer relative to a selected track; typically infra-red in a band
centered at about 890         a head carriage (100) configured for cross
nanometers, is readily available from GaAIAs light-   5  track movement
relative to the medium (12) emitting diodes or GaAIAs diode lasers. Silicon
and mounting said first and second heads (0, photocells  are  convenient to
use  at such            1) thereon in complementary alignment on op-
wavelengths. Moreover, light at this wavelength is      posite sides of the
medium (12); compatible with the typical materials used for the
means responsive to said position error magnetic disk and can readily be
arranged to be   10    signals for moving said head carriage assem-
absorbed by the opaque portions of the optical          bly to maintain a
selected one of said trans- grating 22. Of course, other wavelengths can be
ducers (15) in aligned relation to a selected used that satisfy the various
requirements that        track, must be met if the illumination is to
function in the   characterized in that said role desired.
15       head carriage assembly (100) includes support While the invention
has been described with          members (14A) and (14B) which supports
said reference to the use of disks, either floppy or rigid,  heads as a
pair of complementary integrated as the storage medium, it should be
obvious that        magnetic and optical heads (0) and (1) respec- the
invention is applicable with obvious modifica-      tively, on opposite
sides of said medium in tions to other forms, such as tape, where the in-
20  spaced operative alignment with each other, formation is stored in
linear tracks and there is a     that each of the heads (0) and (1)
includes a need for accurate alignment of a read/write head        body
portion (10), which supports and posi- with the particular track being
addressed.             tions the elements of the head including a The
quadrature detector may be omitted and a         magnetic read/ write
transducer (15) a light simpler form of detector substituted. Such a sim-
25  source (16) and a light detector (18), such that pier form might be a
large area photosensitive cell     said transducers (15) are each in
recording whose surface has been suitably masked to form a        and/or
reading relation to a respective adjacent linear reference grating thereof
for cooperation with   one of the storage layers (24,25) said light the
optical grating in the disk. Alternately, there     source (16) on said
first head (0) is positioned may be employed simply a pair of photocells
each   30   to direct its light output through the medium including an
array of spaced strip elements, the       (12) and onto said reference
grating (50) of two arrays being interleaved in a fashion to form a
said detector (18) on said second head (1), linear reference ngrating  at
the detector for          and said light source (16) on said second head
cooperation with the optical grating in the disk.       (1) is positioned
to direct its light output 35      through the medium (12) and onto said
refer- Claims                                                  ence grating
(50) said detector (18) on said first head (0) for providing said position
error 1. A data storage apparatus for use with  a double      signals.
sided data storage medium (12) of the type including a transparent support
(21), a light  40 2. The magnetic data storage apparatus of claim
transmissive data storage layer (24,25 on each      1 wherein each of said
detectors (18) com- 



of respective opposite sides of the support         prises a photosensitive
sensor (50) which is (21), and an optical grating (22) formed on the
configured to serve as reference grating as support (21) between  the
storage  layers           well as providing said position error signals.
(24,25) for defining the location of data storage   45 tracks in the
storage layers (24,25), said ap-   3,  The magnetic data storage apparatus
of claim paratus comprising:                                 2 wherein the
magnetic storage medium is a means (13) for supporting and moving
flexible magnetic recording disk and said head such a medium (12) for data
read and/or write       carriage includes first and second head sup-
operations;                                 50      ports, mounted for
movement between a first first and second heads (0,1), each includ-
position wherein said first and second .heads ing a data recording and/or
reading transducer      are in operative relation to the disk and a (15);
second position wherein said first and second a light source (16), and
heads are spaced further apart than when in a detector (18), including a
reference grating   55  said first position to facilitate disk insertion
and (50), responsive to light transmitted through       removal. the medium
(12) for modulation by the me- dium grating (22) and thereafter incident
upon 12    *   C   L   M  S * 4. The magnetic data storage apparatus of
claim       for deriving a position error signal as a mea- 3 wherein said
first head is gimbal mounted on     sure of any misalignment between a head
and said first support.                                a selected track. 5.
