+ 2 & FEB 2007 *166166* TI TLE OF THE | NVENTI ON MAGNETI C
RECORDI NG REPRODUCI NG APPARATUS BACKGROUND OF THE | NVENTI ON The pr2sd&hB 2007
invention relates to a magnetic 5 recording/reproducing apparatus using a
current- 0- plaln magnet oresi stive head. An increase in
recordi ng d@ﬂﬂﬂ“ﬂlmmmml required in a magnetic recording/reproducing
appar at us. Accor ng Y, a |gh sensitive fead head 10 is required. As an
el enent for a read‘head that satisfies such requirenents, a tunneling
magnet oresi stive elenent (TMR el enent) or a current- perpendicular-to-plain
gi ant magnet oresi stive el enent TIICPP-GVRE] eERNTERR known. 15 In a read
head using such an elenent, a sense current for magnetic field detection
is flowed throN@ﬁNEgI?NQEQQRQLNGG¥H§RQHUQQNGtﬁﬁﬁﬁ%ﬁ Stacked structure of
a magneti zation pinned | ayer Eacer ayer_and. a nagnetization free
|l ayer, in a direction 20 subgﬁgﬁﬁ PNy 85r65ﬁdﬁ§¥ﬁ§?l ¥ the film plane.
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perpendicular-to-plain magnetoresistive head.

An increase in recording density is always
required in a magnetic recording/reproducing
apparatus. Accordingly, 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-
perpendicular-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
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di scl ose a magnetic head using a CPP-GWR el enent include, for exanpl e,

Jpn. Pat. Appln. KOKAI *@0002* 2 8 FEB 2007 - 2 Publication No28 FEB 2007
10-55512 and U.S. Patent No. 5, 668, 688. \Wen a sense current is flowed

t hrough a read head el enent, use of constant-current driving or 5
constant-voltage driving is determ ned depending on various conditions.

For exanple, it is known that the constart-voltage driving is preferred
for a read head using a TMR elenent in order to absorb fluctuation in

el enent resistance. 10 The spacer layer in the TMR filmor the GWR film
havi ng the stackeul statuburio of 1 e-hes TeYnehd zat § onpapémned | ayer, the spacer
| ayer and the magnetization free |ayer described above, has a structure in
which fine coMluctivebdegitns (referred to as pin holes or 15 netal hol es)
are distributed in a high-resistance natrix. The reason why the spacer

| ayer having such a"keruzteseesée scerpepyedsi §1ovedohhrolighhe resiist ance of
the spacer layer. The resistance of a high resistance tunnel barrier |ayer
as the spacer I283% $HFReRL1 HesTMR efemehen hustt bensupptessedorn _
consi deration of ractical use as, a read head. The fine conductive regions
in the tuhnel Bat?T et el 2ot bitedtbsthetermined depending on

various conditions. For example, it is known that the
constant-voltage driving is preferred for a read head
using a TMR elemeﬁt in order to absorb fluctuation in
element resistance.

10 The spacer layer in the TR film or the GMR film,
having the stacked structure of the magnetization
pinned layer, the spacer layer and the magnetization
free layer described above, has a structure in which
fine conductive regions (referred to as pin holes or

15 metal holes) are distributed in a high-resistance
matrix. The reason why the spacer layer having suéh
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.



decrease in resistance (see, for exanple, U S. Patent No. 5,898,54§43and

| EEE Trans. Magn., Vol. 38, 2002, 25 p. 73). In a CPP-GW\R el enent, FEB 2007
hi gh-resi stance thin oxide filmincluding fine netal holes is used as the
spacer |layer so as to inprove an MRratio. 2 8 FEB 2007 3 However, it has
been found that these current- perpendicul ar-to-plain nmagnetoresistive

heads nay be deteriorated nainly due to Beat generated by sense current
concentrated on the fine conductive regions 5 distributed in the spacer

| ayer, resulting in shortened life-tinme thereof, which brings about a
probl em of | ower rellabdtd,y iof reasragnet i Coui@Cor gl NEhs ePr OGHES Mg~

