;1 ~e3e$Y$VSL&B\ T?K/  MAGNETI C RECORDI NG REPRODUCI NG APPARATUS BACKGROUND CF
THE | NVENTI ON The present invention relates to a magnetic 5 - B

recordi ng/ reproduci ng apparatus using a current perpGndiCUlari@wmwm@ﬂmmm .

magnet oresi stive head. An increase in recording density is al

in a magnetic recording/reproduci ng apparatus. Accordingly, a - _ *18918%

hi gh-sensitive read head 10 is required- A$ an element for a re t hat

satisfies such requirenments, a tunneling nmagnetoresistive eIen% w mwwmm

el enent) or a currentperpendi cul ar-to-plain giant nmagnetoresi st

(CPP-GWR el ement) are known. 15 TITI&E rGGad HieddNWENTHPNsuch an el enerttqoooz

sense current for magnetic field detection is flowed through a TMR film or

a GWR film havMAGNETICa BEEPRIING REPROPUCT N ¢F@ARA4USon pi nned | ayer, a

spacer | ayer and a magnetization free |layer, in _a direction 20

substantial |y perpendicul ar tBAFKERPUNR) BFakBE ESVENRISNt eason, the read

head can be called a.current-perpendicul ar-tao-plain magnetoresistive head.

Exanpl es of document sﬁ’ﬁﬁrecﬁ oV L HHh S R FUS MFACNR el ement

i ncl ude, tor ex le..:U. S. 25 Patent No. 5, 898 548. Exanpl es qf docunments

t hat disc%ose a%%§§%€%#€§ﬁ€§§°8¥F&&gaa@ﬁﬁFE%ﬁsePéﬁﬁﬁt% ﬁHﬁﬁﬁ@%*for exanpl e,

Jpn. Pat. Appln ; _+Publi_gat i . -5H8512 and U. S. Patent No.

5, 668, 688. Whgﬁ§g%§§ﬁgglgérF8n lﬁs%fh%%@g%Pﬁ%%&Sﬁgger%ﬁ@dhead el enent

use of constant-currep ;I EdNQ A FLUISERY - ; dr i | s determ ned
i%dr n J]E}g& o?é?aléﬁ%ﬁ iy a\ﬁt‘»{%é

dependi ng on various conditions. For exanple, I's "known t he
constant-voltangQﬁu%@@gibsaphg@%@Q?@ &%%O%&ﬂﬁaiﬂ@§%$iﬁ?i%%'a TMR el enent

in order to absorb fluctuation in elenment resistance. ThHe spacer | ayer
in the TMR fil mappatrheueVR Ridddrdingly, a high-sensitive read head
10 is required. As an element for a read head that
satisfies such requirements, a tunneling
magnetoresistive element (TMR element) or a current-
perpendiculaf—to—plain giant magnetoresistive element
(CPP-GMR element) are known.
15 In a read head using such an element, a sense
current for magnetic field detection is flowed through
a TMR film or a GMR film, having a stacked structure
of a magnetization pinned layer, a spacer layer and
-a magnetization free layer, in a direction
20 substantially perpendicular to the film plane.
For this reason, the read head can be called
a current-perpendicular-to-plain magnetoresistive
head. Examples of documents that disclose a magnetic
head using a TMR element include, for example, U.S.
25 Patent No. 5,898,548, Examples of documents that
disclose a magnetic head using a CPP-GMR element

include, for example, Jpn. Pat. Appln. KOKAI



* having the stacked structure of the nmagnetization pinned | ayer, the spacer

| ayer and the magnetization free | ayer described above, has a structure in
whi ch fine conductive regions (referred to as pin holes or 15 netal hol es)
are distributed in a high-resistance matrix. The reason why the spacer

| ayer having such a structure is enployed is to control the resistance of
t he spacer layer. The resistance of a hirghfeststance tunnel barrier |ayer
as the spacer layer in 20 the TMR el ement nust be suppressed in
consideration of practical use as a read head. The fine conductive regions
in the tunnel bﬁﬂgﬂéﬂaté?@rNOonﬂ@F§@6é2t@nﬁh@-decﬁeasaﬁ n resistance (see,
for exanple, U S. Patent No. 5,898,548, and | EEE Trans. Magn., Vol. 38,
2002, 25 p. 73)NoLnSa6€BPSERR el enent, a high-resistance thin oxide film
including fine nmetal holes is used as the spacer |layer so as to inprove an
MR rati o. - 3 HoWREr 2 iSeres edRiitodiid flieated Hdwough a read

current per pendi i n_magnet oresi stive heads nmay he deteriorated

| ar -t o-pl t /
mai nly due to h@%ﬁgés %P%Pgd H§e58%s§°€§FP€ﬁfc€6ﬁ@€ﬁtp&?@&n@hthe fine
ducti i i hbuted jn_th | ayer, | t]. i
Shor tenedSt | To. EPReteHor Yor PR ch L s, 4 B Rs e B b B e
liabilit f ti i.ng/ [ atus. BRLEF.S RY OF
THE T NVENT] O 107 R oaenepraeEdetisn? ERR, SAaeT CARoLS Mo BE iy to

one aspect of tbenBEARLALONRUER! LT VSARPLISS BTer 2 MRONRLOLESIS v head
havi ng a magnetoresistive filmthrough™which a current i's Flowed 0 a

direction substagthgl by TRer peedicet! ah bedRrl%of Lb¥RAR (A3 iR Iinof

magneti ¢ shi el ds di sposed to sandw ch the nagnetoresistive film and a
preanplifier whetbmeupplreessaagerse current to the nagnetoresistive head in
constant-current driving. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE
DRAW NG 20 FIG 1 isTaedispgrram dhgwirmndna thegmMRorfaslins tarv ecHd |aMrantd 1an,
preanplifier in constant-current driving connected to the nagnetoresistive
fil maccordi ng havangelibedsenkedf sthacpuesentt itheempiometiklaGiod is a
perspective view schematically 25 showi ng an exanpl e of a hi gh-resistance
spacer |ayer inBinaed LlaYeke ﬁﬁ@népéﬁé§igﬁwﬁé Andmthe @agd ety zatgemspect i ve
vi ew schemati cal_l omﬁngganother exanpl e of the high-resistance

