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- 1 TITLE OF THE I NVENTI ON DI SK DEVI CE *159159*
BACKGROUND OF THE | NVENTI ON This i nvention rel ates

t 0
ek om g th e B ot of "aninch o fess:- A maor M IANMIH
di sk device as a typical disk device conprises *159150+
magneti ¢ di sks contained in a case, a spindle notor

that supports and rotates the dilsks, 10 magneti c heads
for reading and witing information fromand to the

eacs or mvenent wairimamtans avaviaeks. e NI

carriage assenbly is provided with rockably supported “GO0002»
arnnggg SFIP&dsi ons that extend 15 fromthe arns.

The magnetic heads_are suggorted i ndividually on the
respective extendeBAeREROBNDt RE THEsPEMENSASN Each
magneti c gﬁgd has a slider unted on

[

It . .
cor responding sUSFeHsiBh rafﬂdaI dshetaﬂj apéjrltfﬂiz)ﬁieaﬁcq rovided
Sl'd%&tthedq%§QS%%§EHOQ%ég%din%fﬁ%%jgﬁéaﬁ

el ement and a recording el ement g

ing 20

8% g er of
and whi tgchnfer makison. The slider has a facing surface
that faces a recording surface of the magnetic disk.

The sliden mgrethiceetiak RieviRR SUSRENSIANAIC & G VRV i ce
head | oad t hat

comprises magnetic disks contained in a case, a
spindle motor that supports and rotates the disks,
magnetic heads for reading and writing information
from and to the disks, and a carriage assembly that
supports the heads for movement with respect to the
disks. The carriage assembly is provided with
rockably supported arms and suspensions that extend
from the arms. The magnetic heads are supported
individually on the respective extended ends of the
suspensions. Each magnetic head has a slider moﬁnted
on its corresponding suspension and a head portion on
the slider. The head portion includes a reproducing
element and a recording element that are used to read
and write information. |

The slider has a facing surface that' faces a
recording surface of the magnetic disk. The slider is
subjected by the suspension to a given head load that
is directed toward a magnetic recording layer of the
magnetic disk. When the magnetic disk device is

actuated, an airflow is produced between the rotating
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25 is directed toward a magnetic recording |ayer of

the magnetic disk. Wien the magnetic di sk device is
actuated, an airflow is produced between the rotating

di sk and the slider. Based on the surface effect
principle of aerodynamics, a force to fly the slider
above the recording surface of the disk acts on the
facing surface of the slider- B¢ balancing this 5
flying force and the head | oad, the slider can be

flown with a given gap above the recording surface of

t he Aagheend dhsk slikler .| yiBagedeioghtthef sureagld defifdct
found to be substantially uniformw thout regard to

t he P&APGLPLE0Ofogieriodynemitive magwader tdi Sy The slider
rot at j onal fre uency of the disk is fixed, and its

| i ne®8p¥Edthea e€§r&é§§n§Pﬁ§a§ﬁ Ofe thediis o sitts i the

5 Bghifo TRERSLLC head [ s nosit Toned by o rotany
b h fI h
bet vasthe cL3cll 556t 0m 909 Ao and e Cantey

rad'@thﬁshEan O%Rfﬁgbsgbob% Q%%'Q@ alnghpeﬁﬁ%%e of

therefore, ch ang e flying height t
on theeradhyaktidi gkspQsition nust be restrained by
suitably utilizing 20 the aforesaid two paraneters

t hat varyTdepengiing orighte oradindl diidle PO tithd Itb be
consi deration of the change of the working
enviBohﬁEahtiBhéydhsﬁfdemiw&th@uﬁxme@b&@ tto aper ateeiial
smoothly in a | owpressure highland environment. If 25

t he RAGAELPE RBalhesmeonstigctddgki.n Gbwesirdérdtiicom lof

frequency of the disk is fixed, and its line speed
varies depending on the radial position. Since the
magnetic head is positioned by a rotary carriage
assembly, moreover, the skew angie (angle between the
direction of the airflow and the center line of the
slider) also varies depending on the radial position
on the disk. 1In designing the slider, therefore,
change of the flying height that depends on the radial
disk position must be restrained by suitably utilizing
the aforesaid two parameters that vary depending on
the radial disk position.

In consideration of the change of the working
environment, the disk device is expected to operate
smoothly in a low-pressure highland environment. If
the magnetic head is constructed in consideration of
only the balance between the head load and a positive

pressure that acts on the facing surface of the slider
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only the bal ance between the head | oad and a positive
pressure that acts on the facing surface of the slider
based on the air fluid lubrication, the positive
pressure that is generated by the air fluid

| ubrication is lowered in the | ow pressure
environnent. Inevitably, therefore, the slider is 5
bal anced in a position where-thé& ftying height is
reduced or the head touches the magnetic di sk surface.
Described in Jpn. Pat. Appln. KOKAlI Publication No.
2001b288849n e edamflleid 4 udbrdicsl ideyi dhd posdttiicke a
negati ve-pressure cavity is forned near the 10 center
of aPEF&ESHG Ss ihidc & Sofgeaegiaitésh bvn threderi t £1lyirckvent a
reduction of the flying height. The negative-pressure
cavi tPrd caéflioned Shy o¥SFEsovE tthet lovwsPr@SSfded by
projected rails in_thre her directions_than .an air
out | S0 VGEPBRFT S, | TRE T Faa - 18 Mo SCaing S S Ry 15

89 :Eglgﬂ %gpgnb%t %qt%o%e%%%kgegh%azéégﬁgbggﬂgr tg%

I
C
€ negati ve-pressure cavity,

Posi LU cRHESIULEe h%ﬁ@ QYRGS $HEE a8 B surface.

according to this configuration, the negative pressure

is also T edueed Ry tihe generaked 220, 1R0S idME RIESSUA i on

is reduced. Thus, the slider can be realized having
| essnbedrobilensizm 4, yireg Rehailie,AisCa@nt@isadvite in

formed in the negative-pressure cavity on the air

out | shiehdasndgatfi veherekisder. cAviegd i sp@cirin@l insar the

formed on the outlet side end face of the 25 slider so

as t eebéegi pllapedandag shefeent of padlidEhudn tcheler to

flying height, flying posture, and flyin
prevent a reduction of the flying height. The
negative-pressure cavity is defined by a groove that
is surrounded by projected rails in three other
directions than an air outlet direction. The slider
is confiqured to fly on the balance between a negative
pressure generated by the.negative-pressure cavity, a
head load, and a positive pressure. In a ldw—pressure
environment, according to this configuration, the
negative pressure is also reduced as the generated
positive preséure is reduced. Thus, the slider can be
realized having less reduction in flying height. A
center pad is formed in the negative-pressure cavity
on the air outlet end side of the slider. A head
portion is formed on the outlet side end face of the
slider so as to be situated near the center pad.

Thus, the flying height, flying posture, and flying

height reduction under decompression of the slider can
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hei ght reducti on under deconpression of the slider can
be adjusted by suitably arranging an irregul ar shape
of the facing surface of the slider. Mddern nmagnetic
di sks have been reduced in diameter with the progress
of mniaturization of 5 magnetic disk devices. Wile
3.5- and 2.5-inch magnetic di sk devices have prevail ed
so far, |1..8-, 1.0-, and 0.85-#énchk di sk devices are
already conmercialized or scheduled to be

commerci alized. Taking advantage of their snall ness,

t hes emagiiatsitedl ®ydisski tedodi v esr raamey imaurdtre di v U ya it nshape
mobi | e equi pment. For_ a head slider of these

smal PAditére ffac ingagatfiacadicdk tdevisddsieron t he ot her
hand, the |line speed of disks are |owered as the disk
di amet er MGy RESH e HIR Hib ks rhajeaer) frrdecahatn

su rts the 15 slider is lessened. It is difficult,
thgf SPSTteFoWl&sﬁ‘s&?‘& VHAIFES Sciedr et iz tiejuigled

of t Lider . . _su s the ljne speed de dence of
The PRGRELIS] a1 BRI, Wil S PERE R Kt T
deco i:enl4 \ah j siged he
o oo mRoORSRLONisH Cov Uls Qe RE I B BRI, e

mai nhy odependi g 887 1 nickPaGs K eRivataRC e r2nd Ld1gy1obi | e
application requires a higher inpact resistance.

