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inductively from or to the gap, while DC or AC voltages are applied to the
piezoelectric substrate, Field of the invention
causing stress in the magnetostrictive films, This invention relates to
magnetic recording     which, in turn, rotates the anisotropy to allow the
playbacks heads, particularly to such heads    5    signals to be more
readily coupled through the wherein non-inductive means are utilized for
gap. Such a head is thus actually an inductive sensing localized magnetic
field patterns of a     type device in which magnetostriction is utilized
magnetic recording medium.                         in a secondary manner.
US-A-3 800 193 discloses a magnetic sens- Description of the prior art
to  ing head in which the magnetic flux sensitive With an apparently
never-ending quest to         device is formed as a film on a semiconductor
increase the storage density  on  magnetic         substrate but there is
no suggestion in this ref- recording media have come increased demands
erence of the use of a strain sensitive element as not only on the magnetic
recording media per se,   required by the present invention. IBM Technical
but also on the transducers used for both   15   Disclosure Bulletin, Vol.
17, No. 11, April 1975, recording and playing back the recorded infor-
pages 3478-3480 disclose a magnetoresistive mation. As the recorded bit
size has progressively  head but there is no disclosure of a magnetores-
decreased, the recording and playback head gaps    trictive material. in
typical ring shaped heads have also decreased     A device in which
mechanically coupled mag- until it is now virtually impossible to reduce
them    20   netostrictive and piezoelectric films are used to further
using discrete spacer layers. There has    directly sense localized fields
is depicted in U.S. consequently been developed a new class of
Patent US-A-3,909,809 (Kinsner et al). The recording and playback heads
utilizing thin films,  device there set forth is adapted for sensing in
which high permeability materials are formed    magnetic bubble domains
such as may be as thin film pole pieces, metallic thin films are   25
present in magnetic bubble memories in which formed to provide inductive
windings around the    the bubble memory and sensing device are both thin
film pole pieces, and insulative thin films are  stationary, i.e. one does
not move relative to the formed to provide both a gap between the pole
other, as is otherwise the case in a magnetic pieces and to insulate the
respective windings     recording medium and associated record or play-
where appropriate.                           30   back head. Further, the
device disclosed therein Such thin film heads were perhaps first dis-
does not incorporate amplifiers or other elec- closed in U.S. Patent
US-A-3,344,237 assigned      tronic circuits as an integral part thereof.
Minnesota Mining and Manufacturing Corn-          IBM Technical Disclosure
Bulletin, Vol. 16; No. pany,the assignee of thepresentinvetion.Since
8, January 1974, pages 2491-2492 -discloses a the initial development, many
types of thin film    35   piezoresistive stratum mechanically coupled to a
heads have been developed in various attempts      magnetostrictive
material for enabling a strain to improve the reliability and
signal-to-noise ratio  produced in the magnetostrictive material to pro-
while reducing manufacturing costs, complexity,   duce a corresponding
change in the electrical and the like. Relevant to the present invention
are  resistivity of the piezoresistive stratum. This ref- non-inductive
thin film playback heads, such as   40   erence- makes no use of
magnetostrictive and those utilizing magneto-resistive films. U.S.
piezoresistive properties to detect a field of, for Patent US-A-3,987,485
(Sugaya et al) is exem-     example, a magnetic tape and neither does this
plary of prior art disclosing such heads. The     reference suggest an
integrated solid state ampli- device there disclosed includes a
semiconductive   fier. This reference forms the pre-characterising
substrate on which may be deposited, along with   45   basis of the present
claim 1. the magnetoresistive film, or films for multitrack heads,
integrated circuits such  as switching dr-  Disclosure of invention cuits
and amplifiers which are connected to the      In contrast to thin film
magnetoresistive play- magnetic heads. In a somewhat similar fashion,
back heads and magnetic field sensors such as U.S.  Patent  US-A-3,908,194
(Romankiw)   5o   discussed above, in accordance with this inven- -depictsa
thin film magnetoresistive read head     tion there is provided a magnetic
sensor, com- integrated with 'a thin film inductive write head.  prising  a
magnetostrictive stratum, a first In addition to such magnetoresistive thin
film      piezoresistive stratum coupled to the magneto- heads, it is also
known to utilize heads including  strictive stratum  enabling strain
magnetically thin films having magnetostrictive properties.   55   induced
in the magnetostrictive stratum to pro- Thus, for example, Brunsch et al,
IBM Tech.        duce in said piezoresistive stratum  a corre- Disclosure
Bulletin, Vol. 21, No. 2, July 1978, pp.  sponding change in the electrical
resistivity 667-668, depicts a thin film head, with both read  thereof, and
characterized by a solid state ampli- and write capabilities, in which
magnetostrictive  fier formed as a single integrated structure films having
permanent anisotropy surround a    60   together with said first
piezoresistive stratum, single turn inductive winding, forming a working
said amplifier including a piezoresistively respon- gap therebetween, and
are in turn mechanically     sive region of the said first piezoresistive
stratum coupled to a piezoelectric substrate. In the head  mechanically
coupled to said magnetostrictive there depicted, read or write signals
appear to be  stratum for sensing said change in resistivity and coupled
from or to the conductor and hence    65   for supplying an electrical
output -signal in 3   



3               EP 0103 352 B14 response thereto which is representative of
the  .   Figure 2B is a cross-sectional view taken alon - intensity of
magnetic fields impressed upon said   the lines 2B showing the
relationships among th magnetostrictive stratum.
various layers making up the integrated device; Localized magnetic field
patterns such as may       Figure 3 is a perspective view of a further be
present in  a -record track in a magnetic    5    embodiment of the present
invention wherein a recording medium positioned adjacent the mag-
plurality of magnetostrictive-piezoresistive sens- netostrictive stratum.
may thereby be. sensed      ing elements are used in combination to provide
a independently of speed  or changes in the speed,    multi-channel
playback head; of the.head relative to the medium.                   Figure
4 is a combined cross-sectional view and Desirably, a piezoresistive
substrate having a    to   electrical schematic of a further embodiment of
magnetostrictive thin film thereon is fabricated    the present invention
incorporating a single sub- together with a carrier member adapted to be
strate having dual MOSFET amplifiers thereon, *    mounted with the plane
of the thin film sub-        each of which. has a piezoresistively
responsive stantially normal to the surface of a magnetic      channel, and
in which a magnetostrictive stratum recording medium, thereby enabling
localized     15    is proximate one of the gates while a non- *  .