The magnetic data storage apparatus of claim    5   12. The magnetic data
storage apparatus of claim 2 where on each of said first and second
11 in which said circuit includes a first differen- heads, said light
source and said detector are     tial amplifier whose two inputs are
supplied disposed on opposite sides of said magnetic        with the
outputs of two of the photocells and a transducer.
second differential amplifier whose two inputs 10      are supplied with
the output of the others of 6. The magnetic data storage apparatus of claim
the photocells, and the outputs of the two 5 wherein said transducer
includes a magnetic      differential amplifiers are supplied to opposite
core, having a flux gap, mounted near one side     erids of an impedance
means that includes a of a transducer body and said detector is lo-
variable terminal where a position error signal cated adjacent said one
side to position said  15  is available. detector in close relation to said
core. 13. The magnetic data storage apparatus of claim 7. The magnetic data
storage apparatus of claim        2 further including means for imaging a
re- 2 wherein each of said detectors comprises a       spective aligned
portion of the storage medium photosensitive sensor which is configured to
20   grating onto said reference grating of each serve as reference grating
as well as providing    said detector. said position error signals. 14. The
magnetic data storage apparatus of claim 8  The magnetic data storage
apparatus of claim        13 in which said imaging means includes 2 wherein
the magnetic storage medium is a   25    means for self imaging by
diffraction said re- flexible magnetic recording disk having a grat-
spective aligned portion of the medium grating ing therein formed by
concentric opaque rings      onto each said reference gratings. separated
by transparent rings to define the location of concentric circular data
tracks in  15. The magnetic data storage apparatus of claim magnetic
recording layers on opposite sides of  30  2 in which said light source
comprises an area- the disk, and in which each detector includes a
emitting diode and said apparatus further in- sensor comprising a plurality
of uniform par-      cludes optical means for forming incident illu- allel
photosensitive elements spaced apart to      mination provided by said
diode into a plurality define said reference grating for cooperating
of collimated angularly spaced beams of light with the disk grating.
35      that are spatially coherent. 9. The magnetic data storage apparatus
of claim    16. The magnetic data storage apparatus of claim 8 in which
each sensor comprises four sepa-        15 in which said optical means
includes means rate photocells, each photocell including a plu-  for
providing that multiple self images asso- rality of said photosensitive
elements, said  40   ciated with the plurality of collimated beams
photosensitive elements of said four photocells    image the medium grating
on the reference 



being periodically interleaved and spaced apart    grating of the detector
constructively. for defining said reference grating. 17. The magnetic data
storage apparatus of claim 10. The magnetic data storage apparatus of claim
45  16 in which said optical means includes an 9 in which the disk grating
transparent rings      optical element that includes an entrance sur- are
of a width equal to the width of the opaque    face that includes an array
of flat surfaces rings and in which the width of said photosen-     spaced
by faceted surfaces and an exit sur- sitive elements of the detector is
equal to that  face that is aspheric for forming the incident of each of
said opaque and transparent rings   50.  illumination into the plurality of
angularly- and in which said photosensitive elements are     spaced
collimated beams of light. spaced apart by a distance equal to one-half the
width of said photosensitive elements.     18. The magnetic data storage
apparatus of claim 2 in which each of said light sources com- 11. The
magnetic data storage apparatus of claim   55  prises a quasi-point or line
source and each 10 in which said means responsive to the           head
further includes a collimating optical ele- position error signals includes
a circuit which is  ment positioned such the said light source is at
supplied with the outputs of the four photocells   the infinity focus of
said collimating optical 13    23                EP 0 311 859 B1
24     *   C   L   M   S   * element and parallel to said medium grating.
(18) mit einem Bezugsgitter (50), der auf Licht       St anspricht, das
Ober das Medium (12) Obertra-          zI 49. The magnetic data storage
apparatus of claim       gen wurde, um durch das Gitter (22) des Me-
im %y   18 in which said collimating optical element is    diums moduliert
zu werden und das danach               ei a plastic aspherical lens.