Thuscotihe rbead i pees 8irng chled@d eeBRROL D@ et H ¥ 11 zed .
reduced even in the small- dianeter magnetic disk

devi €eging5ativantelyayviodr theder stedQmeisesSsitoR JeS e edic
essential characteristics that are required of the
sl i déiskTHevbekaviaoe motertedeooarimlessinomaks 1@ equipment.
For a head slider of these small-diameter
magnetic disk devices, on the other hand, the line
speed of disks are lowered as the disk diameter is
reduced, and an air bearing force that supports the
slider is lessened. It is difficult, therefore, to
ensure various characteristics required of the slider,
such as the line speed dependence of the flying
height, flying height reduction under decompression,
etc., while supporting a desired head pressing load.
This head pressing load is settled mainly depending on
impact resistance, and the mobile application requires
a higher impact resistance. Thus, the head pressing
load cannot be blindly reduced even in the small-
diameter magnetic disk devices.
The behavior under decompression is one of

essential characteristics that are required of the

slider. The behavior under decompression is a
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vi bration of the slider caused when the flying height
under deconpressed conditions is reduced so that the
slider touches a disk. Under the deconpressed

conditions, the slider may possibly touch the magnetic

5 disk, owing to conmbined reductions in flying height
that are attributable to a seek and variation in

manuf acture. In order to mandfaéture a hi gh-

reliability magnetic disk device, therefore, the

slider vibration under deconpression nust be 10

m ni vilbgat IBRI EF SUEVARY der Tdin SSNVENMEON hAckibf igitheight
to an aspect of the invention, a disk device

conpMin§es: dg cPnpirestsgye ¢ anestidriding irediadnad so achat the
surface rou%hness of 0.8 nmor |less in ternms of Ra 15
and &'didgfetonchrst & fdislor Uasier £he idecammtessadh

supparts .,and rotates the recordi ng medium a head .
prgei"&&a“%lf’ﬁ% §Itrﬁed§r13\ﬂ%rcﬂ‘51¥a§°&°'sf%yngt°§%ﬁff§é@ magnetic

oppo to a.surface of .the recordi.ng nmedi um and i s ,
OPPOSIAAL OB RY BRACSAbaE, LSARLIDATmA YD AN, S e
bet wegn ¢t Reor 8¢LdiNg B Lll_g} surfage g vtag:ei aftﬁ.coI Y%
surface as the recordi ng nediumrotates and a ead

por t haRuBicelirks Provicded on o he rsidden, and, nacgyds

and reproduces information to and fromthe recording

medi el iabd 1a thead gpespensiin WaivGkes URBRILs dhe head
25 for novenent with respect to the recordi ng nedi um
and sappkiresibeathenheadea keadnripead sdfonl n@fstomdrore
directed toward the surface of the recording nmedi um
The Bipdwizhds a negative-pressure cavity which

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the invention, a disk
device comprises: a disk-shaped recording medium with
a surface roughness of 0.8 nm or less in terms of Ra
and a diameter of 1 inch or less; a drive unit which
supports and rotates the recording medium; a head
provided with a slider which has a facing surface
opposed to a surface of the recording medium and is
aerodynamically supported by an airflow generated
between the recording medium surface and the facing
surface as the recording medium rotates and a head
portion which is provided on the slider and records
and reproduces information to and from the recording
medium; and a head suspension which supports the head
for movement with respect to the recording medium and
applies to the head a head load of 1 gf or more

directed toward the surface of the recording medium.
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is defined by a recess fornmed in the facing surface

and generates a negative pressure, a |leading step
portion and a | eading pad which protrude fromthe 5
facing surface, are situated on the upstream si de of

t he negative-pressure cavity with respect to the

airflow, and face the recording nedium and a trailing
step portion and a trailing padéwhich protrude from

the facing surface, are situated on the downstream 10
side of the negative-pressure cavity with respect to

the airfl e anddeacdashe mecediveypredisime tdwerity which
surface area of the trailing pad accounting for 1.5%

or népedeifinige Hvea afecess diogimeadinnd heurfeadapfsudface
slider, and at |east the surface of the trailing pad

15 béfAg IRNErsieturedeIBRIFR DESERUFE,OR GratHEg step
SEVERAL VI EVS THE DRAW NG = The acconpanyin

dr awPRGE I Rhid g:é‘r &SRR BRsk & ichn p&ﬁ&r&&%?ﬁrﬂm &he
part .Qf .the specification, illustrate enbodi nents af

bhe CAVEREI SHETERE 638 ReF U6 th e (BatraR Side of
desckipt i i;v.en n il cription

of ¢ heCeraaa e B et B bl TEy BB el e e

pri ngi presyof e fiie R0 LG [ an .y ew .
show ng aéﬁarghgigﬁ%gr?bg Qfﬁgféﬁ# f?%ﬁ%u?%fg¥¥%%'fgalllng

as aptEpPDpozecendiang 0 taail1dhepRediiBRrh frdth®de from
invention; FIG 2 is an enlarged side view show ng a

magnehec fheddgpentrifareof atrlke sHbRatEkdGon3 the @ownstream

perspective view show ng the disk facing surface side

of assPedef othet hegatignet-prelssade cavity with respect to
the airflow, and face the recording medium, the
surface area of the trailing pad accounting for 1.5%
or more of the area of the disk facing surface of.the
slider, and at least the surface of the trailing pad
being microtexured.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a plan view showing a hard disk drive
(hereinafter, referred to as an HDD) according to an
embodiment of the invention;

FIG. 2 is an enlarged side view showing a

magnetic head portion of the HDD;
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FIG 4 is a plan view showi ng the disk facing surface
side of the slider; 5 FIG 5 is a diagram show ng the
rel ati onship between radial positions and |ine speeds
of disks with different dianmeters; FIG 6 is a view
schematically showing a state in which the slider of
the magneti c head and a surface of 10 a nagnetic disk
are in contact with each other;7FlI& 7 is an enl arged
vi ew schematically showing a contact portion be the
slider of the magnetic head and the magnetic disk
surface; FIG. 8 iis an perlspeged we erisshaliagirey pard dfsk
the 15 microtextured slider; FIG 9 is a sectiona

vi ewf8RéMPNGuA fp&et sdfiet wd aslsildeie rsiedivt hien rRIgBetg;c head;
and FIGS. 10A and 10B are diagrans show ng the .
rel ati onsBilf -bét werd MiGotda urd e s mddarfaging

20 regi@ens. DETAI LED SCRI,PTI ON OF THE | NVENTI ON An
enboalgﬁgﬁf:ei L6 8% kP& Skif&Fiice according to this

[ ti ' I t HDD. wi |.| b descri hed
i nventiongs. applied d%a%tq:an} hsélvg%l n ﬁ?yierr?gla scrnlsthelp

in detail Wth'réference %0

dramb@9§eeﬁsr§B9§? g%sEkgbn%'aBQEl@R@ & ré§%§?%ﬁ§%?awith

12 in the form n open-topped rectangular box an
a topieo¥eentngl ampBewR)y.. The top cover is screwed to

the case with screws and cl oses a top opening of the
case. FIG. 6 is a view schematically showing a state in

which the slider of the magnetic head and a surface of
a magnetic disk are in contact with each other;

FIG. 7 is an enlarged view Schematically showing

~a contact portion be the slider of the magnetic head

and the magnetic disk surface;

FIG. 8 is an enlarged view showing a part of the
microtextured slider;

FIG. 9 is a sectional view showing a part of the
slider shown in FIG. 8; and

FIGS. 10A and 10B are diagrams showing the
relationship between microtexture depths and bearing
regions.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment in which a disk device according to
this invention is applied to an HDD will now be
described in detail with reference to the accompanying
drawings.

As shown in FIG. 1, the HDD comprises a case 12

in the form of an open-topped rectangular box and a
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The case 12 contains a magnetic disk 16 for use 5 as

a recording nedium a spindle notor 18, nagnetic

heads, and a carriage assenbly 22. The spindl e notor

18 serves as a drive unit that supports and rotates

the di sk. The magnetic heads are used to wite and

read i nformation on and fromthe disk. The carriage 10
assenbly 22 supports the nagnret Bc heads for novenent

with respect to the magnetic disk 16. The case 12

further contains a voice coil notor (VCM 24, a ranp

| oad twec lcviesm 2%t ahaoar)d urlite 2bp eioozerThes \LMaded to
rocks and positions the carriage assenbly. The ranp 15

| oad theclkasies Mizh IFelrgy st Bedhegmeteisc shdads dperd rshwt the
position off the magnetic di sk when the heads are
moved36 't he out ernmost peri phery of the di sk. The

board unit_ 21 has ead 1G and the Ii A printe

circuit bgféﬁﬁd GRS ﬁ&&ﬁ) L3N & é‘%ﬁ&ilecfolc 2%31%:31%&%? use
sur f gge of wal.l of the.c e 12. circu

boar %gcont F%IOE:%F%% r esdpleug} i e "EA&HE stor 8tshém""grletlc

spi nglg 4 t%dlg wl%gya %%%I g\%g.l 1ebiC h%%s Oﬂl@qﬂotor

t he boar "uni t gnet 16 has

recondi Rer2sl a¥ens 4919 vid %n&&p%%a%n%u %%ﬁﬁx?ﬁﬁ&€Qﬁ§bates

i ndividually. The surfaces of th etlc

are suef @aek.rogglnesgnef j0. &e%ﬁ:ls' %&% iy e’ Wi ta-and
The di ameter of the nagnetlc disk 16 is 1 inch or

| essrebadr iexXamplae iod 8% iameh.f rofe ttieskiikk.i s THd td-ikge
the outer periphery of a hub (not shown) of the
spi ndkbeembtlor 228 sugpe rftisx éxtheomatgine thub Heads danmovement
spring 17. As the :
with respect to the magnetic disk 16. The case 12
further contains a voice coil motor (VCM) 24, a ramp
load mechanism 25, a board unit 21, etc. The VCM 24
rocks and positions the carriage assembly. The ramp
load mechanism 25 holds the magnetic heads in a shunt
position off the magnetic disk when the heads are
moved to the outermost periphery of the disk. The
board unit 21 has a head IC and the like.
A printed circuit board (not shown) is screwed to
the outer surface of a bottom wall of the case 12.
This circuit board controls the respective operations
of the spindle motor 18, VCM 24, and magnetic heads
through the board unit 21.
The magnetic disk 16 has magnetic recording
layers on its upper and lower surfaces, individually.