- 4 sh
spacer | ayer inéFéae&aVﬁrtﬁgsﬁﬁé FfopReVEri e st p| FtRCELLS 19 whd&dyt i ona

.view show ng an_exanmple of  a ginned Iay?r a hi%‘h-tresistanc%o %gger | ayer

fine Conductive reglons’ (referre 0 as plin or

and

15 metal holes) are distributed in a high-resistance
matrix. The reason why the spacer layer having such
a structure is employed is to control the resistance
of the spacer layer. The resistance of a high-
resistance tunnel barrier layer as the spacer layer in

20 the TMR element must be suppressed in consideration of
practical use as a read head. The fine conductive
regions in the tunnel barrier layer contribute to the
decrease in resistance (see, for example, U.S. Patent
No. 5,898,548, and IEEE Trans. Magn., Vol. 38, 2002,

25 p. 73). In a CPP-GMR element, a high-resistance thin

oxide film including fine metal holes is used as the

spacer layer so as to improve an MR ratio.



5 a free layer; FIG 5 is a sectional view showi ng anot her exanple of the
pi nned | ayer, the high-resistance spacer |ayer and, the free |ayer; FIGS.
6A and 6B are diagrans for explaining 10 a probl em caused when a sense
current is flowed through the current-perpendicul ar-to-plain

magnet oresi stive head; FIG 7 is a graph show ng output changes with tine
when t he current-perpendicul ar-to-pl ai n~153magnet oresi stive head is
operated in constant-current driving or in constant-voltage driving; FIG 8
is a graph showi ng output changes with tinme when the

current - per pendi cul afowevysrai n trdgise therees ifstuinde thedd tilse sepenatrech i-n
constant-current 20 driving with different current values; FIG 9 is a

di agr am showi ngP&reggAécolesi-$orpd afin meignoleiress 1s tiaep dreadsr eave&suri ng
el enment is incorporated, and a thernp-electronotive force detector and a
preanplifier in9€&RELRREIEG et 1Y oger Fondeesnsesesates bye sense

magnet oresi stive filnlaccordinga&o anot her enbodi nent of the present

invention; - SUTEFBL £OTCENLIELESH OTh&Riend 1Rer SrRCVSTEe NSSHREen a

t enper at uge and I t controlled_in the magnetoresi.stive filmin FIG
9; FIG 11 is adggr%gﬁég%ﬁc}eg\rﬁ \?lvesﬁg\ﬁicﬁﬁ gaﬁzg AeticC sctjré’gd Bssenbly, viewed

froma di sk, aceardiag o agceatod wrak ol U pEE3ENL Juepion. and FIG

12 is a perspective view sShow he interdal structur etic

Il o S e S T B R
of the present kB¢ertiog/ WeblroB@cing apparatus.
BRIEF SUMMARY OF THE INVENTION

10 A magnetic recording/reproducing apparatus
according to one aspect of the present invention
comprises: a magnetoresistive head having a
magnetoresistive film through which a current is
flowed in a direction substantially perpendicular to a

15 film plane and a pair of magnetic shields disposed to
sandwich the magnetoresistive film; and a preamplifier
which supplies a sense current to the magnetoresisfive
head in constant-current driving.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

20 FIG. 1 is a diagram showing a magnetoresistive
film and a preamplifier in constant-current driving
connected to the magnetoresistive film according to
an embodiment of the present invention;

FIG. 2 is a perspective view schematically

25 showing an example of a high-resistance spacer layer

included in the magnetoresistive film;

FIG. 3 is a perspective view schematically



+ described below with reference to the acconpanying drawings. 15 FIG 1 is a
sectional view showi ng an exanple of current-perpendicul ar-to-plain

magnet oresi stive el enent used in the present invention. FIG 1 shows the
air-bearing surface side of the magnetoresistive el ement opposing a
magnetic recordi ng nmedi um (not 20 shown). As shown in FIG 1, an | ower
shield 1, an underlayer 2, an antiferromagAetic |ayer 3, a magnetization

pi nned | ayer (pinned layer) 4, a high-resistance spacer |ayer 5, a

magneti zation free layer (free layer) 6, a protective layer 7, and an 25
upper shield 8 ahewingcleedthEre exatmifler rodiredvee th ioyH-aeari s} aridee gpiguead | ayer
4, the high-resistance spacer layer 5, the free layer 6 constitute - 6 a
magnet or esi st i véayieitmifmiRded mrorthePma@uR tfaregis Bivasifignf;er r omagnet i ¢

| ayers 10 for stabilizing magnetic domains in the free layer 6 are forned
on both sides of the Mégnet cred steatd qnanviah Shawirer vaniexnpnmsulaf i ng

| ayers 9. The lower, shield 1 and the upper shield 8 al so serve as

el ectrodes to fPoRRISEEhI& Y& énthigh 7 sfilsd@nicsn saasaandayay ypnd
perpendicular to the film plane of the nagnetoresistive film A nateri al
used 10 f%r the? JFHYETd 1 and the upper shield 8 includes a conductive
ferromagnetic materi uch . Ni Fe., .The antiferronmagnetic layer 3 has a
function of pinning f?ElhIeGS'm(;ég;nle i%at9% 1oor}alt hveleﬂf rﬁ‘pe%wtgrh%/earn%t.h mat eri al