5       auf das Bezugsgitter (50) auftrifft, um Lagefeh- lersignale zu
erzeugen, die die Lage des           4. M. 20. The magnetic data storage
apparatus of claim       Wandlers relativ zu einer gewAhIten Spur an-
sp 18 in which said collimating optic is a diffrac-   zeigen;
er tion lens.                                             einen
Kopfschlitten (100). der quer zu den 10      Spuren relativ zum Medium (12)
beweglich ist       5. M 21. The magnetic data storage apparatus of claim
und den erstem  und zweiten Kopf (0,1) in              sr 18 in which said
collimating optic is a gradient   komplementarer Ausrichtung auf
gegenaberlie-           ur index lens.
genden Seiten des Mediums (12) lagert;                 te Mittel, die auf
die Lagefehlersignale an-          g1 22. The magnetic data storage
apparatus of claim   is  sprechen, um den Kopfschlitten so zu bewe- 18 in
which said quasi point line source is an     gen. daB ein ausgewAhIter
Wandler (15) auf          6. M edge emitting light emitting diode.
einer gewihiten Spur ausgerichtet bleibt;               St dadurch
gekennzeichnet, daB                         9' 23 The magnetic data storage
apparatus of claim        der Kopfschlitten (100) Trager (14A) und (14B)
di 18 in which said quasi point line source is a   20  aufweist, die die
K6pfe als Paar komplementa-          at laser diode.
rer, integrierter Magnet- und Optikkdpfe (0)            bi bezw. (1) auf
gogenlberliegenden Seiten des             D 24. The magnetic data storage
apparatus of claim       Mediums im Abstand ausgerichtet aufeinander
P 18 in which said quasi-point line source is an     tragen, daB jeder der
Kdpfe (0) und (1) einen area emitting light emitting diode with its area
25  Aufbau (10) autweist, der die Elemente des       7. lv of emission
approximating a quasi-point or line    Kopfes  einschlieBlich  dem
magnetischen              S source.
Lese/Schreibwandler (15), einer Lichtquelle             e (16) und eines
Lichtdetektors (18) derart trAgt         s 25. The magnetic storage
apparatus of claim 2          und positioniert, daB die Wandler (15)
jeweils wherein said light sources are infra-red light  so  in
Aufzeichnungs- undloder Lesestellung ge- sources.
genOber einer der Speicherschichten (24,25)          8  l angeordnet sind,
wobei die Lichtquelle (16) auf         E  . 26. The magnetic storage
apparatus of claim 25         dem ersten Kopf (0) so angeordnet ist, daB
ihr           C wherein said light sources emit infra-red light
Lichtausgang durch das Medium (12) und auf in a band centered about 890
nanometers.   35      das Bezugsgitter (56) des Detektors (18) auf dem
zweiten Kopf (1) gerichtet wird und die Patentansprtlche
Uchtquelle (16) auf dem zweiten Kopf (1) so angeordnet ist, daB ihr
Lichtausgang durch das 1. "atenspeichergerit zur Benutzung in Verbin-
Medium 12) und auf das Bezugsgitter (50) des 



"4ung mit einem doppelseitigen Datenspeicher-  4o    Detektors (18) auf dem
ersten Kopf (0) gerich- medium  (12), welches einen transparenten
tot wird, um die Lagefehlersignale zu erzeu- Trager (21). eine
lichtdurchlissige Datenspei-     gen. cherschicht (24,25) auf den jeweils
gegeniber- liegenden Seiten des Tragers (21) und ein       2. Magnetisches
Datenspeichergerdt riach An- optisches Gitter (22) aufweist, das auf dem
4s   spruch 1, bei welchem jeder der Detektoren Trfger (21) zwischen den
Speicherschichten         (18) einen lichtempfindlichen Sensor (50) auf-
(24.25) angeordnet ist, urn die Lage der Daten-    weist, der so
ausgebildet ist, daB er als Be-          9 speicherspuren  in  den
Speicherschichten         zugsgitter dient und auBerdem die Lagefehler-
(24,25) zu definieren, wobei das Gerat folgen-     signale liefert. de
Merkmale umfa~t:                        50 Mittel (13) zur Halterung und
zur Bewe-     3. Magnetisches Datenspeichergerat nach An- gung eines
solchen Datenspoichermediums            spruch 2, bei welchem das
magnetische Spei- (12) zum Lesen und/oder Einschreiben von Da-
chermedium  eine flexible magnetische Auf- ten;
zeichnungsdiskette ist und der Kopfschlitten erste und zweite K6pfe (0.1),
von denen   55    erste und zweite Kopftrager aufweist, die zwi- jeder
einen Datenaufzeichnungs- und/oder Da-       schen einer ersten Stellung,
in der erster und          10. tenlbsewandler (15) aufweist;
zweiter Kopf in Arbeitsstellung gagenrber der sine Uchtquelle (16) und
einen Detektor         Diskette angeordnet sind, und einer zweiten 14    25
EP 0 311 859 B1                   26         cL Stellung beweglich sind, in
der erster und         gleich ist der Breite der opaken Ringe, bei bei
zweiter Kopf weiter als in der ersten Stellung     welchem die Breite der
lichtempfindlichen Ele- im Abstand zueinander liegen, um die Diskette
mente des gleich ist der Breite der opaken und ',.-'   einlegen und
entnehmen zu konnen.                  der transparenten Ringe und bei
welchem die 5       lichtempfindlichen Elemente in einem Abstand 4.
