15 March 2005 TI TLE OF THE | NVENTI ON HEAD CONTACT TYPE MAGNETI C DI SK MEMORY
DEVI CE HAVI NG A NOVEL MAGNETI C HEAD SLI DER BACKGROUND OF THE | NVENTI ON
Field of the Invention The invention relates to a magnetic di sk nmenory

device, and nore particularly, to a head contact type nmagnetic di sk nenory

device having a novel nmagnetic head slider for providing stable head
contact: to a disk surface while keeping | ow | oadi ng, duritrigarcaczi0dh ng and
reproduci ng operations. Description of the Related Art Recently, a head
cont act - t TPLERQPFETHE EINVIENEIORY devi ce has been devel oped in order to

i ncrease recording density on a magnetic disk. The head contact-type
magneti c di sk nmenory device includes a magnetic head slider for sliding on
a surface of a magnetic disk, and for bringing a magnetic head into
contact .wi t h tHEAD SIONTACICEY BT MAgGNEAECrDISK MEMOBN DEVMICH) oper ati ons.
Usual Iy, the magnetic head slider has a slider surface facing a disk
surface. During recdldVHyGahNOY¥FLoNMAGNETICHEATD RLIDER sl ider surface

i's subject to air pressure caused by fluid dynam c pressure 1 15 March 2005

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a magnetic disk memory device, and
more particularly, to a head contact type magnetic disk membry device
having a novel magnetic head slider for providing stable head contact
to a disk surface while keeping low loading- during recording and

reproducing operations.
Description of the Related Art

Recently, a head contact-type magnetic disk memory device has
been developed in order to increase recording density on a magnetic
disk. The head contact-type magnetic disk memory device includes a
magnetic head slider for sliding on a surface of a magnetic disk, and
for bringing a magnetic head into contact with the disk surface during

recording and reproducing operations.

Usually, the magnetic head slider has a slider surface facing a
disk surface. During recording and reproducing operations, the slider

surface is subject to air pressure caused by fluid dynamic pressure




.effects due to relative notions between the head slider and the rotating
di sk surface. In order to utilize the air pressures effects during the
rotation of the magnetic disk, a portion of the head slider is designed so
as to contact the disk surface as a result of the air pressure during
recordi ng and reproduci ng operations. Usually, a back end portion of the
slider surface along a forwarding direction of the head $biMkrrh 2008%ai ns in
contact with the disk surface. In order to prevent hard wear on the contact

pad to a giss A tRPllativt hdtBESESSRFee t&BERd! MM dransl MHe d¥tAHEg _
recording and reproducing operations. As illustrated in Fig. 17, assum ng

that a heggk stirfdee. 10oFaE 8o Cotitiasttheagdiraprédnaies éffewsodtireig ahd a
positive pressure generating part, a contact force is fc, the suspension

| oad i s tfotatioposi the enpgsiscidisk sal portivrdios tthecleedd tslielen ikcdegignédi s | g,
and a distance between fc and fnis In, the follow ng fornula appl es:

f c=( 1n- 1gdo Abrioxcdntacl Shivatick R0dacd asca desult ofrtdwl areprdssuserdlmngcont act
force, a configuration of the magnetic head slider is proposed as

i |1 ustr ateagor@ing gudereprgdughiag opgmativhs. hlsawlli, ialdackoentneouitus of
positive pressure generating part_ 106at an_air flow inlet edge _and a
contact pa¥¢ sbirerhgurigerenlang a Jdoswarding phseaticne of dbeuheagy slidesir 1 ow

outl et edge. .The, sus enii Q hoaéi P{osi ion is alnost the sane with the
positive A0S 10 (&< tvylﬁlat e disk surface.

In order to prevent hard wear on the contact pad to a disk
surface, it is necessary to keep low loading during recording and
reproducing operations. As illustrated in Fig. 17, assuming that a head
slider 100 has a contact pad at an air flow outlet and a positive
pressure generating part, a contact force is fc, the suspension load is
F, a positive pressure is fn, a distance between fc and F is lg, and a

distance between fc and fn is In, the following formula apples:

fe=(In-1g)/Inx F .




part 106. A positive pressure on the positive pressure generating part 106
Is alnost the same with the suspension |oad F, and al nbst no positive
pressure is generated on the contact pad in this configuration.
Consequently, this configuration has a short distance In-Ig, and a | ong

di stance In, so that the small contact force is achieved. As illustrated in
Fi gures 18A and 18B, both the positive pressure generat Luayigreln 20056 and
the contact pad 107 are positioned at a top surface A of the head slider.

Nanely, the suphag@e of réélﬁzesméi%&nam& EBﬁtéﬂtoﬁﬁ"éé 50cd R ot sk
surface. Each of the surfaces A, B and C of the head slider has a

di f f er enttthehlipinetR! Bead &lidertiBprdipdked W Alestrafid ird MiguresSIBAl ag@nt act
pad has no cushion effect by air-bearing forces against shocks during a

head | oadl®B. aperhatadslideens@Ourchides atfssitioatmesspad ghhesathag ot t he

di sk surface and is worn by hits in a head |oading operation. The head
cont act - t Vpeatmagn etit dlodv sinleteedey aledi & esordeet pasdial 0y thedt géhedhten
handhel d devi ces, such as notebook-type personal conputers. To apply a
head cont@lmostylp@ pesiiies inceasere ab /by §ir ceutlehedgaafbhaiupnenmeier, it
I's desirable that stable head | oadi ng _and 15 March 2005 unl oadi ng

- operati onlgardepcgﬁ;hpar isedlmpsththe sepme Math thekertive d%feéﬁuf%genébﬁ%%%t force

of the magnet ad caused by shocks, to the conputer. Thus,
St opl oo e R e R bRt o Pt asities TIBbSar seneratmg AT di sk

with al Oi%é Olgdalrrllzgsrtt t[]h szilmelwn?le%qg dstCI)Jrentsrllgn clon'au%e and almost no
positive pressure is generated on the contact pad in this configuration.

Consequently, this configuration has a short distance In-lg, and a long

distance ln, so that the small contact force is achieved.

As illustrated in Figures 18A and 18B, both the positive
pressure generating part 106 and the contact pad 107 are positioned
at a top surface A of the head slider. Namely, the surface A of the slider
is the closest to the facing disk surface. Each of the surfaces A, B and
C of the head slider has a different height relative to the disk surface.
But such a small contact pad has no cushion effect by air-bearing
forces against shocks during a head loading operation. Consequently,
the contact pad hits hard on the disk surface and is worn by hits in a

head loading operation.

The head contact-type magnetic disk memory devices are
usually installed in handheld devices, such as notebook-type personal
computers. To apply a head contact-type magnetic disk memory device

in a handheld computer, it is desirable that stable head loading and




use to enhance the suppression of contact force fluctuations the slider
caused by the changes in atnospheric pressures. SUVMARY OF THE | NVENTI ON
‘Therefore, there is a need for providing a head contact-type magnetic disk
devi ce having a novel magnetic head slider that can performa stable head
contact to a magnetic disk with a lowload in order to restrict the
variations of the head slider contact forces |In accordant® Marth 2805i r st
aspect of the present invention, there is provided a nagnetic head slider

havi ng amyaidadih@VopéYatiors BE: pdfohbd WHAWrOUEHREd NWGuaahPoPliHEal ity of
surfaces betweenthe inlet side and the outlet side for constituting fluid

force genggrdalcBdora bs the® mafetiddeael t&ubeddbysshegks doahkCoiipatet .
pressure effects of air flow acconpanying rotation of a magnetic recording

medi um €Bahspit iheesphialto tiheepf asstabie edntast ahditidset slilehairghthkevel for
defining a different distance to a surface of the magnetic recording

medi um timegmeticedisk whdad kiw dead c bmpthiei, g is snexoiedabir fhedd chmpwigpporti ng
a magnetic head for recording and reproducing data to and from a nmagnetic
recor di ngusqrré@liematrmeeﬂwasuppn@sm@rﬁéjtoqq;ltﬁ@mﬂomw Bentuationsthesdidet t he
magneti c recordi ng. medi um the contact pad being provided near the 4 15
March 200%usgd Py shedhangessingatrgpspheys NTEFENIeH the plurality of
different height |Ievels; a positive pressure pad area provided near the
air flowinlet side