used for the anthlberAMENenles dialy 32 Niidss ol Qe XAl R, PLIM. The

cg :
free layer 6 serves as a sensing area. el asense current 1s flowed in a

direction substaphi@ld ¥ sRRIPeMH FHArrF IR tlg?efli;l m pl ane of the
[ [ I a

magnet oresi stive el enent, electric signals n be output for magnetic

signal s sensed by 20 fius freze drity 9B Grd M4t HLS@IM éxfba%itﬂiqgg_ a
preanplifier 30 to supply a sense current in constant-current driving is

connect edot o t he pawerlewhiczhbdd amédrt he spper el 8.5 M eidect achi eved
by constant-current 25 driving will be described below. Here, the effect by

t he const ant - cuithegwuglr ithien g uspeai tfHpealden diayn leer-exceidled ron t he

hi gh-resi stance spacer |ayer 5 included - ~ _in the magnetoresistive
film For this PegsetoreEsd sHiigte hesidst ance spacer layer 5 will be described
first. As shown in FIG 2 or 3, the high-resistance 5 spacer layer 5 has a
structure that fine &dftuct idfe & etfiaoils sivowimg forvt i Fhanddgiiesi st ance

matrix 11. The %onfi% ration of the conductive regions 12 may be
one- di nensi onal “H8e %Fpeﬁgﬁr&@qﬁ§Q£§HﬁﬁﬂﬁHQHQH;QRﬂQQSP%ﬂﬁﬂm1i n FIG 2 or

t wo- di nensi onal rooves 1 own.in FI.G 3. In any case, the section
includingg magne oreggéﬁlve heaézls operg%ednﬁn constant-current

driving or in constant-voltage driving;

FIG. 8 is a graph showing output changes with
time when the current-perpendicular-to-plain
magnetoresistive head is operated in constant-current

20 driving with different current values;

FIG. 9 is a diagram showing a magnetoresistive
film in which a temperature measuring element is
incorporated, and a thermo-electromotive force
detector and a preamplifier in constant-current

25 driving connected to the magnetoresistive film
according to another embodiment of the present

invention;



" the pinned |ayer 4, the high-resistance spacer layer 5 and the free |ayer 6
is a showmn in FIG 4. In the TMRfilm a high-resistance spacer |ayer
(tunnel barrier layer) 5 having the above structure is 15 formed dependi ng
on manufacturing nmethods. In the CPP-GWR film the high-resistance spacer

| ayer 5 having the structure is intentionally forned to increase an output.
In the CPP-GWR film the conductive regron8 12 are formed to obtain a
current 20 confinenent effect. In this case, if the area of the conductive
regions 12 is about 10~ or less of the filmarea (elenent area), the
current confinenent éffGectlr érmark ahlaphapbearinng Eherdlighi-arediist ardsveamat ri x
11 contains, as a nmain 25 conponent, oxide, nitride or carbide of any

el enent sel ect e@ LEBRELBEUFCOG Gnsiustient sontamodd edB)in dihe con (Si),
germanium (Ge), tantalum (Ta), g _ tungsten (W, niobium (Nb), alum num
(A1), nol ybdenuRPERB-CLERdSFHd ot Lipn \F:I%adi%m (V), arsenic (As),

LY (SO, e G e AT A Sl d 2 s £
nci um (18) "1 RBGRURRERP Y bR L RO n SO £ 1t hi um (L1,
10 cobal t (o). i SREP LT PUorEEuR CRETY RS T Ie darth motal . and has a
Egihﬁéiybéyrggiggguag%Fﬁcﬁggéﬁ %%tagﬂﬁﬁﬁﬁﬁgéﬁéggﬁg?hg%ﬁﬁkJ3%?% EXL)fhgilver

Ag), platinum§ | lsaali » rialhn@ ] 0N
(FS)" Bobal (oo} CoinBdl sREMETNRe OFf & Hobudrd® b A ool 1

in the formof tbeagaeudi BRNshakal thel dageerducticrl e RnsRoWhdwh AG 2
is about 0.1 to 10 nm the function of 20 the CPP-GVR filmor the TMR film
can be athi evedFlIandlél éesenbuhtrect.i ons can be nore inproved. The conductive
region 12 in the formthe two-di mensional groove shown in FIG 3 may have a
groove width of 0.1 to SPABAIRBEDTRBSEGRHATEIGN| 6FafidB INEENTIDHyer 5 nmay not
al ways include the conductive region 12 extending fromthe pinned | ayer 4
to the free |ayer 6. Emboddpemilse of thegpreperghomveant RmGwigl e t he

hi gh-resi stance spacer |ayer 5 has_an uneven surface in which the thickness
of the projecti A§SFELPREnEELOWO W2 tho TR IRFEAGE (9 thie AasOsPagitife recessed
portions is halg or .less the 5 thickness of the projecting portions, a
tunnel current. “F8“Ef8Red t hrough the recessed portions, or a current is

concentrated on the recessed paortions due ta resistance difference t
achi eve ggcurrent con %ﬁeﬁeﬁf é?f%%ﬁ.quginWﬁﬁw\ﬂﬂ9¥inqPﬁ?r%ﬁﬁﬁ?géﬂ' rtions

shown current-perpendicular-to-plain magnetoresistive

element used in the present invention. FIG. 1 shows
the air-bearing surface side of the magnetoresistive
element opposing a magnetic recording medium (not

20 shown). As shown in FIG. 1, an lower shield 1,
an underlayer 2, an antiferromagnetic layer 3,
a magnetization pinned layer (pinned layer) 4,
a high-resistance spacer layer 5, a magnetization free
layer (free layer) 6, a protective layer 7, and an