Magnetisches Datenspeichergerdt nach An-            zueinander liegen, der
gleich ist der Halfte der spruch 3, bei welchem der erste Kopf auf dem
Breite der lichtempfindlichen Elemente. ersten Trager kardanisch gelagert
ist. 11. Magnetisches Datenspeichergergt nach An- 5. Magnetisches
Datenspeichergerat nach An-  io        spruch 10, bei welchern die auf die
Lagefehler- spruch 2. bei welchem auf jedem von ersten         signale
ansprechenden Mittel eine Schaltung und zweiten Kopf die Lichtquelle und
der De-       aufweisen, die von den Ausgangen der vier tektor auf
gegenuberliegenden Seiten des ma-       Ptlptozellen gespeist wird, um ein
Lagefehlersi- gnetischen Wandlers angeordnet sind.               gnal als
MaB irgendeiner Mi~ausrichtung zwi- i5      schen dem Kopf und einer
gewahlten Spur zu 6. Magnetisches Datenspeichergerat nach An-
liefern. spruch 5, bei welchem der Wandler einen Ma- gnetkern mit einem
Fluispalt aufweist, der in  12. Magnetisches Datenspeichergerit nach An-
der Nahe der einen Seite des Wandlerkorpers        spruch 11, bei welchem
die Schaltung einen angeordnet ist und bei welchem der Detelctor  20
ersten Differentialverstarker aufweist, dessen +'  benachbart zu der einen
Seite liegt, um den         zwei Eingange von den Ausgangen zweier Detektor
dicht benachbart zu dem  Kern zu          Photozellen gespeist werden und
bei welchem positionieren.                                     die
Schaltung einen zweiten Differentialverstar- ker aufweist, dessen zwei
Eingange von den 7. Magnetisches Datenspeichergerat nach An-  25
Ausgingen der beiden anderen Photozellen spruch 2, bei welchem jeder der
Detektoren         gespeist werden, wobel die Ausgange der bei- einen
lichtempfindlichen Sensor aufweist, der      den DifferentialverstIrker an
entgegengesetzte sowohl als Bezugsgitter dient als auch die La-     Enden
einer Impedanz angelegt sind, die einen gefehlersignale liefert.
variablen AnschluB aufweist, wo ein Lagefehler- 30      signal zur
VerfOgung steht. 8 Magnetisches Datenspeichergerit nach An- spruch 2, bei
welchern das magnetische Spei-   13. Magnetisches Datenspeichergerit nach
An- chermedium  eine flexible, magnetische Auf-        spruch 2, bei
welchem aullerdem Mittel vorse- zeichnungsdiskette ist, die ein Gitter
aufweist,   hen sind, um einen jeweiligen ausgerichteten welches aus
konzentrischen opaken Ringen   35      Abschnitt des Speichermediumgitters
auf je- besteht, die durch transparente Ringe getrennt     dem Detektor
abzubilden. sind, um die Lage konzentrischer, kreisf6rmi- 



ger Datenspuren in den magnetischen Auf-       14. Magnetisches
Datenspeichergerit nach An- zeichnungsschichten auf gegenlberliegenden
spruch 13, bei welchem die Abbildungsmittel Seiten der Diskette zu
definieren und bei we[-  40.  eine Einrichtung aufweisen, um eine Selbstab-
chem jeder Detektor mehrere gleiche parallele      bildung durch Beugung
des jeweils ausgerich- lichtempfindliche Elemente aufweist, die im
teten Abschnitts des Mediumgitters auf dem Abstand derart angeordnet sind,
daB das Be-        Bezuggitter zu bewirken. zugsgitter definiert wird,
wetches mit dem Dis- kettengitter zusammnewirkt.               45  15.