SUMMARY OF THE INVENTION

Therefore, there is a need for providing a head contact-type
magnetic disk device having a novel magnetic head slider that can
perform a stable head contact to a magnetic disk with a low load in

order to restrict the variations of the head slider contact forces

In accordance with a first aspect of the present invention, there
is provided a magnetic head slider having an air flow inlet side, an air
flow outlet side, and a plurality of surfaces between the inlet side and
the outlet side for constituting fluid force generating parts for the
magnetic head slider due to dynamic pressure effects of air flow
accompanying rotation of a magnetic recording medium, each of the
plurality of surfaces has a different height level for defining a different
distance to a surface of the magnetic recording medium, the magnetic
head slider comprising: a contact pad for supporting a magnetic head

| for recording and reproducing data to and from a magnetic recording
medium to enable the magnetic head to contact surface of the

magnetic recording medium, the contact pad being provided near the




for generating positive pressure during rotation of the magnetic recording
~medium the positive pressure pad area being positioned at the top |evel;
and a squeeze pad area for suppressing fluctuations of contacting forces
bet ween the magnetic head and the magnetic disk nedium the squeeze pad
area is provided along an air flow direction at a mddle height |evel
between the top level and the low | evel of the pluralitySdatediZfids | evel s
traversing a surface at the low level. A nagnetic head slider in an exanple

enbodi MensirCABwOBLAICR 4iRe af QUESE APl Bt tHRY pPERRIGS ST RETERS IRRARAL T on of
positive pressure, so that the contact force due to the head slider

I oadi ng akgeld; ki pbiiive sRissede Padarédpestidedmméer supairegsRdnldihyitle a
stabl e contact force between the nagnetic head and the information

r ecor di ngforegiemerating lpesitivert pressthre Fulurieg , ratathgnesi ctHeeathaginietdier i n an
exanpl e enbodi nent additionally has a first negative pressure control area
conf i gur extaogding vheidiurhe tihe giasitiee pressure pgenared beinaresitiGhedeata 1 ui d
flows in from the first negative pressure control area in the direction of
the now dite top levelatarsh aofqupezq prer aEea dor sewmprassigenfuctwations of
generation of negative pressure behind the positive pressure generation
area i's SORpRENLiriesy Pelvesshihe megnesicohepdeandgtits impagreldc diskpe

achi eved | egﬁgtgﬁent of the position of. tge magnetic Head in the radial

di rect i on™eGfY CriBIGREEI R AEAIIPRYViREH; alpPEsm air tlow direction at

a middle height level between the top level and the low level of the

plurality of height levels traversing a surface at the low level.

A magnetic head slider in an example embodiment can obtain the
squeeze effect by suppressing the generation of positive pressure, so
that the contact force due to the head slider loading and vibration
caused by an impact can be suppressed. Thus, a stable contact force
between the magnetic head and the information recording medium can

be maintained.

| Further, a magnetic head slider in an example embodiment
additionally has a first negative pressure control area configured to
divide the positive pressure generation area. Since a fluid flows in from
the first negative pressure control area in the direction of the flow due
to rotation of the information recording medium, the generation of
negative pressure behind the positive pressure generation area is
suppressed and the contact force of the magnetic head can be achieved
Independent of the position of the magnetic head in the radial direction

of the information recording medium.




15 March 2005 Furthernore, a magnetic head slider in an exanpl e enbodi nent
has a second negative pressure control area configured to divide the
positive pressure generation area and the squeeze pad area. Accordingly,
air flow can be introduced fromthe second negative pressure, behind the
positive pressure generation part in the direction of the flow due to
rotation of the information recording nedium can be supprMas&R005urt her,
a magnetic head slider in an exanple enbodi nent has a third negative
pressure control area configured to be between the second negative
pressure control area and the positive pressure generation area. In a
magnet i ¢ heapusihedfiore Afn&%aeit ehedtbadideenin drhexdegpresntodibi@adom of
design of the second negative pressure control area are extended and the
i ntroduct has @fseabndcasgddve presohtredonrd aegucahfibyireduiot Heriderite a
magneti c head slider in an exanple enbodinent is characterized that the
squeeze ppdsiiivespicssure gapethtion arshantd the shueezd padtamma. of the fl ow due
to rotation of the recording medium Further, for exanple, simultaneously
with a change in the positive pressure in the squeeze pad area at the tine
of reduction in the atnmpspheric pressure, the back negative pressure in
the directi dreordingys air dloy gan dgeingodycadi ampithenseqand magatiye

recordi ng_nmediumis, ch ed, sa 6 . . . .
' gpressure, 'behmé‘ Qﬂe positive pressure generation part in the direction

of the flow due to rotation of the information recording medium, can be

suppressed.

Further, a magnetic head slider in an example embodiment has a
third negative pressure control area configured to be between the

second negative pressure control area and the positive pressure

generation area.

In a magnetic head slider in an example embodiment, the degrees of

freedom of design of the second negative pressure control area are

extended and the introduction of air can be controlled more accurately.

Furthermore, a magnetic head slider in an example embodiment is
characterized that the squeeze pad area is arranged on a slant to the
direction of the flow due to rotation of the recording medium. Further,
for example, simultaneously with a change in the positive pressure in
the squeeze pad area at the time of reduction in the atmospheric
pressure, the back negative pressure in the direction of the fluid flow

due to rotation of the information recording medium is changed, so




15 March 2005 that the change is suppressed and the change in the contact
force of the nagnetic head can be prevented. Further, a magnetic head
slider in an exanple enbodinent is characterized in that a forward area
and a backward area constituting the squeeze pad area are arranged on a
slant in different directions respectively fromthe direction of the flow
due to rotation of the information recording nmedium A nraghetheohsad
slider in an exanpl e enbodi nrent can suppress generation of positive

pressur e, (HAICHRASRahle &' §3ppledsPl SMY99%CcRAHge dhtthe €BALAQ! fRcENgNge i n
t he contact force when atnospheric pressure iS reduced, and obtain a

| ar ger sqotleeaeag@idtRchead dalfebs prevénted. Furthernore, a magnetic di sk device
in an exanpl e enbodi nent has a magnetic head slider having a | oaded
magneti c pole element for recording and reproducing data on a recording
mediuminstalled so as to rotate freely. The nmagnetic head slider has a
slider part Hiathay @ maghetie beadhsktien ifl aind examople genkodineentbyisa

dynanmi c pressure effect of the flow due to rotation of the information

r ecor di ngclhaigicteqized yarthpd# fameisl ama and adackvardapmeenagtatingnagnet i ¢
pole elenent so that the surface of the magnetic, pole el enment gpposite the
i nf or nat | B¢ SEUEFE MRhedramoaEanged: ont actlapittin dilerentodirgetions
recordi ng_nedium. A plurality.of .areas j,nto.which the fluid for

oper at i'ngre?QFFﬁgﬁlyoiﬁpqrﬁe Fi éérrecBSPt OESJEI?J‘? vﬁ[‘b‘@d%\‘ﬁeaqﬁ pPiatian t‘ifcghel evel

information recording medium.

A magnetic head slider in an example embodiment can suppress
generation of positive pressure, increase the area of the squeeze pad
area, control a change in the contact force when atmospheric pressure

is reduced, and obtain a larger squeeze effect at the same time.

Furthermore, a magnetic disk device in an example embodiment
has a magnetic head slider having a loaded magnetic pole element for

recording and reproducing data on a recording medium installed so as

to rotate freely. The magnetic head slider has a slider part having a
surface on which a fluid force, generated by a dynamic pressure effect
of the flow due to rotation of the information recording medium,
operates, and a contact part for supporting the magnetic pole element
so that the surface of the magnetic pole element opposite the
information recording medium comes in contact with the information
recording medium. A plurality of areas into which the fluid force
operating surface of the slider part is divided via a plurality of level

differences has a positive pressure generation area belonging to the top



di fferences has a positive pressure generation area belonging to the top 7
15 March 2005 |l evel, together with the contact part which is installed
between them at |east across the area belonging to the low | evel on the
inlet- side of the flow This is due to rotation of the information
recordi ng nmedium and a squeeze pad area belonging to the mddle |evel
between the top level and the Iow |l evel which is instal ilsdMakchrgposhe
direction of the flow so as to across the area belonging to the |ow | evel

bet veen  RgeROVgktNE wREIFIAE QriEPETRA SPhRECR MdailBa SONAE Bt |0
accordance wth a second aspect of the present invention, there is

provi ded gt Magteidroseitile apéa)bﬂdiﬁgihgeso £19EMbwSIeNe] o tHRGARE igideesd for
recordi ng and reproducing data to and froma disk nmedium a nagnetic head

slider f othesfipporThisgist Haenmgnefativrheédhtoinfeanteioh fecwunrdimeenedivrhe di sk
medi um and a carriage for supporting and rotating the magnetic head
sl i der al @nd asnadens pdid entd belaiginheto the midelle davélrbetvdem tloe Itopat e t he
~magnetic head to a target recording or reproducing track of the disk

medi um  wWesekandiihe lowgtestal oviniehdis iistgled ldengrihai diréc¢toon iof(the Bowte, an
air flowoutlet side, and a plurality of surfaces between the inlet side
and the o%R R&ttosacressdhecais belonigieg to thedomplevel betwrenithg pesitivef or t he

