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view of the 20 proI onged operating life, a magnetic recording/reproducing

appar at us RERc? Rsofhe aRfEReoR specification nethod of an
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. conmon structureé of such a reading head is that a

filed on February 26th, 2004; the entire contents.of which are

incorporated herein by reference.
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VBACKGROUND
1. FIELD OF THE INVENTION
The present invention relates to a confined current path-
current perpendicular to plane-giant magnetoresistive (hereinafter
15 referred to as the “CCP-CPP-GMR”) head assembly which is a part
having a CCP-CPP-GMR head, a magnetic recording/reproducing
apparatus having such a head, and a specification method of an
appropriate sense current direction of the CCP-CPP-GMR head, more
particularly to the CCP-CPP-GMR head assembly in view of the
20 prolonged operating life, a magnetic recording/reproducing
apparatus having such a head, and the a specification method of an

appropriate sense current direction of the CCP-CPP-GMR head.

2. DESCRIPTION OF THE RELATED ART

25 A composite head which has a reading (reproducing) head using
a magnetoresistance effect (MR effect) is used in many magnetic
recording/reproducing apparatuses such as magnetic disc

apparatuses. A common structure of such a reading head is that a



predet erm ned sense current (direct current) is flowng in the head and a
change of a magnetic field froma nmediumto the head (nore specifically, a
witten magnetic field) is recognized 23 a change of a voltage by the
sense current. The vol tage changes becduse a 5 resi stance changes, by the
magnet or esi stance effect, according to the nmagnetic field. An exanple of a
way to give the sense current to the.MR head in a nefic.recordin
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5- 334607 (Patent, docunent 1). 1n the bove pat.ent docunent .  .providing a
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par agr aph QR0fagarir0kaRNg 0011, claim 12) 20 SUMVARY Sanpl e anal ysis
reveals that a mcrostructure of a CCP- CPP-GWR head, in particular a

structure of a QWréfiMpIEOBErDhiala¥ElgivaStRd ReseNthiteath tHeMROheadS NOt
formed to be a symetrical structure with regard to surfaces parallel to

the | ayer in2b mdgdietiontddordiabusypddatudy €8t @isclodeanls JdpanesedbPageht on of
asymmetricity differs depending on a manufacturing nmethod. Characteristics

of the CCBaGPRpavRApphitatiilch Hbe Hedr5-e384600N{Fatlent ayaimeait Lhe akovge
structures are studied, and it is found that an 3
10 above patent document, providing a sense current switching circuit
for switching a polarity of the sense current is disclosed. It is
stated that conducting switching of the polarity at any arbitrary
intervals in such a structure restrains electromigration which
occurs microscopically inside the head S0 as to prolong a head
15 0perating life. Incidentally, the head related to the above
description is not a CCP-CPP-MR head or a CCP-CPP-GMR head.

{Patent document 1] Japanese Patent Laid-open Application

No. Hei 5-334607 (Fig. 1, paragraph 0007, paragraph 0011, claim 12)

20 SUMMARY
Sample analysis reveals that a microstructure of a CCP-

CPP-GMR head, in particular a structure of a current control layer
as an essential part thereof, is not formed to be a symmetrical
structure with regard to surfaces parallel to the layer.

25 Additionally, study by inventors reveals that a direction of
asymmetricity differs depending on a manufacturing method.
Characteristics of the CCP-CPP-GMR head with the current control

layer of the above structures are studied, and it is found that an



operating life differs significantly depending on which polarity .a sense
current is in relation to the direction of asymmetricity of the current
control layer. The present invention ig nmade in view of the above 5

ci rcunst ances and an object thereof is” in a CCP--CPP-GWR head assenbly as
a part having the CCP-CPP-GWR head, a magnetic recording/reproducing

appar atus havi ng such a_head, and a_,specificatiqn nmethod of an_appropriate
sense cur PBREAEIIBALEENIbFL e Seapiéppariiy KeRGNILRI RHNGENaPER P GVR
head asserrbl% in which 10 a satli sfactory op;r,ati n Iiffg can be secured, a
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speci fi cati.on,_net hod of an _appropriate sense current direction of the

CCP- CPP- GRR E%%d?nFﬁn rﬁgPtfgféﬁﬁﬁg“the above problem a CCP-CPP-GWR head
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of the current control layer. and a surface of an opposife side of the

first surfpegifscstivRCRBthod Wil aﬁeagyroég%aﬁargéme eQpFER did¥ekioAnse a
sense current source 25 providing the -CPP-GWR head with a sense current

so that thkge cebeebrloMEHES® o irevs db k- ftppsenatdagiidsaa® 1y0d Weidh I st
surface of the current control |ayer. Mre specifically, the CCP-CPP-GWR
head nf t hes&EIsfRtoyRoperating life can be secured, a magnetic
recording/reproducing apparatus having such a head, and a
specification method of an appropriate sense current direction of
the CCP-CPP-GMR head.
In order to solve the above problem, a CCP-CPP-GMR head
15 aSsembly according to an aspect of the present invention includes:
a CCP-CPP-GMR head that has at least a current control layer having
as a microstructure a plurality of truncated cone electric
conductors with axes substantially the same as a current direction
and an insulator f£illing between the plurality of truncated cone
20 electric conductors, and in which a surface on which a larger-area
basal plane of the plurality of truncated cone electric conductors
is greater in number is a first surface of the current control layer
and a surface of an opposite side of the first surface is a second
surface of the current control layer; and a sense current source
25 providing the CCP-CPP-GMR head with a sense current so that the
electric current flows from the second surface.tO'the first surface
of the current control layer.

More specifically, the CCP-CPP-GMR head of the CCP-CPP-GMR



head assenbly includes the current control |ayer which has, as the

m crostructure, the plurality of truncated cone electric conductors .wth
axes substantially the sane as the current direction and the insulator
filling between the plurality of trunc4ted cone electric 5 conductors.
Additionally, when the surface on which the |arger-area basal plane of the
plurality of truncated cone electric conductors is greater in nunber is

the firstneafrarsembilyt inclidaschiie cusrens|confyrel bavex waishriafe asfthae
opposite side of the first surface is the second surface of the current
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current supply securl sych a sense current larity the operating, life
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opposite direction, T h a sical -, .analysis of a nechanismfor the
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- deteriorates magnet or esi st ance hardly occurs. Inci
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truncated cone elecCtric conductors Is grea I'n nunmber"”, in nost cases,
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on 25 manufacturing variation. Also, a maghetic recordi ng/ reproduclng

appar@s UscaseaiiisBircé G sAPresResd softidter e aeeRk duMemd Plols radmapRar at us
whi ch includes at |east the above-described CCP-CPP-GWR head and further
has a second surface to the first surface of the current control layer.
| It is experimentally verified that according to a sense
current supply securing such a sense current polarity the operating -
life is significantly prolonged compared with a case of the polarity
15 of an opposite direction. Though a physical analysis of a mechanism -
for the prolonged operating 1ife is incomplete, it can be considered
that a sense current in the opposite direction brings the current
control layer a change which deteriorates a magnetoresistance
effect while at use in the above current polarity the change of the
20 current control layer which deteriorates the magnetoresistance
effect hardly occurs. Incidentally, on “a surface on which a
larger-area basal plane of the plurality of truncated cone electric
conductors is greater in number”, in most cases, the larger-area
basal planes are a significant majority, though depending on
25 manufacturing variation.
Also, a magnetic recording/reproducing apparatus according
- to an aspect of the present invention is an apparatus which includes