magnetic patterns in the medium and oriented      magnetostrictive stratum
is proximate the other normal to the surface thereof to be impressed
gate so as to provide common mode noise rejec- upon the length of the
magnetostrictive thin film,  tion; and thus -producing a lengthwise strain
which is         Figure 5 is a perspective view of the present coupled to
the piezoresistive substrate.      20   invention utilizing both
magnetostrictive and non- If desired, the mechanically coupled magnetos- -
magnetostrictive  films,  thereby   providing .    trictive and
piezoresistive strata may be posi-      common mode noise rejection such as
shown in tioned proximate to high permeability thin film     Figure 4,
wherein the device is assembled in a pole pieces configured to optimize
detection of - - .   conventional integrated circuit chip carrier to either
vertically or longitally lly oriented mag-   25   facilitate further
mounting. netic media such that magnetic fields coupled to the pole-pieces
induce in the magnetostrictive      Detailed description stratum' a
mechanical strain which is coupled to      As set forth herein, the device
of the present the piezoresistive stratum  as described here-    invention
may be constructed in a variety of inabove.                             :
30   configurations including embodiments wherein Also, in order to
minimize interference from    the magnetostrictive and piezoresistive
strata are undesired stimuli, a further embodiment of the      applied on
separate substrates from that. of an present invention includes an
additional stratum    associated amplifier, as well as embodiments of ai
non-strain sensitive material which has sub-  wherein the elements are
directly coupled stantially the same  area as that of the magnetos-    35
together. Figure 1 sets forth a preferred embodi- tritive stratum and which
extends over a differ-  ment of the latter wherein a magnetostrictive film
ant portion of the piezoresistive stratum. In such .is deposited over a
piezoresistively responsive embodiments, a change in the resistance in the
region associated with the gate areaof a MOSFET :piezoresistive stratum
proximate the non-strain-.  transistor. sensitive stratum is compared wih
the change in   40   In order to better: understand the operation of
resistance in another section of the piezoresistive    such an embodiment,
a short description of the stratum proximate the magnetostrictive stratum
-  operation of a conventional MOSFET device will so that undesired
non-magnetic stimuli, both time     be useful.When a potential of suitable
magnitude varying and steady state, applied to both portions  and polarity
is applied to a gate electrode a of the piezoresistive stratum may be
suppressed  45    conductive channel is formed between the source while
allowing stimuli  present ony in one por-     and drain regions.
Application of a. potential tion, such as that magnetically induced -in the
between those regions results in a current flow in magnetostrictive
stratum,to be readily detected.         the channel connecting those
regions, the mag- .            nitude of which is determined by the
polarity and When the sensor of the present invetion is dapted for use as a
magnetic recording playback   50   magnitude of the applied potential.
head, it satisfies an existing need for a devicefor    Accordingly, as
shown in Figure 1, the device 10 .  reading high density magnetic
information stored  includes a substrate 12 of P-type silicon in which in
advanced memory systems.                        two zones have been heavily
doped to provide N- type regions 14 and 16, respectively.On top of the
Brief description of the drawing -                 substrate and adjoining
the N-type regions 14 and 'Figure 1'      a sectional view of a preferred..
16 are formed irisulating SiO2 regions 18, 20, and embodiment of a device
according to the present     22, respectively, and on top of the: regions
18 and invention wherein a magnetostrictive stratum is   .22 are deposited
metallic contact regions 24 and applied directly. to the gate of an
N-channel    .   26 respectively. In lieu of a conventional metallic MOSFET
transistor having a piezoresistive region    60   electrode on top of the
oxide region 20, a metallic proximate the gate;          .
magnetostrictive film 28 is then deposited, thus Figure 2A is a plane view
of a further embodi-    completing a modified MOSFET transistor. As the
ment.of the present invention utilizing asymmet-    Si substrate
particularly in channel area 31, is ric pole piecesto provide a playback
head suitable   appropriately strain sensitive, i.e. having appreci- for
reproduction of vertical recording;       65   able piezoresistive
characteristics, strain induced 4 
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magnetostrictive film 28 from external      region 94 is a thin film
insulator 100 and overlying magnetic fields and coupled through the
underly-   the insulating thin. film 100 is a thin film of a ing oxide
layer 20 to the strain sensitive region 30,  magnetostrictive material 102.
Finally, overlying causes a change in the resistance in this region,  the
thus deposited films.are two high permeabil- so as to alter the current
flow between the source    5    ity thin film pole pieces 104 and 106,
respectively. and drain electrodes 24 and 26. Appropriate bias   The
magnetostrictive film  102 and adjacent potentials such as provided by
sources 30 and 32   piezoresistive region 94 are thus formed within may be
applied to the device via conductors 34,   the gap of the pole pieces 104
and 106. When a 36, and 38 secured to the contacts 24, 26, and 28,
perpendicularly recorded bit within a magnetic respectively, and an output
signal developed    10   recording layer 110 and an associated high-per-
across resistor 40.                                meability underlayer 112
such as would be pro- A device such as that set forth in Figure 1 was
vided with vertically oriented magnetic recording constructed in the
following manner. A'P-channel   medium 114, passes under the high
permeability enhancement mode MOSFET transistor was fabri-      leg 104,
.the flux therefrom is concentrated. and cated from an N-type silicon
substrate utilizing   15   channelled up to the gap between the pole pieces
conventional MOSFET technology, wherein the        104 and 106. A
substantial proportion of the flux gate electrode was prepared having
dimensions      will then bridge through the magnetostrictive film of
approximately 25 by 1,000 micrometers. A        102 across the gap, and the
flux loop will close magnetostrictive thin film  approximately 500
back onto the bit through the large area pole piece nanometers thick was
ion beam sputtered onto  .20   106 and the high permeability underlayer
112. the gate electrode from a 98%+ pure nickel foil    The pole piece 106
is desirably made sufficiently target. Alternatively, other
magnetostrictive thin  extensive in area to result in a flux density .
films may also be deposited, such as an alloy of    sufficiently low to
avoid magnetically affecting approximately [err].
recorded data. passing adjacent that pole piece. Equivalent devices to that
shown in Figure 1   25   The flux thus induced in the magnetostrictive film
may be made using either N-channel or P-channel    102 will produce an
associated electrical output silicon substrates, operating in either an
enhance-  from the piezoresistive region. mentor depletion mode. Also,
analogous devices      In the embodiment set forth in Figure 2A, a may be
constructed using bipolar transistors                    polar transistor
116 is separately In addition to the embodiment discussed here-   30
fabricated and bonded to the silicon substrate 92 inabove with respect to
Figure 1, an alternative   as there shown. The electrodes 96 and 98 may
device may. utilize  a totally passive substrate,  then be coupled between
a source of potential such as formed of a planar sheet of glass or the.