magnetic head slider due to dynamic pressure effects of the air flow
acconpanyPif§SHEE SePGradpnaisa %&Sﬁ%‘? contachoP@tng medi um each of the

plurality of surfaces has a

In accordance with a second aspect of the present invention,

there is provided a magnetic disk memory device, comprising: a

magnetic head for recording and reproducing data to and from a disk

medium; a magnetic head slider for supporting the magnetic head to

contact a surface of the disk medium; and a carriage for supporting

and rotating the magnetic head slider along a radius direction of the

disk medium in order to locate the magnetic head to a target recording

or reproducing track of the disk medium; wherein the magnetic head

slider has an air flow inlet side, an air flow outlet side, and a plurality

of surfaces between the inlet side and the outlet side for constituting
fluid force generating parts for the magnetic head slider due to

dynamic pressure effects of the air flow accompanying rotation of the

| magnetic recording medium, each of the plurality of surfaces has a
different height level for defining a different distance to a surface of the

magnetic recording medium: the magnetic head slider including: a

contact pad for supporting a magnetic head for recording and

reproducing data to and from the disk medium to enable the magnetic

head to contact the surface of the magnetic recording medium, the




different height level for defining a different distance to a surface of
the nagnetic recording nmedium the magnetic head slider including: a
contact pad for supporting a nmagnetic head for recording and reproducing
data to and fromthe disk nmediumto enable the nagnetic head to contact
the surface of the magnetic recording nmedium the 8 15 March 2005 cont act
pad being provided near the air flow outlet side at a topSIMaeh 2805 t he
plurality of different height |levels; a positive pressure pad area

provi ded g@factiadbEirgd proviak&inddidthd 8lr BERENRILNGIRAY 4 ityB 18VESSHUT €
during rotation of the hagnetic recording nmedium the positive pressure
pad area tied ndupabityt iofnditfeaént it 1beMe! a Puditve Ppreesarddshd adrea for
suppressing fluctuations of contacting forces between the nmagnetic head

- and- t he npomaded deask thediivnflowhmlstséde dop agraratinigspogitivel gessalreng an
air flowdirection at a mddle height |evel between the top level and the
| ow hei ghdutisge| rodativhe gfl dhal imggoétibeirgtrdiegelmsedimy etlsd ngositsmer f aces
at the low |l evel. BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete

appr eci at Poissyiretiad prea &aing pesiianer ahdhe ntow losfelt and adsgueege pather eof
wi |l be better, understood by reference to the follow ng detailed

- descri pti ¥fauien SRS uciuntinng i ¢n confasting cosees prtmacsy theaw ngs.
Figure 1 is a erﬁgae&ti\ée view of a gasq(neti di sk device having a

- : and t tic di

magnetic he magne medium, the squeeze pad area is
provided along an air flow direction at a middle height level between
the top ievel and the low height level of the plurality of height levels

traversing a surfaces at the low level.
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention and
many of the advantages thereof will be better understood by reference
to the following detailed description when considered in connection

with the accompanying drawings.

Figure 1 is a perspective view of a magnetic disk device having a

magnetic head slider consistent with the invention.

8a




magneti c head slider consistent wth the invention. 8a 15 March 2005 Fi gure
2 is an enl arged perspective view of the magnetic head slider in the

magnetic disk device illustrated in Figure 1. Figure 3 is a plain view of
~the magnetic head slider consistent wth the invention that is facing to a
magnetic disk. Figure 4 illustrates a correlation between parts of the

magnetic head slider that is respectively shaded i n Fi guseMarcuzbosach of
respective heights of the parts froma disk surface. Figure 5 is a plan
view illustrating a magnetic head slider configuration consistent with
enbodi nents of the invention. Figure 6 is a plan view illustrating a

magneti ¢ head Hipdes 2 ¢onrfn @ulatden pepsisdiventict Off @irEbadigmais Hhdt he
invention. Figure 7 is a perspective viewillustrating a magnetic head

sli der cehdégimr dihé¢ omagrostsc sl godewidehllersirdiedent Bigofretthe i nvention. Figure
8 is a plan view of the magnetic head slider illustrated in Figure 7.
Figures 9A-9D il lustrate postures of the magnetic head slider illustrated
in Figure 7 when the slider is subjected to a fluid dynamc pressure. 15
“March 2005 Fi gdiigun® 3 Is asplaanesiephe! $hacmagneticnhedd ediderncensistardl at i on

- with the invention that is facing to a magnetic disk.

Figure 4 illustrates a correlation between parts of the magnetic
head slider that is respectively shaded in Figure 3 and each of

‘respective heights of the parts from a disk surface.

Figure 5 is a plan view illustrating a magnetic head slider

configuration consistent with embodiments of the invention.

Figure 6 is a plan view illustrating a magnetic head slider

configuration consistent with embodiments of the invention.

Figure 7 is a perspective view illustrating a magnetic head slider

-configuration consistent with embodiments of the invention.

Figure 8 is a plan view of the magnetic head slider illustrated in

~ Figure 7.

Figures 9A-9D illustrate postures of the magnetic head slider
illustrated in Figure 7 when the slider is subjected to a fluid dynamic

pressure.




direction (z) for the magnetic head slider shown in Figure 7. Figure 11
illustrates the squeeze filmeffect in a pitching direction for the

magneti c head slider shown in Figure 7. Figure 12 illustrates the squeeze
filmeffect inthe rolling direction for the magnetic head slider shown in
Figure 7. Figure 13 is a plan viewillustrating the magnetic head slider

configuration consistent with enbodi nents of the inventi a8.Mdich@0es 14A- 14D
explain the squeeze filmeffect by the magnetic head slider shown in
Figure 13, wherein Figure 14B illustrates section 14B-14B of Figure 14A
and Figure 14D illustrates section 14D 14D of Figure 14C. Figure 15 is a
plan vi ew i IFigaté al Ongllthberategnaié Cshaackes | filder effeenf irQus atiQis18Q041 st ent

wi th enbodi nents of the invention. Figures 16A-16D explain the squeeze film
ef f ect bydirbetiondgeforahehmagneticdesad bhider sholirgitt Figlme Wherein Figure 16B
illustrates section 16B-16B of Figure 16A and Figure 16D illustrates
section 16D 16D of Figure 16C. 10 15 March 2005 Figure 17 explains the
effect of an inertia force operating on the nagnetic head slider caused by
an i npact. Migure ligAlusigataBthe |sgsteese diloveffegtiint 2 gisclungadiventient i onal

magneti c head slider., ) N
.~ {or the magnetic head slider shown in Figure 7.

Figure 12 illustrates the squeeze film effect in the rolling direction

for the magnetic head slider shown in Figure 7.

Figure 13 is a plan view illustrating the magnetic head slider

configuration consistent with embodiments of the invention.

Figures 14A-14D explain the squeeze film effect by the magnetic
head slider shown in Figure 13, wherein Figure 14B illustrates section
14B-14B of Figure 14A and Figure 14D illustrates section 14D-14D of
Figure 14C.

Figure 15 is a plan view illustrating the magnetic head slider

configuration consistent with embodiments of the invention.

Figures 16A-16D explain the squeeze film effect by the magnetic
head slider shown in Figure 15, wherein Figure 16B illustrates section
16B-16B of Figure 16A and Figure 16D illustrates section 16D-16D of
Figure 16C.

10




DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Reference will now be made in
detail to enbodinents of the present invention, exanples of which are
illustrated in acconpanyi ng draw ngs. Wherever possible, the sane
reference nunbers will be used throughout the drawings to identify the
sanme or simlar parts. Enbodi ments consistent with the invention are
directed to a magnetic head slider and a magnetic di sk déwash 20605udi ng

such a slider. As illustrated in Figure 1, a magnetic disk dgvice 100,
which is appbigabl? &@laidPgnetdfedtest a3l ifeftial 6R1S bg%?ﬂing‘ & e
i nvention, includes a base body 12 (a cover 1s not shown), plurality of

magnet i ¢ nfigletieHead pilioler dethsed 18y Bhuidpadty of magnetic disks 13, which is
stacked along a spindle notor 16, and a carriage 15 for rotating the
magneti c head slider 1 along a radius direction of the disk 13 in order to
orient the magnetic head to the recording or reproducing tracks of 11 15
Mar ch 2005 tFigude sk8A1andAsi 8B | ilkistutes configugatiens, of he cmgreitiandlead
slider 1 is nounted on an end portion of the carriage 15 for supporting a
magnet i ¢ Pegmeti baadslidefiot shown) facing to a surface of the disk nedium
Wth reference to Figures 3 and 4, an enbodinent of a construction of the
magneti c head slider 1 consistent with the

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to embodiments of the
present invention, examples of which are illustrated in accompanying
drawings. Wherever possible, the same reference numbers will be used

throughout the drawings to identify the same or similar parts.