at least the above-described CCP-CPP-GMR head and further has a



5 recordi ng/ reproduci ng processing circuit and a servonechani sm
Therefore, it is possible to secure the sufficient operating life as the
magneti ¢ recordi ng/ reproduci ng apparatys. Also, a specification nethod of
t he appropriate sense current 5 direction of the CCP-CPP-GWR head
according to an aspect of the present invention includes: providing the
- CCP- CPP- GVR head vytrlt sense current of a first polarity to nmeasure a

noi se | evEPCOFTRA d%eﬁgog‘?ﬁ%‘l? R¥OCESSiBIRCHESH i ae £hECERREERAM St of a
ana 10 DomBaretordnatntt BoRible 1 TR i SHEELPTESt SRETEROHL LS | ovel
ot ot 291 E08 b e PSR Ao L3 RS s “hiofme Tevel
e o o tno g, S SR tph B BRRLROU Chfp iR S Lt bget 00

betveeh ¢ e BLELGEUSL EcPle MR sCONLEl shAUR cBlald S RLPP O

head and € nolse leve r speci fica

current OEIEF&Q%%H i/%rg.iiéglméh rSUBLSS e b?ﬁébﬁﬂ%ﬁ REEd Qﬁ%%rylf,g i s

given, in‘relation to t m crosStructure o current control yer,

the surfagg,ol cbi-ehk oherl AIURD1 AF 88, PaSRasAFEenOfsd Devedl Upabitdi g

truncated cone electric conductors i's greater in nunber being the first

surface ehelder Qi R KA FAltH aKBT sdikk (e reHtl 3E & Fecbhe PODASiILe Side
of the first surface being the second surface of the current control 25
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surface of the current control layer. The above is al so experinentally

obt ai 7®d, cafipaBing the noise level in the first polarity and the noise level
in the second polarity and specifying the sense current direction
of the first polarity or the second polarity which gives a smaller
noise level between the both noise levels as the appropriate sense
current direction.

15 It is further revealed that there exists-a certain
correspondence between the microstructure of the current control.
layer of the CCP-CPP-GMR head and the noise level of this head. More
specifically, when the sense current of the polarity with which
smaller noise levels are observed is given,  in relation to the

20 microstructure of the current control layer, the surface on which
the larger-area basal plane of the plurality of truncated cone
electric conductors is greater in number being the first surface
of the current control layer and the surface of the opposite side
of the first surface being the second surface of the current control

25 layer, the sense current flows from the second surface to the first
surface of the current control layer.

The above is also experimentally obtained, and a

clarification of a detailed mechanism related to the noise level



clarification of a detailed nmechanismrelated to the noise |level is

I nconpl ete. According to the above specification nethod, the appropriate
sense current direction of the CCP-CPP-GWR head to secure the satisfactory
operating |ife can be obtained. Moreovdr, the appropriate sense current
~direction of the CCP- CPP—GNR head can 5 be specified with ease in

- non-destructive way (i.e., without conducting an operating life test or
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10 life can be secured, the magnetic recording/reproducing apparatus
having such a head, and the specification method of the 1$roper sense

current direction of the CCP-CPP-GMR head.

BRIEF DESCRIPTION OF THE _DRAWINGS
15 ' Fig. 1 is a front view schematically showing an enlarged
substantial head part of a CCP-CPP-GMR head assembly according to
an embodiment of the present invention.
Fig. 2A and Fig. 2B are, respectively, schematic views
showing examples of microstructure of a current control layer 13d
20 shown in Fig. 1.
Fig. 3A and Fig. 3B are, respectively, block diagrams showing
- structures for evaluating a CCP-CPP-GMR head 10 output of the
CCP-CPP-GMR head assembly according to the embodiment of the present
invention.
25 Fig. 4A and Fig. 4B are, respectively, graphs showing
examples of measured results of output noise levels of head
assemblies 33, 34 which include the CCP-CPP-GMR head 10 according

to the embodiment of the present invention.



7 Fig. 5is a data chart show ng transitions of how output signal |evels
after an accelerated test change by varying the head and varying a sense
current polarity to the head. Fig. 6 ii a data chart showing transitions of
how out put signal 5 levels after the dccel erated test change by varying
the head and varying the sense current polarity to the head in a different

way fromthat of the case shown in Fig. 5. Fi,g., 7 is a graph show n
transiti ons of o - outHaCaEAGIRATE ﬁ@?@ingﬁﬂﬂnlsﬁ 1PRg of o WS TER L change
by varyin h d and 10 va t he sense current rit t he head.
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levels during the accelerated test change by varying the head and

10 varving the sense current polarity to the head.

DTAILD DESCRIPTION
(Description of embodiments)
Embodiments of the present invention will be described with
15 reference to the drawings, but these drawings are presented only
for the illustrative purpose and in né respect, are intended to limit
the present invention.
As a form of an embodiment in a CCP-CPP-GMR head assembly,
in the CCP-CPP-GMR head the truncated cone electric conductor of
20 the current control layer can be Cu (copper), and the insulator of
the current control layer can be alumina. This is a possible form
as a structure of the current control layer. Such a current control
layer can be formed by a process in which Cu/Al stacked film for
example is grown by sputtering for example and subsequently this
25 stacked film is oxidation treated to selectively oxidize Al and to
change a form of a Cu layer from a film form to a truncated cone
form.

As another form of the embodiment, the CCP-CPP-GMR head



8 assenbly can also include an inductive wite head which is distantly

di sposed in a vertical direction against the current control |ayer of the
CCP- CPP-GWR head. It 'is common that a head assenbly has a MR head as a
read head and an inductive wite head &8 a wite head 5 (has so-called
conposite heads). As a formof an enbodinment in a magnetic

recor di ng/ repr.oduci ng apparatus, a,pair of the CCP-CPP-GWR head assenblies
can be di ePPTEYLERF ELFBATCHYEAhEPRIGkIVE ekt o hepdwhighdis drstant Y common

in a magnetic dis¢ apparatus. and the like that 10 a pair of head assenblies
are .di spo éﬁp%%ﬁcfég GFRLCRb HoeAtLOR Rgedastgihe ﬁBrE%’EI’F &ﬂntﬁgﬁalqifﬁ?n of an
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conduct a‘conparison o € hol se Tevél nore reliably. Based on the above,

- hereinafter enbggi e Q. in ' will be described with
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reference to the draw ngs. ront ew schematically show ng an
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the I on. re,

t he enbodi nent of present "I nvent the front viewi1s a draw ng

i n which agssMifiaeecah kd&iikeRdeasesridapodinl £805stH R FRELE L heL, a
25 magnetic disc) is viewed froma front. As Shown in Fig. 1, as the

subst ant i gégigRd Pl cdidton SFR FREMEIR Bead abpakat 8 ahd e 1hgadapd an

i nductive wite head
10 apair of head assemblies are disposed corresponding to both surfaces

of the medium.