25 upper shield 8 are stacked. The antiferromagnetic
layer 3, the pinned layerA4, the high-resistance

spacer layer 5, the free layer 6 constitute



10 in FIG 5 performthe sane role as the conductive regions 12 in the form

of the holes (conductive holes) shown in FIG 4. A problem caused when a
sense current is flowed through the above current-perpendicular-to-plain 15
magnet oresi stive head will be described belowwith reference to FIGS. 6A
and 6B. FIGS. 6A and 6B show a state that, in the stacked structure of the
pi nned | ayer 4, the high-resistance spacertlayer 5 and the free | ayer 6,
the sense current is locally flowed 20 in the fine conductive regions 12
distributed in the high-resistance spacer |ayer 5. Wen the sense current

i s concent r at ed aomaghe togralicttive fedmonEMR2 fiiims weh CRPraMRertila) .

hi gh-resi stance portion around the conductive regions 12 changes due to
heat gener at i onB28sifgodles ros@opetdc tlaarershd Oarfea oftabhid izdmduct i ve
regions 12 becones |arger as shown in FIG 6B than in FIG 6A In this
case, shunt conPédesitd Caderaidcedsedhe freg liayerhéd BVR doamest oror current
confinenent is de weak in the CPP-GWR el enent, resulting_ in output drop.
The occurrence g%tphélgﬁﬁpﬁﬁ dH6p MegRedeses ik iver &l Lmaivd t he magnetic
recordi ngLrepro poratigg t he above nagnetoresistive

duci ng appar atus .5 i.ncor.
head and ghorteﬁEEFﬁgepﬁg RS WA 189 PYEES. I'n the present inventi on,
constant-current driwvj i d, t.o _consi.derably s r.e a .reduction
inlifetime of a nagﬁ%%?él%6§$g%§%%f%&7f%ﬁfg%ﬁ%fﬁﬁx%bﬁgﬁgfﬁi%%éﬂ§%ﬁ by the
af orementi oned Qutput ~dr %ﬁl-ec!%'rﬁdeé %%O‘ﬁo%%p\‘%tgn%%g%%%%e‘?ftt Ntime when the

current - perpendi cul ar-to-plain nmagnetoresi sti S operéﬁed in

constant -current @nidRd o siubstandaRSh ANt VQlth9e A Viddd 1 .nesi st ance
of the head used in the é&pgﬁiﬁenpg 'S ég%f¥%$he va Sé~o?g§ﬁ£%3?6§? at tinme

0 for constant-guahenbrdiihe fighgne tsHastiamtival Ity 1equaly bR ddhata if fsed
constant-vol tage driving. Here, the output drop corresponding to 20 the
limt of 10he erifor take lowerhehiegretli Gnde¢dedupgareRhAdUE By iaRA/IERIUS
using the head is assuned to be 10~. As shown in FIG 7, the lifetine of
t he head oper at ed conduartstvan tt-ecunomesyn edtriicv magr eird adb uicht wisc @litflee |i feti ne
of the head operated in 25 constant-voltage driving. Although this is
appar ent | y i ncofbeseaft fgirriemagaetdisc dptyesf 3cbast anttunsittiage odri ving in
which the - 11, entire voltage does not drop even when the resistance is
decreased, it iBlPpEirevéde: sagpesfination B the PéNNeH AgvieecHani sm That
i's, when the magnetic neiordigglrepr duci ng apparatus is qperated in 5
const ant - vol t agé BAFGFAG tsed)dore theapniidererargdatic iy edorduct i ve

region 12.is in,inverse proportion esistance R._of the conductive

t h
regi on ad descr iB& %gﬁsfhéofoﬁﬁﬁﬂfﬁﬁgekﬁﬁ@;sigﬁ@ Gen e85t dhSSF&Sage

driving) VZ/R'aéoal%ekgﬁ%gcgﬁ%a.ifw%gﬁh%ﬁ%%n%% EQLI%%Q?uctgﬁgwge i.ogn 12 is

. 1S n
enl arged after a |l ong-t1 ne  “opérati on, € resistance s “decréased tand

thus the Joul e Qe@f[ir\é\é:it%oinn%%%%%%qltiqurgte%%rr%ﬁnl eithe t@%gel“ﬂlm

recordi ng/ reproduci ng apparatus 1s oper const ant -vol tage dri vi ng,

the enl ar gement poknkhe rcepdu fag_\ﬁ%tb%@isq@tli%ei L 136(eRIter ahethryand the
lifetime of the magnetic recording/reproduci ng apparatus becones short.
signals can be output for magnetic signals sensed by
20 the free layer 6.

In the present invention, a preamplifier 30 to
supply a sense current in constant-current driving is
connected to the lower shield 1 and the upper
shield 8. An effect achieved by constant-current

25 driving will be described below. Here, the effect by

the constant-current driving specifically may be

exerted on the high-resistance spacer layer 5 included



On the other hand, the Joul e heat Wgenerated 20 when the
current-perpendi cul ar-to-pl ain magnetoresi stive head is operated in
constant-current driving is in proportion to the resistance R of the
conductive region as described in the foll ow ng expression. Therefore, when
the magnetic 25 recording/reproducing device is operated in
constantcurrent-driven, the enlargenent-of7the conductive region 12 is not
accelerated, so that the lifetinme of - 12 the magnetic
recordi ng/ reproduci ng device is prevented from bei ng shortened: W(in
const ant - curr entindthei mggnetb2eXiRtiFkeGfi8mshowWe ramhdiut puta sour,vehai th ti ne
when 5 a driving.currenp is increased by about 20%in constant-current
driving. Wen ahédhréasissanger 6Reegrbyaye% iSnwidasbaentdespmided dri vi ng,
the lifetine of the magnetic recordi ng/reproduci ng apparatus is
substantially e§&&Ftto the lifetinme obtained when 10 the nagnetic
recordi ng/ reproduci ng apparatys i.s operated in_constant-voltage driving as
shown in FIG 7. The%@fé Wat Todtifut 2g&ith Sebttaien &d By & fidi SHANE

constant-current_dri vi under .t he above conditions can be proxi mated to
about 20% 15 AEPBESErﬁggaragobéﬁ Pn SERECHESe %tn$éﬁﬁ(9?ﬁ%%ﬁ§ﬁvﬁhe

current - per pendi .ar-to-pl.ain_magnet or esi st.i ve head i s operated
constant-curren%gg??@ﬁng? P_g FPFeF|néncﬁn%68%65ﬁ§%i5%ﬁﬁ%/ éﬁd&gf or the
out put can be cepsi g@ﬁ%@bﬁr‘a@ﬁ%ﬁag?dthéoclolﬂdu&%i@r e%%%éo'n@/q_@t W3y paAse on
measurenent of the tenperature of the current-confi nemnent portio