appar atus. BRI EF SUMVARY OF THE | NVENTI ON 10 A nmagnetic

recor di ng/ r epr aouarg lapparratues-p lacioo mil gre tar antes aispe die ads triey Fesent
invention conprises: a magnetoresistive head having a nagnetoresistive
filmthrough wiHledte rEl adiftreshma il f |dbgedtd rhesaidiq@mziactrecwhbstms@ll |y
perpendicular to a 15 filmplane and a pair_ of nagnetic shields disposed to
sandwi ch t he mEgHetBtlesidGardFa9q Ahdihe prigsmpiaidustivhixdosuppl i es a
sense current to the nmagnetoresistive head in constant-current driving.
BRI EF DESCRI PTld(é\‘thﬁinﬁl?dsE\?EF‘éALe VRS TOF- SRS DRSAING 10 711G 1 is a
di agram show ng_.a nefar.esi stive  filmand a preanplifier in
const ant -_curre%{hocﬁr?%‘er%%l?e sC:Lme thereota, whl& ebrlngs about a
problem of lower reliability of a magnetic
recording/reproducing 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 magnetoresistive
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



connected to the magnetoresistive filmaccording to an enbodi nent of the
present invention; FIG 2 is a perspective view schematically 25 sifo8vrEg gz
exanpl e of a high-resistance spacer |ayer included in the magnetoresistive
film FIG 3 is a perspective view schematically 2 8 FEB 2007 4 show ng
anot her exanple of the high-resistance spacer layer included in the
magnetoresistive film FIG 4 is a sectiodal -view showi nhg an exanple of a
pi nned | ayer, a high-resistance spacer layer and 5 a free layer; FIG 5 is
a sectional view showi ng another exanple of the pinned |ayer, the
hi gh-r esi st ancehsyiaceranayer anthntdie foeeHayergh-H &S s tteh@ndiiar e
diagrans for explaining 10 a problem caused when a sense current is flowed
t hrough t he curleeisr- perqentic ulrartheo e @iat oyt iorest strive head; FIG 7
is a graph showi ng output changes with tine when the
current - per pendi cul aﬁlﬁ{)o-‘blla‘i e 15 Gialgiied brekdws t $vew hreadah sexarer be edff | n
constant-current driving or in constant-voltage driving; FIG 8 is a graph
showi ng out put cHAFGES Wiader ¢ i%@%ﬁq%ﬂétﬁﬂqeérﬁp%@lbe]rﬁﬁﬁzmaa?dtp- pl ai n
magnet orgsi stive thead IS oper at ed in constant-current 20 driving with

c tE O udsier

di fferent curréh gt

FIG. 5 is a sectional view showing another
example of the pinned layer, the high-resistance
spacer layer and the free layer;

FIGS. 6A and 6B are diagrams for explaining

10 a problem caused when a sense current is flowed
through the current-perpendicular-to-plain
magnetoresistive head;

FIG. 7 is a graph showing output changes with
time when the current-perpendicular-to-plain

15 magnetoresistive head is operated in constant-current
driving or in constant-voltage driving; |

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

20 driving with different current values;

FIG. 9 is a diagram showing a magnétoresistive
film in which a temperature measﬁring 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;



. FIG 9 is a diagram show ng a magnetoresistive filmin which a tenperature
measuring element is incorporated, and a therno-el ectronotive fol8eFEB g7
detector and a preanplifier in constant-current 25 driving connected to the
magnet oresi stive film according to another enbodi ment of the present
invention; 2 8 FEB 2007 - 5 FIG 10 is a graph showng a relationship
between a tenperature and a current contfol Fed in the nmgnetoresistive
filmin FIG 9; FIG 11 is a perspective view showi ng a nagnetic 5 head
assenbly, viewed froma disk, according to an enbodi nent of the present
invention; and FIGFI2 il a per spegth vehow Bvg shome hagt tdreshipitles naden
structure of a magnetic recordi ng/reproduci ng apparatus on which the
magneti ¢ head as$EMFIeyadhvin and alGuRIMGnY Icqrst mpueddin DERAI LED
DESCRI PTI ON OF THE | NVENTI ON Enbodi ments of the present invention wll be
descri bed bel oY GTESrEice tid fhe Tadcdhpatying drawings. 15 FIG 1 is
a sectional view show ng an exanple of current-perpendicular-to-plain
magnet or esi sti ve eIFeIr%ntﬁusJe% § PP G esEnt Ve e BRI B adnghbGs  the

ai r-bearing surface side.of the nmagnetoresistive elenment opposing a
nagnetic5recor Fﬁ&l%ﬁﬁ%ﬂ% Xﬂﬁv1ewég1grom a élsk, according ég

an embodiment of the present invention; and

FIG. 12 is a perspective view showing the
internal structure of a magnetic recording/reproducing
apparatus on which the magnetic head assembly shown in

10 FIG. 11 is mounted.

DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention will be
described below with reference to the accompanying
drawings.