As a form of an embodiment in a specification method of an
éppropriate sense current direction of a CCP-CPP-GMR head,
measuring a noise level in a first polarity and measuring a noise

15 level in a second polarity can be variably conducted in a range
including an electric current value which is used for an actual sense
current. According thereto, it is possible to conduct a comparison
of the noise level more reliably.

Based on the above, hereinafter embodiments of the present

20 invention will be described with reference to the drawings. Fig.
1 is a front view schematically showing an enlarged substantial head
part of a CCP-CPP-GMR head assembly according to the embodiment of
the present invention. Here, the front view is a drawing in which
a surface of the head assembly which faces the medium (here, a

25 magnetic disc) is viewed from a front.

As shown in Fig. 1, as the substantial head part, the
CCP-CPP-GMR head 10 being a read head and an inductive write head

21 being a write head are provided. The inductive write head 21



21 being a wite head are provided. The inductive wite head 21 9 has a
‘main magnetic pole of a lower side in the drawing and an auxiliary
magneti c pol e of an upper side in the gramﬁng An insulator 22 fills

bet ween these heads. A direction in whi‘ch the CCP-CPP-GVR head 10 and the
I nductive wite head 21 are apart 5 substantially matches a direction in
which the, nediumyrelativel| noves, when the head assenbly |s put t oget her
hS o rmgnBES cb TRSOMRERECH o TR fo LABPAr 344 LnTRBSCRPHEHTE @S oad 10,

the inductive wite he d 21, the |nsul ator 22 and so forth are_fixed on a
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provi Froma sens curren source ermned p WI [ 1
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| ayers 14, 1 san bet ween-t ower e ectr d layer 11
20 and thfewﬂﬂngedﬁgkaegelﬁ@da@yﬁmsl AYfle EBPLEPALAMY Head rlGCti:HQ and is

al so sandw ched between the shielding ayer 14 and shielding layer 15 in a

vertical gdhieativenwageknidad P, auer 1duRAJron2 dhe sdaepehoassi shance film
13 is a filmmain body which exhibits a magnet or esi stance effect. Inside

the insul ghiglideer $ndd, sHdwmy.he 25 bias layers 16, 17 are respectively
di sposed apart fromthe |ower electrode-and-shield |ayer 11, the upper
el ectrgode- and- sithel ©CP-CPP-GMR head 10 has a lower electrode-and-shield
layer 11, an upper electrode-and-shield layer 12, a
- magnetoresistance £ilm 13, insulating layers 14, 15, and bias layers
16, 17. To the lower electrode-and-shield layer 11 and the upper
electrode-and-shield layer 12, connections are conducted so that
15 therebetween a sense current of a predetermined polarity and volume
is provided from a sense current source 23. The “predetermined
polarity” will be described later.
| The magnetoresistance £ilm 13 is, with the insulating layers
14, 15, sandwiched between the lower electrode-and-shield layer 11
20 and the upper electrode-and-shield layer 12 in a layer direction,
and is also sandwiched between the shielding layer 14 and shielding
layer 15 in a vertical direction against the layer direction. The
magnetoresistance film 13 is a film main body which exhibits a
magnetoresistance effect. Inside the insulating layers 14, 15, the
25 bias layers 16, 17 are respectively disposed apart from the lower
electrode-and-shield layer 11, the upper electrode-and-shield

layer 12, and the magnetoresistance film 13. The bias layers 16,

17 are made of hard magnetic substance and have roles of giving bias



| ayer 12, and the magnetoresistance film 13. The bias layers 16, 17 are
made of hard magnetic substance and have roles of giving bias 10 magnetic
fields to the magnetoresistance film1l The magnet oresi stance film 13 has,
froma lower side in the draw ng, a base |layer 13a, an antiferronagnetic

| ayer 13b, a fixed nagnetization layer 13c, a current control |ayer 13d, a
free 5 magneti zation_|ayer 13e, and a protective | ayer 13f. These | ayers

are obt ai ﬁén%‘ili‘br%\ﬁilﬁéy?;?lWW%@@F?%@?“?%@%%I-& on a substrate
nci dental |y, o TP AT e SHAGAREBIOSASE A EFoH 25 LOYSE IR iAaERR y. 1 or
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13e: ”Hg”ﬁ&h&fé&%ﬁ%ﬁ%@?ﬁr@@@§é§t&HGi&@ﬁEﬁﬁ%&? aNsizE€or apyk Coi  the current
control layer 13d: oxide film containing and A, the protective |ayer

of cct 1 odoraRe e Ay ar T R BRI T Cfor Bhpte, P LR LRPPe”
contrg | ayrikefths didtectiidBl £n the drawing (width) and, for example, 20
nm to 30 .nm in thickness from the antiferromagnetic layer 13b to
the free magnetization layer 13e (substantial part as the
magnetoresistance f£ilm 13}).
Materials of the base layer 13a, the antiferrp_magnetic layer
15 13b, the fixed magnetization layer 13c, the current control layer
13d, the free magnetization layer 13e, and the protective layer 13f,
as well as the lower electrode-and-shield layer 11 and the upper
electrode-and-shield layer 12 are, for example, as follows. The
base layer l3a: NiFeCr or Ta, the antiferromagnetic layer 13b: PtMn
20 or IrMn, the fixedmagnetization layer 13c and the free magnetization
layer 13e: magnetic substance consisting mainly of Ni, Fe, and Co;
the current control layer 13d: oxide film containing Cu and Al, the
protective layer 13f: Ta or Ru, and the lower electrode-and-shield
layer 11 and the upper electrode-and-shield layer 12: NiFe.
25 Among these films, the current control layer 13d is not simple
in terms of a microstructure inside the layer. The current control

layer 13d can be obtained by, for example, growing and forming Cu/Al

stacked structure by sputtering of each layer and subsequently



in terms of a mcrostructure inside the |ayer. The current control |ayer
13d can be obtained by, for exanple, growing and form ng Cu/ Al stacked
structure by sputtering of each |ayer and subsequently 11 conducting

oxi dation treatnment as a manufacturing*process. In the oxidation
treatnment, only Al is oxidized to be alumna (insulator) as a consequence,
and a layer structure of a lower Cu |layer breaks and changes to be :

numer ous EBPERFSINHORIJRE I AregtPert @fn mpREEActEr Y BEASCaFe SRkRPi C
~ conductors. (Fig, 2A and Fig. 2B respectively are schenmatic viemi show ng
exanpl es SFIEREIR EFEEEReRtLPBLY I 8 PHiidsh B PecanErbia (APerlater) Note
that in Fi g 2A and Fi(g% 2B the sane Jéeference nuner al s_are asgi n]éad to
the same BBrd CORECTUCRTRys @FAn2 Fiayer1 SCRYF DI 2 OYREWM 2GYRR F%.' PA and
Fig. 2B are.r sults fromdifferent nufacturiqgf c_nglti ns.,lngﬁ case of
the currefP®c 65 Tays AU FERTPR 1P g A CH PRI el BRTFF
condu orsoig&%earr)e \gﬁieggr%ecé&{ %rsi nto col umar shapes have | arger-area
basal Pl ahigs on an upper “stde |r}1réteche drawi ng as the truncated cone '

electric CO”d“CE%éﬁﬁréé ’%‘i?gﬁ ﬁ%ﬁﬁggfg%\%ﬁ SHérﬁﬁe %%@ErﬂeaJsa¥R6w‘ 2

shown in Fig. 2 contrary, ve electriCc conductors opper)

whi ch ar eeﬁ&?ﬁ%gkﬁ;ﬁn@ r&@f&%‘l’ihcﬁﬁf@&%f@i’% é%qu%P@rc.‘%ﬁxt%iafL'a g, 0N a

| ower side aw ng as the truncated cone electric conductor 131.

