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STABI LI ZATI ON BACKGROUND OF THE | NVENTI ON The present invention'is~a ?J
magnet oresi stive (MR) sensor. Mire 5 specifically, the present invention
is an MR sensor having an MR | ayer with recessed regi ons and. per nanent
magnet material contained therein. MR sensors are used to detect magnetic
flux levels stored on magnetic nedia. In an MR sensor, the resistivity of

t he sensor varies with the nmagnitude of-ihe flux passing through the
sensor. Typically, a constant current 10 I's passed through the sensor and
t he magni tude of the flux passing through the sensor is represented by a

change in the vol t agSINGLE POMAINVRAGNEPORESISTIVEWSERsOR @ function of
the resistance of the sensor. Likew se, a constant voltage source can be

applied to the MR scHANING PERMANENTE MAGNEE FTABLIZABIONgni t ude is

represented by a change inBA@k(ﬁ%ﬁﬁlﬁ Mﬁﬁgﬁgsor. 15

In an MR sensor, a linear , e active region of
the MR sensor is magnetThepresdnt dinehtion i9d Hagnctdlesistive NMRY séRSPEMort © t he
di rection_of cur,regi'flow t hrough the MR sensor. The output voltage of the

MR sensor? f orSPSFificalix, dhe prasent iaventiontisiag MRosmsen baving aw NRrlagervwithe [err ]
is th | | ' ' t d.th t
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effects in the sensor, MROWNEES e usedi i Adtes! mapktizPAES 1dvRIC 8RS | N

output for correspondi ng equal and opposite deviations in nmagnetic flux.
Wil e Permal i¢ media. lan MR sengos, dhe eesistivityraf) thetsensor iveries/withdhe al ong

its | ' Lol ' r ri it is _prone 25
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magnet i c10i elisl paskbd shroagls dre sBasok and siemagiitide of theaflghk hfdthg thfilh Ve sensor s

are not formed framlong narrow strips of Permalloy. Accordingly, it is
known . sensor is represented by a change in the voltage across the sensor, which of

course is a function of the resistance of the sensor. Likewise, a constant voltage
source can be applied to the MR sensor, in which case the magnetic flux
magnitude is represented by a change in the current-through the sensor.

15 " In an MR sensor, a linear response is achieved when the active
region of the MR sensor is magnetized at approximately 45° with respect to the
direction of current flow through the MR sensor. The output voltage of the MR
sensor for any given input current is proportional to COS?0, where 8 is the angle
between the static magnetization vector and the current vector. At 45°, this

20  function, .in conjunction with the saturation effects in the sensor, provides
maximum equal and opposite changes' in output for corresponding equal and
opposife deviations in magnetic flux. '

While Permalloy will naturally tend to form a magnetization
vector along its long axis when it is formed into a long narrow strip, it is prone

25  to fracturing into multiple magnetic domains when exposed to an external
magnetic field. This causes Barkhausen noise. In addition, some MR sensors

are not formed from long narrow strips of Permalloy. Accordingly, it is known



-2- inthe art to stabilize an MR sensor to a single donmain state using

per manent magnets. In the prior art, sensor stabilization is typically

achi eved by hard biasing or by exchange coupling. Generally, hard biasing

i s acconplished by 5 positioning a boundary of a pernmanent nagnet

proxi mate a boundary of a magnetoresistive |layer. The magnetic fl ux
emanating fromthe pernmanent magnet boundary flows into the :
magnet or esi stive |ayer, thereby stabiliZng the magnetoresistive layer in a
singl e domai n state. Exchange coupling is generally achieved by depositing
an 10 antiferromagnetic | ayer or a pernmanent magnet |ayer over part of

t he magnet or eisi theiaretd stybilize Zih MRBgmet ite 2GhiladomAinStits Bsiaf Redgtkot ayer are
exchange coupled into the magnetoresistive |ayer, thereby Stabilizing the
wagnetoresist?%ﬁ?q yer. In prior art exchange coupling configurations, it

is common for the permepegt pRBEAS! ' : f Lthe .current
contact structure. 15 P ’se@&%%ﬁlﬂmwﬂﬁ#ﬁﬁvﬁ@m The
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an under | ayer reg}i omtof lt he .magnet oresi.stive | ayer, and the first and
second cont adPRETGFECRTYEL PN L AR F‘%“hgﬁa"(lﬂ‘i"éﬂnts@t‘?he active region. BRIEF

DESCRI PTI ON OF THE DRAW: @S5 coupling is generally Fiditév&d i

magnet oresi stive (MR) sensorg’)ezonsl% r t%ctlecg innraa)(,:cor gzgncéb)\?vi tﬁé?lﬂ’ég p?nesent

i nventi o)  antiferromagnetic layer or a permanent magnet layer over part of the

magnetoresistive layer. The magnetic characteristics of added layer are exchange
coupled into the magnetoresistive layer, thereby stabilizing the magnetoresistive
layer. In prior art exchange coupling configurations, it is common for the
permanent magnet material to form part of the current contact structure.