15 FIG. 1 is a sectional view showing an example  of
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 layer 4, the high-resistance

spacer layer 5, the free layer 6 constitute



. 20 shown). As shown in FIG 1, an lower shield 1, an underlayer 2, an
antiferromagnetic |layer 3, a magnetization pinned |ayer (pinned | gyﬂeFﬁBQOW
a high-resistance spacer |ayer 5, a nagnetization free |ayer (free |ayer)

"6, a protective layer 7, and an 25 upper shield 8 are stacked. The
antiferromagnetic |layer 3, the pinned |layer 4, the high-resistance spacer
|l ayer 5, the free layer 6 constitute 2-8 FEB-2007 - 6 a magnetoresistive
film(TMR filmor CPP-GWR film. Biasing ferromagnetic |ayers 10 for
stabilizing nmagnetic domains in the free layer 6 are fornmed on both sides
of the nmagnet oregiagmiete fadimtdivieh &5 limt €PN hign i s WURR1GMR | Aylen)s. 9. The
| ower shield 1 and the upper shield 8 also serve as electrodes to flow a
sense current Bia®idg danromasinsstiantliafess ped perdi sidrl tninge film pl ane
of the magnetoresistive film A material used 10 for the |ower shield 1
and the upper SWWEF1E idtaidess 1@ ddriucissel e onefiretiermed et al such as
Ni Fe. The ant %Leclrh[]orra netic layer 3 has a function of pinning the
magnet i zati on e &F 1 feMafne ORI 6T are sl forth he

antiferrqmagnet.i ¢ | ayer. 3 15 includes,, for exanple, PtMh. The free | ayer 6
serves gs a séﬁgﬁeﬁgﬁeélrlélaq et & Hshse? ¥k eht is flowed in a direction

substantially perpendieuldfet othed 1 mapl aNe QfpdPeROngtor esistive
el ement, electric
serve as electrodes to flow a sense current in
a direction substantially perpendicular to the film
plane of the magnetoresistive'film. A material used
10 for the lower shield 1 and the upper shield 8 includes
a conductive ferromagnetic material such as NiFe.
The antiferromagnetic layer 3 has a function of
pinning the magnetization of the pinned layer 4.
A material used for the antiferromagnetic layer 3
15 includes, for example, PtMn. The free layer 6 serves
as a sensing area. When a sense current is flowed in
a direction substantially perpendicular to the film
plane of the magnetoresistive element, electric
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 dri&ing 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



signal s can be output for magnetic signals sensed by 20 the free?2l8af€B %07
In the present invention, a preanplifier 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

descri bed below. Here, the effect by the constant-current driving
specifically may be exerted on the high-resistance spacer |ayer 5 included
2 8 FEB 2007 7 in the magnetoresistive film For this reason, the

hi gh-resistance spacer layer 5 will be described first. As shown in FIG 2
or 3, the hi gh-imegihst argme ™ reypdceri veayErlnh ha®m tdtirsictadsort hathd i ne
conductive regions 12 are fornmed in a high-resistance matrix 11. The
confi guration &g esdrdaardey snaaitons YEX rayide nedaliqreiisadnal  hol es
(referred to as conductive holes) shown in FIG 2 or two-dinensional
grooves 10 shot&4st-FIG 3. In any case, the section including t he pinned
| ayer 4, the high-resistance spacer layer 5 and the free layer 6 is as