(hi gh-resi stancgnspagaenkayeb). nhbhespreameli-biercan %nfogl%f{tl%k control | ed
to lower the current value where the tenperature is raised to an extent to

cause 25 deterinpakkPnshbant he ¢ase where tHdchlimaHRGRAA1S Prcdwisovi ded,
nore excellent effect than that obtained in the sinple constant-current
driving tan be shbanhneéd. FIG. 33 Theaggnshiskyt ithe eldtieonmagrRaiding
recordi ng/ reproduci ng appar atus having such a nechanismw || be descri bed
bel ow with ref etbaceitbell Gayer Kn the tughemespetpend cuaarert dayleai 5 5
magnet oresi stive elenment, a Cu layer 21 is inserted between the

hi gh-resi st anceabgatBe Exger 18vyemd 6t he Bseshbayering FilG.t He st acked
structure shown in FIG 1. Even when the Cu layer 21 i's inserted, the TMR
effect or the GWR ef £8cithies TGt fdilgvushéd gharesisdadcr sercry daWticted to
one end of the | ayer. 21, .and.a CuNi _(constantan) |lead 23 is connected to
the other end. ﬁﬁuﬁaéﬁtpéﬁ?lﬁﬁeléﬁeFéaé EQV&HG F%@,é@ﬂve(§5ﬁ§F§NF§hPSIead
23 are coppnecte reference junction 24 set at roomtenperature. Since
this conbPituti g%%‘%%%ﬁ%ﬁ%ﬁé@t hB, RaPBraCtronne 08 Pofte b Cu and

CuNi, the tenpngguéﬁRoEiggg @hghh3§§L§%%E%§§EB%P%tf%g er J.Gan be neasured

with a thernmo-electronotive force ector conn i fhe m ddl e of

the Cu lead 22. nTbengf ene, swﬁce;ﬁ@mlsi Eh%n%qoﬁragr@t%ﬂn{é@

%o
constant-current driving can be feedback contro so as to lower the

val ue of the semngsereHgkeah, oh@ﬁ@@.onlthhbe@@r-@mr &1Qfy,t g i gh-resi stance
spacer layer 5 neasured with the therno-el ectronotive force detector

(controller) 25coRBuEttvexaspliensi 12FbGe ¥Ormikie tor eampliid i3 Lper at ed
in constant-current driving is controlled so as to | ower the value of the
sense cukPent, whefiinbment effect. In this case, if the area of the -
conductive regions 12 is about 10% or less of the film
area (element area), the current confinement effect
remarkably appears.
The high-resistance matrix 11 contains, as a main
25 component, oxide, nitride or carbide of any element

selected from the group consisting of boron (B),

silicon (Si), germanium (Ge), tantalum (Ta),



- 14 tenperature of the high-resistance spacer |ayer 5 nmeasured with the

t herno-el ectronotive force detector 25 exceeds 150C. Incidentally, the
junction between Cu and CuNi 5 (constantan) serving as a heat sensing
portion may be separated fromthe el enent, and the preanplifier 30 operated
in constant-current driving may be controlled so as to change the val ue of
t he sense current based on the anbient tenperature near the elenent. 10
Next, a magnetic head assenbly and a nmagnetic recording/reproducing
apparatus using a magnetoresistive head according to an enbodi ment of the
present inventi ¢nngisklenbdWlesaiobddmbeNoy, BLGmihhm 23 )pemspebdevenyi ew
showi ng a magnetic 15 head assenbly 50, viewed froma disk, using a

curr ent per pendi difbar - b09papm0@§gdéﬁor@§msﬁﬂwm H&ad acﬁemdmngAEO,an

enbodi ment of the present invention. The actuator arm51 has a hole to be
fitted on a plvéﬂtﬂﬁoéynaéﬁétl@ldc§mlaﬂpAﬂatustltﬁ@l§ued€n§uoﬂl5z is fixed
20 to one end of the actuator arm 5 he head_slider 53 on which the

current - perpendléﬁlarlﬁédplgpﬁ n&@ﬁéﬂ&ﬂe§T§tvv@eﬁéaélu@-#@@ﬁve@aﬁ@lum

orted_on th t al e on 52. The |l ead I 54 for
arrfing and rea ﬂgssﬁﬁﬁﬁ éngrigﬁggﬁng@'é@a%us§$ﬁ§ﬂ8ﬁ&%§'§Cne ends of

he | ead d d d dth
ot her ends. of ¢ ﬁta?s%%wﬁiét B s PeBfnblt dis VP TBG s6addRE pads ss.
FIG 12 is a perspec cti %gé%ge E?ubg%d%g§ ﬁk&h %alﬁ%@ﬂ% ug@dgf a magnetic

recordi ng apparatu At he nagnetlé head 5

assenbl y shown tnagﬁleeluﬂnl (%) lnatl%tllleqt (The, mRaRstiC @agk 1Ok digal i xed on