15 . SUMMARY OF THE INVENTION

The present invention is a single domain magnetoresistive sensor.

The sensor is comprised of a magnetoresistive layer, at least one permanent
magnet, and first and second current contacts. The magnetoresistive layer is
comprised of an active sensing region having a first thickness, and at least one
20  under layer region, with each under layer region having a second thickness that
is less than the first thickness. Each permanent magnet is formed upon an under
layer region of the magnetoresistive layer, and the first and second contacts are
electrically coupled to the active region.
BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 shows a magnetoresistive (MR) sensor constructed in

* accordance with the present invention.
Figures 2 - 7 are sectional views showing the method of forming
the sensor of Figure 1 from the perspective of line 2-2 in Figure 1.



Figures 2 - 7 are sectional views show ng the nethod of form ng the sensor
of Figure 1 fromthe perspective of line 2-2 in Figure 1. -3- DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Figure 1 shows a magnet oresistive
(MR) sensor 10 constructed in accordance with the present invention. Sensor
10 is conprised of MR |ayer 12 (typically Pernalloy), permanent nagnets 1l4a
and 14b, and canted contacts 16a 5 and 16b. MR layer 12 is conprised of
active region 18 and two inactive under-3kayer regions (not visible in this
figure) under permanent magnets 14a and 14b. Contacts 16a and 16b overlay a
portion of active region 18 to formcurrent carrying region 18a between the

edges of the coDEFARED DESORIPTION OF THEBREFERRED Bﬁmtﬂﬁi%%o-com acts
16a and 16b. 10 Since_contacts 16a and 16b have [ower re ity than MR

‘layer 12, current wil| Figutg lothowsm magnetoresistive (MR) pensdi tQtanstructed lie
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contact 16a. Virtually no curreht t he
per manent0 madiiede contacts 16a and 16b have lower resistivity than MR layer 12, current will

flow out of contact 16b perpendicular to the boundary between contact 16b and
current carrying region 18a. Since contact 16b is canted at approximately 45°
with respect to the longitudinal axis of sensor 10, the current flows through
current carrying region 18a at approximately 45° with respect to the longitudinal

15  axis, as shown 'by the arrows I in region 18a.

As the current flows through current carrying region 18a, it flows
from the bottom of region 18a toward the top of region 18a until it intersects
contact 16a, which is also formed from a highly conductive material. The
current then flows into a read amplifier.

20 Because the permanent magnet material has a significantly higher
resistivity than the MR material, almost all the current flows from the lower right
triangle 21b of contact 16b to the upper left triangle 21a of contact 16a.
Virtually no current flows between the MR material and the permanent magnet
material. | _

25 | Sense region 20 represents the portion of sensor 10 which is used
to detect magnetic flux levels stored on magnetic media. When sensor 10 is
assembled in a magnetic storage device, air bearing surface 19 is positioned
parallel to a magnetic media surface, with sense region 20 positioned to read



material. 25 Sense region 20 represents the portion of
sensor 10 which is used to detect magnetic flux |levels stored on nmagnetic
medi a. When sensor 10 is assenbled in a nmagnetic storage device, air
bearing surface 19 is positioned parallel to a nagnetic nedia surface, with
sense region 20 positioned to read -4- tracks of the surface. For
exanple, in a hard disc drive, sensor 10 is typically positioned at the end
of an actuator arm wth air bearing susdace 19 parallel to the hard disc
surface, and one end of sensor 10 closer to the inner radius of the disc
surface and the other end of sensor 10 closer to the outer radius of the
disc 5  surfaacks dfithé BirfaceoFor @uarapleOih a hitd A& A0 SerRbMN 6 & A@ﬁi&ﬁ?'y moves