120 and the base 122 of the transistor 116. Also like, onto which is then
adhered  a. conventional  the collector and emitter 124 and 126  respec-
MOSFET transistor having the respective doped   35   tively, can be coupled
via leads 128 and 130 to an regions, insulating layers, and metallic
contacts,  appropriate  bias crcuit. as descrbed hereinabove with respect
to the          As shown in more detail in  the cross-sectional MOSFET of
the device 10 and set forth in Figure 1.  view of Figure 2B, such a device
includes the Onto an adjacent portion of the passive substrate  substrate
92 having a piezoresistiv region 94. On is  -similarly adhered  a second
portion of the   .40   top of the    re. the metal electrodes 96 device
consisting of a   substrate. and a   mag-  and 98, the insulating film 100
and the magnetos- netically  activated piezoresistor, formed  by first
trictive film 102, respectively. The high permeabil- depositing a
piezoresistive film. Suitable electrical  ity thin film  pole pieces 104
and 106 are similarly contacts   are applied to  two  sides of the film.
shown deposited over the magnetostrictive film, Overlying the region of the
film between the   45   leaving the gap region therebetween. contacts is
deposited an insulating thin film, such  An alternative' construction  may
provide the as [err] and overlying this layer is deposited a   capability
to read'both longitudinally and perpen- thinfilm of a magnetostrictive
material, such as   dicularly recorded data. Such a 'device utilizes
NAppropriate electrical contacts.are then pro-    symmetric, thin film pole
pieces deposited over a *      vided to couplethe piezoresistor and  bias
poten-.   50   magnetostrictive-piezoresistive transducer sub- tials to the
MOSFET transistor.                    stantially the same as that shown in
Fig. 2A  One In another embodiment  of the present inven-  pole. piece
would thus terminate with an underly- tion, a. device  functionally
equivalent to .that  ing  pole tip substantially covered by a second
described in conjunction with Figure 1 here-       pole tip, the two pole
tips being separated by an inabove may be constructed by adding suitable
55   insulative thin film, thus forming the working gap high. permeability
pole pieces to enable remote  of the resultant head. The construction of
such sensing of localized magnetic fields such as may   thin film heads is
well known to those skilled in be -present in magnetic recording media. One
thin film  recording and playback head tech- such device is set forth in
plane view in Figure 2A,  nology. and associatedly, in cross-section view
in Figure   60    In another embodiment, the present invention .2B. As
there set forth, the device 90 includes a  may also be utilized with
external pole pieces to silicon substrate 92 having a region 94 having
provide both  a read and write capability.  Such a appreciable
piezoresistive  characteristics. At   device may include a silicon
substrate on which opposite ends of the region 94 are deposited       are
deposited successive thin films so as to form a electrodes 96 and 98.
Overlying the piezoresistive   65   single turn inductive winding around
the approp- 



7              EP 0103352 B1                       8 [err] pole pieces
together with a magnetostric-     stimuli of interest, but with both the
sensing tive-piezoresistive  transducer  assembly  as        elements
equally  receiving  all background described above.
stimuli. Accordingly, the device set forth in Figure Figure 3 sets forth in
perspective view a further  4 incorporates a common mode noise rejection
preferred embodiment of the present invention    5    feature. As there
shown, the device 232 includes a wherein  a  plurality  of
magnetostrictive-       common substrate 234 within which are fabri-
piezoresistive sensing elements are provided,     cated two separate MOSFET
transistors each thus enabling simultaneous playback of parallel   shown
generally extending over two separate tracks. Alternatively, such a device
may also be   regions 236 and 238, respectively, of the sub- used to
maintain the head positioned over a    10   strate. Each of the MOSFET
transistors are con- single track via a dynamic servoing system. As
ventional in nature so far as having the requisite there set forth, such a
head 182 may include a     doped regions, metal oxide layers and source,
silicon substrate 184 into which is diffused a     gate, and drain
electrodes, but further modified to plurality of piezoresistively
responsive regions   have piezoresistively responsive channels. Fur- 186,
188 and 190, into the ends of which are   is  ther, as shown in Figure 4,
the common mode formed highly conductive regions 192 and 194,      noise
rejection capability is provided by deposit- 196 and 198, and 200 and 202,
respectively. As     ing over the respective gate regions 240 and 242 a
desired, several discrete insulating films and     magnetostrictive film
244 and a similarly con- overlying magnetostrictive films 204 and 206, 208
figured non-magnetostrictive film 246, such as and 210, and 212 and 214,
respectively, may then   20   may be provided by a thin film of aluminum,
or be deposited onto the piezoresistive regions.     the like. Contacts
(not shown) to each of the Separate contacts may then be provided to the
respective films 244 and 246 may be provided to highly conductive regions
via leads 216 and 218,  allow applications of appropriate bias potentials.
220 and 222, and 224 and 226 respectively, thus    Appropriate sources of
potential and biasing coupling each discrete sensor to an appropriate   25
resistors, 248 and 250, and 252 and 254, respec- amplifier (not shown). In
the device there set    tively, will also be provided for energization of
the forth, it will be recognized that strain, separately  two separate
MOSFET sections. The output from induced in  any one of the
magnetostrictive       the two respective MOSFET sections will then
elements.. 206, 210, and 214, respectively, will  typically be coupled to a
differential amplifier 256 induce a.  localized strain in the
piezoresistive   30   to provide an appropriate differential output region
proximate the particular strained mag-    signal. netostrictive   element,
thereby modulating an       an alternative embodiment, common mode
electrical signal applied to the respective leads.  noise rejection may be
obtained even though While, in the embodiment there shown, a single    both
the films 244 and 246 are magnetostrictive in substrate having a plurality
of discrete piezoresis-   35   nature. In such an embodiment, only one of
the tive  regions  have  been  utilized, separate     films would be
exposed to the desired magnetic piezoresistive strata matching the
magnetostric-  field, with appropriate shielding provided if tive strata
may likewise be used.                 desired to minimize cross-talk.
Hence, the differ- Due toh close proximity of three piezoresis-     ence
between the outputs of the two would tive elements, a certain amount 'of
"crosstalk"    represent a magnetically induced signal with may occur
.between  them, particularly, if the    common mode noise rejected.