shown in FIG 4. Ind4hePAR 1 fi% m ghe risi @tadtekpeeetstanes  (tunnel

barrier l.ayer) 5 haviQ%1the above structyre is_ 15 fornmed dependi ng on

manuf act 0ri ng MeYNods oME T e AR T HE S Hdati gh-te Gutdide Wacer
layer 5 havi n%etgll%nsst rlliCtali*ree fiosrn{ergjt (:iq{[ iao%ailglky—geqsrirgetdar}coe matrix 11.
The configuration of the conductive regions 12 may be
one-dimensional holes (referred to as conductive
holes) shown in FIG. 2 or two-dimensional grooves
10 shown in FIG. 3. 1In any case, the section including
the pinned layer 4, the high-resistance spacer layer 5
and the free layer 6 is as shown in FIG. 4.
In the TMR film, a high-resistance spacer layer
(tunnel barrier layer) 5 having the above structure is
15 formed depending on manufacturing methods. 1In the
CPP-GMR film, the high-resistance spacer layer 5
having the structure is intentionally formed to
increase an output. In the CPP-GMR film, the
~conductive regions 12 are formed to obtain a current
20 confinement effect. 1In this case, if the area of'the
conductive regions 12 is about 10% or less of the film
area (element area), the currént 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),



i ncrease an output. In the CPP-GWR film the .conductive regions
formed to obt aig a current 20 confinenent effect. In this case, gstafr@ 2007
area of the conductive regions 12 is about 10%or less of the film area
(el ement area), the current confinenment effect remarkably appears. The
hi gh-resistance matrix 11 contains, as a main 25 conponent, oxide, nitride
or carbide of any el enent selected from 8he-group consisting of boron (B),
silicon (Si), germanium (Ge), tantalum (Ta), 2 8 FEB 2007 8 tungsten (W,
ni obi um (Nb), al um num (Al), nol ybdenum (M), phosphorous (P), vanadi um
(V), arsenic (Asngstamti(WOny riStiumi(dNoni wym@mymn t {&ani uio (ybBdenum nc
(Zn), lead (Pb), thorium (Th), beryllium(Be), cadmum5 (Cd), scandium
(Sc), |anthanuritAla) Phpsmtianaysy) (P) /preesestiym utii)(PransehironiAm (Cr), tin
(Sn), gallium (Ga), indium (In), rhodium(Rh), palladium(Pd), nagnesium
(M), Tithium @ISR i iR ) (BB T AIHMZH)Ga)t 1 i iom i (M )(.Srainamanganese
(WMn), iron (Fe), 10 cobalt (brCO), nickel (Ni), rubidium (Rb), and
rare-earth met al?" ang EXesiGnANY G abRAr vl M upEBe)3 Gadwiumore. A
the co duct(i ve regiqns 12 includes netal such as copper
6F§Vi§%ﬂﬁi

?acltj)e“ glo|5gs(edAu;(fHd§i{| vEPTEAG ST 5 Doyl X ZE5IF P i ri di um

(I'r), osmum (gz)a’seiord%i(ulf_ne)(’Prc)o,b%ll{[rongicf‘lon? @rq ,nitcikneI (S(UI\}i ,) ‘gallium
(Ga), indium (In), rhodium (Rh), palladium (Pd),
magnesium (Mg), lithium (Li), barium (Ba), calcium
(Ca), strontium (Sr), manganese (Mn), iron (Fe),

10 cobalt (Co), nickel (Ni), rubidium (Rb), and
rare—-earth metal, and has a resistivity of about
1 X 10E - 3 Qcm or more. A material used for the
conductive regions 12 includes metal such as copper
(Cu), gold (Au), silver (Ag), platinum (Pt), palladium
15 (Pd), iridium (Ir), osmium (Os), iron (Fe), cobalt
(Co) and nickel (Ni).

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 region 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,



| f .the size of the conductive region 12 in the formof the one-din?@ska?ghﬂ
hol e (conductive hole) shown in FIG 2 is about 0.1 to 10dnn1 the Tunc

an
functions can be nore inproved. The conductive region 12 in the formthe
t wo- di nensi onal groove shown in FIG 3 may have a groove width of 0.1 to

of 20 the CPP-GWR filmor the TMR fil m can be achieved,

5 nm 25 The hi gh-resistance spacer |ayer 95 may not al ways

el enent

i ncl ude the

conductive region 12 extending fromthe pinned |ayer 4 to the free |ayer 6.
For exanple, 2 8 FEB 2007 9 as shown in FIG 5, if the high-resistance
spacer |ayer Bshahoam umeds . sur,f dde titre \ihigih e dtircdenesmceaf the
projecting portions is 0.2 to 4 nmand the thickness of the recessed
portions i s halBYer [Sedist ka Binayiesk sassf asfe tie wirigjredthieng-lparkriemss, a