sense region 20, adjacent radiral tracks of the disc surface. the” magnetic
medi a moves wPesiioned sk the end ofancactiatar amy, witheix beaging surfadet 1paralidl do ed on
the nedia w | {h.Ra56 e egii0 lux.enterjn ion 20
varies, the rglg i St | 3#?3‘%2?&b§§f%t%t&gadr}r5§%%ﬁg}g%ggrn{oltgﬁw 5@3’1‘%‘% :
regi on 18 vardiss surfdce and desothert endusfisensor 10 chaesedhé buter SAIEUTIRS ik, t hen
the voltage pregent between contacts 16a and 16b will vary as a. function of
t he magnefic ?‘l‘f?ﬁe-pé%&lﬁﬁ‘”bftﬂuﬁ%‘mt theeagtuatar agmassleptively imayes sense irégian const ant
voltage is a ' t then the current flow ng through
sensor 10 wi | \%‘grgglén\?\nr%ﬁattﬂagk? %ﬁ%egdr}%s%lg “%t sense region 20. 15
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axis of the str%g{.é léléléf\/(\)/gl\r/hgbr ,aﬁggﬁte{fﬁeg‘s ﬁggﬁfe%tlﬁ%h#l e|3§§§ %or?ir%c ua%'te]s? he strip
into 20 10nul tegivinel Sragriest | I al oorstans cumerd it Ipassed throughn gensot 10ethenthé 0 a

single migr](atxlfo(itz:lge present between contacts 16a and 16b will vary as a function of the

magnetic flux passing adjacent sense region 20. Likewise, if a constant voltage
is applied to contact 16a and 16b, then the current flowing through sensor 10
will vary with the flux present at sense region 20.

15 To achieve niaximum read sensitivity and minimize Barkhausen
noise, it is desirable that active region‘ls of MR layer 12 not fracture into
multiple magnetic domains. When Permalloy is formed into a long narrow strip,
the strip will naturally tend to have a magnetization vector along the long axis
of the strip. However, external magnetic fields may fracture the strip into

20  multiple magnetic domains, and the strip may not return to a single magnetic
domain thereafter. |

To ensure that active region 18 has a single magnetic domain

having a magnetization vector directed along the longitudinal axis of sensor 10,

permanent magnet 14a and 14b are positioned upon the ends of MR layer 12.

25  Permanent magnets 14a and 14b provide a magnetic field that forces active

region 18 into a single magnetic domain, making active region 18 more immune

to the effects of external magnetic fields, and increasing the likelihood that active



domain thereafter. To ensure that active region 18 has a single magnetic
domai n having a nagneti zation vector directed along the |ongitudinal axis
of -sensor 10, pernmanent nagnet 14a and 14b are positioned upon the ends of
MR | ayer 12. 25 Per manent magnets 14a and 14b provide a nmagnetic field
that forces active region 18 into a single magnetic domain, making active
region 18 nore immune to the effects of external magnetic fields, and

increasing the likelihood that active: -5~5- region 18 will reset into a
.single magnetic domain if it is fractured into nultiple nmagnetic domai ns by
an external magnetic field. Figures 2 - 7 illustrate the process of formng

MR sensor 10 aegion 38 mgll reset inew psinglenhagnetic domain if fiOfa@Ered into Indlkiple0’ | €Nt ed
along line 2 - in Fi gur-e 1 %ich i S EI ose to air bearing surface 19)

2 5,
to best il usPAgPetiG fomainy By, an sxtetoal magneticfieldhe present i nventi on.
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configuration, it is contenplated that the esent 1 nvemion nay used in
any MR sensor aeeonding e she presanh inventiopui Figarese nilraee briemed alongtlineid L 2at i on.
For exanple, U S. Patent plication.,Serial No, 10 07/936, 185 filed on
August 257 195‘2%’5}" o?‘ﬁ%‘égt‘sﬁﬁqseatﬂoa%ﬁ‘?ﬂqgemﬁﬂr%\ﬁe Alpstatesthei vity MR
Head Using PeiiRAgw colBeitebf e phiskhtaatdnfibn. A | fedldieg Serial
No. 08/148,890 filed on Novenb??és& 1955%8?0 gg@é%hp‘?;%ﬁéﬁglrsdﬁgéﬁ@%gnt itled
" Bar ber pol e Meerganyith feferemag tont evahted venfigeratiameit t is \agteniplatadi that the

087165, 075 11 PESCAIVaHgR P55 3o webin ey MR SFbARr COBBEYRia habreqticsd " Read
Cho samb aosi o aeh! e o F Pt A apls UL APyt Sttt "5y
referencdy, e8dA3GI8T Ifd@bgmmstslﬁlr? 5933\10 i€igorger eteabeatd emtitledt "Imgabjedi zat ?/on.
Accordingly, peaq Sensitivity MR Head Using Permanent Magnet Stabilization”, U.S. Patent
Application Serial No. 08/148,890 filed on November 8, 1993 to Peter L.
Bonyhard and entitled "Barberpole MR Sensor Having Interleaved Permanent
Magnet and Magnetoresistive Segments", and U.S. Patent Application Serial No.
15  08/188,079 filed on January 27, 1994 to Peter K. George and entitled "Read
Sensitivity Function For Barberpole Bias Design" (which are all assigned to the
same assignee as the present application and are all incorporated by reference),
each disclose MR sensors having permanent magnet stabilization. Accordingly,
the sensors disclosed in these applications may all be constructed by the method
20  shown in Figures 2 - 7.
To construct the sensor of Figure 1, an MR layer 12 is applied to
insulator layer 22. MR layer 12 is typically formed of Permalloy (NigFe,,) and
is approximately 300 A thick. Insulator layer 22 will typically be comprised of
a material having desirable insulation properties, such as aluminum oxide
25  (ALO,). '
After MR layer 12 has been applied, photoresist 24 is patterned
on MR layer 12 to define the active region 18 of MR layer 12, as shown in
Figure 3. Permanent magnet material will eventually be applied to the areas not