Embodiments consistent with the invention are directed to a
magnetic head slider and a magnetic disk device including such a

slider.

As illustrated in Figure 1, a magnetic disk device 100, which is
applicable to a magnetic head slider 1 consistent with the invention,
includes a base body 12 (a cover is not shown), a plurality of magnetic
disk media provided as a plurality of magnetic disks 13,which is
stacked along a spindle motor 16, and a carriage 15 for rotating the

- magnetic head slider 1 along a radius direction of the disk 13 in order

to orient the magnetic head to the recording or reproducing tracks of

11




i nvention would be explained. Figure 3 illustrates the configuration of

the magnetic head slider 1 which is viewed fromthe surface side of the
magneti c disk. Figure 4 explains the correlation in a plurality of

different heights to a surface of the magnetic disk, in which the cross
hatching of Figure 3 indicates different heights of the slider surface
facing to the nagnetic disk. The magnetic head slider 1 ilBdMarda®086 air
flowinlet side edge 2 and an air flow outlet side edge 3 acconpanying the
rotation gfe Hhks 1@gneti c di sk. The nmagnetic head slider | further includes
a contact pad 5 provided near the air flow outlet side edge 3 and a
positive pressure generating area 7 provided near the air flow inlet side
edge 2. As illustrated by the cross hatching in Figure 3, both the contact
pad .5 and t he Asodiustitepriashiguee @k néwamiagacticdieat] slideprioisi shethratdt he top
| evel surface Ain the slider surface, as illustrated in Figure 4. The

cont act peil &n suwbeotrdonhef tegreariiaghebd fdr smmworting antmegnesicshefdce  of
the magnetic head 4 facing to the magnetic disk 13 surface. 12 15 March
2005 Fur ttlementhaotshost)daning te b serage phéhe désk anedivghaped squeeze pad
8 positioned at a mddle height level Bin the slider surface as
illustrated in Figure 3. The U shaped squeeze pad 8 .includes two

si de- edge part tendi ng al ong_the rotational direction of the_magnetic
di sk, i e thdVIER TRIeSGRE r Bt FIgHsS: iho?Rfe 4 ofiRt | GRDBRIPRBL Of &

construction of the magnetic head slider 1 consistent with the
invention would be explained. Figure 3 illustrates the configuration of
the magnetic head slider 1 which is viewed from the surface side of the
- magnetic disk. Figure 4 explains the correlation in a plurality of
different heights to a surface of the magnetic disk, in which the cross
hatching of Figure 3 indicates different heights of the slider surface

facing to the magnetic disk.

The magnetic head slider 1 includes an air flow inlet side edge 2
and an air flow outlet side edge 3 accompanying the rotation of the
magnetic disk. The magnetic head slider 1 further includes a contact
pad 5 provided near the air flow outlet side edge 3 and a positive
pressure generating area 7 provided near the air flow inlet side edge 2.
As illustrated by the cross hatching in Figure 3, both the contact pad 5
and the positive pressure generating area 7 are provided at the top
level surface A in the slider surface, as illustrated in Figure 4. The
contact pad 5 supports the magnetic head 4 so as to contact a surface

of the magnetic head 4 facing to the magnetic disk 13 surface.
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magneti c di sk 13. The U shaped squeeze pad 8 is provided so as to encircle
a low surface area 6 positioned between the contact pad 5 and the positive
pressure generating pad area 8. Thus, as illustrated above, both the
contact pad 5 and the positive pressure generating area 7 are provided on
a surface positioned at the top level Ain the head slider surface, and
the U shaped squeeze pad area 8 is provided on a surfaceéeSpbsichiagasd at t he
- mddle level Bin the head slider surface, positioned between the top
level A and thenjreMet evBt Gadhase Midd espases | idifiaedehahtukayska in the
slider surface in order to place the different el ements at a different

hei ght | eyg@heede @pad Botgvsitiened oft actmiddleShafithtt /OB fith VEhdd ISt ©
generating area 7 positioned at the top |evel surface A the U shaped
squeeze psurfBcat as hdlustrdtesl |iev dfiguseir 8acBh8, Uashapbd squtese padal86 at the
| ow | evel surface C, are designed so as to constitute a fluid force

gener at i nigiohades twp sile-ddgrdpatisi agendinglatong thé eothtnanalcdpeetsnraf ef f ect
of the air flow during the rotation of the magnetic disk 13. As

i |1 ustrat @ megnedia disk, ithe the qir dove dinecsionf dusing the rotation ¢éithe3 15
March 2005 surf,acg_ iis.closer to the top level surface A than the | ow | evel

surface dnagretigedigh dér Hhs fldebansd sHvoees Mad Bels previdedysa &5 itA t he

magnetic head slider 1_.at a positi clqser to the facjng surface. of the
magneti c enc1rceaiow surface ar a%pos?ﬂonegsbetween e con cgc pad 5 and

the positive pressure generating pad area 8.

Thus, as illustrated above, both the contact pad 5 and the
positive pressure generating area 7 are provided on a surface
positioned at the top level A in the head slider surface, and the U-

shaped squeeze pad area 8 is provided on a surface positioned at the

- middle level B in the head slider surface, positioned between the top

‘level A and the low level C.

These differences in the height levels in the slider surface in order

to place the different elements at a different height level, i.e., both the

contact pad 5 and the positive pressure generating area 7 positioned at
the top level surface A, the U-shaped squeeze pad 8 at the middle level
surface B, and the surface area 6 at the low level surface C, are
designed so as to constitute a fluid force generating part for the head
slider 1, due to the dynamic pressure effect of the air flow during the

rotation of the magnetic disk 13.

As illustrated in Figure 4, the middle level surface B in the slider
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di sk 13, the magnetic head slider 1 can suppress the fluctuations of the
contact force between the magnetic di sk surface and the nagnetic head
surface by utilizing the squeeze filmeffect generated by the squeeze pad
8. Thus, the squeeze pad 8 generates repul sion forces against the sliding
air filmforce between the nmagnetic disk 13 and the nmagnetic head slider

1. Cenerally, when a surface of the slider head is positidndchl2006 to the
di sk surface, a positive pressure is generated to the slider head.

Accor di ngbrfalbe8 codedt tfhS W 3RS RirfadOA HLANSHeAbRSREel QuifiRedt sk
surface, a |l arge anmobunt of positive pressure causes a disturbance In a

st abl e com abl élm&esﬁffatéemeﬁﬁbﬁﬂiﬂgeth@@éﬂd&% bk 851 tBE@mabAMA¥Er, the
configuration of the nmagnetic head slider 1 avoi t he generation of a

| ar ge anohiedd elideosl tit weppsitialcihsesitockhd fcingaiadae: padh8 maghetdyi ded at
the mddle |level surface B of the head slider so as to obtain the squeeze
ef fect. Tdisk 18héheombiggetiat head ciliderel cmayselppreke dtiesfludaratiomsmmfobt ai n
the squeeze effect by restricting the generated positive pressure.

Accor di- ngihg, contassdderes bsbysenithet magaetiordisk suefbre druhdhegnagdetion| oadi ng
of the head slider 1. Further, it becones possible to restrict the contact
vari ati ondcad Budasy Ryoeklizingdher savpezadymet ¢lfecti grnevated e éhe 2005

i [ d A di ,
device Vmseqr{letegg Ségo gP r']Iel‘-lrl,llsc, the Sssql{{e%ze ef):arlg egs,ener%%gsr rleg%llg/ion forces

against the sliding air film force between the magnetic disk 13 and the

magnetic head slider 1.

Generally, when a surface of the slider head is positic;ned close to
the disk surface, a positive pressure is generated to the slider head.
Accordingly, when a lot of surfaces are positioned closer to the disk
surface, a large amount of positive pressure causes a disturbance in a

stable contact force of the head slider and the disk surface.