The surfaces of the magnetic disk 16 are surface

roughness of 0.8 or less in terms of Ra. The diameter
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5 notor 18 is driven, the disk 16 is rotated at a

given speed of, e.g., 4,200 rpm in the direction of
arrow B. The carriage assenbly 22 conprises a bearing
assenbly 26 fixed on the bottomwall of the case 12

10 and arns 32 that extend fromthe bearing assenbly.

These arns 32 are situated parallel to the surface of

t he magnetic di sk 16 and spaeed® rem one anot her.

They extend in the sane direction fromthe bearing
assenbly 26. The carriage assenbly 22 is provided 15

wi t h ofugpengiagrst3g tdiatk drée forineichaf @an ksast itat lekample
def ormabl e el ongated plate spring each. The

suspénsicordsicds hdhe lﬂﬁleﬂk? Iréesipe citiittee praoxitrted  cartobse

fixed tq the respective distal ends of the arns 32 by

spot PREHENGF Yorr Tadh &4t el 58 Ry man @ fexaten s Himsth e meotor 18

20 arnms,. Each, suspension 38 may be fornmed integrally

wi t h3Fs f&é‘refjefﬁo%gﬁé‘”é} Y33 CHAFEN TR 9 dnlt t He the
susp .Qns 38 _C titute.a hea pensi gn.. The head ,
suspgﬁzio%n%aggngst %grslr\r’t?élﬁe?ﬁhg I?@‘fg%iﬁﬁﬁ irt‘%t‘_”é:eafph"‘etacFl given
susp k@n senbly. 42 0 i ElG. h

wagng ?Eahggz %g%hés4é59956§93wpﬁaﬁﬁf §E€%§ﬁ§3ﬁ563f

slidarrd? and a head portion 44 for recording and
reproduction on the slider. It 10 is fixed to a

gi mbal s sphiengadtitdipd dsseuavwi ded dpding distidaend

portion of the suspension 38. A head load L that is

di r eesedmbdwald tfheesiuchatheobothemn megrletafc theskake 12

is applied to each magnetic head 40
and arms 32 that extend from the bearing assembly.
These arms 32 are situated parallel to the surface of
the magnetic disk 16 and spaced from one another.
They extend in the same direction from the bearing
assembly 26. The carriage assembly 22 is provided
with suspensions 38 that are formed of an elastically
deformable elongated plate spring each. The
suspensions 38 have their respective proximal ends
fixed to the respective distal ends of the arms 32 by
spot welding or adhesive bonding and extend from the
arms. FEach suspension 38 may be formed integrally
with its corresponding arm 32. The arms 32 and the
suspensions 38 constitute a head suspension. The head
suspension and the magnetic heads constitute a head
suspension assembly.

As shown in FIG. 2, each magnetic head 40 has a

substantially rectangular slider 42 and a head portion

44 for recording and reproduction on the slider. It
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5 by the elasticity of the suspension 38. As described
|ater, the head load L is set to be 1 gf or nore. As
shown in FIG 1, the carriage assenbly 22 has a

support frame 45 that extends fromthe bearing

assenbly 26 in a direction opposite fromthe arns 32.

10 This support franme supports a voice coil 47 that
constitutes a part of the VCM 2ZUQ The support frane

45 is nolded integrally fromsynthetic resin on the
outer periphery of the coil 47. The voice coil 47 is

si t uatsed ixedween aa gpaibalef spokiesy 49 tiratt are groseided on
15 the case 12. The coil 47, along with the yokes and

a mgrecighel shelwPertibesd afo thire vfspdresywked. A head
constitutes the VCM 24. |If the voice coil 47 is
energiof‘gd,L tt&l’é‘tcd-rsr i Ao aWp D thee ke ifasm P f Here

Sot BRI s S AR SR T 0o
' di ..Lhe r | oad _nechani 25 .
ggﬁg?) Isggealeﬁgr%ggﬁyar? a Yab 55 et anp 514§ Feseribed

provided on¢hie kot gy el 1 sogqeg;rgc‘sc ?%e ]_Jl:éetatrbg:b more.

| ocat ed outside the magnetic 2

ext ends f m@mgtriagrdiist @I@nQ,Ofth@%ﬁ%%%k?%% 7% nas

the carriage assenbly 22 rocks to a shunt posit
out sedeupbe rragiatieC 46 $Thalb ex@adhis fibm e Praring

engages a ranp surface fornmed on the ranp 51.

Ther eaBeablyt Bé - tlab a58liire aqiuldne dpy Syt & HardrdHenatingn 32.

of the ranmp surface, whereby the magnetic head is

unl 0a8ég. support frame supports a voice coil 47 that
constitutes a part of the VCM 24. The support frame
45 is molded integrally from synthetic resin on the
outer periphery of the coil 47. The voice coil 47 is
situated between a pair of yokes'49 that are fixed on
the case 12. The coil 47, along with the yokes and a
magnet (not shown) fixed to one of the yokes,
constitutes the VCM 24. 1If the voice coil 47 is
energized, the carriage assembly 22 rocks around the
bearing assembly 26, and the magnetic'head 40 is moved
to and positioned over a desired track of the magnetic
disk 16.

The ramp load mechanism 25 comprises a ramp 51
aﬁd a tab 53. The ramp 51 is provided on the bottom
wall of the case 12 and located outside the magnetic
disk 16. The tab 53 extends from the distal end of

each suspension 38. As the carriage assembly 22 rocks

to a shunt position outside the magnetic disk 16, each



10

15

20

25

5 The following is a detail ed description of the
magneti ¢ head 40. As shown in FIGS. 2 to 4, the

magneti ¢ head 40 has the slider 42 substantially in

the shape of a rectangul ar parall el epi ped. The slider
has a rectangul ar disk facing surface 43 that faces 10
the surface of the magnetic disk 16. The | ongitudi na
direction of the disk facing surfface 43 is defined as

a first direction X, and the transverse direction
perpendi cular to it as a second direction Y. The
magné&eioc Ske&d g4@ eiss ac Rty sctrefch cas farfrded g the ramp 51.
slider. As the magnetic disk 16 rotates, the slider

42 i?hﬁéﬁééyﬁémi@%Blﬁabuééoﬂﬁe@udyednu@ oyl dve( dinclination
bearing force) Cthat is generated between the disk

surf 8¢etARdTER® GUSKafsei MG eTebakdeaBaonkdia headDD s

i's oge;atin , the disk facing surface 43 of the slider
20 43"h838F% ails to face the disk surface with a gap

bet ween tt}‘%@ fylﬁlg]) ii%ecé,its?gn%{%tfaggq%gr e%ocw %tlﬁzm of the

coi ncident W th the r

mONgbLGCYisknlly Hoe Shisdghoth 1% Ealed Wih, pe

respect to the surface o So that” t'He

firsihagheesti aBa¥ 2b hHhe Qh%ksﬁﬁgk@g4§U%L%g%a§%i%§ly in
substantially coincident wwth the direction of the

ai rfthe €hape oA headichan hQBrpg%&bQQeQQpﬁF%EﬁUd@%e slider
fromthe disk facing surface 43 so as to face the

magnkabcadirsktasguflace diEke fakepgpentrifare5Q 3i $heltoFedes

on the wupstreamside wth respect to the direction of

t he the surface of the magnetic disk 16. The longitudinal
direction of the disk facing surface 43 is defined as
a first direction X, and the transverse direction
perpendicular to it as a second direction Y.