the'sensors disclosed in these applications may all be constructed by the
nmet hod 20 shown in Figures 2 - 7. To construct the sensor of Figure 1, an
MR Layer 12 is applied to insulator layer 22.. MR layer 12 is typically
formed of Permalloy [err] and is approximately 300 A thick. Insulator |ayer
22 wll typically be conprised of a material having desirable insulation
properties, such as al um num oxi de 25 [err]. After MR |layer 12 has been
appl i ed, photoresist 24 is patterned on 4R | ayer 12 to define the active
region 18 of MR |ayer 12, as shown in Figure 3. Pernanent magnet materi al
will eventually be applied to the areas not -6- covered by photoresi st

24, and the cecdverdd byegliotoresisi2d] sl ke qehmralaegion sbvedd by photBRSIBIE4 WilE active
region 18 of | ayer 1:@ In Figure 4, the structure is subjected to ion
mlling or chebfceme the astivegegion ldpfayesrd2: . but not all of MR |ayer 12 not

covered by photoresi st qnzFiéﬁﬁd%mam&&gqyé&%@%wﬂ%rﬁ Jra%gr %cr %Lons

26a and 26b of MR | ayer 12. ayer reglo 6a an are
order of 50A tetchihgfo rdmave. most, hitqot ell of NRayendBtnotregveréd b phétorSist S
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material that 1s not” maghetoresistive an resisti y sighificantly
hi gher than the resistivintBigat Sypeinsapent hignenjaye2 8 saguttédt depbsitedroster r ed

hchnesses Ol gglogadiorel 1 gobabl, pLok L N PR SN o o
23 [err] | cmifuct DeR RpEoH©26a an@aBP PLAyRE 2RBY RRlA &b comprised BF cobalt
10  platinum (Co,,Ptzs), but any permanent .magnet material that is not
magnetoresistive and has a resistivity signific'antly higher than the resistivity of
MR layer 18 may be used. At the preferred thicknesses disclosed herein, cobalt
platinum has a resistivity of approximately 80 uQ / cm. Permalloy has a
resistivity of approximately 23 uQ / cm in the absence of an applied magnetic
15 field. | |

After permanent magnet layer 28 is deposited over the structure,
photoresist 24 is removed. Typically, a solvent, such as acetone, is applied to
the structure. The solvent penetrates small cracks in permanent magnet layer 28
and dissolves photoresist layer 24 out from under layer 28. Once photoresist

20  layer 24 is removed, the portions of layer 28 that are not supported from
underneath are broken off, as shown in Figure 6.

In Figure 6, permanent magnet material remains only in the
recessed areas above under layer layers 26a and 26b. As a result of the
unsupported areas of photoresist layer breaking away, spikes 33a - 33b and 34a -

25 34b may remain on permanent magnets 14a and 14b, respectively. Spikes 33b
and 34a are adjacent to active region 18 . Ideally, one would adjust the process
so that permanent magnets 14a and 14b will be at exactly the same height as
active region 18. However, if the process were adjusted to achieve this goal,



After permanent magnet |ayer 28 is deposited over the structure,

photoresist 24 is renoved. Typically, a solvent, such as acetone, is
applied to the structure. The sol vent penetrates small cracks in permanent
magnet | ayer 28 and di ssol ves photoresist |ayer 24 out from under |ayer 28.
Once photoresist 20 | ayer 24 is renoved, the portions of |ayer 28 that
are not supported fromunderneath are broken off, as shown in Figure 6. In
Figure 6, permanent magnet material remgd-ns. only in the recessed areas
above under | ayer | ayers 26a and 26b. As a result of the unsupported areas
of photoresist |ayer .breaking away, spikes 33a - 33b and 34a - 25 34b
may remai n onPiesesTvaEAtionsuligtate that Seme perntatknt mapnperepions Will bSpelsesthd3b and
34a are adjac .ive  .r.egi,on 18. |deall one woul d adj ust the process
so that per rra%g{ﬁ'f tﬁn%g‘rg%é%%lg%gm PSURIANGRY haggiet tegiops L«'yalme theaetiveiei ght  as
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goal , -7- process_variations dictate that sone pernmanent nag regi ons
wi || be bel oviietine MR seginn hag an expossil | edge tthas rmaye cause ¢t MR gegion tegi ons
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cause the MR 34aghelp stabilize acti@diegidnol§ 6 aWisklé Magnshtl ddhki LIt it
domai ns. Accor di ngl spi kes 336ag and 34a hellﬁgg{ stabili zelmggt Fve ﬁlté{é%con 18