Magnetische  Datenspeichergerit nach An- spruch 2, bei welchemdie
Uchtquelle elne Fli- 9. Magnetisches Datenspeichergerat nach An-
chenemissions-Diode ist und das Gerat auBer- spruch 8, be! welchem jeder
Sensor vier ge-        dem optische Mittel aufweist, um die durch die
trennte Photozellen aufweist und jede Photo-       Diode erzeugte
Beleuchtung in mrehrere im zelle mehrere lichtempfindliche Elemente be-  50
Winkelabstand zueinader angeordnete, paralle- sitzt, wobei die
lichtempfindlichen Ejemente       lisierte Lichtstrahlen aufzuteilen, die
riumlich der vier Photozellen periodisch ineinanderge-      koherent sind.
schachtelt sind und im Abstand zueinander Ilegen, urn das Bezugsgitter zu
definieren.    16. Magnetisches Datenspeichergerat nach An- ss      spruch
15, bei welchem die optischen Mittel 10 Magnetisches Datenspeichergerit
nach An-           eine Einrichtung aufweisen, um die Mehrfach- spruch 9,
bei welchem die transparenten Ringe      selbstabbildungen, die  den
parallelisierten des Diskettengitters eine Breite autweisen, die
Strahlen zugeordnet sind, das Mediurngitter 15    27                 EP 0
311 859 B1                   28        *   c   L   M   S i auf dem
Bezugsgitter des Detektors konstruktiv  Revendicatbons abzubilden. 1.
Appareil de memorisation de donnees a utiliser kS. Magnetisches
Datenspeichergerat nach An-           avec un support (12) de m6morisation
de don- spruch 16. bei welchem die optischen Mittel   5    nees a double
face du type qui comprend une ein optisches Element aufweisen, welches eine
base transparente (21), une couche (24, 25) de Eintrittsoberflache
aufweist, die ein Feld von     memorisation de donnees transmettant la lu-
flachen Oberflachen besitzt, die durch Facet-      miere et placee sur
chacun des cot6s opposes tenflachen distanziert sind und welches eine
respectifs de la base (21) et un reseau de Austrittsoberftache besitzt, die
aspharisch aus-  10  diffraction optique (22) forme sur la base (21)
gebildet ist, um die einfallende Beleuchtung in    entre les couches de
m6morisation (24, 25) die im Winkelabstand zueinander angeordne-
pour d6finir l'emplacement de pistes de me- ten, parallelisierten
Lichtstrahlen umzuformen.    morisation de donnees dans les couches de
memorisation (24, 25), ledit appareil compre- 18 Magnetisches
Datenspeichergerat nach An-  1S        nant: spruch 2, bei welchem die
Lichtquellen eine           - un moyen (13) pour soutenir et deplacer
Quasipunktlichtquelle oder eine Linienlichtquel-        un tel support (12)
en vue d'operations le aufweisen und jeder Kopf ein optisches Kol-
de lecture eVou ecriture de donnees, limatorelernent besitzt, welches so
angeordnst        - des prernmire et seconde tetes (0, 1) ist, daB die
Lichtquelle im Unendlichen des   20        comprenant chacune un
transducteur Kollimatorelementes und parallel zu dem Medi-           (15)
de lecture et/ou enregistrement de umgitter fokussiert ist.
donn6es, - une source lumineuse (16), et 19. Magnetisches
Datenspeichergerat nach An-             - un detecteur (18), contonant un
reseau           2. A spruch 18, bei welchem das optische Kollima-  25
de diffraction de ref6rence (50). qui rd-           VI torelement elne aus
Plastikmateriel bestehende          pond A la lurniere transmise a travers
le           c asphlrische Unse ist.