However, the configuration of the magnetic head slider 1 avoid
the generation of a large amount of positive pressure, since the
squeeze pad 8 is provided at the middle level surface B of the head
slider so as to obtain the squeeze effect. Thus, the configuration of the
magnetic head slider 1 can obtain the squeeze effect by restricting the

| generated positive pressure.
Accordingly, it becomes possible to perform a stable loading and

unloading of the head slider 1. Further, it becomes possible to restrict

the contact variations caused by shocks added to the magnetic disk
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beconmes possible to maintain a stable contact force of the magnetic head 4
agai nst the magnetic disk. According to the configuration of the U shaped
squeeze pad 8 in the nagnetic head slider 1 of an enbodi nent consi stent
with the invention, a negative pressure is generated in the surface area 6
- surrounded by the positive pressure generating part 7 and the squeeze pad
8. The negative pressure is depended upon the air flow spéadarchROsr di ngl y,
the positioning differences of the magnetic head 4 in a radial direction

of the nagagkbc vk 4% Caunssp henaeg}%éé@lse désehyas | M&draiddly, cant act
force between the magnetic head 4 and the magnetic disk 13 along the

radi al dibeedmes pdsdibr @ skairiamnsegurAble/ conithet $ord@Shf @Rk emia@niediet i Ct
the generation of the negative pressure in order to keep a stable contact

t o the dibk&adidt hgainstahkbanagnatiactiskg force. Figure 5 illustrates a
magneti c head slider 30 consistent with the invention that includes a
variation of the configuration of the magnetic head slider 1 illustrated
in Figure 3. As illustrated in Figure 5 in this configuration of the
magnet i ¢ hed¥rosriig taghe tcﬁéﬁﬁbl@tlpve)fﬁrl@sguﬁﬂ@ap@bﬁéﬂ&@ngadr%an|t§ted| vi ded
into two areas 7a and 7b,  and_t he squeeze ad is alsg divided into two
parts 20aN&8Hchisy Repdisslider odmod @n sembadimente qonsistend doihr ¢hei ng ar ea

6¢c between the. d| Vi ded irs_of rts 7a- 20%\ and Zlb 20b Consequgntly,
the squeeZ¥® B 1, & aP§8 YO PSS F i$; generated in the surface area

surrounded by the positive pressure generating part 7 and the squeeze
pad 8. The negative pressure is depended upon the air flow speed.
Accordingly, the positioning differences of the magnetic head 4 in a
radial direction of the magnetic disk 13 causes to generates
fluctuations in the contact force between the magnetic head 4 and the
magnetic disk 13 along the radial direction of the disk. Consequently,
it is desirable to restrict the generation of the negative pressure in
order to keep a stable contact to the disk with a smaller contacting

force.

Figure 5 illustrates a magnetic head slider 30 consistent with the
invention that includes a variation of the configuration of the magnetic
head slider 1 illustrated in Figure 3. As illustrated in Figure 5, in this
configuration of the magnetic head slider 30, the positive pressure
generating area is divided into two areas 7a and 7b, and the squeeze
pad is also divided into two parts 20a and 20b so as to form a first
negative pressure controlling area 6¢ between the divided pairs of parts

7a-20a, and 7b-20b. Consequently, the squeeze pad is also provided at
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15 March 2005 the mddle level Bin the formof the divided two parts 8a
and 8b. Thus, in this magnetic head slider 30, the first negative pressure
controlling area 6c¢ is provided between the divided squeeze pads 20a and
20b so as to divide the positive pressure generating area along the air
flow direction, i.e., a direction fromthe air flowinlet end 2 to the air
flow .outlet end 3, during the rotation of the magneti c 18iMkrch3005

Accordi ngly, the configuration of this nmagnetic head slider 30 having the

first negald wadRIE RSl B RPMLE Bbirh T tRcSdivRfed 679 pefed BaCind 3. WeRET ation
of the negative pressure behind the positive pressure generation areas 7a

and 7b. GanseRUAHdnetid hegdsliraBo, ehé bl @iech bt asidsBtiré QoeRrdilihgt he
magneti c head 4 along a radial direction of the magnetic disk. As

i |'lustraterkd 6chsgurorided beewbensthendpadéed esquicess yrarlscQ0krhdli2@b sar ea 6¢
is constructed so as to have a pair of tapered air flow controlling walls
9a and 9basltondivitle thier pbbidived pressuen gduerating reerear ataatg dheodirt fiewmagnet i ¢
di sk. The tapered air flow controlling walls 9a and 9b are provided so as
to nake t@wendga: i-ve prdiseatian donmy B9 amgflowrsdebengr 3divathe amaflosver al ong
the directigon to the_ air flow outlet _side. Consequently, it becones

possi bl e ?8tiebsnd rdurpgdbsaiciation of thavgagnegistdigk bdessure behind t he
positive pressure generating areas 7a and 7b by conpressing the air flow
behi nd the positive pressure generation

Accordingly, the configuration of this magnetic head slider 30
‘having the first negative pressure controlling area 6¢, can restrict the
generation of the negative pressure behind the positive pressure
generation areas 7a and 7b. Consequently, it can obtain a stable
contacting force for the magnetic head 4 along a radial direction of the

magnetic disk.

As illustrated in Figure 5, the first negative pressure controlling
area 6c is constructed so as to have a pair of tapered air flow
controlling walls 9a and 9b along the air flow direction during the
rotation of the magnetic disk. The tapered air flow controlling walls 9a
and 9b are provided so as to make the negative pressure controlling
area 6c gradually narrower along the direction to the air flow outlet

side.

Consequently, it becomes possible to restrict the generation of the
negative pressure behind the positive pressure generating areas 7a and
7b by compressing the air flow behind the positive pressure generation

parts 7a and 7b.
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parts 7a and 7b. 16 15 March 2005 Figure 6 illustrates a magnetic head
slider 40 consistent with the invention that includes another variation of
the configuration of the nmagnetic head slider 1 illustrated in Figure 3.
The magnetic head slider 40 includes second negative pressure controlling
areas 6d and 6e, provided between each of the divided positive pressure
generating areas 7a and 7b and the divided squeeze padsi1Bmand 2805 Thus,
the respective second negative pressure control areas are provided so as
"to divide the positive pressure generation areas and the squeeze pad
along the air flow direction generated during the rotation of the nagnetic
di sk. Furthernore, each of the second negative pressure control areas 6d
and 6¢c is formed to have a tapered air flowin controllers 10a and 10b in
order to &igusd 6 HHusirmatés avv-maghatie. hdadoslidéy 4®M domisisteanf witly aheon of
the magnetic head slider, it beconmes nore possible to restrict the
gener at i omvehtiome theganchelespaasther vhelwtivh tdfethpo sonhifigaratiensaf ¢he
generating areas 7a and_7b by introducing air flow through the second
negat i ve magsstice headt sbder nlé illasteateddimniigeee Bi Jgihesnagaatic8headustrat e
a magnetic_head slider 50 consistent with the invention that includes
-~ anther va?hidan 6 wicludes segpngunagaiore sressare gagivallingneregsspddgend 1
iIIustraIgs in Fig&re 3. The gq@é{c hegd sl i der
: of the divi

e, providéd between ea&? ed positive pressure generating
areas 7a and 7b and the divided squeeze pads 8c and 8d. Thus, the
respective second negative pressure control areas are provided so as to
divide the positive pressure generation areas and the squeeze pad
along the air flow direction generated during the rotation of the
magnetic disk. Furthermore, each of the second negative pressure

control areas 6d and 6c¢ is formed to have a tapered air flow-in

controllers 10a and 10b in order to adjust the air flow-in rate.

According to this configuration of the magnetic head slider, it
becomes more possible to restrict the generation of the negative
pressure behind the positive pressure generating areas 7a and 7b by
introducing air flow through the second negative pressure controlling

areas 6d and 6e.

Figures 7 and 8 illustrate a magnetic head slider 50 consistent with
~ the invention that includes anther variation of the configuration of the
magnetic head slider 1 illustrates in Figure 3. The magnetic head slider

50 includes third negative pressure controlling areas 20c.and 20d
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50 includes third negative pressure controlling areas 20c and 20d 17 15

Mar ch 2005 behind the positive pressure generation sections 7a and 7b al ong
air flowing direction. The third negative pressure controlling areas 20c
and 20d are forned between the positive pressure generation sections 7a
and 7b and the second negative pressure controlling areas 6d and 6e, such
that the height of surface C, and the areas 7a and 7b are5afartthe@00bei ght of
surface A. Further, each the second negative pressure controlling areas 6d

and 6e i spLERIEMhE Hdause ag%ﬂe@esf@%ea&aﬁb%édﬁor&o&g 2hdstb L@bﬂgeﬁrloc and

10d for adjusting the air flowinTrate, respectively. According to these

struct ur efoRing Aerdeeian. IHeltHirdheghbiveqnesease cohtidIBAg APl 2trRsaAAi ng the

~ second negative pressure control areas 6d and 6e is expanded.
- Consequen20y, aret fdreneddsetpesai the positiy pregsuty geakyatiemtdeetichlse7ai r
flowin. Thus, it becones possible for the magnetic head slider 50 to
obt ai n noaed stabing tlhmsacond oregatone pressuragrattircllimgpdrebsabdi ansd Gehe air
flow speed. Figures 9A-9D to 12 illustrate the fluid dynam c pressure
oper at | onsuglt thagnbeikeigba @ sfurfres Co oyl sherareaist e tamsl i7hvare abheAs
illustrated in Figure 9A, the magnetic head slider 1, representative of
magnet i c eight of | #arface oAsi Ebethern eackh neher second | ROBMIYD NPrasE e hr ee
g??;g? isoﬁ(];q_rg%(r)ﬁﬁldgorgreéé %ad é’j‘nctir enils o}r%réddltcr) anl*eogl é er]éo "c”:tiI‘a OIV‘tf—(l;lrln no
control structures 10c and 10d for adjusting the air flow-in rate,

respectively.