tunnel current is flowed through the recessed portions,

or a current is

concentrat ed offt A& e BLEISET 156r H10aTHs e it O -r%sﬁ%t%ri@@;tﬂd fté’reencg to
achi eve a current, confi nenen , t he recesse
portions shom%%écl&ﬁ‘eﬁlseor% t%k?r FEARSRE Lokt 1B s hald @ndwas vide

shown in FIG 4. A
e edp g rent

effect. |In other words,

i 2in e form of hol es onducti ve hol es
:)reglblogfn (J?au!sedtt\?\ﬁé:r}fnéessser? ehcg‘lﬁ e %%gufr’l%\ﬁé’d:tltoﬁ‘rsdu

current - per pendisCuyhaf ;0| r%llrggh:L%hréa%ne%eosrsees SptoI 3 oqles%d o lal

bel ow wi th

be descri bed
current

is concentrated on the recessed portions due to

resistance difference 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-perpendicular-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 1s 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



refrerence to FIGS. 6A and 6B. FIGS. 6A and 6B show a state that, in the
stacked structure of the pinned |ayer 4, the high-resistance spac@@ fé?é@m
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 |ayer 5.
When the sense current is concentrated on the conductive regions 12 in
such a manner, a high-resistance portion B ound the conductive regions 12
changes due to heat generation 25 .(Joule heat), so that the area of the
conductive regions 12 becones |larger as shown in FIG 6B than in FIG 6A.
In this case, shurtthecdMFordrmendr,e dmeneasat 2 FERMET is ddbdein the TMR
el ement, or current confinement is nade weak in the CPP-GWR el enent,
resulting in oWgak idr dfe Chre @Fc @rlredrrret ofrasel tutpuitn dnopuncsases an
error rate of the magnetic recording/reproduci ng apparatus 5 incorporating
the above magnétér &SiANNFRGfead dM¢ WHOterfrathengreasenr athesapgar at us.
In the present inventjgn, constant-current. driving is enployed to

consi derably sdfpress &0 JFFE O 74T HE G W HraighetaRP AR tus
Locordi /1! il ng SRS, caused Bl St SNt opd, gyt put crop
et P Pen s ) IS A fpna 1 operated i

In the present invention, constant-current
driving is employed to considerably suppress a
reduction in lifetime of a magnetic

10 recqrding/reproducing apparatus caused by the
aforementioned output drop.

FIG. 7 shows output changes with time when the
current-perpendicular-to-plain magnetoresistive head
is operated in constant-current driving or in

15 constaht—voltage driving. The resistance of the head
used in the experiments is 50 Q. The value of an
output at time 0 for constant-current driving is
substéntially equal to that for constant-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



15-constant-vol tage driving. The resistance of the head used inZtJ"%
experinents is 50 S2. The value of an output at tinme 0 for EB 2007
constant-current driving is substantially equal to that for
constant-voltage driving. Here, the output drop corresponding to 20 the
limt of the error rate of the nmagnetic 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 lifetine
of the head operated in 25 constant-voltage driving. Al though this is
appar ent |y i ncensgilgeeo liagle does eoriceptorofevsongthent -t tzegel sdrdndeng i n
which the 2 8 FEB 2007 - 11 entire voltage does not drop even when the
resi stance isl@efecasegedit iits lsebiedvicyad tise bef falchat a5y hechef ol | owi ng
mechani sm That_ i.s, when the magnetic_ recording/reproduci ng apparatus is
operated in 5 é@rjripéﬁ’ﬁPQVB‘leFQ&éu&F‘i-vi Adiat He Jolie He "Wesierated in the
conductive region 12 .is in inversegflr’?(?&portion to the resistance R of the

conductive regit6iTCAS I PG4EEPIHEY SR Hedat e g SRFEESDER W (in
constant Yol 298, GG s 0L 1 L SSee L e 2 oy e
%ﬁ:i:;gpg? &%L%n?%g%ﬁggﬁg#i?qv%h%%gﬂy%‘¥§“f%tyﬁﬂinégﬁéﬁiﬁ¥g§g¥%¥%n
to the resistance R of the conductive region as
described in the following expression:
W (in constant-voltage driving) o V2/R.