support (12) en vue d'une modulation par            t( ledit reseau de
diffraction (22) du support         s 20. Magnetisches Datenspeichergerat
nach An-                et arrivant ensuite sur ledit reseau de
c spruch 18, bei welchem  die Kollimatoroptik  30         diffraction (50)
de reference pour donner            r eine Diffraktionslinse ist.
des signaux d'erreur de position indi- quant la position dudit transducteur
par         3  1 21. Magnetisches Datenspeichergerdt nach An-
rapport a une piste selectionnee,                   r spruch 18, bei
welchem  die Kollimatoroptik           - un chariot (100) de totes,
configure pour            < eine Gradientenlinse ist.                  35
se deplacer transversalement par rapport             C 



au support (12) et soutenant lesdites pre-          C 22. Magnetisches
Datenspeichergerat nach An-                miere et seconde tetes (0, 1) en
aligne- spruch 18, bei welchem die Quasipunkflichtqel-          ment
comphdmentaire sur les c8t6s op- 'e eine Randemissions-Leuchtdiode ist.
poses du support (12), 40        - un moyen repondant auxdits signaux 23
Magnetisches Datenspeichergerat nach An-                 d'erreur de
position pour deplacer ledit spruch 18, bei welchem die Quasipunktlicht-
ensemble formant chariot de totes afin quelle eine Laserdiode ist.
de maintenir l'un selectionne desdits transducteurs (15) dans l'alignement
24. Magnetisches Datenspeichergerat nach An-  45            d'une piste
s6lectionnee, spruch 18, bei welchem die Quasipunktlicht-
caract6rls6 en ce que ledit ensem- quelle Flachenemissions-Leuchtdiode ist,
die            ble formant chariot (100) de totes corn-          4. einer
Quasipunktlichtqueole oder einer Linien-          prend des organes de
support (14A et lichtquelle angenihert ist.
14B) qui supportent lesdites totes corn- so           me une paire de tOtes
(0) et (1) optiques 25. Magnetisches Datenspeichergerat nach An-
et magn~tiques complementairement in- spruch 2, bei welchem die
Lichtquellen Infra-           tdgrdes. respectivement sur les c8t~s
. rot-Uchtquellen sind.                                   oppos6s dudit
support en alignement de fonctionnement et espac~es l'une par 26.
Magnetisches Datenspeicherger~t nach An-  55            rapport a l'autre,
on co quo chacune des spruch 25, bei welchem die Uchtquellen Infra-
totes (0) et (1) comprend une partie for- rotlich in einem Band abstrahlen,
das um etwa           mant corps (10) qui supporte et position- 890
Nanometer zentriert ist.                            ne les 61rments de la
tete incluant un 16    29                 EP 0311859 B1
30     I    c   L   M   S1i transducteur magn6tique (15) de lectu-     6.
Appareil magnetique de m6morisation de don- re/ecriture, une source
lumineuse (16) et      nees selon la revendication 5, dans lequel ledit un
d6tecteur de lumiere (18), de telle        transducteur comprend un noyau
magnetique, sorte  que  lesdits transducteurs (15)        avec un entrefer,
mont6 pros d'un c8te d'un soient chacun en relation d'enregistre-   s
corps de transducteur et ledit d6tecteur est ment et/ou lecture par rapport
a une cou-     situ6 adjacent audit premier c8t6 pour posi- che de
memorisation (24, 25) adjacente        tionner ledit detecteur a proximite
dudit noyau. et correspondante, que ladite source lu- mineuse (16) sur
ladite premiere t8te (0)  7. Appareil magnetique de memorisation de don-
soit positionnde pour diriger sa sortie lu-  10  nees selon la
revendication 2, dans lequel cha- mineuse a travers le support (12) et sur
cun desdits d6tecteurs comprend un capteur ledit reseau de diffraction de
reference      photosensible qui est configure pour servir (50) dudit
detecteur (18) se trouvant sur     corome reseau de diffraction de
reference ainsi ladite seconde tete (1), et que ladite        quo pour
foumir lesdits signaux d'erreur de source lumineuse (16) sur ladite seconde
is  position. tete (1) soit positionn6e pour diriger sa sortie lumineuse a
travers le support (12)  8. Appareil magnetique de m6morisation de don- et
sur ledit r6seau de diffraction de ref6-   n6es selon la revendication 2,
dans lequel le rence (50) dudit detecteur (18) se trou-      support
magn6tique de memorisation est un vant sur ladite premiere tote (0) pour
20    disque souple d'enregistrement magn6tique fournir lesdits signaux
d'erreur de posi-     ayant un r6seau de diffraction qui y est forme tion.