i nci dent ajybye QM 2@NFAG. S TRUNEE BIS28 L H @afet FURGAHIRE CORBraZl S&ctric
conductor 131 are filled with the insulators 132 of alumna. A difference

shown in Eigigrl 894 hE dhne2BoR¥ isisahesausa Ofigi if erent e meIRSSsk&di ti ons
as descri bed above. Depending on the conditions, directions of sides of

the l@ygeinapbq, asandpFages2e adre W@isyi18801 Beh M infReenef mapituet Ofingan be
formed in a m xed way. For .
conditions. In a case of the current control layer 13dl shown in
' Fig. 2A, respective electric conductors {copper) which are formed
into columnar shapes have larger-area basal planes on an upper side
in the drawing as the truncated cone electric conductor 131. In
15 a case of the current control layer 13d2 shown in Fig. 2B, on the
contrary, respective electric conductors (coppér) which are formed
into Colﬁmnar shapes have larger-area basal planes on a lower side
in the drawing as the truncated cone electric conductor 131.
Incidentally, horizontal surroundings of these truncated cone
20 electricconductor 131 are filled with the insulators 132 of alumina.
A difference shown in Fig. 2A and Fig. 2B arises because of
different process conditions as described above. Depending on the
conditions, directions of sides of the larger-area basal planes can
vary and both types of conductors can be formed in a mixed way. For
25 convenience, a surface on which the larger-area basal planes of the
truncated cone electric conductors 131 is greater in number is called

a first surface of the current control layer 13d1 (13d2). A surface

of the other side is called a second surface of the current control



25 conveni ence, a surface on which the |arger-area basal planes of the
truncated cone electric conductors 131 is greater in nunber is called a
first surface of the current control |ayer 13dl1 (13d2). A surface of the
other side is called a second surface the current control 12 |ayer 13dl
(13d2). In the case of Fig. 2A an upper side of the current control |ayer
13d1 is the first surface thereof, while in the case _.of Fig. 2B a | ower
side of thkaYRLAPER(1EAY r ollT HiReFasm@d Filg - (23can HPPRY Side PcidIq RRFEIt 5

I nci dent al | such a nmjcrostructure can be verified by ,adjusting a sanple
pi ece of Fﬂﬁfﬁ%ﬁﬁrﬁé@?[ﬂr%{} rEgHE &LEEF Sunféser Fhgneoy WhilebdetPrPRRAS] with
for exanpl . TEM (transm ssion electron mcroscope).. In the_exanpl e here,
a width (Bgaﬁ%q'e:y%]a ?ﬂ‘éer Is&tdﬁep-%aFlé% %&Iﬂthaﬂ‘éﬁ&oflatW tlﬁaﬁcé? % one

el ectric ¢onductor. .10 1 is.approximately 2 nm for exanple. Back in Fig.
1, a conngéf?%nﬁ%ﬁﬁégﬁi%geﬁﬁoﬁhe sense current source 23 to the CCP-CPP-GWR

cace o the cOPIEBUCAH A Hn Aol FrpAstulotirrents o o By 1501
The | owor "SR 8 salple diete bf ERERGGALAR P RGES Gl R RRREIRE, 01

sour ce 231§sand>eagsf~ls%¢% 4@ {0en %Qeex%% rﬁogﬂma(‘%aﬁflgnﬁlsgibﬂygieé&on

Accordi ng theret he current cont ayer , thé sense current is

made to fhow-ddipine BLaeRd cbibBE ehd: ! *&ewﬁh{:ﬁt}&i‘éxﬁ@&% of0+hg & case of
t he CCP- CPP- GWR fhiead 10 having the current contro l'ayer 13d2 shown in

Fig. 2B, thfgér-arelha bHeaS@Ns8efWss ek SAMEHRed?80hé LIUMEELEAGAHYY | Over
el ectrode-and-shield | ayer 11, while the "+"of the sense current source 23
i's cameclsd i dppeokdigtely 2 nm, for example.
| Back in Fig. 1, a connection polarity of the sense current
.source 23 to the CCP-CPP-GMR head 10 will be described. With regard
- to the connection polarity, 'in a case of the CCP~CPP-GMR head 10
having the current control layer 13dl shown in Fig. 23, a “+”of the
15 sense current source 23 is connected to the lower electrode-
and-shield layer 11, while a “-” of the sense current source 23 is
connected to the upper electrode-and-shield layer 12. According
thereto, in the current control layer 13dl, the sense current is
made to flow from the second surface to the first surface.
20 In acase of the CCP-CPP-GMR head 10 having the current control
layer 13d2 shown in Fig. 2B, the “-” of the sense current source
23 is connected to the lower electrode-and-shield layer 11, while
the “+70of the sense current source 23 is connected to the upper
electrode-and-shield layer 12. According thereto, in the current
25 control layer 13d2, the sense current is also made to flow from the
second surface to the first surface. The polarities of the sense

currents according to the above are fixed and not reversed in use.

Hereinabove, the CCP-CPP-GMR head assembly according to the



el ectrode-and-shield | ayer 12. According thereto, in the current 25 control
| ayer 13d2, the sense current is also nmade to flow fromthe second surface
to the first surface. The polarities of,the sense currents according to

t he above are fixed and not reversed i1 use. Hereinabove, the CCP-CPP-GWR
head assenbly according to the 13 enbodi nent of the present invention is

described with, a focus. on the structure th f. [ t

that 1 ho. BEPSTTES STCFAT 1R7 <Renbe IBUPFEH i BoFF RO dbose arT o
descri bed,, Fig. 3A and .Fiqg. 3B respectively are bl ock diaagra oW N 5
oot or oEhf st e Ve o T B R e v TR oD, Fint oRe AEPa DY R
head assenbly, accordi n { he di t of t . . [ A
differ enchb% Wesh s%i agrg n%sh ’%ﬁéﬂx}ig‘agé c’e‘f{%rﬁrlgg g‘tfi??(lf/ﬂs/b\?#{ 'Icﬁinng

clroulls 45, 40eke 4 ghdad Onenole Lol LSy LESRESHINA SIS oMU

sources 23a, 23b:7°ThHese are teSpectively structure

magnetd ¢ dj r S i t j i ttehj i i 45, 46,
gnety Qtﬁgcigf&%gr g%gsggalmx{gg L %p_e%%mm 4 1BN60EpGE ! I, -

to one of 't , hot ding themto the other, nount i ng

pai 15 of HeRlRARAIdRPaens Radloldin PO YRe dBEHLIEH: OERRE: G hoad

assenblies corresponding to the respectlive both surfaces of the nedia 31.