magnetostrictive elements produce strain over  In another alternative
construction, common regions  larger  than  that physically  covered by
mode noise rejection may  similarly be achieved each  discrete
piezoresistive  region.  Con-  using a single MOSFET device. Thus, for
example, sequently, in such an application, a certain   45   such a device
can be fabricated using a single amount. of mechanical isolation between
the        silicon substrate, upon a first portion of which is respective
piezoresistive regions may be desir-   fabricated a conventional MOSFET
transistor. able.                                              Within the
same substrate but within another In certain magnetic sensing situations, a
small  region, a single piezoresistive zone is then magnetic signal must be
detected in the presence   50   formed, having separated, highly conductive
of noise that is both time varying and/or steady   regions of equal
resistance. Overlying one half of state.A further difficulty sometimes
encountered   the piezoresistive zone would then be provided an
isthatvarious pizoresistive materials are not     insulating layer, and on
top of that layer would be only pressure-sensitive, but are sensitive to
unde  provided  a magnetostrictive layer. Analogously, sired stimuli such
as temperature as well. In   55   overlying the other half of the
piezoresistive zone addition, non-magnetically induced strains can
would be another insulating layer and on top of also couple unwanted
signals via the piezoresis-  that layer would be a non-magnetostrictive
layer. tive film. Figure 4 sets forth a preferred embodi-  The two
piezoresistors thus formed, in combina- ment of the present invention
wherein additional  tion with a source of potential, constitute a bias-
component  are  provided  for suppressing    60   ing network for the
MOSFET. Application of an unwanted effects of stimuli other than the main
external magnetic field thus modulates the magnetic signals of interest. In
such an embodi-  resistance of the zone underlying the magnetos- ment, a
pair of sensing elements as nearly geo-   trictive layer, and results in a
change in the bias metrically identical as possible are provided, with
potential applied to the MOSFET. only one of'the sensing elements receiving
the   65  A desirable arrangement for mounting the 
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present invention is set forth in the  operating in either the enhancement
or depletion perspective view of Figure 5. As there set forth,  mode. one
such device 304 includes a conventional          Finally, with respect to
the magnetostrictive ceramic chip carrier 306 which is arranged to have
stratum, such a layer is desirably deposited in an internal recess and to
be open at one end 308.    5    intimate mechanical contact with the
piezoresis- Such chip carriers typically have a plurality of   tive
stratum. A number of materials may be used bonding pads positioned about
their periphery for  as magnetostrictive elements. Among these are enabling
electrical connections to be made to the  various compositions of FeSi,
FeB, Ni, FeSiTb, various portions of a semiconductor substrate       FeNi,
etc. Optimum thicknesses and application positioned therein. Thus, as set
forth in Figure 5, a    10   techniques will depend upon the particular
silicon substrate 310 is mounted within the carrier  material selected.
There are a variety of tech- 306 using an appropriate thermally conductive
niques available to provide for coupling between adhesive, with one end of
the substrate terminat-  the magnetostrictive and piezoresistive strata.
ing substantially coincident with the open end of  The magnetostrictive
material may be sputtered, the carrier 308. In order to provide a common
15   evaporated, plated, or even adhered with, for mode noise rejection
configuration like that set   example, a thin epoxy layer over the
piezoresis- forth in Figure 4, a magnetostrictive film 314 and a  tive
material. Of course, the mechanical and non-magnetostrictive film 316 are
deposited over    electrical characteristics of the device will depend an
insulating  film  318  covering  separate       on the particular
deposition  or application piezoresistive zones 320 and 322. The magnetos-
20   method employed. trictive film is a thin film of an iron-silicon alloy
It is the magnetostrictive film that actually having the approximate
composition [err]        couples to a magnetic field. Consequently, it with
a thickness in the range of 200-800          properties are perhaps the
most critical to device nanometers. The non-magnetostrictive film 316
performance. The basic material characteristics may be a sputtered film of
aluminum having a    25   required are relatively low coercivity, so that
the thickness of approximately 300 to 500 nanome-       film magnetization
can be easily switched, and a tars, and of similar physical dimensions. As
relatively high magnetostriction coefficient. The shown schematically by
leads 324 and 326,           particular properties of the magnetostrictive
layer respectively, the differently fabricated piezoresis-  can be tailored
somewhat to match the properties tors may be coupled to the electrodes of
inte-   30   of the piezoresistive stratum and amplifier being grated
transistors 328 and 330, bonded to another  used. However, in general it is
desirable to have portion of the substrate 310 via a suitable        the
highest possible induced strain per unit thermally conductive adhesive, or
fabricated as     applied field, consistent with achieving magnetic an
integral portion thereof. In a typical case, the  saturation in digital
applications at an acceptably periphery of the chip carrier 306 will
include    35   low field intensity. The physical dimensions of the bonding
pads (not shown) so that connections to    film determine the spatial field
resolution and appropriate biasing potentials and input and/or
bandwidth of the sensor. Thin film, photolithog- output signals may be made
to the transistors.     raphically patterned elements can achieve maxi- A
chip carrier such as described in the fore-     mum bandwidth and
resolution. going, having the respective films terminating    40  While
various specific constructions and circuit proximate the open end of the
carrier, may be       configurations have been set forth in conjunction
utilized  to  detect perpendicularly  encoded       with the figures
discussed herein, it will be readily localized magnetic field patterns
within a mag-     apparent to those skilled in the art that many netic
recording medium. Such a medium may           variations and alternatives
are feasible. Thus as include a layer of a vertically oriented magnetic  45
examples, the  various  circuit connections, recording material over a high
permeability sub-   grounds, etc., may be inverted, off set by suitable
strata, which thereby provides an efficient flux    D.C. potentials, or
equivalent amplifiers and the return path. As such a medium is moved past
the     like provided. Likewise, the various constructional carrier,
localized bits will come proximate the     configurations may be inverted,
additional films magnetostrictive and metallic films, and differen-   so
included, alternative pole piece geometries sub- tial strain will be
induced within the magnetostric-  stituted, etc. Also wide variations in
the thickness tive film 314to provide an appropriate signal from  and other
dimensions of the respective films the transistors.
utilized in the device can be employed depending As described herein, the
amplifier which desir-   upon the specifications desired. ably forms an
integrated part of the device of the   55 present invention may be a
MOSFET, JFET or          Claims bipolar type transistor and thus provides
the first stage of amplification as well as impedance           1. A
magnetic sensor comprising matching, to the magnetostrictive-piezoresistive
a magnetostrictive stratum (28, 244), portion of the device. In any event,
the transistors   60  a first piezoresistive stratum (12, 236) coupled
desirably used in the present devices can be       to the magnetostrictive
stratum enabling strain fabricated by standard IC processes. In such
magnetically induced in the magnetostrictive possible configurations, the
device of the present  stratum to produce in said piezoresistive stratum
invention can be fabricated with MOSFET ampli-      a corresponding change
in the electrical resistiv- 
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such device 304 includes a conventional           Finally, with respect to
the magnetostrictive ceramic chip carrier306whichisarrangedtohave
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There are a variety of tech- 306 using an appropriate thermally conductive
niques available to provide for coupling between adhesive, with one end of
the substrate terminat-   the magnetostrictive and piezoresistive strata.
ing substantially coincident with the open end of   The magnetostrictive
material may be sputtered, the carrier  308. In order to provide a common
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configuration like that set    example, a thin epoxy layer over the
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deposited over    electrical characteristics of the device will depend an
insulating.' film. 318  covering. separate      on the particular
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20    method employed.      - trictive film is a thin film of an
iron-silicon alloy  It is the magnetostrictive film . that actually having
-the approximate composition. [err]      couples to a magnetic field.