the spindle 102, and is rotate in response’to control si'gnals supplled

fromdrive cont reh) er strehtshawsr) Thaaaghwaker @thm,%r%hp wrahn FIG 11 s
fitted to the pivot 103 and supported wi th 10 ba | bearings (not shown)

arrangediat uppepband |(Qeer pasikkilonmiof, theipiivet k@3, amd the actuator
arm 51 supports the suspension 52 and t he magneti ¢ head slider 53 arranged
at the distal emdrefetméhsuspedsi and5SBasThe resiceicditly ot @bol®4, a type of
15 a linear notor,. is arranged at the proximal end of the actuator arm 51.
The voi ce coill ﬁr0t>6r1Q1@)4"c3)n@rstesr agrgnetA gnatiewial woadtfewttdte by a
driving coil wound around a bobbin unit, and a pernmanent magnet and a
counter yoke thaPnéPétaW?aﬁgééoaﬁpéglﬂ@céaéﬁsomﬁéﬁ12@uﬁb s8N PRPSe It he coi

The actuat or arthé can ge fr er actuated with the. voice coil _notor 104.
Wien the magnet i‘€Ydr sRC1 roﬁaﬂeﬁr t(RS) maBretidufedd L1 i @&l 1581 Lus hel d

such t hat .t he tic_hea 53 i,s f ed ,over the magnetic disk 101

i's |n£§5 cog?ggﬁ wﬁfﬁgﬁ éEFSaCQSHFthé%ﬁégnéFP@ dif&R - 6%%a§5 t hat
|nfornat|on can t by neans of the nmagnetic head. The cover
105 is put on tﬁgg “%h?G% ou5|ﬁﬁq3hat stores these conponents.

If the size of the conductive region 12 in the
form of the one-dimensional hole (conductive hole)
shown in FIG. 2 is about 0.1 to 10 nm, the function of

20 the CPP-GMR film or the TMR film can be achieved, and
element functions can be more improved. The
conductive regioh 12 in the form the two-dimensional
groove shown in FIG. 3 may have a groove width of 0.1
to 5 nm.

25 The high-resistance spacer layer 5 may not always
include the conductive region 12 extending from

the pinned layer 4 to the free layer 6. For example,



Addi ti onal advantages and nodifications will readily occur to those skilled
inthe art. Therefore, the invention in its broader aspects is not |limted
to 5 the specific details and representative enbodi nents shown and

descri bed herein. Accordingly, various nodifications may be nade w thout
departing fromthe spirit or scope of the general inventive concept as
defined by the appended clains and thei - equi val ents. - 17 WHAT IS
CLAIMED I S: 1. A magnetic recording/reproduci ng apparatus conprising: a
magnet or esi stive head having a nagnetoresistive 5 filmthrough which a
current is flowes ishoardiiredlican Ssubist atd aligh-peydiendindd apde film

pl ane and a pair of magnetic shields disposed to sandwi ch the

magnet or esi st i véafidimd dveds amprusaysn fduerfadd dm sappit echea tSeRg@a@y rent to
10 the magnetoresistive head in constant-current driving. 2. The apparatus
accordi ng to cl &fmthe Wedsat inte prgrieror dsi $idd&d i4 mrhasd Steacked
structure of a nmagnetization pinned |ayer, a high-resistance spacer |ayer

i ncl udi ng a hi girednesined e isecarsers nagrfdedts vies hagifores flessedhen t he
high-resigtanceggg}rix, and. a magnetization free |ayer. 3. The apparatus
accordi ng>to cl &HCERSHTedi A &19IFR e foftdentat @ tunnede|@arent r om

the group consi st of al oxide, netal nitride and nmetal 20 carbi de,
and the conductiVe gﬁeﬁ%&ﬁjﬁtgg\ ?\ﬁ‘f rﬁ?cceﬂssseéqt SOt FAomAthé GiBgRsnt
ionaLZ£LP% of ngp%%nd@ﬁﬂ}é¥¥ésgﬂ\€%é f%cégg%d?%E%ﬁﬁkﬁﬁs%ﬁﬁ?%ﬂi”g to claim
resistance differénce to achieve a current confinement
effect. 1In other words; the recessed portions shown
10 in FIG. 5 perform the same role as the conductive
regions 12 in the form of the holes (conductive holes)
shown in FIG. 4.
A problem caused when a sense current is flowed
through the above current—perpeﬁdicular—to—plain
15 magnetoresistive head will be described below with
reference to FIGS. 6A and 6B. FIGS. 6A and 6B show
a state that, in the stacked structure of the pinned
layer 4, the high-resistance spacer layer 5 and
the free layer 6, the sense current is locally flowed
20 in the fine conductive regions 12 distributed in the
high-resistance spacer layer 5. When the sense
current is concentrated on the conductive regions 12
in such a manner, a high-resistance portion around the
conductive regions 12 changes due to heat generation
25 . {Joule heat), so that the area of the conductive
regions 12 becomes larger as shown in FIG. 6B than in

FIG. 6A. In this case, shunt components are increased



+an area ratio of the conductive regions is 100 or less 25 of an area of the
spacer layer. 5. The apparatus according to claim1l1l, wherein the

hi gh-resi stance spacer layer is a tunnel barrier - 18 layer. 6. The
apparatus according to claim2, further conprising: a tenperature measuring
el ement neasuring 5 a tenperature of the high-resistance spacer |ayer

i ncluded in the magnetoresistive film -and0a controller controlling a val ue
of the sense current supplied by the preanplifier based on data of the
tenperature neasuring element. 10 7. The apparatus according to claim6,
wherein the tenpar ahdr @MReEas BieAd , ebement rene! YT iaarAAUGH YR deayer of a
first nmetal stacked on the high-resistance spacer |ayer of the

magnet or esi st i veebkl imahtieaCPeadMaf el emendnd reetidltinighd ncomdwett eobh | ayer
and the lead formng a junction so as to generate therno-el ectronotive
force. .ALh. AL2Ths occurrence of the output drop increases an error