into a singl e‘hﬂ‘a‘éﬁéa/é"é of antiverregipnd § ate completelst baundedbly) permahentahagnet r egi on
18 are conpl b napent. net .material. Preferabhly, the
process i gp aglhﬁﬂgﬁgld%%ﬂﬁaﬁ%}#?#xe%gﬁ%ﬁ ,‘sﬁél“gﬁ t%fquﬁgzestbf h@g,ﬁ)t ‘%{W‘f %’ﬂé%suri ng

that the per nmhiténsutiag iat Rl poiiahent adeftahatki9al i Qepdhitd LRSIt 163 ~ level
as the | ayer.. Note that in Figures 6 and 7, the he!zg%?t of the spikes is
exagger al®d fleyelias e MRy layere Iﬂﬁﬁegb‘%‘é&ﬁ&%ﬁ@aﬂ@, the dwsight pf thersptkes ied

process di sclesggbrited Tor ilnlshfia pliposdl CURE the 11nf) Prerdh 35k 1000A
disclosed herein, the spikes are about 100A high and about 1000A wide and '
could just as accurately be referred to as "mounds" or "hills".
Also shown in Figure 6 is photoresist layer 30, which is applied

15 to pattern current contacts 16a and 16b in Figure 1. Since Figure 6 is a sectional
view shown in accordance with line 2 - 2 in Figure-1, photo resist 30 is
pqsitioned toward the left side of active region 18 in Figure 6. In additioh,
sensor 10 is patterned be removing material to the left of arrow 32a and to the
right of arrow 32b. '

20 - In Figure 7, current contact 16a and 16b have been applied to
sensor 10 and are in electri_cal contaét with active region 18. In addition,
photoresist 30 has been removed. Since magnetoresistive layer 12 has
significantly less resistivity than permanent magnets 14a and 14b, the sense
current will tend to flow into active region 18, and not through permanent

25  magnets 14a and 14b. Contacts 16a and 16b may be composed of any

- conducting materials having low resistivity relative to the permanent magnet

material.



coul d just as accurately be referred to as "nounds" or "hills". Al so shown
in Figure 6 i s photoresist |ayer 30, which is applied 15 to pattern
current contacts 16a and 16b in Figure 1. Since Figure 6 is a sectional

vi ew shown in accordance with line 2 - 2 in Figure 1, photo resist 30 is
posi tioned toward the left side of active region 18 in Figure 6. In

addi tion, sensor 10 is patterned be rem&vi ng material to the left ‘of arrow
32a and to the right of arrow 32b. 20 ™ . In Figure 7, current
contact 16a and 16b have been applied to sensor 10 and are in electrical
contact with active regk&g &a%‘ In addition, photoresist 30 has been
renoved. Since magnet of\Bough; Figuresyd - lelmatgitbhimﬂb@mtquthbemssem

resistivity t : : current will tend
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an air bearing surface. The method of permanent magnet stabilization of the
present invention can be applied to each of the sensors disclosed in these
dpplications. . _

In the prior art, permanent magnet stabilization typically

15  comprised hard biasing or exchange coupling. Generally, hard biasing is
achieved by positioning a boundary of a permanent magnet proximate a boundary
of a magnetoresistive layer. The magnétic flux emanating from the magnet
boundary flows into the magnetoresistive layer in an attempt to stabilize the
magnetoresistive laygr into a single magnetic domain.

20 Exchange coupling is generally achieved by forming a permanent
magnet layer over part of the magnetoresistive layer. The magnetic
characteristics of the permanent magnet are exchanged coupled to the
magnetoresistive layer, thereby stabilizing the magnetoresistive layer.

"In the U.S. application to George et al. identified above, hard

25  biasing was achieved by applying a generally coplanar permanent magnet layer
adjacent to magnetoresistive layer. The two layers were of approximately the
same thickness. In this .cc‘mﬁguration, it was difficult to control the boundary
bétween the two layers, and often gaps would be present between the two layers.



