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-1 TI TLE OF THE | NVENTI ON MAGNETI C HEAD, HEAD
SUSPENSI ON ASSEMBLY, MAGNETI C REPRODUCTI ON APP. mmmmm
AND METHOD OF MANUFACTURI NG MAGNETI C HEAD 5 q mwn
BACKGROUND OF THE | NVENTI ON The present invention o159%
relates to a magnetic head for use in a magnetic di sk
drive such as a hard disk drive (HDD), a heﬁd ] o
suspensi on assenbly on which thi s- magnetic head i _
m)uﬁt ed, and a magnetic reproduction 10 apparatu ‘mmmmlmmmmm“
arule, a protective filmfor preventing wear is *G00002*
formed on the surfacemfs &magiretinye@dhy or use in  a
hard disk drive or the like (see, e.g., Jpn. Pat.
AppMAGNEQRAlI HPAD, i ¢IEAID0IS USPENRQQR- 2BS6DHLY ,| MAGENET IC
techni que described in this docunent, a silicon film

i s REPREDUEH IQNs APPARATY Sof Aie MEAGIOS: iOF AN FR TWRING
sputterln% process a DLC filmis formed on the

si | MEGNEL L CmA aCVDprocess and a ta-C filmis

formed on the DLC film tered cat hodi c vacuum

20 arc (FCVA) pro%%ggGRQ%NQeﬁﬁeﬁﬁFyINHENEE@g of the

ta-C f|| |nfer|or i,n p cover.a are reduced.
Addi t i ondl Iy Pr& 5§ &Weﬂ IR & & %r‘?@d 05 B MageE ic head

for use in a magnetic disk drive such as a hard disk

drive (HDD), a head suspension assembly on which this
magnetic head is mounted, and a magnetic reproduction
apparatus.

As a rule, a protective film for preventing wear
is formed on the surface of a magnetic head for use in
a hard disk drive or the like (see, e.g., Jpn. Pat.
Appln. KOKAI Publication No. 2002-279605). In a
technique described in this document, a silicon film
is formed on a substrate of the magnetic head by a
sputtering process, a DLC film is formed on the
silicon film by a CVD process, and a ta-C film is
formed on the DLC film by a filtered cathodic vacuum
arc (FCVA) process. Consequently, defects of the ta-C
film inferior in step coverage are reduced.

Additionally, a silicon film is formed as a close
contact layer on an air bearing surface (ABS) of the
magnetic head, and the protective film is formed on
the silicon film by the FCVA process in some case. In
this case, when a high bias voltage is applied in

order to enhance hardness, the silicon film is mixed
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contact layer on an air bearing surface (ABS) of the
magneti ¢ head, and the protective filmis fornmed on 25
the silicon filmby the FCVA process in sonme case. In
this case, when a high bias voltage is applied in

order to enhance hardness, the silicon filmis m xed
wth a carbon (C) film and Si noves toward a surface

| ayer of the magnetic head.-Th&refore, resistance to
wear is degraded. In Jpn. Pat. Appln. KOKAI

Publication 5 No. 2002-279605, the CVD process is al so
usedith aaddirbioon (Co0 tfheé MFCHADISAcessresThewefmal & dumface
film form ng devices are required, and there are

di sdavean- ofafdse sagmeds caheaduct iThrerefaress resistance to
productivity and an increase in cost. 10 BRI EF SUMVARY
OF WRET| NVENPPORO&ECor ding to an aspect of the present

' tion, h ' i ded tic head for use
in the BRcitRfy A o ARt O s hh g Hhadirum

i SLRY: trate,; I ont act. | ayer .
arBas 200877008035 Cbor R 3%k %A b Gt 1red dybr
Mh!gadgﬁibﬂnkgakﬁ@ E%@AF%%O%E%%e.C%%%%%&c&%eryﬂp%ilm
whi ch faces the nmagnetiC recordi ng medium 't he

prokgehing bayetesCARN ireliGred,f landl Jraves o mBd Dan-
lam nating a |lamnate material on the close contact

