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tage results in the generation of a corresponding pat- tern in the magnetic
flux which the head applies to the The invention relates generally to the
field of ma-  surface of the rotating disk. Since the disk moves rel-
gentic data storage devices, and particularly to    ative to the head, the
magnetic flux on the disk sur- read/write heads for use in such devices.
The inven-   5   face also varies along the length of the arc traversed
tion particularly provides a new magneto-resistive   by the head on the
disk. thin film head for use in disk data storage devices for  When the
data is read, the head flies over the arc use In digital data processing
systems.             of the disk surface in which the data was written. A
small amount of flux from the disk permeates the Description of the Prior
Art                   10   head. Tne flux in the head varies in response to
the pattern of flux recorded on the disk. The varying flux A typical modern
digital data processing system  results In the generation of a varying
voltage In the comprises a hierarchy of memory devices, including   coil,
which, In turn, Is sensed as the previously-re- a semiconductor main memory
of relatively small ca-  corded data. pacity, and one or more mass storage
devices, which   15  One problem with a conventional read/write head have a
much greater capacity than the main memory,  is that the variation in the
voltage induced in the coil but which are also relatively much slower. The
mass  does not directly follow the actual flux, but instead fol- storage
devices provide a back-up store for data    lows the rate of change of the
flux as the disk rotates which Is in the main memory, and also for the
volumi-  adjacent the head, It is therefore evident that reading nous
amounts of data which will not fit into the main  20   of data with
conventional heads is sensitive to the memory, but which can be called upon
by the proces-  speed of the disk relative to the head, that Is, the sor
when It is needed. A processor typically only ob-  speed of rotation of the
disk. tains Information directlyfrom the main memory, and     Recently,
read/write heads have been developed so, when it needs information which at
the moment Is  which Include a strip of magneto-resistive material, only in
a mass storage device, It enables the mass   25  such as a nickel iron
alloy. One such alloy is commer- storage device to copy the information
into the main  dally known as 'Permalloy". The strip is positioned in
memory. Some time later, after it has processed the  the gap between the
pole pieces that are adjacent the information, the processor enables the
processed in-  disk in such heads, the electrical resistance of the
formation to be stored in the mass storage device.  magneto-resisitive
material is related to an applied This frees up storage In the main memory
so that  30   magnetic field. As flux from the disk permeates the other
Information may be stored there.               head while it files over the
disk surface, the flux is ap- Typical mass storage devices store
information   plied to the magneto-resistive material. Thus, the re- on
spinning magnetic disks, the information being re-  sistance of the
magneto-resistive material varies In corded in the form of transitions In
magnetic flux on  response to the variations in the flux in the head, the
magnetic surface of the disk. In particular, the   35   which In turn
reflects the variations in the flux on the data is recorded in a plurarlity
of tracks, with each  disk. The resistance of the magneto-resistive strip
Is track being a selected radial distance from the center  sensed by
conventional sensing circuits to provide a of the disk. A read/write head
flies in close proximity  signal that is related to the recorded flux.
Thus, unlike to the disk surface and is held in the appropriate radial  the
conventional read/write heads, the voltage sig- position over the disk by
an arm. Under the control of  40   nals from such read/write heads,
specifically from the the system's processor unit the arm can move the
magneto-resistive strip, are not sensitive to the speed read/write head to
the appropriate track in which the  of the disk. data is recorded so that
it may be read, or Into which  In a head having a magneto-resistive strip,
the the data is to be written.                          strip is formed so
as to have a magnetization along A read/write head comprises two pole
pieces   45  the length of the strip; that is, the magnetic dipoles in
formed from a magnetic material and a wire coil. At  the strip are aligned
parallel to the strip's longitudinal one end, the pole pieces are touching
and at the other  axis. A current is applied longitudinally to the strip. A
end there is a slight gap between the pole pieces. The  graph of the
resistance of the strip to electric current, head is positioned so that the
gap is directed towards  in relation to the direction of the strip's
magnetic di- the disk surface. When electric current is impressed   so
poles, is a bellshaped curve. For example, if the strip on the coil, a
magentic flux is generated which is im-  is a nickel iron alloy, if no
external flux is applied to pressed upon the pole pieces. At the gap  the
magnet-  the head, the resistance exhibited by the stip to cur- ic flux is
directed through the magnetic material in the  rent applied in a
longitudinal direction through the adjacent disk surface to thereby impress
magnetic   strip (which is parallel to the magnetization) will be at flux
therein.                                  55   a maximum. If, however,
external magnetic flux is ap- WHen data Is being written onto a disk, the
coil  plied to the strip which forces the strip's magnetic di- is energized
with a varying voltage pattern which cor-  poles into an orientation
perpendicular to the length responds to the data to be written. The varying
vol-  of the strip, the strip's resistance to the applied cur- 2  
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minimum.                           ing, the head, including the
magneto-resistive strip, is Otherwise stated, continuing with the same ex-
saturated with magnetic flux (hereafter "write flux"). ample, if the
current flow is parallel to the magnetiza-  This write flux is
perpendicular to the longitudinal di- tion of the strip, the resistance of
the strip is at a max-  rection of the strip, and the magentic dipoles in
the imum, butif the currentflow is orthogonal tothemag-   5   strip tend to
align with the applied writeflux. Afterthe netization, the resistance is at
a minimum. Intermedi-  write operation is completed, the strip's magnetic
di- ate these two extremes, that is, with the strip's ma-  poles return to
an orientation along the strip's longi- genetic dipoles aligned
approximately forty-five de-  tudinal axis, but they need not return to
their former grees with the direction of the applied current, the
orientations. They may Instead be aligned in the op- change in resistance
of the strip with respect to the   10  posite direction. As this repeatedly
occurs following applied magnetic field is approximately linear. It will
write operations, a number of domains develop with be appreciated that the
alignment of the strip's ma-  differing orientations of magnetic dipoles.