The magnetic head 40 is constructed as a flying

slider. As the magnetic disk 16 rotates, the slider
42 is aerodynamically supported by an airflow (air
bearing force) C that is generated between the disk
surface and the disk facing surface 43. When the HDD
is operating, the disk facing surface 43 of the slider
42 never fails to face the disk surface with a gap
between them. The direction of the airflow C is
coincident with the rdtation direction B of the
magnetic disk 16. The slider 42 is located with
respect to the surface of the disk 16 so that the
first direction X of the disk facing surface 43 is
substantially coincident with the direction of the

airflow C.
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5 airflow C and has a substantially U shaped shape
openi ng on the downstream side. In order to maintain
a pitch angle of the magnetic head 40, a |eading pad
52 for supporting the slider 42 by an air bearing
protrudes fromthe | eading step portion 50. The 10
| eadi ng pad 52 has an el ongated shape conti nuously
extending al ong the second direicidion Y and is situated
on the inlet end side of the slider 42 with respect to
the airflow C. The | eading step portion 50 has a pair
of rail £5lpediingnst4® tdratt lext &d micongdde fomg the disk
sides of the disk facing surface 43 and are spaced
and 6ppésEdsStELagsch Sotiveds EacHfacs Ithsomaametdg disk
ext ends fromthﬁ8 | eadi ng pad 52 to the downstream end
e

si deSBFTERE- sihGestsP. PRY&IIGE $Ad 148 Glosest mad the
each ' 0 portion,46 and faces the magneti.c di sk
surfgégﬁke 8r%é8esH6§PaﬁFFﬁel %ﬁ {tHhe 5@&?F§Pﬂ&ﬂqf(ﬁhe
the _di agi sur.f.ace i .negat i ve-pressure
cavi?gk§g2? g ?ggeggst afﬁggt 3?%%3 Yby Fﬁgﬂe IShape

portbpBaif§ oandnkhaolfadi-Rg SLkeRePor tion 2l The ointain
negative 25 pressure cavity 54 is formed on the

downgt peaanhskdglef ort heel aadnag ist e RONl 07 3Q M4 pad
respect to the direction of the airflow € and opeén

on tBe downstppartiBgsicte. sMtkrt ke presaneg robdhang
negati ve-pressure cavity 54, a negative pressure can
be genetatddsi Airbhetheehtrdlinpastepf pblre idinsk of. acimmg:
surface 43, covering all skew angles that are

real {¢eding phd FBDhas an elongated shape continuously

extending along the second direction Y and is situated
on the inlet end side of the slider 42 with respect to
the airflow C.

The leading step portion 50 has a pair of rail
portions 46 that extend along the long sides of the
disk facing surface 43 and are spaced and opposed to
each other. Each rail portion 46 extends from the
leading pad 52 to the downstream end side of the
slider 42. A side pad 48 is formed on each rail
portion 46 and faces the magnetic disk surface.

Formed substantially in the central part of the
disk facing surface 43 is a ﬁegative—pressure cavity
54, a recess that is defined by the rail portions 46
and the leading step portion 50. The negative-
pressure cavity 54 is formed on the downétream side of
the leading step portion 50 with respect to the

direction of the airflow C and opens on the downstream
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5 The slider 42 has a trailing step portion 56 that
protrudes fromthe downstream side end portion of the

di sk facing surface 43 and faces the magnetic disk

surface. The trailing step portion 56 is situated on

t he downstream si de of the negative-pressure cavity 54

10 with respect to the direction of the airflow C and
substantially in the center of the di sk facing surface

43 with respect to the transverse direction. As shown

in FIGS. 3 and 4, the trailing step portion 56 is in

t he Béd®-of Wi tdubdteamriesiencel B fr ddteanmmpgadri v gode sndre

provi ded on the outlet end side of the disk facing

sur f &8& 1Ay, Sthe upsdR tdier u@ssfure pan s Idenpratesl in the
portion 56 faces the surface of the magnetic disk 16..

A tr &eNiTEG L83 66 Ats t?’@r fed korf adie 9 doviriagedisiahvering
end Ltign the ypper ,surface of the 20 trailing step
portlggr%, S%ﬁa iatngfliggeghtal%eaﬁ?rfrf@él&fe He t%eslﬁt%s. As
shown in o 12 o b e rt | 44 of _the

magneti c Elg%sjé%?%sﬁg r%%o%d?cﬁrga%%lél %teé)nggoartlon 56 that
repr geeeirnges! erent ther dogeeid '

A A R A T

r ecotidisikg fard nie e UeieNd 3¢ 3@RE Ha% e Qh%""tﬂ%gﬁx%ﬂ:ii& dihe
downstreamsi de end portion of the slider 42 wwth - 14

r espeatr faaet he Thier eahiidingf stthe @orflion Ge Thewitaneed on
read/ wite gaps 64 fornmed in the trailing pad 66. As
showtihendeW@st2eatmhe inegdt ithehead a4 vai-prestire cavity 54
configuration flies in a tilted posture such that
with respect to the direction of the airflow C and
substantially in the center of the disk facing surface
43 with respect to the transverse direction.

As shown in FIGS. 3 and 4, the trailing step
portion 56 is in .the form of a substantially
rectangular block and provided on the outlet end side
of the disk facing surface 43. The upper surface of
the trailing step portion 56 faces the surface of the
magnetic_disk l6. A trailing pad 66 is formed on the
downstream-side end portion the upper surface of the
trailing step portion, and it faces the surface of the
disk 16.

As shown in FIGS. 2 to 4, the head portion 44 of
the magnetic head 40 has a recording element and a
reproducing element for recording and repfoducing
information to and from the magnetic disk 16. The

recording and reproducing elements are embedded in the

downstream-side end portion of the slider 42 with
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5 the read/wite gaps 64 of the head portion 44 are
situated closest to the disk surface. In the slider
constructed in this manner, the area of the upper
surface of the trailing pad 66 ranges from 1.5% or
nore of the general surface area 10 of the disk facing
surface 43, and preferably from2 to 5% As described
| ater, noreover, at |east the ldpper surface of the
trailing pad 66, i.e., the entire surface of the disk
facing surface 43 in the present enbodinent, is

m cr oeeregtedot 6hae diicectextuodE ddet Rirf3ocef CL nmhaty have
more. In the HDD constructed in this manner, the
behatPae/wKdEe gepsmplessirowrd §notdeoft resdemy glad 66.
characteristics that are required of the slider 42.
The behavfsr SBR#Sr 1@eddifpr &ssitdi® imeapietrigt iherDbfM G with

20 s|jd d when the flying height und

docoBl 8<Can SBHAPE BRs 114 SPLdHoed g HRRPOSu TS i that
t he ,di sk, Und d condi tigns,

the. STEaEPId Ray pACELNy CouEna, RE RmgRELe ISk 276

0w g LRaeaubLABA CRAYE! LkARS i3 flylag el ght that are

25 attributable to a seek and variation in
manuf act urg. thkn sQhdRYr (RNIRIUAC® @his manner, the

hi gh-reliability magnetic disk device, therefore, the

sl i derewi brathenugpeder skb fadecorpressiced iMysly Bad 66
m nim zed. A touchdown/takeoff (TD/TO test is a

noderangeet fodmt hab%i srnostref péqueert kgnesed tstirface area

evaluate the slider behavior under deconpression. In

t hi scfethe disk facing surface 43, and preferably from 2
to 5%. As described later, moreover, at least the
upper surface of the trailing pad 66, i.e., the entire
surface of the disk facing surface 43 in the present
embodiment, 1s microtextured to a microtexture depth
of 1 nm or more.

In the HDD constructed in this manner, the
behavior under decompression is one of essential
characteristics that are required of the slider 42.
The behavior under decompression is vibration of the
slider caused when the flying height under
decompressed conditions is reduced so that the slider
touches the disk. Under the decompressed conditions,
the slider 42 may possibly touch the magnetic disk 16,
owing to combined reductions in flying height that are
attributable to a seek and variation in manufacture.

In order to manufacture a high-reliability magnetic

disk device, therefore, the slider vibration under



10

15

20

25

5 the slider vibration is observed by using an

acoustic emssion (AE) sensor or a |laser Doppler

vi brometer wth the head | oaded on the magnetic disk
as the pressure is reduced. The atnospheric pressure
is read when the slider engages the magnetic di sk and
vi brates 10 heavily (touchdown node). In this state,

the pressure is gradually increased as the vibration

i s observed. The atnospheric pressure is read when

the slider ceases to engage the magnetic di sk and

st opsleviobhpateisei on( ralseoffe moide)mi zHw susceptibility to
vibration is 15 eval uated according to the size of an
at nospher ifc toquadsinnre’ tdh Kfaerfe n(® (TD -t ) iobtaainede by
subtracting the touchdown atnospheric pressure from

t he P&kESFF thatmispresitc fresssmtdy Sisssk td rwtliuate the
stops.soon {f this atnopspheric pressure difference is
oral PLIERS Bshaiias: USSR Th eSOt e -a  In this test,

hi gh.characteristic sl.ider, that vibrates little under
deco%%?eggﬂgﬁF MéP&P%&PPeHP1ﬂ9§%£¥ YofUSH an acoustic

i bratiiqn.und d ' i f t
Uhe GCOAS RSarEh “CRAPACESr FatrE S al oy i dBP T oF

smal |1 ahMesehekig %%a@fe%lsgw pQ Ha%’n%'llci% Wildy 8% the

descri bed as having a goo econpressi on

“char petesustl 6s Fk@ucadshows et he rrppRelic e dd rekﬁiaread

speeds of HDDs 16 with three di sk dianeters, and Ta

1 shehenr ehuel s3idefr anpypiesal hEDMEQHedSte dik& HAdT@ibrates
characteristics varies depending on the ABS pattern

and peeehilgg (&rdchdolvhi mgpdangl egnofthiifse stlaitder t4d pressure

crown and canber
is gradually increased as the vibration is observed.
The atmospheric pressure is read when the slider
ceases to engage the magnetic disk and stops vibration
(takeoff mode). The susceptibility to vibration is
evaluated according to the size of an atmospheric
pressure difference (TO - TD) obtained by subtracting
the touchdown atmospheric pressure from the takeoff
atmospheric pressure. Since vibration stops soon if
this atmospheric pressure difference is small, the
slider can be regarded as a high-characteristic slider
that vibrates little under decompression.
Hereinafter, the aspect of the vibration under
decompression will be referred to as the decompression
characteristic, and a slider with a small atmospheric
pressure difference will be described as having a good

decompression characteristic.