| ayeagat au2@ hisr st rbidagtveht age My sa friddu@ted ity and

cat hodi ¢ vacuum arc (FCVA) process; and a secon

| ayen fiocmedsbyinl apistati ng the |amnate material on

the first |ayer by

BRIEF SUMMARY OF THE INVENTION
According to an aspect of the present invention,

there is provided a magnetic head for use in the
vicinity of a magnetic recording medium, comprising:
a substrate; a close contact layer laminated on the
substrate; and a protective layer which is laminated
on the close contact layer and which faces the
magnetic recording medium, the protective layer
comprising: a first layer formed by laminating a
laminate material on the close contact layer at a
first bias voltage by a filtered cathodic vacuum
arc (FCVA) process; and a second layer formed by
laminating the laminate material on the first layer by
the FCVA process at a second bias voltage which is
higher than the first bias voltage.
BRIEF DESCRIPTICN OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

in and constitute a part of the specification,
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the FCVA process at a second bias voltage which is
hi gher than the first bias voltage. 25 BRI EF
DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG The
acconpanyi ng drawi ngs, which are incorporated in and
constitute a part of the specification, illustrate
enbodi nents of the invention, and together wth the
general description given above and the detail ed
description of the enbodi nents given below, serve to
explain the principles of the invention. 5 FIG 1 is a
per $peéusivetei embshomengsaolfattediiskendrione amdwticefether
magneti ¢ head can be nmounted according to an
enbBdfhekhheopenpsapr dsentiphvent tévenFeGoOVe agdarghe
enl arged _perspective view of a ti portion of a
nagﬂ@gia&lﬁgaéeé%éﬁﬁll?“leé FREPER OO MEELFatdV ey elsy
in the haEd disE drigg of FIG, i as viﬁyed from.a
di sREEVAeFCFPEP 131 s " A s PRERGLPE oG 8dr &MCof NyRELLON.
magneti c .rhead agcqrdi t al digent. of _the .
%gQ%P&?tj ? %q% show1qg qﬂfd disk

a
present I nvention; I'S a diagram how

resylt $e0bn WRASH! gn@ggneftile fLoHCLURe paf nd RkQLect i ve

filmcases ere a s voltage is set to zero and

100a¥co@ndng! € ani 8mBoHiRAGHAM$N@WENG rbR&nt invention;
relationship between the bias voltage and hardness.

20 DETAI EER.DESER! BRIl ON16k gEGE peN¥ENEONFhGewl JfS & tip

per spective view showing a hard disk drive on which a

magpetttohead eamabeemnunhedd assembly 160 from an
actuator arm 155 in the hard disk drive of FIG. 1 as
viewed from a disk side;

FIG. 3 is a schematic diagram of the magnetic
head according to one embodiment of the present
invention;

FIG. 4 is a diagram showing results of
measurement of a structure of a protective film cases
where a bias voltage is set to zero and 100 V; and

FIG. 5 is a diagram showing the relationship
between the biaé voltage and hardness.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a perspective view showing a hard disk
drive on which a magnetic head can be mounted
according to an embodiment of the present invention.
The magnetic head according to the present invention
can be mounted on a magnetic reproduction apparatus
which reads digital data magnetically recorded on a

magnetic recording medium. As the magnetic recording



10

15

20

25

according to an enbodi nment of the present invention.
The magnetic head according to the present invention

25 can be nounted on a nagnetic reproduction apparatus
whi ch reads digital data magnetically recorded on a
magnetic recordi ng nmedium As the magnetic recording
medium a platter built into the hard disk drive is

typi cal. Furthernore, the nmagnéti€ head according to
the present invention may be nounted on a magnetic
recordi ng/ reproduci ng apparatus which also has a 5

f unoeddnmef awpilbithgrt baiditgihal dakahbad ke skagiretiec is
recording medium In a hard disk drive 150 of FIG 1

a nagpétkd. h€adthsrmoved tsengagnestar heact aatording to
FIG 1, a disc nmedium 200 for recording is attached

t o BhgpPrEFentoirgentipns maysbenpdiunime200n & regacsdc
in the direction of arrow A by a notor (not shown)