A (2.ALLA{ AN . A AL& AL{& AL(.AL. AL. AhE. A" . A(. A" U& A’ ;

+Gs! ", *+Bs>p}x&aite Zfcapheapesnesfcareapesdias) egpesialics] eapealdalscal ca] ca
] ca] ca] cal ca] caﬁca%ca%ca%ca] cagca] caljcalcTalcTal 8], DX) UV[\ XY

1xsni d_Z] 2a] ca] ¢3FEAPRAPLATEalrR]] GRPYS] FAPESOARSdpEEd Vealheac @P6a] ca] ca] ca]
ca] ca] ca] ca] ca] cal ca] ca] calcalyY
uv9:788\PIn}}xsﬁﬁhf%%?ﬁ]%g%cg%%&F&EFC§P€aF€8FEEF€§Tca]ca]ca]ca]ca]ca]ca]ca]

. .cal Mo>kt y' -.
Igﬁ} 2?1( g ﬁ} gi]Z]C g]a]c g]a]c g]aIflg]gf%]ac %]ae]%ge%']%g]&]%g)] ; (;%]éL]%%la{] &é’f’@g:]a&é“&é]rd%ﬁ“éﬁ] ca] ca] ca] ca
> I x! " 9&k{ 2de<EEXY id Z
| Ca] ca oa] cal cal Co] Aapca o EAPUAR: A s kT At ey ERT Tk F e ca] cal cal ca] ca
] ca] ca] ca] ca! Qreglighkioh7in! 2iRetime of a magnetic
#PURBBBRE( &} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] céﬁ ca] cal ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] caj ¢a] ca] eakeabsabyabpabeakeakc abpakealS)la0Eedt JSIEEREEEH (00
)+ +Y+1, ---/ K/ 00} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] cafFocakmahtabeatcahephtakeapca] ca] ca! ON1O11111T2U2222Y33K4ANAOA
35555G6H6, 7T7' 8(88889R9S9: } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ¢dfsca]/c ahoajsc autauta jobalnes]sc alidd] dalealwhen the

; <<u<v<<z===np>?7? @00, B<BBBB7C8CC} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cafvareafcapsrpodlicaleal talpapda) vaprajtoalesd]stdveahealdCs Dt DOE@
EEEEE! F- G GMGNGEGLHZHI Q Rl JJJdKpLnMsNOO<Pr PPP} xsni d_Z] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] £8] eRp&afFed] én) eapespesrcafregpdapEdvdaloc #rcdncal ca] cal cal cal
cal! Py RR. R/ ROR RRRRRR!S.S/SéSSSSSS#TWWTTT}xsnid_Z]gg%ca]ca]ca cal ca]
ca] ca] ca?ga] ca] EA EAPEAT ULl EaPEaPEdVeaPca] CaFC AFSAPELATES o] taiecdledd ca) ca]
ca] ca! TUNUUUUWV W . .
MXXYY$YS[SSSSSS§¥€¥¥+?}§§ﬁingfféﬁggféaféafgaf%a]cgfgafééPEafgaFEa]ca]ca]ca
] ca] ca]ca] ca] ca ] ca] ahc a a catGsf.HY .
L3109%& () -1 le‘Véﬁ?# ug g?o_@ﬁ/il“%) b&%%%wk%?])s%%lﬂ%f}igfgr%?‘]t GIZUOEE
Slo%TT&f()'5$10%@%%%3nt§§&5yqu%%Q%@b(khﬁt#@%&g%%ngkhﬂ%—voltage
driving. Here, the output drop corresponding to
20 the limit of the error rate of the magnetic
recording/reproducing apparatus using the head is
assumed to be 10%. As shown in FIG. 7, the lifetime
of the head operated in constant-current driving is
about twice the lifetime of the head operated in
25 constant-voltage driving.

Although this is apparently inconsistent with the

concept of constant-voltage driving in which the
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entire voltage does not drop even when the resistance
is decreased, it is believed to be effected by the
following mechanism. That is, when the magnetic
recording/reproducing apparatus is operated in
constant-voltage driving, the Joule heat W generated
in the conductive region 12 is in inverse proportion
to the resistance R of the conductive region as
described in the following expression:

W (in constant-voltage driving) o VZ2/R.

In this case, if the size of the conductive
region 12 is enlarged after a long-time operation,
the resistance R is decreased and thus the Joule heat
W is increased. ' Therefore, when the magnetic
recording/reprodicing apparatus is operated in
constant-voltage driving, the enlargement of the
conductive region 12 is accelerated, and the lifetime
of the magnetic recording/reproducing apparatus
becomes short.

- On the other hand, the Joule heat W generated
when the current-perpendicular-to-plain
magnetoresistive head is operated in constant-current
driving is in proportion to the resistance R of the
conductive region as described in the following
expression. Therefore, when the.magnetic
recording/reproducing device is operated in constant-
current-driven, the enlargement of the conductive

region 12 is not accelerated, so that the lifetime of
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the magnetic recording/reproducing device is prevented
from being shortened:
- W (in constant-current driving) < 12 X R.
FIG. 8 shows an output curve with time when
5 a driving current is increased by about 20% in
constant-current driving. When a current is increased
by 20% in constant-current driving, the lifetime of
the magnetic recording/reproducing apparatus is
substantially equal to the lifetime obtained when

10 thé magnetic recording/reproducing apparatus is
operated in constant-voltage driving as shown in
FIG. 7. Therefore, an output gain obtained by
employing constant-current driving under the above
éonditionsAcan be approximated to about 20%.

15 As described above, in the present invention,
when the current-perpendicular-to-plain
magnetoresistive head is operated in constant-current
driving, fhe lifetime can be considerably extended, or
the output can be considerably increased.