By provi di fgeddi®onlS P BHAdrene bebhéenh Q‘-iirQQUiE}hSaﬂé,Fﬁg?a I ish@hethegt ure
shown in Fig. 3B, the polarities and the 'volumes of the sense currents can

be easi | ypoVaFitgd switahsh@t €iddiaiest 18, SBHSEre WricRilde8OBE CASE 28 thdd and
the CCP-CPP-GVR heads 10 of the head assenblies 33, 34 are connected.

| nci dent a}éypedtifressensd cuerahowourteki I3a,3B3bs [Thekki aredesBecBively
experinment system On the other hand, the structure showmmn in Fig. 3Ais

t hat 1f astesdisiredgbyragiaty axiktsiogappaiatt itsdbsc dppaltattbes CERMICRE-HERR head
assenbl i es according to the enbodi nent of the
- polarity switching circuits 45, 46, to one of the apparatuses, not
adding them to the other, and mounting pairs of head assemblies 33,
34 as the above-described CCP-CPP-GMR head assemblies corresponding
to the respective both surfaces of the media 31. By providing the
15 polarity switching circuits 45, 46, in the structure shown in Fig.
3B, the polarities and the volumes of the sense currents can be easily
varied in a state that the sense current sources 23a, 23b and the
CCP-CPP-GMR heads 10 of the head assemblies 33, 34 are connected.
Incidentally, the structure shown in Fig. 3B is positioned
20 as an experiment system. On the other hand, the structure shown
in Fig. 3A is that of an existing magnetic disc apparatus on which
the CCP-CPP-GMR head assemblies according to the embodiment of the
present invention are mounted as the head assemblies 33, 34, and
therefore is positioned as incomplete only in appropriateness of
25 the sense current polarity. Excluding that the sense current
polarities are not made appropriate, Fig. 3A is the drawing which

can be used as a block diagram of the magnetic recording/reproducing

apparatus according to an embodiment of the present invention.



present invention are nounted as the head assenblies 33, 34, and therefore
I s positioned as inconplete only in appropriateness of 25 the sense current
polarity. Excluding that the sense curagnt polarities are not made
appropriate, Fig. 3Ais the draw ng wHich can be used as a bl ock di agram
of the magnetic recording/ reproducing apparatus according to an

EEE’S? i agr ans. Eﬁ?\%ﬁ iﬂﬁgt e Ekiegﬂ*ahﬁl-*?sﬁem%%g% Pleek A sbOE R (o °°
t t i . i ... As i i q. i ,1- h
ST uet ur cYgeoa"iad pidh EEFE 'ﬁfeglde pidoRi el 186 ARcEheaing (T

t s , 3 J i 1 hi i i [ 1
Corrent ST SZEe, (e bhe; AT L LG S ey Ve |
coi | motorg, %%o%%?ré}?&@ﬁé@@a%&ﬁ%‘ $h ,(631 %g?%hbsse‘h]se HESUMA dWirees

processing circuarts servocircults 43, controllers 44. The medi um

3L 1S5 dhSK SRNeEne SAIAING ERILLMASICIERTILE] 8, 4 Q3! del® A idteent and.

read. ace thé bofth surfa 0 ium 31, the respective head

assenbl i egedh (a_égﬁéﬁ&h§99§§@1§r@bimemﬁ&&¢% 33] d1Sgepbad®d3by Jdigespi ndl e

notor 32. The spindle notor 32 is rotated as desired by a signal fromthe

Servoci r cgbil 4wteesos ] 30, rPradheind PRk shgdat fousitst LN9/ Feaskdigg Each
of head assenblies 15 433, Sg, beiﬁ%@equi val ent to the CCP-CPP-GWR head

assenbly geesgssliing chochhes ehodieobtisbeins 43 ,Fiagd: dohtiréEYerss @fd,.t he head
part, includes the CCP-CPP-GVWR head 10 and the inductive wite head 21.
The respectiveTheagdasaaslbls adiddk-shdpad acdtosidsg theddumhion /friothestsi 36, 36.
20 The respective sliders 35, 36 are novably disposed in a radial direction
of the medatanillwbitioperati veadf Thefacs thedwth surbases of the medium
31, the respective head assemblies 33, 34 are disposed and the medium
31 is rotated by the spindle motor 32. The spindle motor 32 is
rotated as desired by a signal from the servocircuit 43 according -
to a requirement of data writing/reading. Each of head assemblies
15 33, 34, being equivalent to the CCP-CPP-GMR head assembly according
to the embodiment shown in Fig. 1 in terms of the head part, includes
the CCP-CPP-GMR head 10 and the inductive write head 21. The
respective head assemblies 33, 34 are disposed on the sliders 35,
36.
20 The respective sliders 35, 36 are movably disposed in a radial
direction of the medium 31 by operation of the voice coil motors
37, 38. The voice coil motors 37, 38, by the signal from the
servocircuit 43, operate on the sliders 35, 36 so that the head
assemblies 33, 34 on the sliders 35, 36 face the desired position
25 of the medium 31 according to the requirement of data
writing/reading.
The reproducing processing circuit 41 processes a reproduced

output from the CCP-CPP-GMR heads 10 of the head assemblies 33, 34



37, 38. The voice coil notors 37, 38, by the signal fromthe servocircuit
43, operate on the sliders 35, 36 so that the head assenblies 33, 34 on
‘the sliders 35, 36 face the desired position 25 of the nmedium 31 according
to the requirenent of data witing/reading. The reproducing processing
circuit 41 processes a reproduced output fromthe CCP-CPP-GWR heads 10 of

t he head nbl i 3 4 15 by th ts f th t
Sour oo 298, SBIGUEFRRLS  EHRbHIE RGTBP oLERLTH SLPERPL 23 | udBEean
l'i zi ' At demadul at i on. Ci [ L, d_.the like. A t ed
Signal i sTERARIARPIP TR TR C L U 4Y TR PBI TR LA L0 e R i ng 5
| 5" RRBHT ed : e Tecord
Phereto FoSTLPE2o0, S ARG AR, Byt ke TRoEFEhdtel SlabaBClo T

ci roui 42§ neludesoa IRALALIAN I EHLlooft JAGALANRY AIPLELKERGNET Toui T,

Wely|
and the |7 recorded signal isle I'nductive wite head 21 of

the head asseryiing%i33id%h2 @{QJJ& YOFLS paifecé%d %&eg% s QU put s

signal's for rotation controfling the spindle notor 32 and for di spl acenent

cont rol | i ngetdie, ¥obfreohhi dd QY $hd7coRBrofr WAlS BRI RRBrashgnal s  from
the outside via the controller 44 and a part of signals includéd in the

r epr oducegh- Q38 ing2E Er O BV isdednkNgasE & mdisQat #6n NEGRESA!,Ya #ScdREing
servocircuit 43 provides the controller 44 with a signal showing an

oper at i ONghp BitfAtiNgasi +NEi tSeaMactie Uike43 A AseOrdbdGighalei® led Bottlee
reproduci ng processing and the recordi ng processing, the CCP-CPP-GWR head
or the i ngapidoi&rewivict ee Nesg f1 idfe theaHead seydeinb@des333, 334 s positioned at

a predeterm ned position above the medium 20 31. The spindle nmotor 32, the

" voi caqcoi | not orse Ferditirandtt B8 generates and outputs signals for
rotation controlling the spindie motor 32 and for displacement
controlling the voice coil motors 37, 38. For this purpose, signals
? from the outside via the controller 44 and a part of signals included
in the reproduced output are provided thereto. Also, as necessary,

15 +the servocircuit 43 provides the controller 44 with a signal showing
an operational state as the servocircuit 43. According thereto,
in the reproducing processing and the recording processing, the
CCP-CPP-GMR head or the inductive write head of the head assemblies
33, 34 is positioned at a predetermined position above the medium

20 31. The spindle motor 32, the voice coil motors 37, 38, and the
servocircuit 43, respectively, are parts of a servomechanism.