According to these structures of the head slider 50, the degrees
of freedom of designing the second negative pressure control areas 6d
and 6e is expanded. Consequently, it becomes possible to more
accurately control the air flow-in. Thus, it becomes possible for the
magnetic head slider 50 to obtain more stable contact force on the

magnetic head 4 against the air flow speed.

Figures 9A-9D to 12 illustrate the fluid dynamic pressure operation
-of magnetic head sliders consistent with the invention. As illustrated in
Figure 9A, the magnetic head slider 1, representative of magnetic head
sliders consistent with the present invention, has three degrees of
freedom, i.e., a translation direction (z) 101, a pitching direction 102
and a rolling direction 103. Furthermore, the magnetic head slider 1
receives counter forces or counter torque from the air film

corresponding to variations of the posture of the head slider.
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and-a rolling direction 103. Furthernore, the magnetic head slider 1

recei ves counter forces or counter torque fromthe air film correspondi ng
to variations of the posture of the head slider. 18 15 March 2005 Figure 9B
shows the fluid dynam c pressure operation of the counter force Czz
corresponding to variations of speed Vz along the translation direction
(z) 101. Figure 9C shows the fluid dynam c pressure opetaManha@0bhe
counter torque Cpp corresponding to variations of speed V?p along the

pi tching di rfﬁig{ﬁ'fé’@ﬂso%hoﬁ}sg%h% ?Elids@?&g@nsi&e Oarkegéaréﬂy LaGiok] SS¥SYhe

operation of e counter torque Crr rresponding to variations of speed

V?r  al ongedigterofdrce aC e cesidsidndifg. td-vaviefonkd of shéesihw Maﬁl%qn@eze film
effect due to the counter force or counter torques acting to the magnetic

head sl i daanshsion hdircorgne(z)c 10dadFiguderod sshbwtathd fluid dytaidicof
anplitude at each of frequencies along the translation direction 101 (z)
101 ( Fi gupressre operaponclofngheli ceuniten td2ueFi Qpp e chiyespamdlinge tool | i ng
direction 103 (Figure 12). The abscissa in each Figures 10-12 indicates
vi br at i orvaniaidoescfespegd Vip tadong Ml pittidngrdireetieni hO%i dligera ®Pndi cat es
counter faorces _[mN/ m]. acting on the head slider with a unit of anplitude
at each Sho¥atthgnlaiddynardctiprassise icnsraticaces Bie coynten torriee §1di nate in
each Figures 11 and 12 indicates ountgr orques {rTN rad] ,.acti.ng on
corresponding to variations of speed V?r along the rolling directio

103.

Figures 10 - 12 show the squeeze film effect due to the counter
force or counter torques acting to the magnetic head slider when the
magnetic head slider is vibrated with a unit of amplitude at each of
frequencies along the translation direction 101 (2} 101 (Figure 10), the
pitching direction 102 (Figure 11), and the rolling direction 103 (Figure
12). The abscissa in each Figures 10-12 indicates vibration frequencies
(1 Hz to 1 MHz). The ordinate in Figure 10 indicates counter forces
[mN/mm)] acting on the head slider with a unit of amplitude at each
vibration along the translation direction (z) 101. The ordinate in each
Figures 11 and 12 indicates counter torques [mNmm/rad] acting on
the head slider with a unit of amplitude at each vibration along the

pitching direction 102, and the rolling direction 103, respectively.

In Figures 10-12, triangle dots show the data for the magnetic
head slider consistent with the invention and circle dots show the data
for the conventional magnetic head slider such as shown in Figure 18.

As shown in Figures 10-12, the magnetic head slider consistent with
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the head slider with a unit of anplitude at each vibration along the
pitching direction 102, and the rolling direction 103, respectively. In
Figures 10-12, triangle dots show the data for the magnetic head slider
consistent with the invention and circle dots show the data for the
conventional magnetic head slider such as shown in Figure 18. As shown in
Figures 10-12, the magnetic head slider consistent with 18 M&cM2oois 2005
the invention receives larger counter forces or counter torques for

suppr essi itk tiigeMtiBhatb@véd aiﬁr%&e CRIMEP foPBEE dFRGRHtEr _hﬁﬁfﬁuéé Eoviol

These results illustrate that the structure of the magnetic head slider

consi st ensupbtdbding theWaBEA Q6N Gldrk €89 dohTeRBiShAl Qphgnétmm&@ ERAEY, than
t he conventional head slider structure. Figure 13 ilTustrates a magnetic

head sl i d€heé® resukis dilestratetthaththe strvenitoof tthat mageletidehead vslideat i on of
the magnetic head slider 1 illustrated in Figure 3. The magnetic head

sl i der 60comsistaids witiorther invegimey eapadeapeds Bestamd Bf a maore kealkslyueeze
pad areas previously described sliders along the rotational direction of

t he di sk.thaushe gonventigsat head slideti sfiietu®. t he squeeze pad areas 8e and
8f are slanted against a perpendicular direction to the rotational
direction of the disk. The squeeze pad structures of the sliders 1, 30, 40,

educed 4i THECTRA G HlERse e THRERCHG M AUCFR O GROSEECBOH: 48T t he
head invention that includes a variation of the magnetic head slider 1
illustrated in Figure 3. The magnetic head slider 60 includes shorter
squeeze pad areas 8e and 8f than the squeeze pad areas previously
described sliders along the rotational direction of the disk. Thus, as

illustrated in Figure 13, the squeeze pad areas 8e and 8f are slanted

against a perpendicular direction to the rotational direction of the disk.

The squeeze pad structures of the sliders 1, 30, 40, and 50 may
increase the contact forces when the atmospheric pressure is reduced
since the squeeze pad area maintains the contact posture of the head
slider by compressing the air by its length along the air flow direction
due to rotation of the magnetic disk. Consequently, the contact force
increases when the atmospheric pressure decreases, since that the
positive pressure generated on the rear part of the squeeze pad area

decreases when the atmospheric pressure decreases..
On the other hand, the magnetic head slider shown 60 in Figure 13

includes the squeeze pad areas 8e and 8f that are in a slanted shorter

form along the rotational direction of the disk. Consequently, the
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slider by conpressing the air by its length along the air flow direction
due to rotation of the magnetic disk. Consequently, the contact force

i ncreases when the atnospheric pressure decreases, since that the positive
pressure generated on the rear part of the squeeze pad area decreases when
t he atnospheric pressure decreases.. On the other hand, the magnetic head
slider shown 60 in Figure 13 includes the squeeze pad aneada®d 200d 8f t hat
are in a slanted shorter formalong the rotational direction of the disk.

Consequentdieedd a0 akeaYBBENaRA0BS SGUE e At HRAS1 ERRRD pREsS@esgener at e
i r

. the negative pressures behind of them e negative pressure cancels the
positive peRESUIE tHE@NE THeE thebhtivh epredeaed a1 arers p8sitpRd pBéssuleus, the
structure of this enbodi nent can prevent the contact force of the nagnetic
head - sl i gemeffatedifl thod wqticage pathanhangeand SfheThagathy etpiesgdre behi nd
t he squeeze pad areas 8e and Sf when the atnospheric pressure is reduced.
Fi gur es 1dAsagmibedBneotpeare preeefnt dhd cyrtact dopresf he namwredid ieadof t he
magneti c head sliders 50 and 60, respectively. As shown in Figure 14A and
14B, the $lider Siimdlusmatoneiwids changes te thehaegatve gmesisveel hthinte
suspension load F, the fluid force fh, the contact force fc of the
magneti c Saugsae (hrd jIspsi e ahdsHuwhen, thgeaanaselacria presssigadsze pad
ar eas. Vmgera&c%% at nospheri c pressure

Figures 14A and 14B compare the fluid dynamic pressure
operations of the magnetic head sliders 50 and 60, respectively. As
shown in Figure 14A and 14B, the head slider 50 receives the force
that is comprised of the suspension load F, the fluid force fh, the
contact force fc of the magnetic head, and the positive pressure fp
generated in the squeeze pad areas. When the atmospheric pressure
decreases, the positive pressure fp becomes smaller. Consequently, the

contact force fc increases substantially.