par des anneaux opaques concentriques s6pa- res par des anneaux
transparents pour definir 2. Appareil magnetique de m6morisation de don-
I'emplacement de pistes de donnees circulai- nees selon la revendication 1,
dans lequel cha-  25  res et concentriques dans les couches d'enre- cun
desdits d6tecteurs (18) comprend un cap-       gistrement magn6tique sur
les c8tes opposes tour photosensible (50) qui est configur6 pour     du
disque, et dans lequel chaque d6tecteur servir comme reseau de diffraction
de reforen-     comprend un capteur contenant une pluralite ce ainsi que
pour fournir lesdits signaux d'er-    d'elements photosensibles paralleles
et unifor- reur de position.                          30      mes, espaces
les uns des autres pour definir ledit reseau de diffraction de reference
destin6 3. Appareil magn6tique de m6morisation de don-         a coop6rer
avec ledit reseau de diffraction du nees selon la revendication 2, dans
loquel le      disque. 



support de memorisation magnetique d'un dis- quo souple d'enregistrement
magnetique et le-  35  9. Appareil magn6tique de memorisation de don- dit
chariot de t~tes comprend des premier et       nees selon la revendication
8, dans lequel cha- second supports de tetes montes en vue d'un        que
capteur comprend quatre cellules photoe- deplacement entre une premibre
position dans        lectriques s6parees, chaque cellule photoelec- ,R,
laquelle lesdites premibre et seconde totes         trique comprenant une
pluralite desdits ele- sont en relation operationnelle par rapport au   40
ments photosensibles, lesdits elements photo- disque et une seconde
position dans laquelle       sensibles desdites quatre cellules
photoelectri- lesdites premiere et seconde tates sont davan-     ques etant
periodiquement entrecroises et es- tage espacees quo quand elles se
trouvent          paces pour definir ledit reseau de diffraction dans
ladite premiere position pour faciliter l'in-  de refdrence. sertion et le
retrait du disque.           45 10. Appareil magndtique de memorisation de
don- 4. Appareil maghntique de memorisation de don-         neos selon la
revendication 9, dans lequel les nees selon la revendication 3, dans loquel
ladi-   anneaux transparents du reseau de diffraction te premiere tete est
montee sur cardan sur         du disque sont d'une largeur dgale a la
largeur ledit premier support.                     so      des anneaux
opaques, dans lequel la largeur -                  desdits elements
photosensibles du detecteur 5. Appareil magnetique de memorisation de don-
est egale a cello de chacun desdits anneaux nees selon la revendication 2,
dans lequel, sur    transparents et opaques et dans lequel lesdits chacune
desdites premiere et seconde tetes,        elements photosensibles sont
espaces les uns ladite source lumineuse et ledit detectour sont  ss  des
autres d'une distance egale a la moitie de disposes sur les c8tes opposes
dudit trans-         la largeur desdits elements photosensibles. ducteur
magnetique. 17    31                EP O 311 859 81                   32
*  C    L  M       S  * 11. Appareil magnetique de m6morisation de don-
17. Appareil magn6tique de m6moristion de don.       26. 1 n6es selon la
revendication 10, dans lequel       n6es selon la revendication 16. dans
lequel           r ledit moyen repondant aux signaux d'erreur de     ledit
moyen optique contient un el6ment opti position comprend un circuit qui est
alimente     que qui comprend une surface d'entree avec    i avec les
sorties des quatre cellules photoelec-   5  un reseau do surfaces plates
espac6es par          C triques pour produire un signal d'erreur de
des surfaces a facettes et une surface de position en tant que mesure du
mauvais ali-       sortie qui est aspherique pour transformer gnement entre
une tite et une pisto selection-    l'4clairage incident en la pluralit6 de
faisceaux nee.                                              lumineux
collimates et espaces angulairement. 10 12. Appareil magnetique de
memorisation de don-   18 Appareil magn6tique de memorisation de don- n6es
salon la revendication 11, dans lequel       nees selon la revendication 2,
dans loquel cha- ledit circuit comprend un premier amplificateur
queisource lumineuse comprend une source differentiel dont les deux entr6es
sont alimen-   de raie ou quasi-ponctuelle et chaque tete teas avec les
sorties de deux des cellules  is    contient en outre un element optique de
colli- photoelectriques et un second amplificateur       mation place de
telle sorte quo ladite source difflrentiel dont les deux entr6es sont
alimen-   lumineuse soit dans le plan de mise au point a t6es avec la
sortie des autres cellules photoe-   l'infini dudit 616ment optique de
collimation ot lectriques, et les sorties des deux amplifica-    parallble
audit reseau de diffraction du support. tours differentiels sont envoyees
aux extremi-  20 tes opposees d'un moyen formant imp6dance      19.