Thus, mul- gentic dipoles is related to the applied magnetic flux,  tiple
domains may be created throughout the strips, and thus the resistance of
the strip will be related to  not just at the ends. the direction and
amount of applied magnetic flux.    15  A result of the development of the
multiple mag- There are two problems with heads using magne-   netic
domains is Barkhausen noise, which is noise in to-resistive strips as read
elements. One problem is  the voltage signal will be noisy due to sudden
jumps that the magneto-resistive strip requires external   in the
magnetization of the strip. The magneto-resis- biasing to force it Into the
linear region so that the re-  tive element disclosed in the aforementioned
U.S. Pa- sistance changes as an approximately linearfunction   20  tent No.
4,535,375 proposes to minimize Barkhausen of the applied flux. If a
magneto-resistive strip is not  noise by providing a very long
magneto-resistive strip biased, a small applied flux from a disk will be
unable  and sensing the change in resistivity across only a to change the
orientation of the strip's magnetic di-  small portion of Its length. This
can help with minimiz- poles sufficiently to provide a large enough change
in  ing the Barkhausen noise due to end effects, but It the resistance of
the strip. The same will occur if the   25   does not significantly reduce
the noise due to the cre- strip Is biased too much, so that the magnetic
dipoles  ation of multiple domains along the strip caused by are
perpendicular to the strip's longitudinal direction.  the write flux
applied to the strip. Furthermore, the in either case, the strip will have
a very low sensitivity  length of the magneto-resistive element disclosed
in to the applied flux level.                          the patent and the
placement of the element adjacent U.S. Patent No. 4,535,375, issued to G.
Mowry,  3o  the disk in the pole tip combine to effectively limit the et
al., on August 13, 1985, entitled Magnetoresistive  Inter-track spacing, as
the tracks must be far enough Head, discloses a head with a complex
magneto-re-    apart so that, while the element is positioned over one
sistive read element. The magneto-resistive element   track, It does not
receive interfering flux from an ad- disclosed in that patent includes an
elongated magne-  jacent track. to-resistive strip and plurality of
equlpotentlal strips   36  In US-4300177 there Is described a thin film
head disposed along the element at a skewed angle (gen-  in which it is
disclosed to provide a magneto-resistive erally, approximately forty-five
degrees) with respect  reading element separated from a slotted pole piece
to the elements longitudinal axis. A bias current is ap-  by an
electrically insulating layer. plied and the equipotential strips force the
current to  in Patent Abstracts of Japan, vol. 10, no. 210, flow generally
orthogonal to the strips. This bias cur-  40   p.479 and JP-A-6148116,
which underlies the pream- rent generates a blasfield which orients the
magneto-  ble of claim 1, there is described a high reproducing resistive
strip's magnetic dipoles at a forty-five de-  output thin film head in
which it is proposed to im- gree angle with respect to the current.
prove the reading ability of the head by using a mag- Another problem  with
magneto-resistive ele-     neto-resistive element in place of a coil to
sense the ments is a result of the tendency of an element, which   45  flux
being read by the head regardless of where the was originally magnetized in
a single magnetic do-   element is located relative to the tip and yoke of
the main (that is, a region in which all of the magnetic di-  pole. poles
are oriented in a common direction), to develop   in EP-0037967 there is
described a magneto-re- a plurality of separate magnetic domains. One cause
sistive sensor in which a magneto-resistive strip is of formation of
multiple domains is end effects, that  50   positioned in the wide yoke
portion of a read head is the perturbation of the dipoles at the ends of
the  having a narrow tip portion, in order to increase the strip, which are
usually not precisely aligned with the  sensitivity of the element by
enlarging the magnetic longitudinal axis because of spreading typical at
the  flux sensed from a small head tip. The element is lim- end of a
magnetic member. Over time, the effect may  ited in length to the width of
the wide yoke portion. spread throughout the strip, resulting in multiple
mag-  55 netic domains throughout the strip.                  Summary of
the Invention Another source of multiple domains in magneto- resistive
strips arises from the fact that, during writ-  The invention provides a
new and improved 
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for a disk subsystem for use in a dig-  separation between the pole pieces
11 and 12 may be ital data processing system in which a magneto-resis-
relatively large, to allow the pole pieces to accommo- tive material is
provided for reading purposes, which  date the coil 16 and ensure that
there is minimal flux minimizes Barkhausen noise while facilitating in-
leakage between the pole pieces. in the pole tip, how- creased track
density.                          5   ever, the separation between the pole
pieces is rela- In brief, the invention provides a read/write head  tively
small. for use in a digital data processing system according   In
accordance with one aspect of the invention, a to claim 1.
slot 17 is formed in yoke region 13 of one pole piece In an orientation
which Is generally parallel to the ex- Brief Description of the Drawings
10   pected orientation of the disk surface. That is, the ori- entation of
the slot 17 is generally orthogonal to axis This invention is pointed out
with particularity in  X-X. in the embodiment depicted in Fig. 1, the slot
is the appended claims. The above and further advan-   formed in pole piece
11. Adjacent the slot, a strip 20 tages of this invention may be better
understood by  of magneto-resistive material, such as a nickel iron al-
referring to the following description taken in conjunc-  15  loy (such as
"Permalloy"), is positioned, electrically tion with the accompanying
drawings, in which:       insulated from the pole piece 11 by a thin,
non-mag- Fig. 1A depicts a top view of a new read/write   netic insulator
such as alumina or silicon dioxide. The head constructed in accordance with
the inven-   strip is formed so as to have a single magnetic do- tion and
main with its magnetic dipoles situated parallel to the Fig. 1B depicts a
cross sectional view of the head   20  strip's longitudinal axis, that is
perpendicular to the depicted in Fig. 1A taken along axis X-X;        aixs
X-X. The ends of the magneto-resistive strip 20 Figs. 1 C-1 and 1C-2 depict
a front and end detail  are connected to electrodes 21 and 22 which are
also view, respectively of an alternate pole tip for the  connected to
sensing circuits (not shown) whose op- head depicted in Fig. 1A; and
eration will be described below. Preferably the walls Fig. 2A depicts a top
view of a second read/write  25   23 and 24 defining slot 17 are not
disposed orthogon- head constructed in accordance with the inven-   ally to
strip 20, but Instead are slanted at an acute an- tion and Fig. 2B depicts
a cross sectional view of  gle with respect to the strip 20 so as to form
pointed the head depicted In Fig. 2A.                    edges 26 and 27
adjacent the strip 20, as is shown in Fig. IB. Detailed Description of an
Illustrative Embodiment    30  As described above, the coil 16 Is used
during a writing, operation, In which magnetic signals repre- With
reference to Figs. 1A and 1 B, a new        senting digital data are
impressed In the magnetic read/write head 10 constructed in accordance with
media comprising the disk surface. During a writing the invention Includes
two pole pieces 11 and 12     operation, an electrical signal representing
the digital formed of a magnetic material separated by a layer 18   35
data is applied to the coil 16 . The electrical signal ap- of insulation
such as a hard-baked photoresist. Each  plied to coil 16 Varies to define
the digital data to be pole piece defines a relatively large yoke region 13
recorded in a known manner. In response to the elec- which tapers to a pole
tip 14 having an end 15. In op-  trical signal, the coil generates magnetic
flux in the eration, the head is suspended from an arm (not      pole
pieces. Assuming that, at one instance, the elec- shown) so that the end 15
is generally directed toward   40  trical signal is conditioned to enable
the coil to gen- the surface of a spinning disk (not shown) which has
erate magnetic flux upwardly (as shown in Fig. 1B) a magnetic media
thereon, and the far end of the yoke  and forwardly (as shown in the Fig.