On the other hand, as shown in Figure 14C and 14D, in the head

slider 60, the squeeze pad has a slant form so as to generate both the

positive pressure fp and the negative pressure fn behind the squeeze
pad. When the positive pressure fp varies due to reduction of the
atmospheric pressure, the negative pressure fn also varies so as to
- cancel the variations of the positive pressure. Thus, the resultant force
operating in the squeeze pad areas is similar to that before the
reduction of the atmospheric pressure. Consequently, it becomes

possible to restrain the increase of the contact force fc when the
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decreases, the positive pressure fp beconmes smaller. Consequently, the
.contact force fc. increases substantially. On the other hand, as shown in
Figure 14C and 14D, in the head slider 60, the squeeze pad has a sl ant
formso as to generate both the positive pressure fp and the negative
pressure fn behind the squeeze pad. Wen the positive pressure fp varies
due to reduction of the atnospheric pressure, the negatiseMgitk2006e fn

al so varies so as to cancel the variations of the positive pressure. Thus,

the resul 4gRbshREGE &%@h%id‘&:rleﬁsé%%ﬁgﬂ%ﬁ Bad A it SheldNdiffert 0 t hat

before the reduction of the atnospheric pressure. nsequently, 1t becones

possi bl e ¢ehdigtdritaiitih hehisneheRsEntint Rreont agle f@R8ct Forbierost hRe21 1 5
Mar ch 2005 at nospheric pressure decreases. Therefore, the magnetic head

sl'ider coagnetenthesd Hroti caaddegdi fertuptiensntdueh@ocenbaks hadcehef the
magneti ¢ head from causing fluctuations due to shocks and the atnospheric
pr essur e. atEngspplrerid pressista.at es a magneti c head slider 70 consistent with
the invention that includes a variation of the nagnetic head slider 1
illustrated in Figure 3. The nagnetic head slider 70 includes the squeeze
pad areas that are shorter than the squeeze pad areas 1, 30, 40, and 50
along the rotational direction of the disk. Thus, as illustrated in Figure

15, .one of thgu?g Li%eﬁl?ls%?gtseshg Sm%tgfn%%ivc\:/al[lgaé‘ rs?i?iegg?O consistent with the
invention that includes a variation of the magnetic head slider 1
illustrated in Figure 3. The magnetic head slider 70 includes the
squeeze pad areas that are shorter than the squeeze pad areas 1, 30,
40, and 50 along the rotational direction of the disk. Thus, as
illustrated in Figure 15, one of the squeeze pads has a forward area 8g
and a backward area 8h that inclined in a different direction along the
rotational direction of the disk relative to each other. Similarly, the
other of squeeze pads has a forward area 8i and a backward area 8j
that are inclined in a different direction along the rotational direction

of the disk.

According to this construction, the magnetic head slider 70 has
increased the squeeze pad areas in order to obtain a larger squeeze
effect. Further it can suppress generation of the positive pressure so as
to control the variation of the contact force when the atmospheric

pressurce decreases.

Figures 16A and 16D compare the fluid dynamic pressure

operations of the magnetic head sliders 50 and 70, respectively. The
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and a backward area 8h that inclined in a different direction along the
rotational direction of the disk relative to each other. Simlarly, the
.other of squeeze pads has a forward area 8i and a backward area 8] that
are inclined in a different direction along the rotational direction of
the disk. According to this construction, the magnetic head slider 70 has
I ncreased the squeeze pad areas in order to obtain a | ar gdMagheens
effect. Further it can suppress generation of the positive pressure so as

to controhedd@lier sy iIRIstPhtdd®: FRALRCT6A QLSS MBEPeéef?feéﬂi@%&f&%w}&t

pressure decreases. Figures 16A and 16D conpare the fluid dynam c pressure

oper at i onig ebmipsedagnehe Gugrtsidh dead PO tAAANTQ, fdres PeCttheebyntadie 22 15
March 2005 head slider 50 illustrated in Figure 16A and 16B recei ves the

for ce t haforce $c ofrtheimadneficthead usgetiss positbadpfessidre fhl girkrboedénf h, the
contact force fc of the magnetic head and the positive pressure fp

gener at edthensqueezespademeapadVberdbe dmospheriatprespher decpeassy the
decreases, the positive pressure fp becones smaller. Consequently, the
contact fRpifiverprespiredpdaccnimes smalden. \Consequentlnsthe chatasigfscec head
slider 70.illustrated in Fjgure 16C and 16D includes the V-shaped squeeze
pad ar easiCtiRgreasspesibdantilifar d sl ant areas 8g and 8i, and the backward

sl ant areas 8h and 8j.

In contrast, the magnetic head slider 70 illustrated in Figure 16C
and 16D includes the V-shaped squeeze pad areas that have the
forward slant areas 8g and 8i,and the backward slant areas 8h and &;.
Thus, the forward slant area and the backward slant area are inclined
in a different direction along the rotational direction of the disk so that

~ the squeeze pad areas generate of the negative pressures fnl and fn2
behind the positive pressures fpl and fp2, so as to cancel them.
Consequently, the magnetic head slider 70 can reduce the variations
of the contact force fc of tﬁe magnetic head when the atmospheric

. pressure decreases.

As explained above, a magnetic head slider consistent with the
invention can suppress fluctuations of contacting forces of the
magnetic head to a magnetic disk surface due to variations of the
atmospheric pressures or impacts to the magnetic disk memory device.
Consequently, a stable head loading in a head contact type magnetic

disk memory device is realized.

It will be apparent to those skilled in the art that various
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Thus, the forward slant area and the backward slant area are inclined in a
different direction along the rotational direction of the disk so that the
squeeze pad areas generate of the negative pressures fn | and fn2 behind
the positive pressures fp 1 and fp2, so as to cancel them Consequently,

t he magnetic head slider 70 can reduce the variations of the contact force
fc of the magnetic head when the atnospheric pressure débMasbR008s
expl ai ned above, a magnetic head slider consistent with the invention can
suppr ess #odetitaibRe anef vaaatieaki dith bereededh e cofReRes thehpadkd a
magneti c di sk surface due to variations of the atnospheric pressures or

i mpact s tinvieheiomgnetits praskicermhyudidpeetingPoaedHe dope @ s§hallag head

| oading in a head contact type nagnetic disk nenory device is realized. It
wi || be afipairerntiomn.t hose skilled in the art that various 23 15 March 2005
nodi fications and variations can be made in the context of the present
invention and its practice without departing fromthe scope or sprit of

the invention. 24 15 March 2005 WHAT IS CLAIMED I'S: 1. A magnetic head
slider having an air flow inlet side, an
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air flowoutlet side, and a plurality of surfaces between the inlet side
and the outlet side for constituting fluid force generating parts for the
magneti ¢ head slider due to dynam c pressure effects of air flow
acconpanying rotation of a magnetic recordi ng nedium each of the
plurality of surfaces has a different height |evel for defining a different
di stance to a surface of the magnetic recordi ng nedi um tbBeMameg®Osc head
slider conprising: a contact pad for supporting a magnetic head for

recor di NOWANAT IRAPL.ANUGIMIsdata to and from a magnetic recording mediumto
enable the magnetic head to contact the surface of the nmagnetic recording
medi um the contact pad being provided near the air flow outlet side at a
top level in the plurality of different height |evels; a positive pressure
pad area provi ded nearA tthega¢tic Head slidat havitg ahodirgeierialdtngdposant i ve
pressure during rotation of the magnetic recording nmedium the positive
pressure padloweeutlel sidqomnd iopddrality oheutrirescvatiweeanthe intpteside pad
area for suppressing fluctuations of contacting forces between the

nmagnet i ¢ #eddhgnelitlpe sidg fet renslitkingdluid forpe gesguating pawds doedhes

provi ded along an _air flow direction at a mddle height |evel between the
top | evel MagAcHC fgadeididegr duge tp) dyapmig presseyiefiects ok air sflewsi ng a
surface at_the | ow | eveJEF.l . 2. 'I;he magne%.i C heag. slider, accord'mg tg claim1l,
wher ei n tHEFOTRHTBENS pAHF AL LW SIARISUSHERSOT B PEIREE: SRMNEl dBFng t wo
si de plurality of surfaces has a different height level for defining a different
distance to a surface of the magnetic recording medium,

the magnetic head slider comprising:

a contact pad for supporting a magnetic head for recording and
reproducing data to and from a magnetic recording medium to enable
the magnetic head to contact the surface of the magnetic recording
medium, the contact pad being provided near the air flow outlet side
at a top level in the plurality of different height levels;

a positive pressure pad area provided near the air flow inlet side
for generating positive pressure during rotation of the magnetic
recording medium, the positive pressure pad area being positioned at
the top level; and

a squeeze pad area for suppressing fluctuations of contacting
forces between the magnetic head and the magnetic disk medium, the
squeeze pad area is provided along an air flow direction at a middle
height level between the top level and a low level of the plurality of
height levels traversing a surface at the low level.