Appareil magnetique de m6morisation de don- qui contient une borne variable
ou est disponi-   nees solon la revendication 18, dans lequel ble un signal
d'erreur de position.               ledit el6ment optique de collimation
est une lentille aspherique en plastique. 13 Appareil magnetique de
memorisation de don-  26 nees selon la revendication 2, comprenant en   20.
Appareil magn6tique do memorisation de don- outre un moyen pour former
l'image d'une          nees solon la revendication 18, dans lequel partie
align6e respective du reseau de diffrac-   ladite optique de collimation
est une lentille de tion du support de memorisation sur ledit re-
diffraction. seau de diffraction de referenco de chacun   30 desdits
detecteurs.                            21. Apparell magn6tique de
m6morisation de don- nees solon la revendication 18. dans lequel 



14. Appareil magnetique de m6morisation de don-      ladite optique de
collimation est une lentille a nees solon la revendication 13, dans lequel
gradient d'indice. ledit moyen de formation dimage comprend   35 un moyen
pour former l'auto-image par diffrac-  22. Appareil magnetique de
memorisation de don- tion de ladite partie align6e respective du re-   nees
solon la revendication 18, dans loquel seau de diffraction du support sur
chacun des-    ladite source de raie quasi-ponctuelle est une dits reseaux
de diffraction de r6ference.         diode emettrice de lumiere emettant
par le 40      bord. 15. Apparell magnetique de m6morisation de don- nees
selon la revendication 2. dans lequel ladi-  23 Appareil magnetique de
memorisation de don- te source lumineuse comprend une diode a          nees
solon la revendication 18, dans lequel emission large et ledit appareil
comprend en      ladite source de raie quasi-ponctuelle est une outre un
moyen optique pour transformer  4f       diode laser. r6clairage incident
fourni par ladite diode en une pluralite de faisceaux lumineux espaces
24. Appareil magnetique de memorisation de don- angulairement et collimates
qui sont spatiale-    nees solon la revendication 18, dans lequel ment
coherents.                                   ladite source de raie
quasi-ponctuelle est une so      diode emettrice de lumibre a emission
large 16 Appareil magnetique de memorisation de don-        dont la surface
d'emission approche une sour- n6es solon la revendication 15, dans lequel
ce de raie ou quasi-ponctuelle. ledit moyen optique inclut un moyen pour
faire quo des auto-images multiples assocides a la   25. Appareil
magn~tique de memorisation de don- pluralit6 de faisceaux collimates
forment l'ima-  56  nees solon la revendication 2, dans lequel les- go du
reseau de diffraction du support sur le     dites sources lumineuses sont
des sources de r6seau de diffraction de reference du detecteur   lumiere
infrarouge. de fagon constructive. 18I    33                EP 0 311 859 B1
34 26. Appareil magn6tique de m6morisation de don- ndes selon la
revendication 25, dans lequel 2'-    lesdites sources lumineuses dmettent
de la fumirre infrarouge dans une bande de frdquen- ces centr6e autour de
890 nanometres.     5 To 1.5 20 26 30 35 40 45 S0 55 19    