whi ERCPESPBHYSCPEOFUCL Bt PBPAERGNEl PG 81801 bigsg 2
devic ontral. secti.on not,.shown) .. It is be not ed
ot SeERAbLPr SESEIRG: Sho e dREToE6 ey coeRsr Sotdeq c
and LS4t ype : device is referred to as a plura
plaf%g?§9%%§.m%gﬁé§d slider 153 is attached to a tip

of a thinpy Eith§U%9%@$B9Qv%5i60a§% %ﬁ%ﬁegdi%fﬂ& Q%

on the disc nedium 200, or reproduces informtion

recnededignmot/Be dks6gMBdirdia2Q0acAuaREREti Grhead, 1, 4
according to the 20 present enbodinent is nounted in

t hedvksei netiyunf 20be foti peebrihaghead askbdaedl®3. aVWe@indle

t he di sc nmedi um 200 rotates, the surface
152. This disc medium 200 is rotated in the direction
of arrow A by a motor (not shown) which responds to a
control signal from a driving device control section
(not shown). It is to be noted that a plurality of
disc mediums 200 may be provided, and this type of
device 1s referred to as a plural platter type.

A head slider 153 is attached to a tip of a thin
film suspension 154, and stores information on the
disc medium 200, or reproduces information recorded on
the disc medium 200. A magnetic head according to the
present embodiment is mounted in the vicinity of the
tip of the head slider 153.

When the disc medium 200 rotates, the surface
(ABS) of the head slider 153 facing the medium floats
up from the surface of the disc medium 200 by a
certain height. It is to be noted that the magnetic
head of the present invention is applicable to a

so-called contact running type apparatus whose slider



10

15

20

25

(ABS) of the head slider 153 facing the medium floats
up fromthe surface of the disc nmedium 200 by a 25
certain height. It is to be noted that the magnetic
head of the present invention is applicable to a
so-call ed contact running type apparatus whose slider
is brought into contact with the disc nmedi um 200. The
suspensi on 154 is connected-toso0ne end of the

actuator arm 155 having a bobbin portion (not shown)

whi ch holds a driving coil (not shown) and the like. 5
Theist hepughd ahtbheocactdat antar Mht5%iiss peeMigedom .t h
a voice coil nmotor 156 which is one type of linear

not or. TRéeveuspensillonmittdr iESG&cromartieses ¢ lemedrdnd nef the
coil (not shown) wound on the bobbin portion of the

act @atbatarmIs5 1 5andaa imggaebiobbdinr e@int Liom whiocth sdolan)
pernanent net is disposed_in such a manner as to

f acdhigh obaégédaye‘%évws £Ré lcdnet Thewadt @acorcher hike.
155 db 1 t sh di d

o per OFBRE BPupter %Eéggws goﬁ%?“t 3?;%)3 i1 P S it
157 h_a.
o3t JBTBFoFP4AoNE Ry TRE UBLEE doi ProniEe oo Liprar
2 'ﬁo@Brenl@ﬁgeQOEEESe%EE'é§t¥'eWS%fc%m '\ 5 RO, %IO% Pving

a magnetic head assenbly 1 romthe ctuator arm

155cbﬂltmgohaéﬁodh§kwgﬁhﬁeoﬁftEEGbo%bé% Qryiiened ¢ rom
a mediumside. In FIG 2, the nmagnetic ead assenbly

160abasatbe aehuaber anm AShagtBeiendirehiithe nagiiator
arm 155 is connected to the suspension
permanent magnet is disposed in such a manner as to
face an opposed yoke via the coil.

The actuator arm 155 is held by ball bearings
(not shown) disposed on two portions of upper and
lower portions of a spindle 157 in such a manner as
to be freely rotatable/slidable by the voice coil
motor 156.

FIG. 2 is an enlarged perspective view of a tip
portion of a magnetic head assembly 160 from the
actuator arm 155 in the hard disk drive of FIG. 1 as
viewed from a medium side. In FIG. 2, the magnetic
head assembly 160 has the actuator arm 155. One end
of the actuator arm 155 is connected to the suspension
154. The head slider 153 is attached to a tip of the
suspension 154. The suspension 154 has a lead wire
164 for writing and reading a signal. The lead wire
164 is electrically connected to each electrode of the

magnetic head incorporated in the head slider 153.