FIG. 5 shows the respective line speeds of HDDs
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5 shapes, nedia surface roughness, etc. However, the
results shown in Table 1 represent typical exanples of
heads that are nmounted in the HDDs with those di sk

di aneters, and magnetic di sks have the sanme surface
roughness. Accordingly, these characteristics may be

10 regarded as common ones. Table 1 2.5 1.8 0.85

i nchesi nchesi nches Touchdowr ( atém 0- 520. 530. 55 Takeof f
(atm 0. 680.690.95 TO -TD (atn) 0. 160. 160. 40

Smal | - di anet er di sks described in connection with the
pr es@itheiboeiensis kadd adiegles sof ahd Aabler U edows reshd ts
foll ow ng, 0.85-inch disks will be described as 15

t ypi Bl dekypprad §D/fRet@issks Ghe AS/Flesdmiracteristics
enbodi nent. Table 1 indicates that the disks of

0. 85VF‘ﬁ&ﬁSaFi§PﬁBE*Hn§r &t &hei ABZ RESHIRET @ngh @3diphdng and

d
Char SELBH 6t FEOLRANCS- BheRRdLiog. (boh CaPEs =P EreingF

20 t at £Rressu of these disks have n
subs?an??gl ggggerenceac?hf ug§n§ﬁﬁpo Sedf 't o HyeVer, the
atterBEQQEesBBWBhanﬁgbl%hﬁtr% & elsleR& %&ﬁq%agfé%gﬂgles of
magnetic disk is so low that the air bearing i's Nno
E;glﬁeéﬁguﬁhatoéré Ro8nkaeh sl ider DAt Wis S YRRRK! €d sk
diameters, and magnetic disks have the same surface

roughness. Accordingly, these characteristics may be

regarded as common ones.

Table 1
2.5 1.8 0.85
inches inches | inches
Touchdown (atm) 0.52 0.53 0.55
Takeoff (atm) 0.68 0.69 0.95
TO -TD (atm) 0.16 0.16 0.40

Small-diameter disks described in connection with
the present embodiment are disks of 1 inch or less.
In the following, 0.85-inch disks will be described as
typical examples of the disks of the present
empbodiment. Table 1 indicates that the disks of
0.85-inch are much greater in atmospheric pressure
difference (TO - TD) and poorer in decompression
characteristic than 2.5- and 1.8-inch disks, although
the TD atmospheric pressures of these disks have no
substantial difference. This is supposed to be
attributable to the fact that the line speed of each
magnetic disk is so low that the air bearing is not

rigid enough for a 0.8-inch slider that is supported
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by a low air bearing pressure. As seen fromFIG 5

this lowline speed condition is a special condition

such that the |ine speeds of 0.85-inch disks are nuch

| oner than the outer |ine speeds of 1.8-inch disks and

5 the inner |ine speeds of 2.5-inch disks, which

overlap one another. A touchdown-takeoff phenonenon

is a phenonmenon that the flvying7 hetght is recovered

by pressurization after the slider 42 has started
engagi ng the magnetic 10 di sk and vi brati ng, whereby

t he brequémey agfr deldhisipprdestureen thwe sddrdefrah? BIGE. 5,
the magnetic disk is |owered, and takeoff is finally

per f hfsd 1oFhdd nef gireechednslidri o dguencpesfialol ¢drsdomnion
between the slider and the magnetic disk, the slider
shouPHCPr &f@tabiy s spsedh &t Carfforinsdsidipkas meg enuch
or has _high.rigidity. Wen the slider 42 and the |
nagngpwgrngﬁnaFgeiﬁut@&hﬁd@F\ﬁﬁﬁ?i%mﬂf(ﬁ+ﬁﬁ%nqu4%§ks and

r , _ i ’. ferinthrd
for o eani"eh 1BRe SEERAN én Jror a8 (FitiRabie b Serlar

| ubr pgantneRhihe 20 di sk surface, act on the slider
42. The attraction force (3) is a force to attract

the sliden &QudMowdi-takddrd bHehdhdarge o t
slider easily adheres to thePaisk, o) tﬁ%ti%Iéﬁﬁﬁomenon

cannohateatlel ¥ lggage hkq ghtl hisatrecoviz rald ey trd SRV t 1on

t he deconpression 25 characteristic, therefore, it is

i nporfart tber educder ke hatst saetrten! foreeribel WeRN Mdithetic

slider and the disk. On the other hand, a head | oad

thatdépgsggg vhbraging, whereby the frequency of collision
between the slider 42 and the magnetic disk is |
lowered, and takeoff is finally performed. Thus, for
the lower frequency of collision between the slider
and the magnetic disk, the slider should preferably be
one that cannot easily vibrate or has high rigidity.

When the slider 42 and the magnetic disk are in

contact with each other, three forces, (1) an air
bearing force, (2) a disk reaction force, and (3) an
attraction force attributable to a lubricant on the
disk surface, act on the slider 42. The attraction
force (3) is a force to attract the slider to the
disk. 1If it is too large, the slider easily adheres
to the disk, so that slider cannot readily cease to
vibrate. In order to improve the decompression
characteristic, therefore, it is important to reduce

the attraction force between the slider and the disk.

On the other hand, a head locad that presses the
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slider 42 against the magnetic disk is also an

i nportant factor. In general, a magnetic disk device

for a small-dianeter disk is used for a nobile
application, such as a cell phone. When conpared with

5 other large-dianeter disk device, therefore, it

requi res higher anti-shock performance. In order to
enhance the anti-shock perforndifte -of the nagnetic

di sk device in operation, it is essential to increase

the head | oad. 10 Table 2 shows results of anti-shock

si nulsdtiidenr 4&ndgeartsitalt heb senattiion dldtlaiiked Mberart he
slider ABS (air bearing surface) pattern and head

| oad 1WPCE teéRandedtior .a Ar8gsnsate lmgnetaanediisk dirslvalevice
a typical exanple for a small-dianeter magnetic disk.

A 15T€8ndi er Lrdengdedr silsds ihéisast ifogheckobile
perfornﬁnce dn the sinulation.is that the slider 42 ,
and ERETIFEGAEN ¢ SHCEKk 3$hGuIcE IHoPhe81a i d&hEn IFQRaFed with

ot her Further, the ABS pattern aof the slider 42 ysed

f or Pﬁgers%ﬁﬁﬁgtﬁ&ﬁpeﬁﬁfcﬁlﬁgbﬁggéﬁfg gmﬁﬁégaﬁﬁ%af£

per f i Rt -Ze ' - and._1. 5- gf

or L PPSReEs, Bk gy ShiSR Bl e SRR A S <
headeh@ad cef t2e0fnth s ndlciPletifinaBrted on Hhen Jfait e

of a 2 gf condition, noreover, there is a difference
of abdwk BevEchetineepelrhe iSnNuliat iGN RG] to increase

observation. 25 Table 2 1 gf1.5 gf2 gf Sinulation950
Gl0O0h€&lkeadGleeasur ed val uel250 G
Table 2 shows results of anti-shock simulation

and partial observation obtained when the slider ABS
(air bearing surface) pattern and head load were
changed in a 0.85-inch magnetic disk drive, a typical
example for a small-diameter magnetic disk. A
condition that determines the anti-shock performance
in the simulation is that the slider 42 and the
magnetic disk should not collide with each other.
Further, the ABS pattern of the slider 42 used for the
simulation, which represents approximate performance,
is not optimized, since 1- and 1.5-gf were fabricated
by slightly modifying a slider for a head load of 2 gf
for simplicity. Based on the result of a 2 gf

condition, moreover, there is a difference of about

50 G between the simulation and the observation.

Table 2
1 gf 1.5 gf 2 gf
Simulation 950 G 1000 G | 1200 G
Measured value 1250 G
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19 In order to secure a fall inpact acceleration of

1,000 Gthat is required by the magnetic di sk device

for nobile use, as seen from Table 2, a head | oad of

about 1 gf or nore is needed in consideration of the 5
fact that the difference between the sinulation and

t he observation and the ABS pattern are not optim zed.
Thus, in the snall-di ameter tagh®ti€ di sk device, the

head | oad of 1 gf or nore is an essential requirenent.