Consequently, it with a thickness in the range of 200-800
properties are perhaps the most critical to device nanometers. The
non-magnetostrictive film 316      performance. The basic material
characteristics may be a sputtered film of aluminum having a    25
required are relatively low coercivity, so that the thickness of
approximately 300 to 500 nanome-       film magnetization can be easily
switched, and a ters, and of  similar physical dimensions. As
relatively high magnetostriction coefficient. The shown: schematically by
leads 324 and  326,        particular properties ofthemanetostrictive layer
respectively, the differently fabricated piezoresis-  can be tailored
somewhat to match the  properties tors may be coupled to the electrodes of
inte-   30   of the piezoresistive stratum and amplifier being grated
transistors 328 and 330, bonded to another  used. However, in general it is
desirable to have portion  of the substrate ' 310 via a suitable  the
highest possible  induced strain per unit thermally conductive adhesive,
orfabricated as      applied field, consistent with: achieving magnetic a
integral portion thereof. In a typical case, the  saturation in digital
applications at an acceptably periphery  of the chip carrier 306 -will.
include    35   lowfield intensity.The physical dimensions of the bonding
pads (not shown so thatconnectionsto     film determine the spatial field
resolution and approprite biasing potentials and input and/or
bandwidth of the sensor.Thin film, photolithog- output signals may be made
to the transistors.   raphically pattemed elements can achievemaxi- A. chip
carrier such as described in the fore-   mum bandwidth and resolution.
going,-having the  respective films -terminating   .40  While various
specific constructions and circuit proximate the open end of the carrier,
may: be.  configurations have been set forth in conjunction utilized to
detect perpendicularly  encoded        with the figures discuseed herein,
it will be readily . localized magnetic field patterns within a mag-
apparent to those skilled in the art that many netic  recording medium .
Such a medium may  variations and alternatives are feasible. Thus as
include a layer  of avertically oriented magnetic   45   examples, the
various:. circuit connections, recording material over a high permeability
sub-    grounds, etc., may be inverted, off set by suitable .
strate, which thereby provides an efficient flux   D.C. potentials, or
equivalent amplifiers and the return  path. As such a medium is moved past
the  like provided. Likewise, the various constructional carrier, locized
bits will come proximate: the      configurations may be inverted,
additional films magnetostrictive and metallic films, and differen-   so
included, alternative pole piece geometries sub- tial strain will be
induced within the magnetostric-  stituted, etc. Also wide variations in
the thickness tive film 314 to provide anappropriatesignal from    . and
other dimensions of the respective films the  transistors.
utilized in the device can be employed depending As describd herein,  the
amplifier which desir-    upon the specifications desired. ably forms an
integrated part of the device of the present invention may be aMOSFET,.
JFET or          Claims bipolar type transistor and thus provides the first
stage. of amplification as well as impedance          1. A magnetic sensor
comprising matching, to the magnetostrictive-piezoresistive     a
magnetostrictive stratum (28, 244), portion of the device. In any event,
the transistors   60  a first piezoresistive stratum (12, 236) coupled
desirably used in the present. devices can be.      to the magnetostrictive
stratum enabling strain -    fabricated by standard IC processes. In such
magnetically induced -in the magnetostrictive possible configurations, the
device of the present  stratum to produce in said piezoresistive stratum 



invention can be fabricated with MOSFET ampli-      a corresponding change
in the electrical resistiv- fiers employing either N-type or P-type
channels,   65   ity thereof, and 7    11               EP 0103352 B1
12 characterized by                                     having said
substrate and said magnetostrictive a solid state amplifier formed as a
single inte-    thin film terminating substantially coplanar with grated
structure  together  with  said  first        said open end, and wherein
said carrier means piezoresistive stratum, said amplifier including a
and elements supported therein are adapted to be piezoresistively
responsive region of the said first    5    mounted with the plane of said
thin film sub- piezoresistive stratum  mechanically coupled to
stantially normal to the surface of the magnetic said magnetostrictive
stratum for sensing said       recording medium, thereby enabling localized
change in resistivity and for supplying an electri-   magnetic patterns in
said medium and oriented cal output signal in response thereto which is
normal to the surface thereof to be impressed on representative of the
intensity of magnetic fields    to   the length of the magnetostrictive
thin film impressed upon said magnetostrictive stratum.         extending
away from  said recording medium 2. A sensor according to claim 1,
characterized     surface to thereby impart a lengthwise strain by said
first piezoresistive stratum being within a   which is coupled to said
piezoresistive substrate. substrate and wherein said magnetostrictive
8. A sensor according to claim 7, characterized stratum (28) overlies said
substrate.           15   by said flux coupling means (104) including at 3.
A magnetic sensor according to claim  1,         least one pole piece
comprising a first thin film of characterized by said solid state amplifier
corn-     a high permeability material supported by said prising a MOSFET
type amplifier in which the said     carrier means and  terminating
substantially piezoresistively responsive region is a channel
coplanar with said open end such that the plane region  (31) to  which
said  magnetostrictive    20    of said pole piece may be mounted
substantially stratum (28) is mechanically coupled.                 normal
to the plane of the magnetic recording 4. A magnetic sensor according to
claim  1,         medium, thereby enabling magnetic fields asso- further
characterized by another stratum  (246)      ciatedwith localized magnetic
patterns in said having substantially the same area as said mag-
medium to be coupled to said pole piece, and netostrictive stratum - (244)
and coupled to a    25    wherein said magnetostrictive thin film is posi-
second piezoresistive stratum  (238) enabling         tioned within said
carrier means and is mag- stimuli applied in the region of said another
netically coupled to said pole piece to thereby stratum and coupled to said
second piezoresistive    impress said coupled magnetic fields onto said
stratum  to produce- therein a corresponding          magnetostrictive thin
film. change in electrical resistivity, and           30      9. A sensor
according to claim 8, characterized the amplifier comprising means (252,
254 and        by said pole piece (104) terminating within said 256) for
sensing changes in the electrical resistiv-  carrier means to define one
boundary of a back ity-in said second piezoresistive stratum (238) and
gap, and wherein a second thin film (106) of .a for supplying a second
output signal in response      high permeability material of appreciably
larger thereto which is representative of stimuli applied    35   area is
supported by said carrier means, one in the region of said another stratum,
portion of which terminates within said carrier whereby stimuli applied to
both piezoresistive      means to define another boundary of said back
strata may be suppressed -in  said amplifier oper-    gap and a. second
portion having an extended ating in a differential mode, while  allowing
stimuli  width terminates substantially coplanar with said coupled to only
one of said piezoresistive strata to   40    open end to distribute said
coupled magnetic be readily detected.                      fields. back to
said medium, and wherein. said 5. A sensor according to claim 4,
characterized   magnetostrictive thin film is. positioned within by said
another stratum  (246)  comprising a          said carrier means and
substantially across said material having substantially no magnetostrictive
back gap defined by said pole pieces to thereby characteristics, thereby
enabling undesired non-    45   impress said coupled magnetic fields onto
said magnetic stimuli, both time-varying and steady        magnetostrictive
thin film. state, applied to .both said first and second           10. A
sensor according to claim 6, characterized 'piezoresistivestrata to
besuppressedwhilemag-        by said semiconductor substrate comprising a
netic stimuli presentonlyin thefirstpiezoresistive   single crystal having
either n or p type charac- stratum  (236) are readily detected.