154. The head slider 153 is attached to a tip of the
suspensi on 154. The suspension 154 has a lead wire 25
164 for witing and reading a signal. The lead wire
164 is electrically connected to each el ectrode of the
magneti c head incorporated in the head slider 153. The
lead wire 164 is al so connected to each of el ectrode
pads 165. FIG 3 is a schemati 6 diagram of the
magnetic head according to one enbodi ment of the
present 5 invention. In FIG 3, a substrate 4, a

si |l ThenlkebdnMwide ackower allapekcheakakedral ecambr pifous
carbon (ta-C film 2, and an upper-layer ta-Cfilm1
ar eclantnatiedpads fllkibs order. Anong the filns, the
ta-Cfilm1l faces a disc nedium (not shown). The
silicon filGm 3 iis 2O stchemad sy dd agpam @fi Adqrepmegrss.ic
The |l ower-layer ta-C film2 and the upper-layer ta-C
filhf2dapecPoriBe by CaR FEVARIAFEEEsSL The prgsent

RECPof! 8 FOVACERGSEse! Hhe Pevaent
Bl TGREAnFaoBer | BFOPe dbsEndPRgc o18 dectr %ilh‘é:rc%% £iln
al | er , 5

onl 3 af e P hen Y act RE EOREEY Ate AC ahhRe SPpGN ticasC

gensﬁﬁﬁ?ngiHHBLéﬂegBEE¥rW%§@rpka§%a%&§%¢1 BQ%Qﬁ%%i%%ted

a filter (hot shown aving-a three- dinensio

strugt yhesdbgpased Rebweernkheibakget nand 2@ tthey 1 faces
substrate 4, it is possible to forma ta-Cfilm

havangiachingliprithye AnbanC.filrmehaviingoa enw i gk
density and hardness can al so be forned.
formed by a sputtering process. The lower-layer ta-C
film 2 and the upper-layer ta-C film 1 are formed.by
an FCVA process.

The FCVA process is a film forming method in
which a target is allowed to perform arc discharge,
accordingly ionized particles are generated, and the
particles only are guided to the substrate 4. Since
impurities generated simultaneously with plasmas are
trapped in a filter (not shown) having a three-
dimensional structure disposed between the target and
the substrate 4, it is possible to form a ta-C film
having a high purity. A ta-C film having a very high
density and hardness can also be formed.

In the FCVA process, when a bias voltage is
applied, f£ilm hardness can be improved. The bias
voltage is applied to the substrate 4. Carbon ions

produced by the arc discharge are accelerated by the

bias voltage, and bonded onto the silicon film 3.
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In the FCVA process, when a bias voltage is applied,
fil mhardness can be inproved. The bias 25 voltage is
applied to the substrate 4. Carbon ions produced by
the arc discharge are accelerated by the bias

vol tage, and bonded onto the silicon film 3. Both of
an sp2 bond and an sp3 bond exist in the structure,
and the ratio between the boend% changes in accordance
with the bias voltage. The sp2 bond constitutes a
graphite structure, and the sp3 bond 5 constitutes a
di aBobd efr aot apé. bvhen ankle abi ap3vblohagexiisdr dasehe
the ratio of the sp3 bond increases. Therefore, the
har dhtystyret handpitoeecritve beltweean the foondsecchanges
enhanced. However, when the bias voltage is increased
to aBceFepafantRevibhciahBoRirEnFodkeessi vahy, spife bond
siliconfilm3 is mxed wth carbon, Si noves toward
a sGPPaEetPEGEr 2 GRAPNAES STANCEUES WeRA FhGpsP3Tdond
solgeng §t8%oglenh.in tge Rresent enbodi nent, first

t he“BI'as Vol t8gé "s28ef°t 5286 ¢ §round 15 potential),

and the ?ﬁ@ﬁrgh@y%&a%:gglEgb%'%ﬂq%é%%%ggdifggrkgﬁg of the

silicon 111m3 provi on t'he substra

FCVApprpegasinbensthe birasruebtagechs $&dh@ssZ¥0the
the silicon film3 can be prevented frombeing m xed

W t preaebenve28ifhGead bs Zudicagr-aghsRewedd I esyete Of
measure- nent of a structure of the protective film by

augehenetret boasspettrgecapy i0AEEhskd acCazecikRened e
blagarbon ions excessively, the silicon film 3 is mixed
with carbon, Si moves toward a surface layer, and

resistance to wear drops.