1A), that is, in the region 13 (to the left as shown in Fig. 1B) will be
distal  direction toward pole piece 12, the magnetic flux is from the disk
surface. The head has an axis indicated  first received in pole piece 12 in
the yoke region 13. by the legend X-X, and the arm holds the head so that
45   The flux travels in pole piece 12 through the yoke re- the axis X-X is
generally orthogonal to the disk sur-  gion toward the pole tip. Because
the pole tip has a face.
smaller cross-sectional area than the yoke region, the Head 10 also
includes a multiple-turn planar hel-  flux is concentrated in the gap; that
is, the amount of ial coil 16 (a portion of which is depicted in Fig. 1A)
flux perunit area in the gap is greater thanin the yoke positioned between
the pole pieces 11 and 12 in the   50  region. At the end 15  of pole piece
12, the flux exits yoke region to generate magnetic flux forwriting data
the pole piece and goes through the magneticsurface onto the disk as
described below. At the left end of the  of the disk thereby impressing the
magnetic flux in the yoke region 13, the pole pieces 11 and 12 touch so as
magnetic media that is then adjacent the gap. to encircle a portion of the
coil to provide a complete  The flux returns from the disk through end 15
of path of magnetic material between the pole pieces in  55   pole piece
11. From there, it goes through the pole tip the yoke region 13. Otherwise,
a separation is main-  of pole piece 11 to the pole piece's yoke region.
The 



tained between the pole pieces In both the yoke re-  larger yoke region
permits the flux to spread out. At gion 13 and the pole tip 14. In the yoke
region, the  slot'17, the pointed edge26adjacentthemagneto-re- 4    7
EP 0 308 483 B1                  8 sistive strip 20 concentrates the flux
and directs it   As the disk moves adjacent the end 15, the tran- through
the strip 20, which conducts it to edge 27.  sitions in the flux recorded
on the disk provides mag- Edge 27 receives the flux from magneto-resistive
netic flux which permeates the pole pieces 11 and 12 strip 20 and directs
it to the distal end of the yoke re-  through the end 15 of the pole tip
14. The magneto- gion 13 of pole piece 11. Since the flux during a write
5   resitive strip 20 essentially senses the flux in the pole operation is
generally very large, the magneto-resis-  piece 11 in which it is situated.
The flux permeating tive strip essentially saturates and largely acts as an
the other pole piece 12 has little effect on strip 20. It air gap across
the slot 17.                          will be appreciated that the edges 26
and 27 in pole Itwill also be appreciated that, if at some instance  piece
11, which are defined by the respective waslis es the magnetic flux
generated by coil 16 has the op-  10  23 and 24 positioned at acute angles,
ensure that the posite direction from that described above, the path  flux
is efficiently conducted to and through the mag- of the flux through the
pole pieces and disk's magnet-  neto-resistive strip 20 and to reduce
fringing edge ef- ic media is also reversed. Thus, the pole pieces 11
fects of the magnetic flux atthe walls 23 and 24 which and 12, the disk
magnetic media and strip 20 form a  might cause at least some of the flux
to bypass some complete magnetic circuit for the flux generated by   15  or
all of magneto-resistive strip 20. coil 16 during a writing operation. In
addition, with the  Sensing equipment (not shown) applies a current disk
spinning under the head, the arm (not shown)    I, between the electrodes
21 and 22, and detects maintaining the head over one track on the disk, the
changes In the voltage due to the field from the tran- varying magnetic
flux generated by head 10 in re-    sitions. The changes In the voltage
sensed by the sponse to the variations in the digital data Is applied   20
sensing equipment are directly related to the changes to the magnetic media
along the track. Accordingly,  in resistance of the magneto-resistive strip
20, and the flux changes representative of the digital data are
specifically the changes In the resistance of the por- impressed along the
track on the disk.               tion of the strip between end faces 28 and
29 of the In accordance with another aspect of the inven-  electrodes 21
and 22. Thus, as the disk passes under tion, while, or Immediately after,
the, data is written, a   25  end 15 of head 10, the changes in the voltage
level, current [err] is applied to wires 30 positioned underneath  relative
to the voltage level resulting from only the the ends of the
magneto-resistive strip 20. The cur-  bias flux from coil 16, are directly
related to the rent applied to the wires 30 establishes a small mag-
changes in the resistance of the magneto-resistive netic field in the
magneto-resistive strip 20, which en-  material, and, accordingly, the
change in the flux pat- ables the magnetic dipoles in the strip, which
during   30  tern on the disk. the writing operation had been In an
orientation par-   it will be appreciated that two factors limit the allel
to the axis X-X (that is, orthogonal to the longi-  density with which data
can be recorded on the disk, tudinal axis of the strip 20) to orient
themselves in one  namely, the number of tracks which can be recorded
direction along the longitudinal axis. in effect, the  per unit of radius
of the disk, and the number of flux write flux through the
magneto-resistive strip 20 for-  35  transitions which may be recorded per
length of track. ces the strip's dipoles in an orientation orthogonal to
The number of tracks per unit of radius is, in turn, re- the longitudinal
direction. When the write flux is re-  lated to the width of the pole
pieces 11 and 12 at the moved, the dipoles may return to a longitudinal
orien-  end 15. Thus, the wider the pole pieces at end 15, the tation, but
in either direction. The magnetic field  ap-  fewer the number of tracks
which may be recorded piled by the wires 30 enable the dipoles to return to
4o   per unit of radius. a selected direction, which is determined by the
field  The number of flux transitions which may be re- generated by the
wires. Accordingly, the wires 30, and  corded per length of track is
related to several factors, application of current thereto after the
writing opera-  including the width of the gap, that is, the distance be-
tion, maintain the magneto-resistive strip in a single  tween pole pieces
at end 15. It will be appreciated that magnetic domain.