‘an air bearing surface. The nethod of pernanent magnet stabilization of the
present invention can be applied to each of the sensors disclosed in these
applications. In the prior art, pernmanent magnet stabilization typically 15
conprised hard biasing or exchange coupling. Generally, hard biasing is
achi eved by positioning a boundary of a pernmanent magnet proximate a
boundary of a magnetoresistive |ayer. The magnetic flux emanating fromthe
magnet boundary flows into the nagnetoregistive | ayer in an attenpt to
stabilize the magnetoresistive layer into a single magnetic domain. 20
Exchange coupling is generally achieved by form ng a pernmanent nmagnet |ayer
over part of fﬁ#ﬁ%ﬁé‘t@ﬁ%@ﬁﬁr Je8vE zgion of the MRsegsmrtfracturingrinotmiltiplel s of
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a general ly copl anar pernanent magnet |ayer adjacent to gnetoresistive
| ayer. The twif Pailfen theRermangnt magpetymaterial) \Byt bing thewamb iphatopssist ldyer,t hi s
confi gur ali onj it bodside & fhkd ontrol the boundary .between the two
| ayers, and of tlée ogapsg\/\%ﬁ#gﬁgés %(rhé(gﬁc ."aﬁﬁqtmett’ﬂ%e’?%dlaﬁ%rt@ active_ 9.

These gaps r esgidmstherebyt providirig # supesigh finctbn bétRedRHRUREE rdiCind B9 i NtO
mul ti pl e magnetic donains. In the present invention, the same photoresist

| ayer that deP{THEgeRtIBagnet maieriabgi on and the under |ayer regions of the MR
| ayer is also used to p@ : et ent et, materd al . By using the
same photoresist |ayer, %%BPP&PQ {pited & gpfag&g%\r S5 I?ésoPFWt’f’ﬁ'eltp‘ér nmanent
magnet mat er i béliese thatthe peinsanant haghetsepovide a édiabiniionvTextihfcdhpRtper | o

junction_hetween, the .active_region and the permanent magnet nmteri al .
J 18 andn harg biasing. E:l'he resence of spikes p33b and 34a in lgigure 6 provide

boundaries that are adjacent to active region 18. Although the pérmanent’
. magnets need not be any higher than the active region of the MR layer, ihé
spikes ensure that no gaps are present between the permanent magnets and the
active region of the MR layer. The flux emanating from these boundaries is
15 coupled into active region 18 to hard bias region 18.

Exchange coupling occurs between permanent magnets 14a and
14b, and under layer regions 26a and 26b. In the present invention, it is believed
that the Permalloy under layer region causes the permanent magnet material to
grow with its hexagonal axis in-plane, thus allowing the permanent magnet to

20  correctly bias the active region of the MR layer. Without the under layer region,
the magnetization vector of the permanent magnet material will orient itself
perpendicular to the plane of the substrate, and cannot produce the flux required
to stabilize the active region of the MR layer.

Since Permalloy tends to naturally magnetize along its long axis

25  when it is formed into a narrow strip, it is theorized that the crystailine structure
of the Permalloy in the under layer region enhances the "in-plane” magnetic
properties of the permanent magnetic material, which in turn provides hard
biasing back to the active region of the active region of the MR layer. It has



Wthout being limted to a particular theory of operation, it is believed
that the permanent magnets provide a conbi nation of exchange coupling 10
and hard biasing. The presence of spikes 33b and 34a in Figure & provide .
boundaries that are adjacent to active region 18. Although the permanent
magnets need not be any higher than the active region of the MR | ayer, the
spi kes ensure that no gaps are present between the permanent nmagnets and
the active region of the MR layer. The fl0ux emanating from these boundaries
is 15 coupled into active region 18 to hard bias region 18. Exchange
coupling occurs between pernmanent nmagnets 14a and 14b, and under | ayer

regi ons 26a argder Gbund that bensprsecnstrudtedy inadcordancd with the Ipresestdinivlmtiont he

Per-mal | oy under |.ayer region,causes the, per,manent _nagnet terial to grow
with its hexadonsisteatly &aye,a singis magpepe m%&ﬁmﬁ@%ﬁi@a Pﬂ% to 20
correctly bi asniibga186hd WnéRing diloséd'boVR | ayer. Wthout the under |ayer

region, the magnetization vector of the permanent magnet material wll
orient itself perpendi cuAlthough thepresentimventionthas beerbdaseribed, withn cefergnerot
produce the flux requjred t.o stabilize,t .active reqi on.of ,t MR | ayer.