50   teristics and including at least one piezoresistive 6. A sensor
according to claim 1 adapted for use   responsive region in the said
piezoresistive as a playback head for magnetic recording media,
stratum, the region being of opposite conductivity characterized by said
magnetostrictive stratum        type, and over which said thin film of
magnetos- (28) comprising a thin film of a magnetostrictive     trictive
material is applied, such that an electrical material  applied to  a
semiconductor substrate   55    potential applied to said region results in
a cur- having the                            herein          rent flow
localized within the region covered by and further comprising means (104)
for coupling       said magnetostrictive thin film. magnetic flux
derivedfrom -a magnetic recording         11. A sensor according to claim
10, charac- medium to-said magnetostrictive stratum.              terized
by said semiconductor substrate including 7. A sensor according to claim 6,
characterized    60   at least two electrically isolated piezoresistive by
said sensor further comprising carrier means       responsive regions in
the said  piezoresistive (306) for  supporting the said substrate having
stratum, the regions being of said opposite 



appreciable  piezoresistive characteristics and the   conductivity type,
said magnetostrictive thin film thin film of a magnetostrictive material
thereon,     overlying one of said regions, and by said ampli- said carrier
means being open at one end and    65   fier comprising means for
differentially detecting 8    13              EP 0103352 BI
14 electrical resistance changes in the two regions of  zweite
Piezowiderstandsschicht einwirkende, zeit- said piezoresistive stratum,
whereby undesired     lich verinderliche und stationare Reize unter-
stimuli, both time-varying and steady state,       drOckt werden k6nnen,
wahrend nut auf die applied to both regions of said piezoresistive
ersten Piezowiderstandsschicht (236) einwirkende stratum  may be
suppressed, while allowing    5    magnetische Reize ohneweiteres erfa~t
werden. stimuli present in only one portion thereof to be    6. Sensor nach
Anspruch 1, der fOr die Verwen- readily detected.
dung als Wiedergabekopf fOr magnetische Auf- zeichnungsmedien geeignet ist,
dadurch gekenn- Patentanspruche
zeichnet, dag die Magnetostriktionsschicht (28) 10   eine dflnne Schicht
aus einem magnetostriktiven 1. Magnetischer Sensor, umfassend
Material umfaBt, das auf ein Halbleitersubstrat eine
Magnetostriktionsschicht (28, 244) und      aufgetragen ist, das die erste
Piezowiderstands- eine erste Piezowiderstandsschicht (12, 236),    schicht
(12, 236) enthalt, und dao  Mittel (1.04) die mit der
Magnetostriktionsschicht derart        vorgesehen sind, die dazu
dienen,.einen von gekuppelt ist, daG in der Magnetostriktionsschicht   is
einem   magnetischen  Aufzeichnungsmedium magnetisch induzierte
Verformungen in der Pie-     abgeleiteten magnetischen KraftfluB  auf die
zowiderstandsschicht eine entsprechende Veran-     Magnetostriktionsschicht
zu Obertragen. derung des spezifischen elektrischen Widerstan-      7.
Sensor nach Anspruch 6, dadurch gekenn- -    des derselben bewirken,
gekennzeichnet durch:      zeichnet, dal der Sensor ferner eine
Trageranord- einen Festkorperverstarker, der zusammen mit  20   nung (306)
aufweist, die zum  Abstutzen des der ersten Piezowiderstandsschicht eine
einzige    genannten Substrats, das'betrichtliche Piezowi- integrierte
Struktur bildet und der einen Piezowi-  derstandseigenschaften hat, sowie
der .darauf derstandseigenschaften besitzenden Bereich der     vorhandenen
dOnnen Schicht aus Magnetostrik- ersten Piezowiderstandsschicht aufweist,
der zum   tionsmaterial dient, dae die Trageranordnung am Erfassen  der,
Verinderung des spezifischen   .25   einen Ende offen ist, daB das Substrat
und die Widerstandes mit der Magnetostriktionsschicht      dOnne
Magnetostriktionsschicht im wesentlichen gekuppelt ist und dazu dient, auf
Grund dieser     in einer Ebene mit dem offenen Ende enden, und VerInderung
ein elektrisches Ausgangssignal        daB die Trageranordnung und die
darin abge- abzugeben, das die Starke von der Magnetostrik-    stutzten
Elemente derart montierbar sind, daB die tionsschicht aufgeprigten
Magnetfeldem :dar-   30   Ebene der dOnnen Schicht zu. der. Oberfilche
stellIt                    ~;: :-  -- - - - r ' -' -. des magnetischen
Aufzeichnungsmediums ...im 2. Sensor nach Anspruch 1, dadurch gekenn-;
wesentlichen normal ist, so daB in.dem genann- zeichnet, daB die erste
Piezowiderstandsschicht    ten Medium vorhandene, normal zu dessen Ober- in
einem Substrat angeordnet ist und die Magnet-   fliche orientierte
magnetische' Muster der dOn- 'ostrilionsschicht (28) Ober dem Substrat
liegt.    35   nen Magnetostriktionsschicht Ober deren sich von 3.:'
Magnetischer:. Sensor nach Anspruch 1,        der Oberfliche des
Aufzeichnungsmediums weg -dadurch gekennzeichnet, daB der Festkorperver-
erstreckende Linge aufprigbar sind, um ihr eine stirker eineid
MOSFET-Verstirker umfaBt, in dem    Lingsverformung zu erteilen, die auf
das Piezowi- .'Piezowiderstandseigenschaften  besitzende
derstandssubstrat Obertragen wird.: Bereichl ei Kanalbereich (31)1ist, mit
dem die   40  8. Sensor nach Anspruch 7, dadurch gekenn- '
Magnetostriktionsschicht (28) mechanisch gekup-     zeichnet, daB die
KraftfluBObertragungsmittel "pelt ist. ' -':-' ' ' : > - i: -  :   :
(104) mindestens einen Polschuh aufweisen, der -4., Magnetischer Sensor
:nach Anspruch 1,         eine erste aus einem Material hoher Permeabilitit
gekennzeichnet durch eine mit der Magnetostrik-    bestehende dunne Schicht
besitzt, die auf der .tionsschicht. (248) im wesentlichen flichenglei-   46
Trageranordnung abgestOtzt ist und im wesent- che, weitere Schicht (244),
die derart mit einer   lichen in einer Ebene mit dem genannten offenen