In the description to follow, therefore, all head 10

| oads wi | IIheigpdsedsdaite d ] brinmiet Wd@sseration of
otherwi se stated. If the nechanismof the aforesaid

t oucRAOWS- G dbeds i splramrisesh s tthekeragnitoic disk device
consi deration, the generated pressure of the air

bear £RY, Mobdle Use raias Beasedimany Takjiadidy a ikeash Jagd of
in a %pe%ial %ine speed, condition for the 0.85-inch
magnérd tdits K d P 8 Fatt S T1rE AféL difpredsiigigration of the
char ristic.is naturall or.. In order, ta realize
the pacssshry st SEHOak obe PoTHERE T S lation and
snal [ I i G§, reqver, it is .
cssert Al TErar Ao Ay oS Aoa BaT £o e Aptdmized.

In theuar eﬁ%mth%ngﬁﬁilqe-@ti’amg&%rrefn%[g?wetigf'i%nist]%é:levice, the

deconpr ession characteristic is i ove

sl i daeationcblde ogmal yrdicamaicele NRINRE! il Urth W 1R R il QWent .
line speed, lowrigidity, and head | oad of 1 gf or 25

nor eInl hhehdeskirdet ioh the fermldw, ditaymieao 1BHIRA head
di sk_ device, as nentioned before, the air bearing
ri gi dpegls will be supposed to be 1 gf or more unless

otherwise stated.

If the mechanism of the aforesaid touchdown-
takeoff phenomenon is taken into consideration, the
generated pressure of the air bearing, i.e., the air
bearing rigidity, is so low in a special line speed
condition for the 0.85-inch magnetic disk drive that
the decompression characteristic is naturally poor.

In order to realize the necessary anti-shock
performance for the small-diameter disk device,
moreover, it is essential that the head load should be
1 gf or more. In the present embodiment, thgrefore,
the decompression characteristic is improved in the
slider for the small-diameter magnetic disk with a low
line speed, low rigidity, and head load of 1 gf or
more.

In the slider of the small-diameter magnetic disk

device, as mentioned before, the air bearing rigidity
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20 is inevitably reduced, so that the deconpression
characteristic is poor. However, this reduction of

the rigidity is unavoi dabl e because of the snmal

di aneter. Although the rigidity may possibly be 5
enhanced by shaping the pattern of the disk facing
surface 43 of the slider 42, it cannot be expected
very nmuch. As seen from Table 120 noteover, the
deconpression characteristic of the small-dianeter
magneti c di sk of about 0.85-inch dianeter worsens 10
consiigeralsiwi t add vt hetdwec et ghsa ellicbitlid yest dmiere sanmot
be provided w thout inprovenment. Accordingly, a

conf ICG@rRGtET ity e d@dosed tHoweasthice thies atedection of
force between the slider 42 and the magnetic di sk,

anot F&e FAELGH thhdts dersimidedd g et esdionsusl 1
o CRGRE 2] 1l SR e ARG TR RO Sk (AF
T oAby, B et M, P @ e e A i
Subj oreq A S . BAN AhO Gl B, Hed fod

bear g yf @ed . 7As acdirsk dgactian f10r 6, 3 vand
attraction force 74. FIG 7 mcroscopically shows the

di sk deeagipirensidn fodage ct? rand ithe fatdHea Gn 0 £ oF e
for surface asperities of the one slider 42. In this

dr awmagne& icsldiddr ocfusbaee 77 sard nchdidilkansyd mee Aden s

are Egggiderably, so that a high-reliability slider cannot
be provided without improvement. Accordingly, a
configuration may be devised to reduce the attraction
force between the slider 42 and the magnetic disk,
another factor that determines the decompression
characteristic.

FIG. 6 schematically shows a state in which the
slider 42 and the magnetic disk 16 are in contact with
each other at the trailing edge of the slider 42.

When the slider 42 and the magnetic disk 16 are in
contact, as mentioned before, the slider is subjected
to four forces, a head load L, an air bearing force
72, a disk reaction force 73, and an attraction

force 74.

FIG. 7 micrdscopically shows the disk reaction
force 73 and the attraction force 74 for surface

asperities of the one slider 42. 1In this drawing, a

slider surface 77 and a disk surface 16a are both
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- 21 rough. The disk surface is an ideal flat

surface. The slider surface has a uniformasperity
radius and asperity height representative of an

equi val ent  roughness that depends on the slider

surface and the 5 disk surface. Wien the slider 42 is
in contact with the surface 16a of the magnetic disk

16, the disk surface 16a coll &ises asperities 79 on

the slider surface 77, so that an asperity reaction
force 83 is generated at 10 this portion. The asperity

r eactipgghf.or Féef ol stkheurdaider 6 scamt dcteadr €4 aits surface.
represented the product of the reaction forces of the

i ndi ¥rgualiaspesirifase das aspedifoyrdessieni tandagtius and
appar ent cont%ct 3;ea. Since the magnetic disk surface
16a PSPEGATEdNES At KeRTCFENEAAVBRT oM tigeHent

hand, neni sci r f ormed around .the asperities 79,

S0 tﬁngEHSSSa§%F§c$?8ﬁnFEr88 ?%eifldgﬁékéngkce and ‘the
Althgggﬂ thee nBNisci in this case are in a

toe-di ppi ng state, they may alternatively be in a

pi I I box st@ke e 49 fAbt 3¢ N Yekalt fa

t:i 0 t
entire contact area of the §fﬁgér I'S represeﬁiggmbfurface

the pegddet tak MAGnALtkaekis®N 14l 0e@S st Rerface 16a
asperities 79, an asperity density, and .the apparent

cont acl lapBeat bkpelriianckoroe chmeel eaGkieaspeifate’97,S so

25 given by the follow ng equation in the toe-dipping

st at ehaEman 2spelRy tfl+reas@)iNd( HOrcA, 8B) is generated at
this portion. The asperity reaction force for the
entire contact arealis represented the product of the
reaction forces of the individual asperities, an
asperity density and an apparent contact area.

Since the magnetic disk surface 16a is coated
with a lubricant 88, on the other hand, menisci 75 are
formed around the asperities 79, so that the
attraction force 74 is generated. Although the
menisci in this case are in a toe-dipping state, they
may alternatively be in a pillbox state. The
attraction force 74 for the entire contact area of the
slider is represented by the product of the attraction
forces of the asperities 79, an asperity density, and
the apparent contact.

An attraction force Fm of each asperity 79 is
given by the following equation in the toe-dipping

state:

Fm = 2nRy (l+cos 8 )Ng(hg, A, D),
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- 22 where Ris an asperity radius, y is a contact

angle, and NO hO, A D) is the nunber of asperities
(lubricant thickness h0O, contact area A, asperity

density function D). 5 In order to |l essen the

attraction force Fm therefore, (1) the thickness of

the lubricant on the magnetic disk is reduced, (2)

the asperity densities of t-he 2thgnetic di sk and the
slider are lowered, or (3) the contact area of the
slider is reduced. If the 10 thickness of the

| ubr wbame Rs iseduc ecpehdwgyeradiitss gover ageoheeatesngle,
so poor that the disk surface cannot be covered

ent i RERy NoThe radped)t ysddhsi thyumdfent tef  aemprsittiice i sk
surface is inevitably determ ned depending on the

di sk (AEPELCAR takd Lsdkn@BEc thuri F@NER GFe GE erity
noder,n_hi, thecording-gensity magnetic di sks, those

di skgeﬁﬁ'ﬁgh’ FAPESLAN SEperity density and height are
favorabl e ,for  the % ﬁﬁvenent of tﬁf qg@lit

f
or S ST At AT T nj%/? rgcoe? ciBr y

mwite/rea&n3|gna s. Th

to thgekedueli on10f &H%e t%titd'!ﬁ%tsiso%fZtheorl(ﬁ%ri%a%oc{ ding e

to the present enbodi nent, therefore, the contac

ar eamgfnkhe cshiider 142 desiuceduced, t%ﬁg%gﬁ@ifgﬁiégﬁgﬁties

of that part of an ABS surface that toucChes the

magnefi ehdi slghetiis anekmhioadnef snadus g9 dhered, or
contact area of the slider 42. As shown in FI G 4,

t hat (par thef coh¢aslti derad2 fwhiheh sddsidry id awehesdhe If the
magnetic disk, that is, the
thickness of the lubricant is reduced, however, its
coverage becomes so poor that the disk surface cannot
be covered entirely. The asperity density of the
magnetic disk surface is inevitably determined
depending on the disk material and manufacturing
method. Among modern high-recording-density magnetic
disks, those disks which have low asperity density and
height are favorable for the improvement of the
quality of write/read signals. This requirement is
contradictory to the reduction of the attraction
force.
According to the present embodiment, therefore,
the contact area of the slider 42 is reduced.
Reducing the area of that part of an ABS surface that
touches the magnetic disk 16 is one method of reducing
the contact area of the slider 42. As shown in

FIG. 4, that part of the slider 42 which easily

touches the magnetic disk, that is, the
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- 23 downstream end-si de edge of the trailing pad 66,

has a pitching angle, so that the flying height is

the lowest at that part. Further, the downstream side

end of each rail portion 46 is a place that can be

the 5 |l owest flying point when the slider 42 rolls.