10 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/reproducing apparatus is operated in

15 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

20 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

25 recording/reproducing device ié operated in constant-
current-driven, the enlargement of the conductive

region 12 is not accelerated, so that the lifetime of



recordi ng/ reproduci ng apparatus is operated in 15 constant-voltage driving,
the enl argenent of the conductive region 12 is accelerated, and Rlsergg 2007
lifetime of the magnetic recording/reproduci ng apparatus beconmes short.
On the other hand, the Joule heat Wgenerated 20 when the _
current-perpendicul ar-to-plain magnetoresistive head is operated in
constant-current driving is in proportiorto the resistance R of the
conductive region as described in the follow ng expression. Therefore,
when the magnetic 25 recording/reproducing device is operated in constant-
current - dri ven thehaagmledrige nesto rafi nigher egordliat iinkg deaeigieorn sl desrditded
accel erated, so that the lifetime of 2 8 FEB 2007 12 the magnetic
recor di ng/ r epr 6498 B§ ldevisteritenmdsvent ed from bei ng short ened: W(in
constant-current driving) a 12 X R FIG 8 shows an output curve with tine
when 5 a driving clfried Ganstrivteased iyt aboikimns n I@or?ét&nt-cur_re_nt
~driving. Wien a current is increased by 20%in constant-current driving,
the lifetime of thé TagfetiiC et A Y et odiri Mg apphtatien s
subst ant i5aIIy equal. _t.o the lifeti.me obtai ned when 10 the magnetic

recor di ng/ r epr 6dIEI G "FpfardSie it OGRS i AAttamydt age driving as
shown in FlG’c%nsE%%EQE &%%n%nd%%%&%%.gmﬁké%néﬂég¥1é§@ is increased
by 20% in constant-current driving, the lifetime of
the magnetic recording/reproducing apparatus is
substantially equal to the lifetime obtained wﬁen

10 the 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
conditions can 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 portion
(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.



enpl oyi ng constant-current driving under the above conditions can gbeE
approxi mated to about 20% 15 As descri bed above, in the present invenpi%gw,
when the current-perpendicular-to-plain mnagnetoresistive head is operated
in constant-current driving, the lifetine can be considerably extended, or
t he out put can be considerably increased. 20 In the present invention, base
on neasurenent of the tenperature of thelurrent-confinenent portion

(hi gh-resi stance spacer |layer), the preanplifier can be feedback
controlled to | ower the current value where the tenperature is raised to
an extent to cause ZR"Jetagrstgrtatiiom di the mcageetwhere such a nechanismis
provi ded, nore excellent effect than that obtained in the sinple

const ant - cur r e COEANYY LERF AP Cotha iamath rat U RER 1280 Buct8 a The
constitution of the magnetic _recording/reproduci ng apparatus having such a
mechani sm wi | | T6&N@@SEN tdd lb&icoWamiatRast dreive widh Flederenqge tche
current-perpendjcul ar-tq-plain 5 magnetoresistive elenent, a Cu layer 21 is
inserted bet V\g.lér(ﬁ't %e hiI@]h-t%f?sicélt% HaRsnd e s ke free |l ayer 6

in the stacked _structure .shown in FIG, 1. FEven when the Cu layer_ 21 is
insertedf5 t he ﬁ@ﬁnee%foggtsm rlvtehcgrlﬁﬂsné:f’f &ty gtachﬁr IS thit Hé’cﬁe%eﬁl | ead 22

21 S I R O A IS LT Bl AR o £ o)

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—cuﬁrent 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



In-addition, the Cu lead 22 and the CuN (constantan) |ead 23 are
connected to a reference junction 24 set at roomtenperature. Si ncg‘[tll:iEg 2007
constitution 15 generates therno-el ectronotive force between Cu and CuN ,
the tenperature of the high-resistance spacer |ayer 5 can be neasured with
a therno-electronotive force detector 25 connected in the mddle of the Cu
| ead 22. Therefore, the preanplifier 30 opérated in 20 constant-current
driving can be feedback controlled so as to | ower the value of the sense
current, based on the tenperature of the high-resistance spacer |ayer 5
measured with tHERer bl @bt Flopolhive-festetartecspacetcbayesl ber) 25. 25
For exanple, in FIG 10, the preanplifier 30 operated in constant-current
driving is contPRIEFE'1E: the| baprnehel vat tenotivhefsensedetiecent, when
the 2 8 FEB 200 14 tenmperature of the high-resistance spacer |ayer 5
measured with t%% ?*ﬁﬁ?é%eﬂ%% onotive force detector 25 exceeds 150C C.