zweiten Piezowiderstandsschicht (238) gekuppelt  .Ende endet, so daB die
Ebene des-Polschuhs im ist, dali auf den Bereich der genannten weiteren
wesentlichen normal zu der Ebene des magne- Schicht einwirkende Reize auf
die zweite Piezowi-  tischen Aufzeichnungsmediums montierbar ist
derstandsschicht Obertragen werden und- in.die-   5o   und Magnetfelder,
die lokalen magnetischen :ser eine entsprechende Veranderung des spezifi-
Mustern in dem genannten Medium zugeordnet "schen elektrischen Widerstandes
bewirken, und     sind, an den Polschuh angekoppelt werden kon- * daR der
Verstirker Mittel (252, 254.und 256)     nen, und daB die dunne
Magnetostriktionsschicht aufweist, die dazu dienen, Verinderungen des
in der Trageranordnung angeordnet undrmit dem spezifischen elektrischen
Widerstandes der zwei-   ss   Polschuh magnetisch gekoppelt ist, so daB sie
die * ten Piezowiderstandsschicht (238) zu erfassen      angekoppelten
Magnetfelder der dOnnen Magnet- und auf Grund derselben ein zweites
Ausgangssi-    ostriktionsschicht aufpragt. gnal abzugeben, das auf den
Bereich der genann-      9. Sensor nach Anspruch.8, dadurch gskenn- ten
anderen Schicht winwirkenden Reizen ent-       zeichnet, daB der Polschuh
(104) in der Tragera- spricht.                                     60
nordnung deranl endet, daB er eine Begrenzung *5. Sensor nach Anspruch 4,
dadurch gekenn-      eines Scherungsspaltes bildet, daB die Tragera- 



zeichnet, daB die genannte andere Schicht (246)    nordnung  eine
betrachtlich  flichengrolere, wenigstens teliweise aus einem Material
besteht,   zweite dunne Schicht (106) aus einem Material das' im
wesentlichen keine Magnetostriktionsei-    hoher Permeabilitit tragt, von
der sin Teil in der :'genschaften hat, so daB auf dis erste und die   65
Trageranordnung endet und eine weitere Begren- 9    15                EP
0103 352 B1                16 zung des hinteren Spalts. bildet, wihrend emi
twoe est formde dans un substrat et en ce que verbreiterter zweiter Toll
derselben im wesent-     ladite couche magn6tostrictive (28) est superpo-
lichen in einer Ebene mit .dern offenen Ends        s6e audit substrat.
endet, urn die angekoppelton Magnetfeldor auf         3. Capteur magnhtique
suivant la revondication das genannte Medium zur~ickzukoppeln, und dag    5
1,. caract6risil en ce quo ledit amplificeteur sta- die dOnne
Magnetostriktionsschicht in der Trige-    tique. comprend un amplificateur
de type MOS-            4 ranordnung angeordnet !st und'sich im een-ETds
lequel ladite r6gion piizor6sistivemeflt lichen .que~r Ober' den von den
Polachuhen          sensible eat une rigion doecanal (31) A laquelle beg
renzten Scherungasspalt erstreckct, so dall die.  ladite couche
magn6tostrictivo (28) est micani- Gbertragenen Magnetfelder der dOnnen
Magnet-   to   quement couplie. osrkinsschicht aufgeprogt werden.
4. Capteur magn6diu suivant la revendication 10.: Sensor nach Anspruch 65
dadurch gekenn-:      1., caract6ris6 en outre par une autre couche (246)
zeichnet, daB des Helbleitersubstrat oinen Einkri-  myant sensiblemnent la
mime surface quo ladite stall von Typ n odor p umnfalt, daB die Piezowi-
couche magn6tostrictive (244) et coupl6e 6 une derstandsschicht mindestens
omnen Bereich mit   i5   deuxibme couche piftori~sistivo (238) de fagon A
Piezowide~rstandseigenschaften besitzt, der vorn     permettre aux
excitations appliquhss dons la entgegengesetzten Leitfihigkeitstyp ist und
Ober    rigion do ladite autre couche et coupl6es A ladite den die d0nne
Schicht aus Magnetostriktionsmla-     deuxibme  coucheo  pi~iorisistive
d'sngsndrer teriell aufg~etragen ist, so dag sin an den gonann-  dans
calle-ci un changernent correspondent do ten: Bereich angelogtes
elektrisches Potential   20   rhs~istivit6 6lectrique, et T    einen
StromfiuB bowirkt, der auf den von der         I'amplificatsur comprenant
des moyens. (252, K.  fnnen. -.Megnettstriktionsschi~ht  bedeckton      254
St 256) pour d6tecter les changements do la Brihlokallsiert 1st.
r6sistivit6:61ectrique dons ladite deuxibme couche 11. Sensr nach Aepruch
1, dadurc gekenn-pidzordsistie (238) etpu  morir un deuxibme zeichne't,
dalB des Halbleltereubstrat in der Piezo-   25   signal de sortie, en
riponse A cette ditection, qui wAderstarndsschicht rnindestens zwei
elsktrisch      Ws reprisentatif des excitations eppliquies dens
iso'lierte. Piezowiderstandsbereiche enthilt, die   la r6gion de ladite
eutre couche, von demn ~genannwten, entgegengesetzton. Leitfa-%     do
sorte que [es excitations appliquies aux ~higlko!tsty  sidda  die dOnne
Magnetostrik-.       deux couches piztorisis~tives peuvent Otre 61imi-
t-oionmchicht Ober enem der. geneannten Bersiche    3o   rides dens ledit
aMplificateur fonctionnant en lieg, 4und -daB 'der Vertikr Mitte1 zum
different-w  mode diffirentiel, tout en permettan't la diltection 'ilelie-
Erfassen von ~Verinderungen des ele'ktri-   facile des excitations:
couplies; A uno souls des- *she1n W rietefides indn beidon Bereichen de
ditos; couches piizoriit~s Pizwdertedmschicit-Aul'weist, so dail auf
5.- Capteur suivant la revendication .4, ceracth- "beide B`reihoder
Pooiderstandsschicht:6 eq  6e ce qeladite autre couche (246) comprend
wirkendo,' zoitl"c veinrliche Un d stationirs,*  uu matibre n'avant
sensibliemont pas do crerct6- uneTW~rS~hto Rize untrgdrfcbar mind, vih rend
rlitique's magn6tostrictives' ce qui permnet d'6ii nut i olnm Tel demolbe
vorendeo Reze   mner le excitations non magnitiqueo indisire- ohno
weiteresorfe~~~ber mind. ~blos,-eumsi bien variables dens le temps que. -
*    40   ~~~~~~~~~stetioninaires Appiiqu6es A la fois; auxdites ~pro-
R.v.d ......                                               M  iur
Sduxmecuches pIizo0IectrIq~esm1 tan- -. - . . ~~~~~~~~~~~~dim% que les
excitations magnbtiquse  prisentem ~~,..>   i.Caj~tourmagndtiquo
comprenent:  soulemn dansIapeme couchd pidzor6sistive unouctihe
megnitosrictv  (28,24,                  (236) monit facilement d6tecties.