Ther eupon, the areas of the downstream end-si de edge

of the trailing pad 66 and t-he dbwnstream si de end of

the rail portion 46 are | essened to reduce the area of
contact with the nmagnetic disk. Since these places 10

are &loyd spaeaswreks iidegledace ofurtée drme igdmar ataatl 66, has a
however, the air bearing force that supports the

sl i dertAR1Nge @NGaIS/y S itthe He vdreadadah essdifed.

If the pressure of the trailing edge |owers, the )

flyi ﬁ&w%éi%gﬁtt CORdr Pabtevi EaINenf e veslireamytsige end
the rail portiaon 46 laowers, the rigidity.in the

rol | io%g SR e EE N BoE S 60 @ Feds M edal P the
head i.der for [ - dj r e ' of
whicﬁ%?ﬁ%%lF%gﬁggéggﬁéﬁﬂq¥%gpgﬁf %g§3%ﬁ54zb§g§§ﬁ?é are

| ow winbhtibenhead d Qad-f ok HheOM & relndt-N3ld-side edge
fulfills the anti-shock perfornmance, the respective

sur f age takeas aqfl itke palpidd RGBS HeR RRIWNHYeb Ak tdhR of
trailing pad 66 nust be increased to support a |large

| oadthkt riag 1Inglo rttd dne 4de sireed e s stdreiceftar esedudrt dHe area of

pad area should be reduced in 25 consideration of the

ant i cohgektperiftdr rivec syagas biel [disks t I$e reedudess o Ipliawes

hei ght and insufficient rolling rigidity.
are also parts where high pressures ‘are generated,
however, the air bearing force that supports the
slider 42 inevitably lowers if the areas are lessened.
If the pressure of the trailing edge lowers, the
flying height lowers inevitably. If the pressure of
the rail portion 46 lowers, the rigidity in the
rolling direction is reduced and destabilized.

In a head slider for a small-diameter magnetic
disk of which the line speed and the air bearing
pressure are low with the head load of 1 gf or more .
that fulfills the anti-shock performance, the
respective surface areas of the trailing step portion
56 and the trailing pad 66 must be increased to
support a large load. It is not to be desired,
therefore, that the pad area should be reduced in
consideration of the.anti-shock performance, as well

as the reduced flying height and insufficient rolling

rigidity.
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- 24 According to the present enbodi nent, the surface
area of the upper surface of the trailing pad 66 of

the slider 42 is 1.5%or nore, preferably from2 to

5% of the entire surface area of the disk facing 5
surface 43. Accordingly, it is inportant to reduce the
contact area without greatly changi ng the generated
pressure. To attain this, inderdétions are fornmed by
utilizing the difference in etching rate between Al 10
and Ti C that constitute a multicrystalline materi al

cal | ed Al FicGorglimeg riardthe iratessintt rankgdd ideentd,2. the surface
general , these indentations are called m crotextures.

FI G 38eehos tae &Ry sunfags af tHhe dimd ¥iqg mpd 66 of
surface 43 ,of the slider 42 is mcrotextured by 15

util i%gliené:itlﬁi@rdi drferice 3 Rrettfishg Baie rdtwedron 2 to

and Ti,C. El 8 shaws an i e obsery, t hr pough an .
at omgg’f 8|fc§hr% gfl&&ggpes%rfa WS a?fi%\‘ﬁ ﬁﬁghrfacmg
Vi suglurffia l.d4sand FIG 9 shows an exanple of a profile
based on FIG 8. In FIG 8, black and white parts 20

repr esent P{@cﬁrbq_n:ﬁl%, fﬁé&%ﬁﬂrﬁﬁ%%aﬂ@%%ﬁ_’;@dq% i,ﬂ%é)f

a conventional Al slider is TiC t

pr of kbatektFheadwidhdute @ldan Nahhng iy IR S8 Ak
87 denote Al and TiC, respectively. In this exanple,

di f f ereseese.n ITevelt thatrween Al iarknda tliday de omied by

m crotextures) are 2 nmor nore. In the

m cr atextiuriey, thiee didfposintdeon r &ttiahins uesteaantdtalden Al

equal to the area ratio) between Al and
and TiC that constitute a multicrystalline material
called AlTiC, a main material of the slider 42. 1In
general, these indentations are called microtextures.
FIG. 8 shows an example in which the disk facing
surface 43 of the slider 42 is microtextured by
utilizing the difference in etching rate between Al
and TiC. FIG. 8 shows an image observed through an
atomic force microscope (AFM) with a 1 um X 1 um
visual fieid, and FIG. 9 shows an example of a profile
based on FIG. 8. In FIG. 8, bléck and white parts
represent Al and TiC, respectively. The area ratio of
a conventional AlTiC slider is TiC:Al = 3:7.
| In the profile of FIG. 9, on the other hand,
numerals 86 and 87 denote Al and TiC, respectively.
In this example, differences in level between Al and
TiC (depths of microtextures) are 2 nm or more. In

the microtextures, the composition ratio

(substantially equal to the area ratio) between Al and
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25 TiCinthe AITiC material is substantially
settled. In order to control the attraction force,
therefore, the mcrotexture depth nust be controll ed.
In one nethod of neasuring the mcrotexture depth,
the 5 surface of the slider 42 is determ ned by the
AFM and evaluated with reference to its profile.
According to this nethod, howeder,-the depth can be
nmeasured only for a very small area. Preferably,
therefore, the depth should be nmeasured by eval uating
bear Td§ dur rés PO THEr mate digilghits ofostrntamlie sFMled.
visual field, such as the ones shown in FIGS. 10A and
10B, I&n@rse4s i e ted itheedidir asdtisef anna r therefore,
eak The two peaks are equivalent individually to a
PeceigeaﬁﬂcgoﬁﬁﬁQQHﬁ(ﬂ?gﬂh MR lged 45 In one
Tabl es nd 4 show t.he respective |ine spee of
R A T A S RS s
testg f%rac(éaé%s tW%ers 144! %tZeiIS\'thsurc%scearrm%. Lésqeq) %Q%FM and
used.” “fabi e shows the Case eré T Crotextur es are

not W$ed.,3R¢ Takhe 4 Shous d he Q%elﬁr’]l‘g:@diﬁseﬁod According to

m crotextures are used. The small er i anet er

and the sl aeehddhe nowkeresneathe dept@eed BB theSfired only
tables, the greater a decrenent of the difference (TO

- TDfolretweeryt kamatiQuehdewn #rafplylic pressaferandthe

the takeoff atnospheric pressure with use of 25

m cr depxhustouilsl b6 mebabired3 by evaluating bearing curves
for the heights of the entire AFM visual field, such
as the ones shown in FIGS. 10A and 10B, and measuring
the interval between their two peaks. The two peaks
are equivalent individually to a recess and a
projection of each microtexture.

Tables 3 and 4 show the respective line speeds of

HDDs with three disk diameters and results of TD/TO
tests for cases where microtextures are used and not
used. Table 3 shows the case where microtextures are
not used, and Table 4 shows the case where
microtextures are used. The smaller the disk diameter
and the lower the line speed, as seen from these
tables, the greater a decrement of the difference (TO
- TD) between the touchdown atmospheric pressure and
the takeoff atmospheric pressure with use of

microtextures 1is.
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2.5 1.8 0.85 inchesinchesi nches Touchdown

(atm 0. 520. 530. 55 Takeof f (atm0.680.690.95 TO -TD

(atm 0. 160.160. 40 Table 4 2.5 1.8 0.85

i nchesi nchesi nches Touchdown (atm 0.520. 530. 55 Takeof f
(atm 0. 650. 650. 70 TO -TD (atn)0.120.120.15 5 In
general, a takeoff atnospheric pressure that ensures
the reliability of the magneti @i sk device is about
0.7 atm, which is substantially equal to an
atnDspherlc pressure at an a&tb&gd of 10, 000 feet

(3,000 m that—is guarantee Y device or a 10
di.sk drive|for a snall-di angter2.fagnetic. &li sk af. 8k

a
a
n
a

e ef or e, [1i—tsindkeated (haLLRS | eHarPeal Lelse
at nospheri ¢ T caimt |belobRai|ned-8al egs 0.55

M cr ot ext un @8 11 Used )0 redugeﬁghe apt Eact 0@_§%rce
15 Tabl e 5|shows resuttsof FE-FO-test—obtained

when the nildit R udd™ept h ma@ éhangefl. 1fher e G-¢ o

ef fect when the mcrotexture depth is 0.8 nm This is

Table 4
2.5 1.8 0.85
inches | inches | inches
Touchdown (atm) 0.52 0.53 0.55
Takeoff (atm) 0.65 0.65 0.70
TO -TD (atm) 0.12 0.12 0.15

In general, a takeoff atmospheric pressure that
ensures the reliability of the magnetic disk device is
about 0.7 atm., which is substantially equal to an
atmospheric pressure at an altitude of 10,000 feet
(3,000 m) that is guaranteed by the device. For a
disk drive for a small-diameter magnetic disk of 1
inch or less, represented by a 0.85-inch disk,
therefore, it is indicated that the required takeoff
atmospheric pressure cannot be obtained unless
microtextures are used to reduce the aﬁtraction force.