I ncidental ly, the jngt%gn geifeen Cu and CuNi 5 (constantan)- serving as
' 5 bt ¥

a heat sensing portion” _ epﬁpﬁtéHnFFBﬁ?t%%tﬁﬁéﬁeﬁP,aaﬁdcﬂﬁé

preanplifder. 30, ated i n_constant-curfent driving may. be controlled so
as to change thé %ﬁ J%hg %r%?%%h%% %ﬁr?eﬁ?abai%%Sl%% Pﬂétéﬂﬁi%ﬁi be

L:gﬁ:{?éure neagqt N1, €l ety éﬁe“@fémeﬁtﬁagﬁ§t{§ehSPQa%Sf?P?é¥ ggd a
- operated in constant-current driving may be controlled
'S0 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 embodimenf of
the present invention will be described below.

FIG. 11 is a'perspective View showing a magnetic

15 head assembly 50, viewed from a disk, using a current-
perpendicular—to—pléin magnetoresistive head accoraing
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 élider 53
on which the current-perpendicular-to-plain
magnetoresistive head is mounted is supported on the
distal end of the suspension 52. The lead wirés 54
for writing and reading signals are fofmed 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



recordi ng/ reproduci ng apparatus using a nagnetoresistive head according to
an enbodi nent of the present invention will be described bel ow. FIZ3 FEB pog7
a perspective view showi ng a magnetic 15 head assenbly 50, viewed from a
di sk, using a current- perpendicul ar-to-plain nmagnetoresistive head
according to an enbodi nent of the present invention. The actuator arm 51
has a hole to be fitted on a pivot in-a lmgnetic disk apparatus. The
suspension 52 is fixed 20 to one end of the actuator arm51. The head
slider 53 on which the current-perpendicul ar-to-plain nmagnetoresistive
head i s nount e¢liestaggisorteed &Pt he distal end of the suspension 52. The
|lead wires 54 for witing and reading signals are formed on the 25
suspensi on 52. One érds df2 tife 3 Ry SMeEsi BA wrew ormioed ethe o el ect r odes
of the nmagnetic head, and the other ends of the |ead wires 54 are
connected to 2 @YEEBAFQOGFIULTULS &ft rode Prpdsl S5 emuEling drparaferspecti ve
view showing th internal, structure of a magnetic recordi ng apparatus
(hard disk dri \/z})al’foéilisﬁ< Wi )t HE GrdghefiiCthddif sragnadns W%‘wgm in FIG
11 is in%t alled. Th TR netic . di 1 i,s fixed o]]tlecénhe indle 102, and is
rotated Jin resPoine® o SCSHEY o dildhal’s sthpited ¥ driVe MBS | er

| g_ggt aﬁgomébo;r@ﬁlpﬁt Qs afri@?e%l o%hocm Is%in%l% 11012 ,I Sar];é ti[sedrgtoa‘gehcf pivot

in response to control signals supplied from drive
controller (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