une premiir coc.pdo:itv  1,26               s      6. Cepteur suivant la
revendication 1, privu coupld  a- cuh  magndtsrctv'ou  e-pour. lutilisation
commo t~te do reproduction ~ettro~  unediformeion   egntiquement
purds upot d'onregistrament magnitiqus, inult ae  Ia coch  mignitostrictive
de& pro-       ceractirisd on co quejledito couche magn6tostric- ...dur~
dns lditocouch plzrssieu chan              tive (2)co     od un film mince
d'une mature gernentcorespondaft do ma r6sisi;vit6 Alectriqu,   o .entotit
pliqu~s   un substrat semi- ot caatrs  a   -         ~       .. con'ducteur
dens Iequeestrvu  Iapeie un -bMpI~ficete~urL sttqefrm   om   nocuh
izor6s'ietve (12, 236) et comprenant on stucur iAntigrieuiqee  cobnao!
vcotodsmyn (104) pour le couplago du flux 'adid I prmireue   p-zrimeivesdit
ampil-          magn6tIqUe provenan duspport d'enregistre- ficteu
omprenant un0e riink  pho~itv-         u     mn mgr6tiqe a ladite couche
magnidtostric- ment menible de ladite premires couco pizor6-       two.
sistive micanqumnt ouplhe A ladite couche             7.Capteur suivant Ia
revendication 6, caract6- rng6toetrtvO ~pour ditecter ledit changoment
ris6 on ce quo lodit capteur comprend on outre un do risistiit
tporounrnsignal de sortie             6limont porteur ou boltier (306) pour
supporter 6lectriqus, on rdpdrkse A cetto ditection, qui Omt   6o   ledit
substrat ayant des caractiristiques piizori- 



roprdsentatif do l'itensitiI des champs magniti-.   sistives appr6ciables
et, Is film  mince d'une qlues s'eer ant. cur laditocouche magn6tostrice-
matuire magn~tostrictive cur ce substrat,. ledit tive..    -
i6ment portour 6tant ouvert A une extriimietio 2. CaptoUr suivenit la
revondication 1, caractA-   ledit substrat et ledit film mince
magn6tostrictif me rid n ce quo ladite premi re couche pizrss    s trminant
sensiblement dens Is mfins plan qus 10    17              EP 0103352 B1
18 N~iladite extre~nite ouverte, et dans lequel ledit -  grande largeur se
terminant sensiblement dans I | element porteur et [es 6l6ments supportes
dans      mime plan que ladite extremite ouverte de celui-ci sont pr6vus
pour etre montes de sorts que  maniere 3 repartir lesdits champs
magn6tiques le plan dudit film mince est sensiblement perpen-   couplbs en
retour audit support, et on ce quo ledit diculaire 3 la surface du support
d'enregistrement    5    film mince magnetostrictif est place 3 I'interieur
magn6tique, ce qui permet 3 des configurations      dudit el6ment porteur
et sensiblement en travers magnetiques localisees dans ledit support et
dudit entrefer arriere d6fini par lesdites pieces orientees
perpendiculairement A la surface de       polaires de sorts quo lesdits
champs magn6ti- s'exercer sur la longueur du film mince magne-      ques
coupl6s s'exercent sur ledit film  mince tostrictif s'htendant A partir de
ladite surface du    10   magnetostrictif. support d'enregistrement, afin
d'engendrer une        10. Capteur suivant la revendication 6, caract6-
deformation longitudinale qui est transmise audit   rise en ce que ledit
substrat semiconducteur substrat piezoresistif.
comprend un cristal unique ayant des caracteristi- 8. Capteur suivant la
revendication 7, caracte-   ques de type n ou p et comprend au moins une
rise en ce que lesdits moyens de couplage de flux    15   region
piezoresistivement sensible dons ladits (104) comprennent au moins une
piece polaire        couche piezoresistive, la region etant de type de
comportant un premier film mince d'une matiere      conductivite oppose, et
sur laquelle ledit film de haute permeabilite supporte par ledit element
mince de matiere magnetostrictive est appliqu6, porteur et se terminant
sensiblement dans le plan   de sorte qu'un potentiel electrique appliqu6 A
de ladite extremit6 ouverte, de sorts qus le plan    20   ladite region
engendre une circulation de courant de ladite piece polaire pout etre monte
sensible-   localisee dans la region couverte par ledit film '~J    ment
perpendiculairement au plan du support        mince magnetostrictif.
d'enregistrement magnetique, permettant ainsi         11. Capteur suivant
la revendication 10, caracte- aux champs magnetiques associes A desconfigu-
-   ise en ce quo ledit substrat semiconducteur rations magnetiques
localisees dans ledit support   25   comprend au moins deux regions
piezoresistive- d'etre couples A ladite piuce polaire, et en ce que  ment
sensibles et Alectriquement isolees dans ledit film mince magnetostrictif
est place A l'inte-  ladite couche piezoresistive, les regions etant Hour
dudit 6lement porteur et est couplA magneti-   dudit type de conductivite
oppose, ledit film quement A laditepiece polaire de sorts quo lesdits
mince magnetostrictif etant superpose a l'une champs magnetiques couples
s'exercent sur ledit   30   desdites regions, et en ce quo ledit
amplificateur film mince magnetostrictif.                         comprend
des moyens pour detecter differentiel- 9. Capteur suivant la revendication
8, caracte-   lement des changements de resistance Alectrique rise en ce
que ladite piece polaire (104) se termine  dans les deux regions de ladite
couche pilzorhsis- dans ledit element porteur de maniere A definir    tive,
de sorts que. des excitations indesirables, une limits d'un entrefer
arriere, en ce qu'un  -    aussi bien variables dans le temps que station-
deuxieme film mince (106) en matiere de haute       naires, appliquies aux
deux regions de ladite permeabilite de surface sensiblement plus grande
couche piezoresistivw, peuvent etre eliminees, est supporte par ledit
element porteur, une partie  tout en permettant la detection facile des
excita- de ce film se terminant dans tedit element por-     tions presentes
dans une seule region do cete tour, do maniure A definir une ature limite
dudit   40.  couche. entrefer arriere, et une deuxibme partie de plus 45 50
55 60 65 11    