2. The magnetic head slider according to claim 1, wherein the

squeeze pad area has an U-shaped configuration including two side-
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25 15 March 2005 edge parts extending along a rotational direction of the
magnetic disk nediumso as to at |east partially bound the | ow | evel of
the surfaces. 3. The nmgnetic head slider according to claiml, wherein the
positive pressure pad area is divided into two parts by a negative
pressure control area. 4. The magnetic head slider according to claim1,
wherein both the positive pressure pad area and the squaezZdaphd2Gea are
collectively divided into two parts by a first negative pressure control

area. 5. Thge BangldteidR aldieh laﬁs%ﬁ'am%}&tfd@'owtﬁe &agaem fgative

pressure control area between a second negative pressure ntrol area and

the posit hyaliDhe $SUHStEan el gt tizaAkeBoud tHeeloWRRRel b theatrildeder
according to clainms 1, wherein the "squeeze pad area is arranged on a sl ant

along the air flow direction due to rotation of the magnetic recording
medium 7. The magnetic head slider according to claim1, wherein the
-squeeze pad3ar edhenohagiedia Headnalidenremoadthg tbadkivar d, avieareah ohg:  t he
air flow direction, each the forward area and the backward area of the
squeeze pﬁgsmen@rawmegmd [rgadisf davigled dhtmttwid peets dns L 6regative

pressure control area.

4. The magnetic head slider according to claim 1, wherein both
the positive pressure pad area and the squeeze pad area are
collectively divided into two parts by a first negative pressure control

area.

5. The magnetic head slider according to claim 4,
a third negative pressure control area between a second
negative pressure control area and the positive pressure generation

arca.

6. The magnetic head slider according to claims 1, wherein the
squeeze pad area is arranged on a slant along the air flow direction

due to rotation of the magnetic recording medium.

7. The magnetic head slider according to claim 1, wherein the
squeeze pad area includes a forward area and a backward area along
the air flow direction, each the forward area and the backward area of

the squeeze pad being arranged in a different slant directions
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15 March 2005 respectively along the air flowing direction due to rotation
of the nmagnetic recording nedium 8. A magnetic di sk nmenory devi ce,
conprising: a nmagnetic head for recording and reproducing data to and from
a di sk medium a magnetic head slider for supporting the magnetic head to
contact a surface of the disk nmedium and a carriage for supporting and
rotating the magnetic head slider along a radius directloMacht905di sk
mediumin order to | ocate the nmagnetic head to a target recording or

repr oduci fesgdctigklyofalbhg dhé kairmdixifl whettbh i MBIREtdtionead thki der has
an air flowinlet side, an air flow outlet side, and a plurality of

sur f aces heigmetiv tdverdinginetiden. and the outl et side for constituting fluid
force generating parts for the nagnetic head slider due to dynamc
pressure effects of the air flow acconpanying rotation of the magnetic
recording medium each of the plurality of surfaces has a different height
level for defi @ nf raagnetiedesk mennormnteyice corgprising of the magnetic
recordi ng medium the magnetic head slider including: a contact pad for
supporting a mighegneticdaepd for reassding gnshieprodyicar daty taand fkpmnd from
the disk ne ium%{gi enabl e the magnetic head to contact the surface of the

magnet i ¢ 7 EeSF ReRIYUTRdi um t he

a magnetic head slider for supporting the magnetic head to
contact a surface of the disk medium; and

a carriage for supporting and rotating the magnetic head slider
along a radius direction of the disk medium in order to locate the
magnetic head to a target recording or reproducing track of the disk
~medium;

wherein the magnetic head slider has an air flow inlet side, an
air flow outlet side, and a plurality of surfaces between the inlet side
and the outlet side for constituting fluid force generating parts for the
magnetic head slider due to dynamic pressure effects of the air flow
accompanying rotation of the magnetic recording medium, each of the
plurality of surfaces has a different height level for defining a different
distance to a surface of the magnetic recording medium:

the magnetic head slider including:

a contact pad for supporting a magnetic head for recording and
reproducing data to and from the disk medium to enable the magnetic
head to contact the surface of the magnetic recording medium, the
contact pad being provided near the air flow outlet side at a top level of

the plurality of different height levels;
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contact pad being provided near the air flow outlet side at a top |evel of
the plurality of different height levels; 27 15 March 2005 a positive
pressure pad area provided near the air flowinlet side for generating
positive pressure during rotation of the magnetic recording nmedium the
positive pressure pad area being positioned at the top level, and a
squeeze pad area for suppressing fluctuations of contactilbgMartbr2088 bet ween
t he magnetic head and the magnetic di sk medium the squeeze pad area is

provi ded al ong aapositive§ prRewsdié el %@{)ﬂﬁriﬂkgq{e@r el girtfldpvnlettgiween the
e

top Il evel and the | ow height |evel of plurality of height |evels

traver si nfipra genetating positive | predseirel duRind heotadidpiet 6 hies knapABtiy devi ce
according to claim8, wherein the squeeze pad area has an U shaped

conf i gur ardconding metlingn, thwe mwistkive ggesgare padxamadbdirgd pogitionat ati onal
‘direction of the magnetic disk nediumso as to at |east partially bound
the | ow | &veltopflevelhangurf aces. 10. The mmgnetic di sk menory device
according to claim8, wherein the positive pressure generation area is

di vi ded into tRoSHYEEES Pe¢ area der shpressigatuasionenef songaetang11. The

magneti c di sk r vice according to, ¢laim8,  wherein both the
posi tive f??f%%% EEB‘%%‘H%F&E%HSW%%‘E@@&@%%@%@%C disk medium, the
squeeze pad area is provided along an air flow direction at a middle
height level between the top level and the low height level of the

plurality of height levels traversing a surfaces at the low level.

9. The magnetic disk memory device according to claim 8,

- wherein the squeeze pad area has an U-shaped configuration including
two side-edge parts extended along a rotational direction of the
magnetic disk medium so as to at least partially bound the low level of

the surfaces.

10. The magnetic disk memory device according to claim 8,
wherein the positive pressure generation area is divided into two parts

by a first negative pressure control area.

11. The magnetic disk memory device according to claim 8,
wherein both the positive pressure pad area and the squeeze pad area
are collectively divided into two parts by a first negative pressure

control area.

12, The magnetic disk memory device according to claim 11,
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are collectively divided into two parts by a first negative pressure
control area. 12. The nmagnetic di sk nenory device according to claim1l, 28
15 March 2005 further conprising: A third negative pressure control area
install ed between the second negative pressure control area and the
positive pressure generation area. 13. The magnetic di sk nenory device
according to claims 8, wherein the squeeze pad area is abMmgh@06h a sl ant
along the air flowing direction flow due to rotation of the disk. 14. The
magneti ¢ flirskefreoniptisiengt ce according to claim8, wherein the squeeze pad
area includes a forward area and a backward area along the air flow
direction, each thiedf negatide apessand thetrobaskesaridstdlbal dietiseensaheeze pad
bei ng arranged on a different slant directions, respectively, along the
air flow stqozst | negathires t prassuaci onntifol ahea magdetthe mpesdtivd ngressdiram 29 15
Mar ch 2005 HEAD CONTACT TYPE MAGNETI C DI SK MEMORY DEVI CE HAVI NG A NOVEL
MAGNET| C $EANEASONDERA- ABSTRACT

13. The magnetic disk memory device according to claims 8,
wherein the squeeze pad area is arranged on a slant along the air

flowing direction flow due to rotation of the disk.

14. The magnetic disk memory device according to claim 8,
wherein the squeeze pad area includes a forward area and a backward
area along the air flow direction, each the forward area and the
backward area of the squeeze pad being arranged on a different slant
directions, respectively, along the air flow direction due to rotation of

‘the magnetic recording medium.
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A magnetic head slider for elimnating the fluctuations of the .contacting
forces between a nagnetic head and a recording disk due to changes in

at nospheri c pressure or shocks includes a plurality of fluid force
generating faces positioned at a plurality of different height |evels. The
magneti c head slider includes a positive pressure generation area and a
contact pad provided on a top level along the air flow dilbddarch00due to
rotation of the magnetic disk. The contact pad supports the nagnetic head.

A squeeze pad HEAD CORTACTIRYPE! MAGNETE DESRMEMURY DEjtiegen the top
| evel and the |low |l evel of the surfaces to traverse the |low | evel of the

surfaces for suppresSAVING ANOYHEHIONAGNETICt HEAD FIIBER bet ween t he
magneti ¢ head and the nagnetic di sk medium Figure 3 30

ABSTRACT

A magnetic head slider for eliminating the fluctuations of the
contacting forces between a magnetic head and a recording disk due to
changes in atmospheric pressure or shocks includes a plurality of fluid

~ force generating faces positioned at a plarality of different height levels.
The magnetic head slider includes a positive pressure generation area
and a contact pad provided on a top level along the air flow direction
due to rotation of the magnetic disk. The contact pad supports the
magnetic head. A squeeze pad area is provided at a middle height level
between the top level and the low level of the surfaces to traverse the
low level of the surfaces for suppressing fluctuations of contact forces

between the magnetic head and the magnetic disk medium.

Figure 3
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