To solve the problem, in the present embodiment,
first the bias voltage is set to zero (ground
potential), and the lower-layer ta-C film 2 is formed
on the silicon film 3 provided on the substrate 4 by
the FCVA process. When the bias voltage is set to
zero, the silicon film 3 can be prevented from being
mixed with carbon.

FIG. 4 is a diagram showing results of measure-
ment of a structure of the protective film by auger
electron spectroscopy (AES) in a case where the bias
voltage is set to zero and 100 V. 1In FIG. 4, the left
side of the abscissa corresponds to a front surface
side of a protective film, and the right side of the

abscissa corresponds to a substrate 4 side. It is

seen from this graph that Si has a broad peak on the
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voltage is set to zero and 100 V. In FIG 4, the left
side of the abscissa corresponds to a front surface 25
side of a protective film and the right side of the
absci ssa corresponds to a substrate 4 side. It is

seen fromthis graph that Si has a broad peak on the

| eft side in a case where the bias voltage is 100"V
(solid line in the figure).-ThBs kndicates that a

| arge anount of Si exists in the vicinity of the front
surface, that is, the mxing is caused. 5 On the other
handefitt siisleséen at lnatseSiwhiraredlthe @Xiast srdlrtddee is 100 'V
vicinity of the front surface, and Si exists under

t he (pedtigctliine flinl rhien fa goase .whéhd st Hend iliadse sv ditedg e
is zero (broken line in the figure). This experinment

r estPEIRaSI@EREN S Stle @*tiFHS Vilert heh & iTG nitas afoltthegef ront
is set to OV, the atons of the silicon filmare

pr eSEAEEG S r bhebeilSy fCed Wity tffos@USethe ta-C
film Addjtionally, it is difficult to qgbtain

suffici e?ﬁ” ﬁg‘redr?et%‘s‘?ra?laéldbi ad Vol 5558 dert: el
sol : 0 - .Upper. -CHilmla lis .
For sedo5s hecrSuet oL BB e s T M Bt B o4
vol bag8tsThakbelrS £ 8B LRE tRLAL 4LV E f Il MG Kg%ﬂ%gthe
into a double layer Structure, the hardness can be

| Pbeuedyoftk&ged 18UGEeS Rb@okdnl Nipages 1Ll fti?[;ulﬁilela‘l.
20 of the Journal of Non-Crystalline Solids 164 to 166

(199B) s an@eirtimentseesullRahaki gheshshaadRSIHa% when the
obtained in the vicinity of a bias voltage of 100 V.
bias voltage is set to 0 V, the atoms of the silicon
film are prevented from being mixed with those of the
ta-C film.

Additionally, it is difficult to obtain a
sufficient hardness at a bias voltage of zero. To
solve the problem, the upper ta-C film layer 1 is
formed on the lower ta-C film layer 2 at a high bias |
voltage. That is, when the protective film is formed
into a double layer structure, the hardness can be
improved. FIG. 5 quotes FIG. 1 in pages 1111 to 1114
of the Journal of Non-Crystalline Solids 164 to 166
(18993), and it is seen that highest hardness is
obtained in the vicinity of a bias voltage of 100 V.