20 In the present invention, base on measurement of
the temperature of the current-confinement pqrtion
(high-resistance spacer layer), the preamplifier can
be feedback controlled to lower the current value
where the temperature is raised to an extent to cause

25 deterioration. In the case where such a mechanism is
provided, more excellent effect than that obtained in

the simple constant-current driving can be obtained.
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"10%&' ()-fcdBC 10EE! TheYtd0%Rif)htfion of the magnetic
recording/reproducing apparatus having such a
mechanism will be described below with reference to
FIG. 9. In the current-perpendicular-to-plain
5 magnetoresistive element, a Cu layer 21 is inserted
- between the high-resistance spacer layer 5 and the
free layer 6 in the stacked structure shown in FIG. 1.
Even when the Cu layer 21 is inserted, the TMR effect
or the GMR effect is not disturbed. A Cu lead 22 is
10 connected to one end of the Cu layer 21, and a CuNi
(constantan) lead 23 is connected to the other end.
In addition, the Cu lead 22 and the CuNi (constantan)
lead 23 are connected to a reference junction 24 set
at room temperature. Since this constitution
15 generates thermo-electromotive force between Cu and
CuNi, the temperature of the high-resistance spacer
layer 5 can be measured with a thermo-electromotive
force detector 25 connected in the middle of the Cu
lead 22. Therefore, the preamplifier 30 operated in
20 constant-current driving can be feedback controlled so
as to lower the value of the sense current, based on
the temperature of the high-resistance spacer layer 5
measured with the thermo-electromotive force detector
- (controller) 25.
25 For example, in FIG. 10, the preamplifier 30

operated in constant-current driving is controlled so

as to lower the value of the sense current, when the
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Incidentally, the junction between Cu and CuNi
5 (constantan) serving as a heat sensing portion may be
separated from the element, and the preamplifier 30
operated in constant-current driving may be controlled
so as to change the value of the sense current based
on the ambient temperature near the element.
10 Next, a magnetic head assembly and a magnetic
recording/reproducing apparatus using a
magnetoresistive head according to an embodiment of
the present invention will be described belbw.
FIG. 11 is a perspective view showing a magnetic
15 head assembly 50, viewed from a disk, using a current-
perpendicular-to-plain magnetoresistive head according
to an embodiment of the present invention. The
actuator arm 51 has a hole to be fitted on a pivot in
a magnetic disk apparatus. The suspension 52 is fixed
20 to one end of the actuator arm 51. The head slider 53
on which the current-perpendicular-to-plain
magnetoresistive head is mounted is supported on the
distal end of the suspension 52. The lead wires 54
for writing and reading signals are formed on the
25 suspension 52. One ends of the lead wires 54 are

connected to electrodes of the magnetic head, and the

other ends of the lead wires 54 are connected to
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FIG. 12 is a perspective view shqwing the
internal structure of a magnetic recording apparatus
(hard disk drive) 100 in which the magnetic head
5 assembly shown in FIG. 11 is installed. The magnetic
disk lOl is fixed on the spindle 102, and is rotated
in response to control signals supplied from drive
contrqller (not shown). The actuator arm 51 shown in
FIG. 11 is fitted to the pivot 103 and supported with
10 ball bearings (not shown) arranged at upper and lower
positions of the pivot 103, and the actuator arm 51
supports the suspension 52 and the magnetic
head slider 53 arranged at the distal end of the
suspension 52. The voice coil motor 104, a type of
15 a linear motor, is arranged at the proximal end of the
actuator arm 51. The voice coil motor 104 comprises
a magnetic circuit constituted by a driving coil wound
around a bobbin unit, and a permanent magnet and
a counter yoke that are arranged opposite each other
20 to sandwich the coil. The actuator arm 51 can be
freely actuated with the voice coil motor 104. When
the magnetic disk 101 is rotated, the magnetic head
slider 53 is held such that the magnetic head slider
53 is floated over the magnetic disk 101 or is in
25 contact with the surface of the magnetic disk 101, so

that information can be written or read by means of

the magnetic head. The cover 105 is put on the
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10%& ()_EWHO%D%h%)%pecific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A magnetic recording/reproducing apparatus
comprising:

a magnetoresistive head having a magnetoresistive

5 film through which a current is flowed in a direction
substantially perpendicular to a film plane and
a pair of magnetic shields disposed to sandwich the
magnetoresistive film; and

a preamplifier which supplies a sense current to

10 | the magnetoresistive head in constant-current driving.

2. The apparatus according to»claim 1, wherein
the maghetoresistive film haé a stacked structure of
a magnetization pinned layer, a high-resistance spacer:
layer including a high-resistance matrix and

15 conductive regions formed in the high-resistance
matrix, and a magnetization free layer.

3. The apparatus according to claim 1, wherein
the high—resisfance.matrix is seleéted from the group
conéisting of metal oxide, metal nitride and metal

20 carbide, and the conductive regions contain a metal
selected from the group consisting of copper, gold and
silver.

4. The apparatus according to claim 1, wherein
an area ratio of the conductive regions is 10% or less

25 of an area of the spacer layer.

5. The apparatus according to claim 1, wherein

the high-resistance spacer layer is a tunnel barrier
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comprising:
a temperature measuring element measuring
5 a temperature of the high-resistance spacer layer
included in the magnetoresistive film; and
a controller controlling a value of the sense
current supplied by the preamplifier based on data of
the temperature measuring element.
10 7. The apparatus according to claim 6,
wherein the temperature measuring element includes
a conductive layer 6f a first metal stacked on the
high-resistance spacer layer of the magnetoresistive
film and a lead of a second metal, the conductive
15 layer and the lead forming a junction so as to

generate thermo-electromotive force.