10 .bal | bearings (not shown) arranged at  upper and |lower positions of the
pi vot 103, and the actuator arm 51 supports the suspension 52 and & [F&B 2007
magneti ¢ head slider 53 arranged at the distal end of the suspension 52.
The voice coil notor 104, a type of 15 a linear notor, is arranged at the
proxi mal end of the actuator arm51. The voice coil notor 104 conprises a
magnetic circuit constituted by a drivingtcoit wound around a bobbin unit,
and a permanent nmagnet and a counter yoke that are arranged opposite each
other 20 to sandwi ch the coil. The actuator arm 51 can be freely actuated
wi th the voi cehouisingottwatlG4or@serthetsee amgretdrctdi sk 101 is rotated, the
magnetic head slider 53 is held such that the nmagnetic head slider 53 is
fl oated over the nadsstitd aliask atyerdrades ian@Snadinf acat s wihkl sur f ace of
the magnetic disk 101, so that information can be witten or read by neans
of the magnet F€2Réad. OTFE e dPethpe®s iskidutecbrin HO Q& MER VBT Lorks
housi ng t hat S\%v?‘r es these conponents. Additional advantages and
nodi fications WOFl 1OVERFHOY dCcdit St OTORGE AGHIEP ild tieE drimi thskrtet or e,
the inveption in its brqader, aspects is not limted to 5 the specific
details g’md reﬁ?lgsgﬁtegtli%\a}g gﬁ%&&ﬁﬁeﬁf’éjs TRV SN Idese rFmRad s,
Accordi ngly, various i fi ions _may. _be de wi.thout departing fromthe
spirit or scopgagg'ﬂt ﬁgﬁggﬁgrcgﬁ%ie%vzlﬁﬁ vé' 'cor?écecpqr g1y, Vdious
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.



def.ined by the appended clains and their equivalents. 2B FEB 2007 17 WHAT
IS CLAIMED I'S: 1. A magnetic recording/reproduci ng apparatus co %i k %ﬁ"a
magnet or esi stive head having a magnetoresistive 5 filmthrough QE' ﬁ g
current is flowed in a direction substantially perpendicular to a film
pl ane and a pair of magnetic shields disposed to sandwi ch the
magnetoresistive film a preanplifier which supplies a sense current to 10
t he magnet oresi stive head in constant-curtent driving; and wherein the
ragnetoreﬁishive filmhas a stacked structure of a magnetization pinned
ayer, a high- resistance spacer |ayer _incl udi hi gh-resi stance 15
matri x and conductive regions fof'ied itn Fﬁ@%%ﬁéﬂi%ﬁes?stance matri x, and a

magneti zation free |ayer 2. The apparatus_ accor ding. i wherein
the high-resistance %BIr%%“?%p%ﬁﬂ%cﬁgﬂ°¥é%ﬁﬁ%%ﬁpEﬁ%éﬁkﬁgcéééég%?%% of neta
oxi de, metal nk&{idewgqg metal 20 carbide, and the conductive regions
contain a metal*“"E&ect’ed from t he group consi sting of copper, gold and

silver. 3. The apparat i NGe § 0o Chldn H riMagR-areaisatiye of
t he conductive regid%gﬁi% 1 %%%r esse 25 of %%Mgfea o?gthe spa%er | ayer.

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;
a preamplifier which supplies a sense current to
10 the magnetoresistive head in constant-current driving;
and
whereiﬁ the magnetoresistive film has a stacked
structure of a magnetization pinned layer, a high-
resistance spacer layer including a high-resistance
15 matrix and conductive regions formed in the high-
resistance matrix, and a magnetization free layer.
2. The apparatus according to claim 1, whérein
the high-resistance matrix is selected from the group
~consisting 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.
3. The apparatus according to claim.l, wherein
an area ratio of the conductive regions is 10% or less
25 of an area of the spacer layer.
4. The apparatus according to claim 1, wherein

the high-resistance spacer layer is a tunnel barrier



4. The apparatus according to claim1, wherein the high-resistance spacer
layer is a tunnel barrier 2 8 FEB 2007 18 layer. 5. The apparat®8 freg s 7
according to claim1l1, further conprising: a tenperature nmeasuring elenen@
measuring 5 a tenperature of the high-resistance spacer layer included in
t he magnetoresistive film and a controller controlling a value of the
sense current supplied by the preanplifig based on data of the
tenperature neasuring elenment. 10 6. The %paratus according to claimb5,
wherein the tenperature neasuring el enent includes a conductive |layer of a
first netal stacked on the high-resistance spacer |ayer of the
nagnetoresisti\k9Y3§1|ﬂ and a |l ead of a second netal, the conductive 15

{ﬁg?LD?QFeEPEOLg??VLQ;g} eaaégggéégg ggc@%d%ﬁg ggng£§{§ 1, further

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 6. The apparatus according to claim 5,
wherein the temperature measuring element includes
a conductive layer of 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.