Si nce Perml | 89 Pfeé'ﬁ‘g%‘l 124 P W?rkﬁﬁgﬁ‘f@{g’ﬁi’é&m ’Hﬁaﬂf °$'Bﬁ§th§£i§?“§%s when
It is formed (AR AL fPRrd dnliRetahl' wittiout A5t iBén dpidt fidysebid b ne
structure of t ermal oy in the under |ayer regi on enhances the
"in-plane" maghetinvenfioroperti es of the permanent namgnetic material, which in
turn provides hard biasing back to the active region of the active region
of the MR layer. It has -10- been found that sensor.s constructed in
accordance with the present invention consistently have a single magnetic

domai n when fornmed fromthe preferred materials and di nensi ons di scl osed
above. Although the present invention has been described with reference



5 ° to preferred enbodi ments, workers skilled in the art will recognize
that changes—may—bermade-imform and detail w thout departing fromthen

spi.rit and scope of [ ntion. -11- WHAT IS CLAIMED I S: 1.
A magnet oreﬁu um ﬂimiFrrpri sing: a magnetoresistive |ayer conprising:
an active r ) s rst thickness; and a first under |ayer region

havi ng a second thickness that is less than the first thickness; a first
per mmnent magnet forned upon the first quer_Iayer region; and first and
second current contacts electrically coupled to the active region. 2.

The rmagnetoresistive sensor of claim 1 wherein the nmagnetoresistive

| ayer is forneWHADIES BRAIMERJS: 3. The magnet or esi stive sensor of
claim | wheregin the first permanent magnet is.fornmed from cobalt platinum
4. Tre magnet or SEPEAFORSEEVE SHSUE CORBHNAE 1 wher oi n the i1 st
per manent nmagnet has a hj glAghetéresistilel lydricolpaisinghe active region. 5.

The magnetoresi stive sensor of claim1 wherein the active region of the -
magnet oresi stive |ayer is appnoaetiveregign Baing e Kirstithickness; and The

magnet or esi stive sensor of clak.ml rein the first .undek.laver, regi on of
t he magnetoresistive |ayer i & ﬁ&%ﬁﬁq&%@@ﬁ}g\@g alsfg%“fthfc&élsg“}hat 1
The magnet oresi stive sensor of cl gkd®thdn Mecfirst Midkhessf i r st per manent magnet
i s approxi mately 550A thi ck.
a first permanent magnet formed upon the first under layer
region; and
first and second current contacts electricaily coupled to the active

region.

2. The magnetoresistive sensor of claim 1 wherein the

magnetoresistive layer is formed from Permalloy.

3. The magnetoresistive sensor of claim 1 wherein the first

permanent magnet is formed from cobalt platinum.

4. The magnetoresistive sensor of claim 1 wherein the first

permanent magnet has a higher resistivity than the active region.

5. The magnetoresistive sensor of claim 1 wherein the active region

of the magnetoresistive layer is approximately 300A thick:

6. The magnetoresistive sensor of claim 1 wherein the first under

layer region of the magnetoresistive layer is approximately 50A to 150A thick.

7. The magnetoresistive sensor of claim 1 wherein the first

permanent magnet is approximately 550A thick.



-12= 8. = "————7Fhe __mmgnetoresistive sensor of claim 1 wherein the
magnet or esi ‘ ve | ayer further conprises: a second under |ayer region

st

havi ng the sl HH‘” 9. . The magnet oresi stive sensor of
claim8 and A mﬂ?ﬁ, t;g: a second pernmanent nagnet fornmed upon the
second under | ayer ‘reli oh. +10. The magnet oresi stive sensor of claim
9 wherein the first and second pernmanent magnets include spi kes al ong
boundari es between the first and second-p&rmanent magnets and the active
region, wherein the spikes are at |least as thick as the first thickness

m nus the second thickness. 11. The magnet oresi stive sensor of

claim9 wherei® the firsThandagectoredistrer neensot  vfigohim al e wheedimngke coupl ed

to the first and second. under - er regions, respectively, and the first
and second perrﬂﬁgﬁg‘fre ﬁg?er r '053’9‘9% active region. 12. The
nmagnet or esi stive sensor ®fecohdfifler laydr @EAbR hhvifg e fboMEMiARER! mMagnet has
a spi ke along a boundary between the first pernmanent magnet and the active
region, wherein the spike is thicker than the first thickness m nus the
second thicknegs. 13. The net or esi.sti.ve, sensor of claim 1
wherein the fiegrs‘st per iraner TRERAESE e&B??ér?&@iF@&:ﬁfdgé‘@ﬁr PHBPRYINGt under

| ayer region, and the fig sdcof®péraidgsit MERmReToried dpbn BRRcddiuriiel tayer r €gi on. .

14. A nethod of form ng a nmagnetoresistive sensor conprising:
region.
10. The magnetoresistive sensor of claim 9 wherein the first and

second permanent magnets include spikes along boundaries between the first and
second permanent magnets and the active region, wherein the spikes are at least
as thick as the first thickness minus the second thickness.