45  the larger the gap width, the less data may be record- After data has
been written, it may be read by   ed on a track. positioning the read/write
head 10 over the disk track  The arrangement depicted-in the Figs. 1 A and
1B on which the data has been written. During a reading  permits both the
width of the pole pieces at end 15 operation, a constant current [err] is
applied to the coil  and the gap width to be minimized, thus enhancing 16.
As a resultof this current, a constantmagneticflux   50  the density of
data which may be recorded, while us- is generated, which is applied to the
pole pieces 11  ing a magneto-resistivestrip 20 of sufficient length to and
12, and, accordingly, to magneto-resistive strip  minimize the effects of
the Barkhausen noise due to 20. This flux is a bias flux in the
magneto-resistive  creation  of multiple magnetic domains at the ends of
strip 20. The current which generates the reference  the magneto-resistive
strip 20. In prior heads in which 



flux is high enough to generate sufficient flux to be   55  the
magneto-resistive stip was placed in the gap, the used as a biasing flux,
but is small enough that the  gap had to be of greater width to accommodate
the flux does not interfere with the data which has been  strip In
addition, in the head described in the afore- recorded on the disk.
mentioned U.S. Patent No. 4,535,375, the head is rel- 5    9
EP0308483B1                     10 atively long to minimize the Barkhausen
noise, but  is similar to head 10 (Fig. 1), with the addition of a slot the
length is constrained by the desired track density.  41 in the yoke region
13 of pole piece 12 and the pos- By removing the magneto-resistive strip 20
from  itioning of a portion of a magneto-resistive strip 42 the pole tip 14
and placing it in the yoke region 13,  therein, separatedfrom pole piece
12byan insulating both the width of the pole pieces and the width of the
5   layer 49, which is similar to insulating layer 19. Ele- gap at end 15
may be made smaller. Since the width  ments of head 40 which are similar to
the elements ofthe pole pieces in the yoke region 13 is much larger  of
head 10 have common reference numerals. Like than width in the pole tip,
the magneto-resistive strip  slot 17, slot 41 includes surfaces 43 and 44
situated 20 may be made longer, thus minimizing the Barkhau-  at acute
angles with respect to the pole piece 12 so sen noise due to end effects.
The coil 30 further re-  10  as toform edges 45 and 46 adjacentthe strip
42. Strip duces Barkhausen noise in the other portions of the  42 Is
generally in the shape of a U, with portions 47 strip by urging the
magnetic dipoles In a common di-  and 48 being adjacent the slots 17 and
41, respective- rection following writing operations.              ly, and
a connecting portion 49 connecting the por- in addition, since the width of
the pole pieces 11  tions 47 and 48. Electrodes 21 and 22 are positioned
and 12 in the yoke region 13 of the new read/write  15  adjacent to, and in
electrical contact with portion 47 head Is Independent of the track
density, the length  of strip 42, and a second pair of electrodes 50 and 51
of the magneto-resistive strip between the ends 28  is positioned adjacent
to and In electrical contact with and 29 of the electrodes 21 and 22 is
also Indepen-  portion 48. If the head 40is formed using convention- dent
of the track density, the sensitivity during read-  al thin-film
techniques, the connecting portion 49 ing is also Independent of the track
density. if the por-  20   may be a via formed using conventional
techniques. tion of the magento-resistive strip 20 between the     The
operation of read/write head 40 (Fig. 2A) Is sensing electrodes 21 and 22
Is short, as is the case  similar to that of head 10 (Fig. 1), with the
addition when the strip is in the gap in the pole tip region, the  that,
during a read operation, the the flux permeating resistance of the strip
and the change In resistance  both pole pieces 11 and 12 will affect the
resistance during reading are both low, and so the sensitivity of  25  of
strip 42, whereas with head 10 the resistance of the strip is also low.
However, since the strip 20 In the  strip 20 Is affected primarily by the
flux permeating new head Is in the yoke region 13, the portion of the  the
pole piece 11 adjacent the strip 20. Accordingly, strip between the
electrodes 21 and 22 Is relatively  the signal sensed by the sensing
equipment (not long, permitting a higher sensitivity. Since the width
shown) connected to electrodes 21,22,51 and 52 ad- of the yoke is
independent of the track density. the   30  jacent both pole pieces 11 and
12 of head 40 (Fig. 2A) sensitivity of the new head is also Independent of
the  would be more symmetric than Would be the signal track density.
sensed by sensing equipment connected to electro- Fig. 1C-1 and 1C-2 depict
a detail of a modifica-  des21 and 22 adjacent only one pole piece 11 of
head tion of the pole tip region 14 to provide side shields 31  10 (Fig.