Table 5 shows results of a TD/TO test obtained
when the microtexture depth was changed. There is no
effect when the microtexture depth is 0.8 nm. This is
because the depth of 0.8 nm is so short that the
lubricant creeps up to reach recesses of the

microtextures, thereby increasing the attraction area.



10

15

20

25

because the depth of 0.8 nmis so short that the
| ubricant creeps up to reach recesses of the 20
m crotextures, thereby increasing the attraction area.
27 Table 5 0.8 nnm2 nmd nm Touchdown (atn)0.560.550. 57
Takeof f (atm)0.960.700.71 TO -TD (atm) 0. 400. 150. 14 On
the other hand, there is an effect if the depth of
mcrotextures is 2 nm and deptdis of 4 and 2 nmare
hardly different in effect. This is supposed 5 to be
attributable to the fact tha& EEe greep of the

| ubri cant cannot reach the refBs€eg jf the d pth is 2

nmor nore.| Preferably, thergfQBennrt he2mnear of ext wme
dept h shoul[d,be .about nm based.gn fh al pat.i 0
thg bearin Uiﬁﬁ%uowﬁogiﬁﬁgrii“g5$o hg'EéD 0.9

constructed Takedfs (mtmer, |tle &ttt adti’On peOwdén

the slider 1 ' surfac an| be restraiyn by
mai nt ai ni n a?ge g?rgéég}iﬂgzoﬁéé% & ?ﬁé%sl dgf% Ader

deconpr es$noR nane tHeG M, UrdHit e tie S idefe SUr{ Acee
even with use of a small-dianeter 15 nmagnetic disk

W t hdapthaget aicebtrere uirkeh i@r 2l ess. anthuepthe dread and 2
vi bration under deconpression can be restrained, so
t hat na dirsk hdedilye diiftfle riempr dwee £ fetcahi | iThyi sanics supposed
reliability can be obtained. The present invention is
not EpnPeedtdirdbeitiey leo t 020 hehd agrtb ddiaterthedestgdberf the
above, and its conponents na¥
lubricant cannot reach the recesses if the depth is 2
nm or more. Preferably, therefore, the microtexture
depth should be about 2 nm based on the evaluation of
the bearing curves.

According to the HDD constructed in this manner,
the attraction between the slider and the disk surface
can be restrained by maintaining the air bearing force
of the slider under decompression and microtexturing
the slider surface even with use of a small-diameter
magnetic disk with a diameter of one inch or less.
Thus, the head vibration under decompression can be
restrained, so that a disk device with improved
stability and reliability can be obtained.

The present invention is not limited directly to
the embodiment described above, and its components may
be embodied in modified forms without departing from
the scope or spirit of the invention. Further,
various inventions may be made by suitably combining a

plurality of components described in connection with

the foregoing embodiments. For example, some of the



be enbodied in nodified fornms w thout departing from
the scope or spirit of the invention. Further,

various inventions nmay be nade by suitably conbining a
plurality of conmponents described in connection with
25 the foregoi ng enbodi nents. For exanple, sonme of the
28 conponents according to the foregoi ng enbodi nent
may be omitted. Furthernore; cthponents: according to
di fferent enbodi nents nmay be conbi ned as required. The
shapes, dinensions, etc. of the |eading step 5

por t icemponeaitlsi agostreld ngorttd dihe died gquad pfentdved igtdrdemay
may be variously changed as required w thout being

i i ©&d oFd tgel -f oFegdingg mORsodiGRERON iR Racordag to
nunber, of na%n di sks and the nunber of magnetic

. ti . ,
head§1fay 6L Ralostag s MEGLIYe FOMBY NRGATR S & QUi 1D
IS 1. Adisk,.devi i.Sing: di sk- d_..
recor di ng an%éisﬁlr%%yﬁls{:’ﬁ dgl%;%’r{%l}kgﬁ. regifgltwﬁoefsthg#ﬁcﬁaé“rﬁﬁ step
or l%%gt"%nt,ert%ii?fiﬁ Cs%%g)u%o@tq'o%ne%%{do faatdésslotrfﬁgzhoer slider

| ess; a drive un ports én . .
recopdiyngemedi-yng, sa yhead ey ided il %Jl't?@ ML g
has a facing surfacCe opposed to a surface o fhe

r econdimig e iolithel @ o dih RS ¢EGal | Yru IR t adhe
by an airfl ow generated between the recordi ng nedi um
sur f acebamd otftheaghatiikrg o4 widsaee cas Hehe umear difMGhnagnetic

medium rotates and a
heads may be increased as required.
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head portion which is provided on the slider and
records and reproduces information to and fromthe 15
recordi ng medi um and a head suspensi on which supports
the head for novenment with respect to the recording
medi um and applies to the head a head | oad of 1 gf or
nore directed toward the surface of the recording
medi um 20 the slider having a dfegative-pressure
cavity which is defined by a recess forned in the
facing surface and generates a negative pressure, a
| eading step portion AHATalBeG8AAYEPadSwhi ch protrude
fromthe facing surface, are situated on the upstream
side of 23-thé mdgdt idearisre s icdvidy with respect
to the airf|ow and face the recording nedium and a
trailing 2stEFXeERsE HFFF IS Mety YWad i ¢h surface
protrude. from - 3% gthe facin% syrface, are sjituated

m~ °Si

on t REUHORRSEr 84 §8 GF e SnedatiFdsprds g @nd @
cavi gaﬂkkgrr%%p%cgn%% O&h%e%%nflomn and face the

recordi ng medium the surface drea of the trailing pad

accounting &% ifQr 3% idg}e):sslpg{?dgt;gf ﬁé}{oee}foo{%tgge disk

facing surface of the sli east t

sur f aeecetiihemeliaid;i Nng pad being mcrotexured. 2. A
di sk device according to claiml, wherein the depth

of m crot extheees padditREslvider d $11d¥R hick) HEY & facing
A di sk device according to claim1l1l, wherein the
sl i deurliaseaopaioseaf tiaial sparflacen® ivMtiheh rexoating medium
and is aerodynamically supported by an airflow
generated between the recording medium surface and the
facing surface as the recording medium rotates and a
head portion which is provided on the slider and
records and reproduces information to and from the
recording medium; and |
a head suspension which supports the head for
movement with respect to the recording medium and
applies to the head a head load of 1 gf or more
directed toward the surface of the recording medium,
the slider having a negative-pressure cavity
which is defined by a recess formed in the facing
surface and generates a negative pressure, a leading
step portion and a leading pad which protrude from the
facing surface, are situated on the upstream side of
the negative-pressure cavity with respect to the

airflow, and face the recording medium, and a trailing

step portion and a trailing pad which protrude from
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fromthe |l eading step to the downstream end of the
slider and protrudes fromthe facing surface so as to
15 surround the negative-pressure cavity. 4. A disk
devi ce according to claim2, wherein the slider has a
pair of rail portions which extend fromthe |eading
step to the downstreamend of the slider and
protrudes fromthe facing surfate so as to 20 surround
the negative-pressure cavity.

the facing surface, are situated on the downstream
side of the negative-pressure cavity with respect to
the airflow, and face the recording medium, |

the surface area of the trailing pad accounting
for 1.5% or more of the area of the disk facing
surface of the slider, and at least the surface of the
trailing pad being microtexured.

2. A disk device according to claim 1, wherein
the depth of microtextures on the slider is 1 nm or
more.

3. A disk device according to claim 1, wherein
the slider has a pair of rail portiqns which extend
from the leading step to the downstream end of the
slider and protrudes from the facing surface so as to
surround the negative-pressure cavity.

4. A disk device according to claim 2, wherein
the slider has a pair of rail portions which extend
from the leading step to the downstream end of the
slider and protrudes from the facing surface so as to

surround the negative-pressure cavity.