11. The magnetoresistive sensor of claim 9 wherein the first and
second permanent magnets are exchange coupled to the first and second under
layer regions, respectively, and the first and second permanent magnets hard bias

the active region.

12. The magnetoresistive sensor of claim 1 wherein the first
permanent magnet has a spike along a boundary between the first permanent
magnet and the active region, wherein the spike is thicker than the first thickness

minus the second thickness.
13. The magnetoresistive sensor of claim 1 wherein the first
permanent magnet is exchanged coupled to the first under layer region, and the

" first permanent magnet hard biases the active region.

14. A method of forming a magnetoresistive sensor comprising:



-13- appl yi ng a magnet.oresistive layer having a first thickness to a
subst rate—tayer; patterning the nagnetoresistive layer with a first

phot or esi st u“e an active region and a first under |ayer
regi on; rt\“\ﬁﬁm“‘w of the magnetoresistive layer fromthe first
under |ay fon untS | *the first under |ayer region has a second

t hi ckness I ess than the first thickness;, depositing permanent nagnet
material over the first under |ayer re@'i36n of the nmagnetoresistive |ayer;
patterning the magnetoresi stive |layer and the pernmanent magnet materi al
with a second photoresist layer to define current contacts;. applying
electrically conducti véPEB’FR%Etm"P@F@F‘?SbﬁWeé%fﬂ’émimér&tﬁbmmm a

phot oresi st |ayer. 15. substrafel hod of claim 14 wherein the

magnet oresi stive layer is conpri seg of Permalloy. 16. The net hod of

clai m 14 wherein the peatteming therapgaitoresisiive layerivaitico first phetdresist kobal t
pl ati num 17. The net g\gg of claim 14 whereln the pernmanent nmagnet
material has a hi gher resi st'f @FHle ahactivefeginn gad adirslynder {ayer gigion; 18

The method of claim 14.4MB6h ihI cf(rﬁ@n %@F)ﬁ@a%@&ggsﬂe fap%hgg%enﬁg{ﬁtsi stive

| ayer is approximately 300A of claim
14 wherein the first under |uaderlayegegion ahtil the firstgmdenlager egionchdsayer is
approximately 50A to 150At Qiegoiﬁa thickness less than the first thickness;
depositing permanent magnet material over the first under layer
region of the magnetoresistive layer;
patterning the magnetoresistive layer and the permanent magnet
material with a second photoresist layer to define current
contacts;
applying electrically conductive contact material; and

removing the second photoresist layer.

15. The method of claim 14 wherein the magnetoresistive layer is

comprised of Permalloy.

16. The method of claim 14 wherein the permanent magnet material

is comprised of cobalt platinum.

17. The method of claim 14 wherein the permanent magnet material
has a higher resistivity than the magnetoresistive layer.

18. The method of claim 14 wherein the active region of the
magnetoresistive layer is approximately 300A thick.



20. .- The met hod of claim 14 wherein the permanent magnet |ayer is

appr oxi nat el tha k. 21. The met hod of claim 14 wherein
deposi L\‘ L \ mgnet material over the first under |ayer region
i ncl udes er manent magnet material over the active region of the

magnet oresi stive | ayer. 22. ~ The nethod of claim21 and further
conprising: renoving the first photoresi;t | ayer, thereby breaking off and
renovi ng per manent magnet nateri al supﬁg ted by the first photoresist

| ayer. 23. A magnet oresi stive sensor conprising: a nmagnetoresistive
| ayer conprisipg an actjyve region having a first_ thickness bounded by first
and second inggtive r egi ﬁgwﬁggpgﬁgﬁnéééﬂﬁﬁnﬁﬂﬁékﬂé@éﬂﬁﬁﬂvFﬁﬁonﬁﬁﬂWthe

first thicknegaenadidsibtiveStayéid Q rggRNeN agf s exchange coupled to
the first and s%%ond inactl},ve raégl?’ofr%g?ta?ejs@e@tfsve y, and hard biasing the
active region to a single domain state. :

20. - The method of claim 14 wherein the permanent magnet layer is

approximately 550A thick.

21. The method of claim 14 wherein depositing permanent magnet

material over the first under layer region includes depositing permanent magnet

material over the active region of the magnetoresistive layer.

22. The method of claim 21 and further comprising:
removing the first photoresist layer, thereby breaking off and
removing permanent magnet material supported by the
first photoresist layer.

23. A magnetoresistive sensor comprising:
a magnetoresistive layer comprising an active region having a
" first thickness bounded by first and second inactive
regions having a second thickness smaller than the first
thickness; and
first and second permanent magnets exchange coupled to the first
and second inactive regions, respectively, and hard biasing

the active region to a single domain state.