1A). A symmetric read signal is more readily and 32. The side shields 31
and 32 are attached to  35  processed by other circuitry (not shown) with
which and form part of the pole tip portion 14 of pole piece  the head is
used than is an asymmetric read signal. 12, and depend along the side of
the pole tip portion    Furthermore, with the strip 42 (Fig. 3) effectively
14 of pole piece 11. The side shields 31 and 32 may  long in the shape of a
horseshoe magnet, the strip is be formed from the same magnetic material
compris-  more resistant to formation of multiple magnetic do- ing the pole
pieces 11 and 12.                40   mains by externally applied magnetic
flux which is In operation, the side shields 31 and 32 shield the  present,
in particular, during writing operations. pole tip portion 14 of pole piece
11 from fringing flux  it will be appreciated by those skilled in the art
from adjacent tracks during a reading operation. The  that additional slots
may be formed in the pole pieces fringing flux from adjacent tracks can
permeate the  to accommodate additional portions of a magneto-re- pole
piece in the same manner as flux from the track   45  sistive strip. in
such heads   a single magneto-resis- the head 10 is reading and can result
in noise in the  tive strip will be positioned, in a serpentine configur-
signal obtained by the sensing equipment (notshown)  ation, adjacent all of
said slots. The longer magneto- that is connected to the head. Since, as
described  resistive strip 20 will serve to further minimize the above,the
output from the magneto-resistive strip 20  Barkhausen noise, and will also
serve to increase the relates to the magnetic flux permeating pole piece
11,  50  sensitivity of the head to the flux read from the disk and is
substantially unrelated to the flux permeating  It will also be appreciated
that the particular pole piece 12, with the side shields 31 and 32 the
placement of the magneto-resistive strips depicted in 



magneto-resistive strip is not effected by the fringing  the Figures, that
is, generally beneath the respective flux from the adjacent tracks. Thus,
by shielding the  pole pieces 11 and 12, is by way of example and not head
from the fringing flux, the side shield 31 and 32  55  of limitation. In
particular, during some thin film man- can improve the signal-to-noise
ratio and permit clos-  ufacturing processes, it Is desirable to form the
mag- er spacing between tracks.                         neto-resistive
strips prior to formation of the adjacent Fig. 2 depicts another read/write
head 40 which  pole pieces to ensure that the magneto-resistive 6    11
EP 0 308 483 B1                 12 strips are formed on a relatively planar
surface. The  sufficient to provide a bias magnetization to said particular
side of the respective pole pieces on which  magneto-resistive strip (20)
to a substantially lin- the magneto-resistive strips are formed does not
ef-   ear magnetic flux-electrical resistance region. fect the operation of
the respective heads 10 and 40. The foregoing description has been limited
to a   5   3. A head as defined in claim 1 wherein said mag- specific
embodiment of this nvention. It will be appa-  neto-resistive strip (20) is
formed having a single rent, however, that variations and modifications may
magnetic domain defined by magnetic dipoles be made to the invention, with
the attainment of some  having a selected orientation with respect to the
or all of the advantages of the invention, which fall  strip's longitudinal
axis, said head further com- within the scope of the appended claims.
10       prising second energizable coil means (30) prox- imate said
magneto-resistive strip (20) and ori- ented so as to generate a magnetic
field coaxial Claims                                                 with
said strip's longitudinal axis adapted to be energized at the end of a
writing operation to 1. A read/write head for use in a magnetic storage
15  force the magnetic dipoles into the selected ori- device In a digital
data processing system forwrit-  entation. Ing data in the form of magnetic
flux onto, and reading data from, a magnetic media which       4. A head as
defined In claim 1 wherein both pole moves relative to the head, the head
having two    pieces (11,12) have slots (17,41) formed in their magnetic
polepleces(11, 12)eachwithayokere-  20     respective yoke regions, the
slots (17,41) being gion (13), an energizable coil (16) situated be-
generally parallel to each other, the magneto-re- tween the pole pieces in
the yoke region for gen-  sistive strip (20) comprising a U-shaped member
grating magnetic flux, one of the pole pieces hav-  having straight
portions adjacent and oriented ing a slot (17) In the yoke region, the head
further  transverse to magnetic flux traversing the re- including a strip
of magneto-resistive material  25  spective slots. (20) adjacent and
oriented generally transverse to the intended path of magnetic flux
traversing  5. A head as defined in claim 1 wherein the pole the slot, an
electrically insulating layer (19) sep-  piece (12) without the slot
further includes a side arating the magneto-resistive strip from the slot-
shield (31,32) extending from the pole tip (14) ted pole piece said strip
(20) being adapted to be   3o  thereof around the side of the pole tip (14)
of the connected to sensing equipment such that as the    other pole piece,
so that when the head is being media Is moved relative to the head the
resis-     used the side shield (31.32) operates to shield the tance of the
magneto-resistive strip varies in re-  pole tip of the other pole piece
from fringing flux sponse to the variations in the magnetic flux re-  from
adjacent tracks. corded onto the media the sensing equipment  35 sensing
the variations In the resistance of the  6. A head as defined in any
preceding claim wherein magneto-resistive strip, in which the magnetic
the slot (17,41) in the yoke region is formed sub- pole pieces (11,12) are
shaped to provide a nar-   stantially parallel to the plane of the media
during row tip portion (14) and a wide yoke portion (13)  operation and the
strip of magneto-resistive ma- and a variable width region joining the
narrow tip  4o  terial (20) is formed having a single magnetic do- portion
(14) to the wide yoke portion 13 and char-  main defined by magnetic
dipoles having a se- acterised in that the pole piece slot (17) is situat-
lected orientation with respect to the strip's long- ed in the wide yoke
portion (13) of the magnetic   itudinal axis. pole piece (11), the
magneto-resistive strip (20). protrudes beyond the ends of the pole piece
slot  45  7. A head as defined in any preceding claim wherein (17) a
sufficient amount to minimize the effects  the pole pieces (11,12) are
separated by a dis- of the Barkhausen noise due to the creation of
tance which is relatively large in the yoke region multiple magnetic
domains at the ends of the       (13) to accommodate the energizable coil
(16) magneto-resistive strip (20) and sensing electro-  and relatively
small in the pole piece region (14) des (21,22) are connected to the
magneto-resis-  5o  to increase the data density on the magnetic me- 



tive strip (20) at the ends of the slot (17).      dium, one of the pole
pieces (11) having a slot (17) in the yoke region (13) which has walls 2. A
head as defined in claim 1 further comprising     (23,24) making an acute
angle relative to the ex- means connected to said coil (16) for supplying a
terior surface of the yoke. varying current to energize said coil (16)
during  55 a write operation and a constant current to ener-  8. A head as
defined inclaim 7 where said energiz- gize said coil during a read
operation, the energ-  able coil (16) has multiple turns, and is planarand
ization of said coil during a read operation being  helical. 7    - EP 0
308 483 B1                  12             C     L   M   S strips are
formed on a relatively planar surface. The    sufficient to provide a bias
magnetization to said particular side of the respective pole pieces on
which   magneto-resistive strip (20) to a substantially lin- the
magneto-resistive strips are formed does not ef-     ear magnetic
flux-electrical resistance region. fect the operation of the respective
heads 10 and 40. The foregoing description has been limited to a   5   3. A
head as defined in claim 1 wherein said mag- specific embodiment of this
invention. It will be appa-  neto-resistive strip (20) is formed having a
single rent, however, that-variations and modifications may     magnetic
domain defined by magnetic dipoles be made to the invention, with the
attainment of some    having a selected orientation with respect to the or
all of the advantages of the invention, which fall    strip's longitudinal
axis, said head further com- within the scope of the appended claims.