The controller 44 controls the entire apparatus and includes

at leas a CPU (central processing unit). The controller 44 is in
charge of controlling input/output of the signals to be recorded

25 and the regenerated signals, operation controlling the
servomechanism, and the like.

Evaluation of the CCP-CPP-GMR head 10 output by using the

magnetic disc apparatus with the above-described structures is



servocircuit 43, respectively, are parts of a servonechanism The
controller 44 controls the entire apparatus and includes at |eas a CPU
. (central processing unit). The controt&gr 44 is in charge of controlling

I nput/out put of the signals to be rec ed 25 and the regenerated signals,
operation controlling the servonechanism and the |ike. Evaluation of the
CCP- CPP- GWR head 10 output by using the magnetic ,disc apparatus with the

above- desEPPggFed pedQYsis Bt dfd Rt EFea PN iFRsWE Thrtheads B qthe
AL S Il e 1
Cher cof 1 et Eh oY CH4 e LRb A ot & Ayl hn GeP-GPl Gth Seags & 1o
bt boess. oo ae st ligs 261 Hanciieul Mg uner® prebaftas fifudted e
observat| o e e STRITEL el Bt dBLIG oF the curtent control

Poyers 139 of eSS HeRCt o £ SRLESEPOYLd A IS HONRAL T B2 o

Fig. 2B respectivel I "es up with these

respecti vgaReags Agkag }%?géé%%%nggﬁioﬁ@péﬂ qdnlel bRemSXRELd TR ngS wekem of

the strueture shown I n en, the noise |evels of the output

he st o oL arit; Hei
signal s Oéléééas%d‘.g R%B:. a‘é%leq/f'aslﬁjeé %&%&?&Ne%%ﬁﬁf;x%?%sﬁré%ﬁﬁ%b. e;:i”g_

varied, a uated. Ti result's are shown in’Fi A and Fig. 4B.
4A and Fi gt i4BrerifSeRERY bbekYvatién i 8RRSheSTOMItAE tNMBRS M 8o LSt iuranpl es

of output .noise levels of-the head assenblies 33, 34 which include the .
CCP- GRP- R #1eadeirténaceditdiold 1k9et el Rivb@dinesé mdadshe, ppesetespond
to those shown in Fig. 2A and Fig. 2B respectively. Head assemblies
33, 34 are built up with these respective heads being included, and
| applied to the experiment system of the structure shown in Fig. 3B.
Then, the noise levels of the output signals of reading, with values
15 -and polarities of sense currents being varied, are evaluated. The
resﬁlts are shown in Fig. 4A and Fig. 4B. Fig. 4A and Fig. 4B,
respectively, are graphs showing measured result examples of output
‘noise levels of the head assemblies 33, 34 which include the
. CCP-CPP-GMR heads 10 according to the embodiment of the present
20 invention.
As shown in Fig. 4A and Fig. 4B, it is noticed that the head
A and the head B have opposite characteristics in terms of the
polarity of the sense current. More specifically, the head A has
smaller noise levels in general in a “+” sense current than in a
25 VY- gsense current, while the head B has smaller noise levels in
general in the “-” sense current than in the “+” sense current. Here,
the “+” of the sense current is the polarity in a case that the

electric current flows from a lower electrode-and-shield layer 11



20 invention. As shown in Fig. 4A and Fig. 4B, it is noticed that the head
A and the head B have opposite characteristics in terns of the polarity of
the sense current. Mre specifically, { e head A has smaller noise |levels
in general in a '+" sense current than"in a 25 "-" sense current, while the

head B has snaller noise levels in general in the "-" sense current than in
the "+" sense current the "+" Ethe sense urr IS I he polarlty
in a caseStfattq i@ u@P@Et?f%cHﬂdreeﬁPdf‘F weld rwex I1 §¢'in Fig. 1.

LSRR S 1] B0 BTl S AN,
corrent T AR LAY e TR T SRR B 1

b e I T O A B ARy 117,
o L AR e 5 e it N

sense cur{eitede. Lakugcelor Mhd MRIBASCCGHLLAN dyesSEhal OoPer gy 5 A (or

-3.5 mM). Wth regard to a case at thrs set value 1s appli and the

head A Orlﬁé‘f‘dé}ﬁ-_%iilgB bélﬁ@%tfe@hérbéﬁl% ShiHeh&d %.nsb‘iéerﬂzﬁ%\&nf'h.ﬁ Fig. 3A
or Fig. 3B, evaluafion results thereof wll be described. .EvalGation

obj ect s- -@F& vauh B8toSikHIdlde eV kangé oF vd1RstitetciahR bé%iﬂﬁfhi‘iy‘ Wsddle
medi um 15 31 is read. Fig. 5 shows one of the results thereof. In Fig. 5,

a field of "apexs}us ausbptablio¢htas es nuehasmsd euribet rﬁiﬁﬂ&h&ﬁecbeC
apparatuses on which the heads A, B are nounted. "Yes" and '

10 the sense current is set to be +3.5 mA (or -3.5 ma). With regard

to a case that this set value is applied and the head A or the head
~ B is mounted on the structure system shown in Fig. 32 or Fig. 3B,
evaluation results thereof will be described. .Evaluation objects
are output signal levels at a time that data recorded in the medium
15 31 is read.

Fig. 5 shows one of the results thereof. In Fig. 5, a field
of “apparatus number” indicates numbers for the magnetié disc
apparatuses on which the heads A, B are mounted. “Yes” and “no”
of a field of “polarization switching circuit” respectively .