In the present embodiment, the silicon film 3 is
formed on the substrate 4 of the magnetic head by the
sputtering process as described above. Next, the
lower-layer ta-C film 2 is formed on the silicon film

3 by the FCVA process at a bias voltage of zero, and
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In the present enbodinent, the silicon film3is
formed on the substrate 4 of the magnetic head by the
25 sputtering process as described above. Next, the
| ower-layer ta-C film2 is formed on the silicon film
3 by the FCVA process at a bias voltage of zero, and
is accordingly prevented frombeing mxed with the
silicon film3. Furthernore; tEe dpper-layer ta-C
film1l is fornmed on the lower-layer ta-Cfilm2 by the
FCVA process at the high bias voltage. 5 Accordingly,
a césb@ncpmdﬁ-egtliyv@rfewlemti%i ffaromedbe iinnat omitdeel daubl ehe
| ayer structure. That is, the carbon protective film
i s préviaead fiilih 3a leﬂlgttNeécy@rref,ortﬂﬁ@d uppe e yeevAa-C
process at a Iow bias volta and a second | ayer

for ﬁézmbgr fKe P@WR%P@C@% g:towﬁlh‘ll@h’ek}“ as- Cl(fl\l@l tZadpy, the

The h 5 | ayer S & re dlfferent fromt hat

ff g sBESA Slsaﬁg t?‘ﬁ 8 ddce VRALtRIhe  bi as

|t d | h d hi
Yﬁana?ﬁa@%%? G ot b Rt e e it e
S'”EﬁtBhghg'Béhbhqu erO%Qth&ﬂE% Cl%%%t'i Co%%%?carbon

with the silicon [m'i's forne ‘a ['OW biad
firptokayen ves rRdh EEX%QOWMHthQQt%'E'%Q@ Hlﬂﬁyﬁfﬁfgyﬁed

the second |ayer is separated fromthe silicon

Vi abyhehti FsVAl pyetesthatsecand bawer viod tAgk, Hned
with the silicon film Consequently, it is 20 possi bl e

to fecond prgtectovecti by haei Fgvexpellcenrts atesi stigfC®ias
to wear. Furthernore, since the protective |ayer can
be Vothedeusi Bhet ie rECVAapeocess anlsyrumasse different

from that of the second layer in accordance with the
bias voltage, and the second layer has a hardness
higher than that of the first layer. In this consti-
tution, since the first layer brought into close
contact with the silicon film is formed at a low bias,
the first layer is not mixed with the silicon film.
Since the second layer is separated from the silicon
film via the first layer, the second layer is not
mixed with the silicon film. Consequently, it is
possible to form a protective film having excellent
resistance to wear. Furthermore, since the protective
layer can be formed using the FCVA process only, mass
productivity is not impaired.

As shown in FIGS. 1 and 2, when the hard disk
drive is realized using the magnetic head of FIG. 3,
it is possible to realize a hard disk drive having

enhanced resistance to wear compared with existing
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productivity is not inpaired. As shown in FIGS. 1 and
2, when the hard disk 25 drive is realized using the
magnetic head of FIG 3, it is possible to realize a
hard di sk drive having enhanced resistance to wear
conpared with existing 10 hard disk drives.

Addi tionally, magnetic recording density is further
enhanced, and a further incredage i-n recording
capacity can be enabl ed. Consequently, there can be
provi ded a magnetic head having a 5 protective film
supknirdr diis kr egiiskance Adadingaha1d yhead gnetSRens@rding
assenbly provided with the nagnetic head, a nmagnetic

r epfledaetiyon safpartaeus enaad cadretnod aoff umeieuf dotardare in
the magnetic head. Additional advantages and

nmodF EFeAEILBAS CAPRICitY caadipey epedbded o Qrosesiantlad
inthe art. Therefore, the invention in its broader
aspEE?gelgaﬁoPe|pﬁpwé@eﬁoa fRENgpd6 hicgdddraiing and

epresen ?tlve enbodi nents shown and descri bed
herBFﬁ ¢8PdA Wysu95F986slnnﬁ&ﬁﬂ@&éﬁfﬁh§‘h&?%ﬁé a head

rooE MLERRYLLOSEaLLAG LLATNS 18 3P BP0
éﬁf\%n@%epék%%@xﬁﬁgg&%%neﬂgg%?a%aszea.nﬁilm.‘ﬁ?.’é: . 1y
of manfBgBetir¢nfeeaedinBgnRdicUReeONPri Si ng:

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.
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a substrate; a close contact |ayer |am nated on the
substrate; and a protective layer which is | am nated
on the close contact |ayer and which faces the
magnetic -recording nmedium 10 the protective |ayer
conprising: a first layer formed by |am nating a

lam nate material on the close contact |ayer at a
first bias voltage by a fidtdrled cat hodi c vacuum arc
(FCVA) process; and 15 a second | ayer forned by

| am nating the lamnate material on the first |ayer
by the FCVA process aWHAT $8cODHIWEBSIg®ltage which is
hi gher than the first bias voltage. 2. The nagnetic
head accdrdi Agmagneltdionhkbad2Foxhersei rirt ldnef ivristirbitas of
voltage is ground potential. 3. The magnetic head
acc8r BPAgete Ccracmr i nawRerdiua . t kereirdséngont act | ayer
is asilicon film and the protective layer is a ta-C
film 4. 2TF¥OPedR¢Eiic head according to ciaim3, 25

wherein the.silicon film.is formed by | am natin
silicon 8nc%ﬁges§8§FP§Fel@ﬁegbé6¥%ﬁﬂﬁg?4;QWw%?e Lubstrate;
sputtgring process. - 12 5. The magnetic head
according to claim3, wherein the second |ayer

ContainsacﬁE%Q%cQQW%nQag%&ewhich is laminated on the

close contact layer and which faces the magnetic
recording medium,

the protective layer comprising:

a first layer formed by laminating a laminate
material on the close contact layer at a first bias
voltage by a filtered cathodic vacuum arc (FCVA)
process; and

a second layer formed by laminating the laminate
material on the first layer by the FCVA process at a
second bias voltage which is higher than the first
bias voltage.

2. The magnetic head according to claim 1,
wherein the first bias voltage is ground potential.

3. The magnetic head according to claim 1,
wherein the close contact layer is a silicon film, and
the protective layer is a ta-C film.

4. The magnetic head according to claim 3,
wherein the silicon film is formed by laminating
silicon on the substrate in gccordance with a

sputtering process.
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sp3 bonds than the first layer. 6. A head suspension
assenbly conprising the 5 magnetic head according to
claim1, and a support mechani sm which supports the
magnetic head in such a manner as to face a recording
surface of a magnetic recording nmedium 7. A head
suspensi on assenbly conprising the 10 magnetic head
according to claim 2, and a sugporit mechani sm which
supports the magnetic head in such a mnmanner as to
face a recording surface of a magnetic recording

medi um 8. ATheachsgusensimadasseiddiepmy isldign the
15 magnetic head according to claim 3, and a support
mechapirsinwitheh ssgopalr tls vishre aregraeinisc deedcbn hasticty anore
manner as to face a recording surface of a magnetic
rec6Pdi RgnAedithan gheAfiasd dasipensi on assenbly
conprising the 20 magnetic head according to claim 4,
and a sugportA heEch SMSRRNHICH SSFSFd S AIRP Heiid i tthe

hea Rghel e aMIEL 85 .1 ce 8 necardl g surface

S SRURLI-SRPL LS 8,35 TRANEL S o aesordt o

el SRR R
recording medium.

7. A head suspension assembly comprising the
magnetic head according to claim 2, and a support
mechanism which supports the magnetic head in such a
manner as to face a recording surface of a magnetic
recording medium.

8. A head suspension assembly comprising the
magnetic head according to claim 3, and a support
mechanism which supports the magnetic head in such a
manner as to face a recording surface of a magnetic
recording medium.

9. A head suspension assembly comprising the
magnetic head according to claim 4, and a support
mechanism which supports the magnetic head in such a
manner as to face a recording surface of a magnetic
recording medium.