10      prising second energizable coil means (30) prox- imate said
magneto-resistive strip (20) and ori- ented so as to generate a magnetic
field coaxial Claims                                                   with
said strip's longitudinal axis adapted to be energized at the end of a
writing operation to 1. A read/write head for use in a magnetic storage
15  force the magnetic dipoles Into the selected ori- device in a digital
data processing system for writ-  entation. Ing data in the form of
magnetic flux onto, and reading data from, a magnetic media which
4. A head as defined in claim 1 wherein both pole moves relative to the
head, the head having two       pieces (11,12) have slots (17,41) formed in
their magneticpole pieces (11, 12) eachwithayokere-  20    respective yoke
regions, the slots (17,41) being gion (13), an energizable coil (16)
situated be-     generally parallel to each other, the magneto-re- tween
the pole pieces in the yoke region for gen-    sistive strip (20)
comprising a U-shaped member erating magnetic flux, one of the pole pieces
hav-   having straight portions adjacent and oriented ing a slot (17) In
the yoke region, the head further  transverse to magnetic flux traversing
the re- including a strip of magneto-resistive material  25  spective
slots. (20) adjacent and oriented generally transverse to the intended path
of magnetic flux traversing  5. A head as defined In claim 1 wherein the
pole the slot, an electrically Insulating layer (19) sep-  piece (12)
without the slot further includes a side arating the magneto-resistive
strip from the slot-   shield (31,32) extending from the pole tip (14) ted
pole piece said strip (20) being adapted to be   3o  thereof around the
side of the pole tip (14) of the connected to sensing equipment such that
as the      other pole piece, so that when the head is being media is moved
relative to the head the resis-       used the side shield (31.32) operates
to shield the tance of the magneto-resistive strip varies In re-   pole tip
of the other pole piece from fringing flux sponse to the variations In the
magnetic flux re-    from adjacent tracks. corded onto the media the
sensing equipment  35 sensing the variations in the resistance of the   6.
A head as defined in any preceding claim wherein magneto-resistive strip.
In which the magnetic       the slot (17,41) in the yoke region Is formed
sub- pole pieces (11, 12) are shaped to provide a nar-    stantially
parallel to the plane of the media during row tip portion (14) and a wide
yoke portion (13)    operation and the strip of magneto-resistive ma- and a
variable width region joining the narrow tip  40  terial (20) is formed
having a single magnetic do- portion (14) to the wide yoke portion 13 and
char-   main defined by magnetic dipoles having a se- acterised in that the
pole piece slot (17) is situat-  lected orientation with respect to the
strip's long- ed in the wide yoke portion (13) of the magnetic     itudinal
axis. pole piece (11), the magneto-resistive strip (20). protrudes beyond
the ends of the pole piece slot  45   7. A head as defined in any preceding
claim wherein (17) a sufficient amount to minimize the effects     the pole
pieces (11,12) are separated by a dis- of the Barkhausen noise due to the
creation of       tance which is relatively large in the yoke region 



multiple magnetic domains at the ends of the         (13) to accommodate
the energizable coil (16) magneto-resistive strip (20) and sensing electro-
and relatively small in the pole piece region (14) des (21.22) are
connected to the magneto-resis-  so  to increase the data density on the
magnetic me- tive strip (20) at the ends of the slot (17).        dium, one
of the pole pieces (11) having a slot (17) in the yoke region (13) which
has walls 2. A head as defined in claim 1 further comprising       (23,24)
making an acute angle relative to the ex- means connected to said coil (16)
for supplying a    terior surface of the yoke. varying current to energize
said coil (16) during   55 a write operation and a constant current to
ener-  8. A head as defined in claim 7 where said energiz- gize said coil
during a read operation, the energ-   able coil (16) has multiple turns,
and is planar and ization of said coil during a read operation being
helical. 7    13                  EP 0 308 483 B1                  14
PatentansprOche                                        rend eines
Lesebetriebs ausreicht, um eine Vor- magnetisierung       des
Magneto- 1. Lese-/Schreibkopf zurVerwendung In elnem Ma-
Widerstandsstreifens (20) auf einen im wesentli- gnetspeichergerat in elnem
digitalen Datenverar-    chen linearen Bereich des magnetischen Flusses /s
beitungssystem, zum Schreiben von Daten in   5      und elektrischen
Widerstandes zu erzeugen. :LV-;  Form eines magnetischen Flusses auf ein
und Lesen von Daten von einem Magnetspeicherme-     3. Kopf, wie in
Anspruch I angegeben, wobel der dium, des sich relativ zu dem Kopf bewegt,