20 correspond to Fig. 3B and Fig. 3A. Additionally, a next field shows
which one of heads A, B is mounted as the head 33 and the head 34,
“and also current polarities thereof are shown. Unless the polarity
is altered by the polarity switching circuit, the sense current
polarities are set to be “+” in this magnetic disc apparatus. A

25 field of “output after 24 hour accelerated test” shows comparisons
of output signal levels after the magnetic disc apparatuses are kept

in a constant temperature bath of 130°C for 24 hours (or, after

accelerated tests) with output signal levels before being put in



of a field of "polarization switching circuit" respectively 20 correspond
to Fig. 3B and Fig. 3A. Additionally, a next field shows which one of
heads A, B is nmounted as the head 33 and the head 34, and also current
polarities thereof are shown. Unless t k& polarity 1is altered by the
polarity switching circuit, the sense current poI arities are set to be "+"
In this magnetic disc apparatus A 25 field of "output after 24 hour
acceleratégetEQPSt%ﬂbﬁém@Sﬁﬁ§F¥%dﬁ§jlof out put signal levels after the
magneti c di sc appar at uses are kept in a constant tenperature bath of 130C
for 24 hours (o &PFafFed a%?%’!é‘rhﬁls@dr?%‘sjt*sf) WY diit urasnefidl disFel s
before bein I S the gonstant tenperature bgﬁ;F?As noti ced fronlthese

results. 399?511% COBRATRELR SXaMBLS 2 RO AN B AP HEAAS ByafPoshosh
RN R D R R
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. current control layers 13dl or Therefore, 1t is noticed

CCP- CPP- CiRrbgasks eﬁnunaecué§eﬁé%n\ﬂ.ﬂrbmtgye%opé&rma@) ti6f BEL R he pﬁ%&’&é ng

|i fe when the sense current lows fromthe second surf ace to e first
surf pge @B,tHe, GHrtROthaRY T3C?J Bayer an e dehbpi hd@ieEdROBsc

Addltlonally,
apparatuses (example 1, example 2, comparative example 1), the sense
currents flow from the second surfaces to the first surfaces of the
current control layers 13dl or 13d2.

Therefore, it is noticed that the CCP-CPP-GMR head can be

15 used without problems in terms of operating life when the sense
current flows from the second surface to the first surface of the
current control layer in the definition above. Additionally,

- judgment of which surface corresponds to the first surface can be
done by the evaluation of the output signal noise levels as shown

20 in Fig. 4, in addition to by the observation with the TEM.

More specifically, first the CCP~CPP~-GMR head is provided
with a sense current of a certain polarization to measure the noise
level. Next, the CCP-CPP-GMR head is provided with a sense current
of a reverse polarization to measure the noise level., Lastly, the

25 noise level in the first polarization and the noise level in the
second polarization are compared and a direction of the sense current

with the polarization which gives the smaller noise level between

the noise levels of the both is specified to be an appropriate sense



j udgment of which surface corresponds to the first surface can be done by

the eval uation of the output signal noise levels as showmn 20 in Fig. 4, in

addition to by the observation with t TEM More specifically, first the

CCP- CPP-GWR head is provided wth a sense current of a certain

pol ari zation to neasure the noise level. Next, the CCP-CPP-GWR head is

provided with a sense current _of reverse polarizatiaqn tqQ neasure the

noi se | evelcraifs Aty ecHHRM 25 SHEP RV 19m, of hEbej pRtse, %¥Fﬁz&?ion and the
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SHaF ok

! d

Sense cur ALFATEAREPHS LHE CPOF AE A GIP AR EI P SRR S AT PR e e
bet - ' I f.the hoth is. ified to b | at
Cet ey RN G B BpeBO oA SR Gh BE A RN
dvant [ h h ' . ent . di [ f th

C0 PP, hR Bieadl SERho SRR, Ahr pREREELTY Tl LS 0T ve vay (i e,
t howt . : . . i h
m or ot r PR sARCRTLE 1R nhikepleRlc g TAUNGLEINGTAR A i ng
anot her réﬁggé Which differs from the result shown in Fig. 5. The way to
read the chart' is the sane as that for Fig. 5. Fig. 6 shows a case that

the head A and fig, %Oiaea?t%h%r%rﬁlmjlzsfgdaﬁeeﬁé@%e%mt%mm&f%ars%&ﬁ one

magnetic disc apparatus. Incidentally, values of the sense currents are
+3.5 M e r2sh18siaswr Ant PegabVverkasRy €61 SedefestRys: W theldame
contradicting with the result shown in Fig. 5 that only in the head 34 of
the conpagaitinegg €sanpie. F. | pighi €hslidie Beadsd tisatgivhen heBa ASase€nsee
current of the "+" polarity, the output levels after the 24 hour

acceller atisgshd @shrarelsidrmolintadt ay vhet Reads BXd34F0f.offe Aanetic disc

apparatus. Incidentally, values of the sense currents are +3.5 mA

.or -3.5 mA as in the above case. This case shows, without

. contradicting with the result shown _J'.n Fig. 5, that 6n1y in the head
34 of the comparative example 3, in whic_h the head B is given the

15 sense current of the “+” polarity, the output levels after the 24
hour accelerated test are significantly deteriorated. Fig. 6 shows
that the head A and the head B can be mixed-loaded on the magnetic
disc apparatus without problems if the sense current polarities are
appropriate.

20 Here, the head A and the head B are formed under process
conditions which are intentionally differentiated. However,
because of an unintentional alteration in the condition, the
microstructure of the current control layer 13d of the manufactured
CCP-CPP-GMR head 10 can be changed. Also in such a case, by

25 conducting the observation with the TEM, the evaluation of the noise
level or the like, the appropriate sense current polarity can be
specified. Also, it is also possible, though primitive, to select

two samples among the plural CCP-CPP-GMR heads which are



that the head A and the head B can be m xed-|oaded on the nmagnetic disc
apparatus without problens if the sense current polarities are
appropriate. 20 Here, the head A and the head B are formed under process
conditions which are intentionally di f#f8rentiated. However, because of an
unintentional alteration in the condition, the mcrostructure of the
current control |ayer 13d of the manufactured CCP-CPP-GVR head 10 can be
changed. APEHIpRty ip doks apg eendustd e AGCeHR sk bestEoRYwi th t he

TEM the evaluation of .the ggl se level or the |ike, the appropriate sense

current pdiESPEEYLYGH BEViRYLERIanFe Jpentsof thg ddffgrent Eﬂoé-,artlﬁéﬁﬁh

Bre20 maiPRELGY &9 ROLGELCRAS LORTTE AL ERE o dfohe cuty Tevel |

are ma €
respectivel o ivipng t.he sense currents of the different polarjties

. choosi BEAEY (Y APPAREE S e 1% StroRnT Pt G BGE FBS IOty
g_pgg?:‘ngttheeagpr ity-o r : t polarit r..the It.(%t. 5 Fﬁ . 7Ois a

¥ PR A4S SEASE: GHOLERE HOLALlYe P ¢

" chart Show ng an gianp%e op TEaSUr na at%r a}rcls"}%|eonsmeg1sufﬁgg§lfta85tl %?Bﬁa:c ]
I s i . . | ogi cal Do

el o SO BELBL 20l ) 0080 e el an g B AEoSPORH bERRDT (e

the structupe,rStIEVMEdnAiE i 8n 3B tHeS adeg erét%c?%gsttshgﬁéﬁlgfi 99%."8t ang

contradict with the results 10 descri bed above, a eterioration

(change) @figt hg. oukPiie |BYRII mEARND) st/ ege%ﬁﬂd&se&mw&l ¥igh spe head

A with the sense current 'of the "+" polarity or in the d Bwth the

sense curientse@f hheesdlt "tiedr bes DRGE eosmtdladsbangeLt hene desfigsal |
within 1% showi ng that the heads have satisfactory operating life .15

char agd er igektesbed abbhe, badaiheeddxadAldriay.ioh §ehaskkY @ fothdght sugNavels