10. A head suspension assembly comprising the
magnetic head according to claim 5, and a support
mechanisﬁ which supports the magnetic head in such a

manner as to face a recording surface of a magnetic
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11. A magnetic reproduction apparatus which reads
magnetic informati on recorded on a magnetic recording
medi um by use of a magnetic head, the 5 apparatus
conprising the head suspension assenbly according to
claim6. 12. A magnetic reproduction apparatus which
reads magnetic information recorded on a magnetic
recordi ng nmedi um by use of -a megnetic head, the 10
apparatus conprising the head suspensi on assenbly
according to claim7. 13. A magnetic reproduction
appaeabusiinhi eledin@ads magnetic information recorded
on a magnetic recording nediumby use of a nmagnetic

head, théll5 &pp@gatelys ccarmpricsiutg itdre apgerd ssuspertsi amn
assenbly according to claim8. 14. A magnetic

r epF6a4et MeANgpEr ANGSO TAItéln re&EdF deslgivet iac magnetic
informati on recorded on a magnetic recording nmedi um
by G§E°GFIRINAGAELIC Pedde Phe 22028 F4As d83ComitiSsi ng
t he _head ﬁuspension assengly according to claim?9.

15. 2RPRAGHECT EOPBPrEdtet 6 L5pSr SUGPNSLOR a-esdly

mag Ic..nfo Lon_recorded on a nmagnetic recording
ned?ghkgglﬁgeEg?Eégﬁgg%étic head, the 25 apparatus

oD T8 e et St AL 0
heagdedds magnetic information recorded on a magnetic
recording medium by use of a magnetic head, the
apparatus comprising the head suspension assembly

according to claim 7.

13. A magnetic reproduction apparatus which
reads magnetic information recorded on a magnetic
recording medium by use of a magnetic head, the
apparatus comprising the head suspension assembly
according to claim 8.

14, A magnetic reproduction apparatus which
reads magnetic information recorded on a magnetic
recording medium by use of a magnetic head, the
apparatus comprising the head suspension assembly
according to claim 9.

15. A magnetic reproduction apparatus which
reads magnetic information recorded on a magnetic
recording medium by use of a magnetic head, the
apparatus comprising the head suspension assembly

according to claim 10.

16. A method of manufacturing a magnetic head
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which is used in the vicinity of a magnetic recording
medi um and whi ch conprises a substrate, a close

contact layer |am nated on said substrate, and a
protective layer which is am nated on the Cose 5
contact |ayer and which faces the magnetic recording
medi um the nethod conprising: a first step of

| am nating a | am nate nater+ allo&n -the cl ose contact

| ayer at a first bias voltage by a filtered cathodic
vacuum arc (FCVA) process to forma 10 first |ayer on

t hewpiohedisi ueeldayer thand iz isdaond Stemaefndtdnd naiddW@ing
the laminate material on the first layer by the FCVA
pr ofesld uat aadsedbidedh doivgs selst age ullsitataties ki ghierse han
the first bias voltage to forma second |ayer on the
pr ofELRFE 18Yegydpminatethenmsrticd sadkssrditeg tagctlaai m
16, mh%rein tqe first bias vaoltage is ground

pot BACIFEFELYE. 1PHETIREE accdrditmg tes @l“aitr}ﬁelf,llOse
wher.ej he cl ose contact layer is a silican film |
andC?hEaC%oﬁsygEe@pﬁvg H&beF%F§Sa - Bagnehic g ecprding
net raccordin | ai ~.\Wherein the silicon
filﬂggéaﬁérﬁgg %fkﬂgﬁiﬁggkégs§i i‘con on the substrate

in accor dange owi th 2 %%Ptlta%ﬂn%%qﬁrgoi%ﬁ%%%ﬁ%ﬁeT'Pneater&a1 on

met hod according to claim ere e secon
| ayeheCcenbaknNsos@bRen 1R NG MBI € 1523 QHQQSVdﬁW@§é|H§ a

first |ayer.
filtered cathodic vacuum arc (FCVA) process to form a
first layer on the protective layer; and

a second step of laminating the laminéte material
on the first layer by the FCVA process at a second
bias voltage which is higher than the firét bias
voltage to form a second layer on the protective
layer.

17. The method according to claim 16, wherein
the first bias voltage is ground potential.

18. The method according to claim 16, wherein
the close contact layer is a silicon film, and the
protective layer is a ta-C film.

19. The method according to claim 18, wherein
the silicon film is formed by laminating silicon on
the substrate in accordance with a sputtering process.

20. The method according to claim 18, wherein
the second layer contains carbon having more sp3 bonds

than the first layer.