wobel    Magneto-Widerstandsstreifen (20) mit elner ein- der Kopf zwei
magnetische Polschuhe (11, 12),       zigen magnetischen Domine gebildet
ist, die die jeder elnen Jochbereich (13) haben, und eine   10  durch
magnetische Dipole mit elner ausgewahl- zwischen den Polschuhen in dem
Jochbereich          ten Orientierung in bezug auf die LIngsachse
befindliche erregbare Spule (16) zur Erzeugung      des Streifens gebildet
wird, und wobei der Kopf eines magnetischen Flusses aufweist, wobei ei-
weiterhin eine zweite erregbare Spulensinrich- nerderPolschuhe
elnenSchlitz(17) in demJoch-        tung (30) aufweist, die nahe bel dem
Magneto- bereich aufweist, und wobei der Kopf weiterhin  15
Widerstandsstreifen (20) liegt, so ausgerichtet elnen Streifen
Magneto-Widerstandsmaterial         Ist, da3 sie ein mit der Lingsachse des
Strelfens (20), des an den beabsichtigten Weg des den         koaxiales
Magnetfeld erzeugt, und daffir einge- Schlitz Oberquerenden magnetischen
Flusses          rlchtet Ist, am Ende slnes Schrelbbetriebs erregt angrenzt
und allgemein quer dazu ausgerichtet       zu werden, um die magnetischen
Dipole In die ist, und eine elektrisch isolierende Schicht (19)  20
ausgewAhite Orientierung zu zwingen. enthalt, die den
Magneto-Widerstandsstrelfen \, _     rvon dem geschlitzten Polschuh trennt,
wobel der  4. Kopf, wie In Anspruch 1 angegeben, wobei beide Streifen (20)
daffur eingerichtet ist, mit einer Ab-  Polschuhe (11, 12) Schlitze (17,
41) aufweisen, fOhlelnrichtung verbunden zu werden, so daS,        die In
Ihren jewelligen Jochbereichen gebildet wenn des Speichermedlum relativ zu
dem Kopf  25     sind, wobel die Schlitze (17, 41) aligemein paral- bewegt
wird, der Widerstand des Magneto-           lei zuelnander sind und der
Magneto-Wider Widerstandsstreifens sich In Reaktion auf die An-
standsstrelfen (20) ein U-formiges Element mit derungen des auf dem
Speichermedium aufge-          geraden Abschnitten aufwest, die an den die
je- zeichneten magnetischen Flusses andert und die      weiligen Schlitze
rberquerenden magnetischen Abffhlelnrichtung die Widerstandsanderungen   30
FluBl angrenzen und quer dazu ausgerichtet sind. des
Magneto-Widerstandastrelfens ablfhit, wo- bel die magnetischen Polschuhe
(11, 12) so ge-  5. Kopf, wie In Anspruch 1 angegeben, wobel der formt
sind, daB ale elnen schmalen Spitzenab-       Polschuh (.12) ohne den
Schlitz weiterhin eine schnitt (14) und elnen brelten Jochabschnitt (13)
seitllche Abschlrmung (31, 32) enth3lt, die von sowie einen veranderlich
breiten Berelch biiden,  35  selner Polspitze (14) um die Seite der
Polspitze der den schmalen Spltzenabschnitt (14) mit dem      (14) des
anderen Polschuhs herum verlduft, so breiten Jochabschnitt (13) verbindet,
dadurch ge-   daM die seitliche Abschirmung (31, 32) wfhrend kennzeichnet,
daB sich derPolschuh-Schlitz (17)     des Gebrauchs des Kopfs wirksam !st,
um die in dem brelten Jochabschnitt (13) des magneti-      Polspitze des
anderen PoIschuhs gegen Streu- schen Polschuhs (11) befindet, der Magneto-
40    fluR von benachbarten Spuren abzuschirmen. Widerstandsstreifen (20)
eln ausrelchendes Mall uber die Enden des Polschuh-Schlitzes (17) hin-  6.
Kopf, wie in einem der vorstehenden Anspruche aus vorsteht, um  die
Auswirkungen  des             angegeben, wobei der Schlitz (17, 41) in dem
Barkhausen-Rauschens aufgrund der Erzeu-            Jochbereich im
wesentlichen parallel zu der Ebe- gung von vielfachen magnetischen Domanen
an   45    ne des Speichermediums wahrend des Betriebs 



den Enden des Magneto-Widerstandsstreifens          gebildet ist und der
Streifen aus Magneto- (20) zu minimieren, und Abffhielektroden (21,
Widerstandsmaterial (20) mit einer einzigen ma- 22) an den Enden des
Schlitzes (17) mit dem         gnetischen Domane gebildet ist, die durch
ma- Magneto-Widerstandsstrelfen (20) verbunden          gnetische Dipole
mit einer ausgewahiten Orien- sind.
so     tierung in bezug auf die Langsachse des Strel- fens gebildet wird.
2. Kopf, wie in Anspruch 1 angegeben, der welter- hin eine mit der Spule
(16) verbundene Einrich-  7. Kopf, wie in einem der vorstehenden Anspruche
tung fOrdie Zufuhreines sich Andernden Stromns,     angegeben, wobei die
Polschuhe (11, 12) um ei- um die Spule (16) wahrend eines Schreibbetriebs
5s  ne Strecke getrennt sind, die in dem Jochbereich zu erregen, und eines
konstanten Stroms auf-        (13) relativ groaB ist, um die erregbare
Spule (16) weist, um die Spule wahrend eines Lesebetriebs
unterzubringen, und in dem Polschuhbereich zu erregen, wobei die Erregung
der Spule wah-       (14) relativ klein ist, um die Datendlchte auf dem 8 '
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16 Magnetspelchermedium zu erh6hen, und wobei         en ce que des
electrodes de detection (21, 22) einer der Polschuhe (11) einen Schlitz
(17) in     sont reli6esA la bande magnetorbsistive (20) au dem Jochbereich
(13) aufweist, der Winde (23,      niveau des extremit6s de i'encoche (17).