‘cannot be recognized respectively in the ‘head A with the sense:

current of the “+” polarity or in the head B with the sense current

of the “-~ polarity. Degrees of change thereof are all within 1%,

showing that the heads have satisfactory operating life
15 characteristics. Inthe reverse polarity, respective output signal
levels are significantly deteriorated.
The present invention is not limited to the specific aspects
. described here with the illustrations, but it is to be understood
all the changes and modifications without departing from the range

20 of the following claims are to be included therein.



| evel s are significantly deteriorated. The present invention is not limted
to -the specific aspects described here with the illustrations, but it is
to be understood all the changes and nopdifications wthout departing from
the range 20 of the follow ng clains dte to be included therein. 21 WHAT
IS CLAAIMED I'S: 1. A CCP-CPP-GWR head assenbly, conprising: a CCP-CPP-GWR
head whi ch_includes at |east a current control 5 layer having as a

ni cr ost r udBitels ?%%ﬁ%ﬁq F§’of'truncated cone electric conductors with axes
substantially the sane as a current direction-and an insulator filling
between the plurality of truncated cone electric conductors, and in which a

cone erectric 10 cohaierorE-FlR N R PRBRE ot ad i 5t curface of the
surface is a GtERarRANiEEnSHl VATEn AndAldRBIRO L EeE L Sutenn BobtES)
Che sehse TEYEEBAVHIE B0p BicHEE MR 1 BR0rIR, o SRR EQe Foce o
laim 1, CupEPElS HondeEbrs st e iRt s etV TATEP LA SER o 30 ol bRl " "
conduct or g@t-etPEof WEMn $ASHT Aot %ﬁqui%mg %gvgeeg@ tg)[éu%f‘lﬁBaﬁﬁy gpd .the.

i nsul ator of the current control |ayer I _ na. 20°3. The
CCP- CPP- GVRufigated eofBE Dot ieCdoddidtbrs D il Mvhich dELBERcE UM HhEERY an

i nductive wite head distantly disposed in a vertical direction against
the el ect @i lar¢eRtaokalbaysl MankT tKEP1 G WYohesdncated cone electric
10 conductors is greater in number is a first surface of the current
--control layer and a surface of an opposite side of the first surface
-is a second surface of the current control layer; and
a sense current source providing the CCP-CPP-GMR head with
a sense current so that the sense current flows from the second
15 surface to the first surface of the current control layer.
2. The CCP-CPP-GMR head assembly as set forth in claim 1,
wherein, in the CCP-CPP-GMR head, the truncated cone electric
conductor of the current control layer is made of Cu (copper), and
the insulator of the current control layer is made of alumina.
20 3. The CCP-CPP-GMR head assembly as set forth in claim 1,
further comprising an inductive write head distantly disposed in
a vertical direction against the electric control layer of the
CCP-CPP-GMR head.
4. A magnetic recording/reproducing apparatus,
25 comprising:
a CCP-CPP-GMR head which includes at least a current control

layer having as a microstructure a plurality of truncated cone

electric conductors with axes substantially the same as a current



4. A magnetic recording/reproduci ng apparatus, 25 conprising: a

CCP- CPP- GWR head which includes at |least a current control |ayer having as
a mcrostructure a plurality of trunca% d cone electric conductors with
axes substantially the sane as a curre 22 direction and an insul ator
filling between the plurality of truncated cone electric conductors, and

i n which g; face I eh | ar ger,warea _basal plane.of the plurality of
truncat edgété)%%tle ne(?t%ﬁ \é\ﬁa %Bﬁﬁlﬂﬁc’oﬁ %%'ilsllage FEFTh S Barr sty f?#st surface
of the cu | Aye rf 0 n_opposite side .of .the.
first surfgg‘g@éa?esfggéé?&r?g%gg?fcgoggmgg; Egﬁé%gﬁrlr'ltérv lggn{)%ﬁ?ﬁ?@ln;w%l%lbnse
current squr, r ovi dj - - ] se . SO that
t he sensegcli&% ggt 9#%&/59# g’%atg%épjfgggeo%ﬁ %&%&a%ejgf%nﬁteeﬁﬁcﬁ%%cg53'%‘?%16:62 of
the currepbn&@Ad@ ikayedatehO iANndhsic iV ' i YAl sed in
a vertical ndi recti é-)Lna%gaEi1 nst lt hrcla_ cur_rtéLr?t gc%ﬁfhxtértgls_nfgggce? Osof’% %{ﬂheg%%gﬂ P- GVR
head; 5a ES@ELQS‘J.U%ggr RIRCE S5 RGCE 11 loghBERE Al g dakar 830507 £ARe @

medi um by the CCP-CPP-GWR head; a recording processing circuit recording
data to besvdiddchd EBrEacé her redl WirR¥nt heontBictiaygrwrite head; and a
servonechani sm posi tioni ng the CCP-CPP-GVR head or the inductive wite
head to a predetes@hdtedupeehti ssurdfe phevi@DhdMhiencer ageneiMt hegdantkh
recording. 5. A specification nmethod of an appropriate sense current 20
di rect i onaofermseCCRrERR: R tiead theoRphbs| O@rditO\Hldwegfibe €HP-dRIBdrdVR head
with a sense current of a first polarity to neasure a noise |evel;

surface to the first surface of the current control layer;

10 an inductive write head distantly disposed in a vertical
direction against the current control layer.of the CCP-CPP-GMR head;
a reproducing processing circuit regenerating data read from
a medium by the CCP-CPP-GMR head;
a recording processing circuit recording data to be written
15 in the medium by the inductive write head; and
a servomechanism positioning the CCP-CPP-GMR head or the.
inductive write head to a predetermined position of the medium in
regenerating and recording.
5. A specification method of an appropriate sense current
20 direction of a CCP-CPP-GMR head, comprising:
- providing the CCP-CPP-GMR head with a sense current of a first
polarity to measure a noise level;
providing the CCP-CPP-GMR head with a sense current of a
second polarity opposite to the first polarity to measure a noise
25 level; and
comparing a noise level in the first polarity and a noise
level in the second polarity and specifying a sense current direction

of the first polarity or the second polarity which gives a smaller



provi di ng the CCP-CPP-GWR head with a sense current of a second polarity
opposite to the first polarity to neasure a noise 25 level; and conparing
a noise level in the first polarity ang a noise level in the second
polarity and specifying a sense current direction of the first polarity or
the second polarity which gives a smaller 23 noise |evel between the both
noise levels, as. th riat nse. curren irection. . 6. _The

speci fi ca’t%%)-%)sne ﬁg'ﬁ’ ﬁg(Pae(%J%%ﬁeL%%%ro %g‘r‘?@ & gg‘ﬁgies %(‘:a’ u?ﬁ% APEEFCPELPT 5 B5S he

CCP—CPP—Q%E nﬁﬁd . forth in claim5, 5 wherein neasuring the noise
| evel in the |r§?§8§?%?$ty and neasuring the noise level in the second

polarity are copductid s¥a<iARALICA RelAREGHREN abBRbYLESS futideent val ue
that is actually wused-aS the sense current.
current direction of the CCP-CPP-GMR head as set forth in claim 5,
5 wherein measuring the noise level in the first polarity and
measuring the noise level in the second polarity are conducted

variably in a range which includes a current value that is actually

used_ as the sense current.