24) aufweist, die einen spitzen Winkel in bezug auf die Aullenseite des
Jochs bilden.      5   2. Tete tells que dMfinie dans la revendication 1,
comprenant, en outre, des moyens relibs A ladite '   8. Kopf, wie in
Anspruch 7 angegeben, wobel die er-   bobine (16) pour fournir un courant
variable en regbare Spule (16) vielfache Windungen auf-
vued'exciterladitebobine(16)pendantuneopb- welst und eben und spiralisch
ist.                 ration d'ecriture, et un courant constant en vue 10
d'exciter ladite bobine pendant une operation de lecture, I'excitation de
ladite bobine pendant une Revendications
operation de lecture etant suffisante pour fournir une aimantation de
polarisation a ladite bande 1. Tete de lecturel6criture destinee a etre
utilisbs   magnetoresistive (20) pour obtenir une zone de dans un
dispositif de memorisation magnetique   16  resistance 6lectrique A un flux
magnetique, sen- d'un systeme de traltement de donnees numbri-
siblement lineaire. ques pour 6crire des donnbes sous la forme d'un flux
magnbtique sur un support magnbtique et    3. Tets tells que dbfinie dans
la revendication 1, pour lire des donnees A partir dudit support ma-   dans
laquelle ladite bande magnbtorbsistive (20) gn6tique qul se deplace par
rapport A la tote, la  20  est formbe pour avolr un soul domains magneti-
tote possedant deux plices polaires magnbti-       que dbfini par des
dipoles magnetiques ayant ques (11, 12) respectivement pourvues d'une
une orientation sblectlonnbe par rapport A l'axe zone formant culasse (13),
une bobine (16) apte    longitudinal de la bands, ladite tote compronant, A
etre excit~e, situbs entre les pleces polalres   en outre, a proximit6 de
ladite bands magnetorb- dans la zone formant culasse en vue de generer  25
sistive (20), un second moyen formant bobine un flux magnetique, Iune des
pices polaires       (30) apte A tre excitO, et orientA de manilre A gO-
comportant une encoche (17) dans la zone for-      nbrer un champ
magnetique coaxial avec l'axe mant culasse, la tOte comprenant, en outre,
une    longitudinal de ladite bends, qui est adapte pour bande de matbriau
magnetorbsistif (20) adjacen-    etre excite A la fin d'une op~ration
d'ecriture afin to A la trajectoire prbvue du flux magnbtique tra-  30  de
contraindre lee dipoles magnetiques A adopter verssnt l'encoche, et
orlentee d'une manibre ge-  Iorientatlon 96lectlonnee. neralo
transversalement par rapport A ladite tra- jectolre pr6vue, une couche
blectriquement iso-  4. TOte tells que definlo dens la revendlcatlon 1,
lante (19) qul separe ia bands magnetoresistive    dens laquelle les deux
pieces polaires (11, 12) de la piace polaire pourvue de l'encoche, ladits
35  possedent des encoches (1i, 41) defInles danq bands (20) btant adaptee
pour Otre rellee A un     leurs zones formant culasses respectives, les en-
matbrlel de dbtection do tells fagon quo, lorsque  coches (17,41) btant
d'une maniere generale pa- le support est deplacb par rapport A la tete, la
rb-  ralleles entre elles, la bands magnetorbsistive sistance de la bands
magnbtorbsistive varle en     (20) comprenant un organs en forms de U qui
fonction des variations du flux magnbtique enre-  .40  possede des parties
rectilignes adjacentes au gistrb sur Is support, le matbriel de dbtection
de-  flux magnbtique traversant les encoches respec- tectantles variations
dela rbsistance dela bands   tives, et orientees transversalement par
rapport 



magnbtoresistive, tote dens laquslle les pieces    A celul-ci. polaires
magnetiques (11, 12) sont conformees pourdefinirune partieformant points
etroite(14)  45  5. Tete telle que definie dens la revendication 1, et une
partie formant culasse large (13), tandis   dens laquelle !a piece polaire
(12) dbpourvue qu'unezone de largeurvariable relie la partiefor-  d'encoche
comprend, en outre, un 6cran lateral mant points btroite (14) A la partie
formant culas-  (31, 32) qui s'btend depuis sa points polaire (14) se large
(13), et caracterisbo en ce quo l'encoche  autour du cote de la points
polaire (14) de l'autre (17) de la piece polaire est sitube dons la partie
5o .    piece polaire, af in quo, lorsque la tote est en ser- formant
culasse large (13) de la piece polaire ma-  vice, I ecran latbral (31, 32)
agisse pour proteger gnbtique (11), en ce quo la bande magnetorbsis-    la
points polaire de l'autre piece polaire contre un tive (20) deborde des
extrbmitbs de l'encoche      flux de dispersion provenant de pistes
adjacen- (17) de la piece polaire d'une distance suffisantb  tes. pour
rbduire au minimum les effets du bruit dO a   5s I'effet Barkhausen
resultant de la creation de  6. Tets tells quo dbfinie dens lune quelconque
des multiples domaines magnetiques au niveau des       revendications
prbcedentes, dans laquelle l'en- extremitbs de la bends magnetoresistive
(20), et   coche (17, 41) dMfinie dens la zone formant 9 C
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culasse est form6e sensiblement parallelement au plan du support en cours
de fonctionnement et la bande de materiau magn6tor6sistlf (20) estfor- mee
pour comporter un seul domaine magneti- que defini par des dip6les
magnetiques ayant   5 une orientation selectlonn6e par rapport & l'axe
longitudinal de la bande. 7. Tete telle que definle dans l'une quelconque
des revendications precedentes, dans laquelle les   10 pieces polaires (11,
12) sont s6parees d'une dis- tance relativement importante dans la zone
for- mant culasse (13) pour recevoir la bobine (16) apte A etre excitbe, et
d'une distance relative- ment faible dans la zone de piece polaire (14)  15
pour augmenter la densite: des donnees sur le support magnetique, I'une des
pieces polaires (11) comportant dans la zone formant culasse (13) une
encoche (17) qul possbde des parois (23, 24) formant un angle aigu par
rapport a la  20 surface exterieure de la culasse. 8. TAte telle quo
definle dans la revendicatlon 7, dans laquelle ladite bobine (16j apte a
etre exci- teo possbde de multiples spires, et est plane et  25
hlllcoidale. 30 35 40 45 50 55 10 11111111111111111111111111111il *   C   L
M   S   *    


