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 nenory
device, and nore particularly, to a head contact type magnetic di sk nenory
device having a novel magnetic head slider for providing stable head
contact to a disk surface while keeping | ow | oadi ng- d&gil‘ﬁ@ché’@@lsdi ng and
reproduci ng operations. Description of the Related Art Recently, a head
cont act -THIE @) RHECINVENTIOMNry devi ce has been devel oped in order to
increase recording density on a magnetic disk. The head contact-type

.magnetic disk nenory device includes a magnetic head slider for sliding on

a surface of _a magnetic disk, and for brin&jzﬁn a magnetic head into

contact wit h HFADKEONTACT PR MAGNETHE &) ENMPREIPBYEEeEng operati ons.
Usual Iy, the nagnet) i J ur facing a disk
surface. During reﬁ&%%ﬁé‘?@%r@%@égﬁ §i{§5ﬁﬁ1e slider surface
is subject to air pressure caused by fluid dynam c pressure 15 March 2005
effects due to relative notions between the head slider and the rotating

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 memory device
having a novel magnetic head slider for providing stable head contact
to a disk surface while keeping low loading- during recbrding 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 oﬁ 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




di sk surface. In order to utilize the air pressures effects during the
rotation of the nagnetic 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 slider remains in
contact with the disk surface. In order to prevent hardlswkarclpaOPhe cont act
pad to a disk surface, it is necessary to keep | ow | oading during

recor di effeatsl dueeior adatiagnotiensticaneenthd hbadtslialeg hrid th gotdfingassum ng
that a head slider 100 has a contact pad at an air flow outlet and a

posi ti velishrasdace Oenadari ttg yidize thecamt podssuores eeffectscdutime thepensi on
load is F, a positive pressure is fn, a distance between fc and F is |g,
and a dbtatier eftdewsmgraticadisk, r ipprtion phéhe dh¢ashistidef os Masigaep| es:
fc=(In-1g)/In x F 15 March 2005 In order to realize the smaller contact
force, 8Oc¥hie gonitciotherisk sarfageasiaremdy of thgeririprespupo sbring
illustrated j.n Figures 18A and 18B. The eaq slider_ 100 includes a

“posi ti vEERT Ear%l‘?@erﬁ@ra DAY HaPEratioRs alsiiplly; 2 10l ROTEMIE C4nd a

d 7 th I . it . ir fl
outl ot SRBesTde SidpdtofoRe P BrpRttito B gt R BERAT R the.
posi ti V‘f‘eﬁfa‘iﬁﬂ{x%o‘?ﬁﬁ@f; t%m;g%e RALL sh% c positive pressure on the positive

par i

pressure generating s al'nmost the sanme with the suspension | oad
F, and al nost no

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 Ilg, and a

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

fe=(In-lg)/Inx F




positive pressure is generated on the contact pad in this configuration.
Consequently, this configuration has a short distance In-1g, and a |ong

di stance In, 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.
Nanely, the surface A of the slider is the closest to thdlarele2AgSdi sk
surface. Each of the surfaces A, B and C of the head slider has a

different heighboréet abinalize tHiestiAlerseshaee. for&it adsHfigusiid ofont act
pad has no cushion effect by air-bearing forces against shocks during a

head | oaHengagpetiathel slides eés|peopbyed ashthetritedt irpRiunidss18Arandn t he

di sk surface and is worn by hits in a head |oading operation. The head
cont act -8B eThadmsad slides K Otk melypddsva pesitive prassiatd genesatahg quark n
handhel d devices, such as not ebook-type personal conputers. To apply a
head codQfet- appaimélgretinletdedge rasmbry apgtace pad ' hdhdtegenemtpaiter, it
is desirable that stable head | oading and 3 15 March 2005 unl oadi ng

oper at | GAEO5E N PPSHIRCIPTFIrecat pncas dlaw itlel ¢égs Bae (SPERSHRAct force

of the nmgnetic .head caused by shocks .to the conputer. Thus, it Is
desi 1 abAOAq PSRN S ATTHSE WENPaRIE Phth PR PO TG PTERH BEDREMRE | ¢ di sk

with a lowl .~ Further, it is needed for,.the conputer _u hance t he

Suppr os5Fh 10 AT pbboie SLHR oSt PefB Eonetiifnd paft
: 106 is almost the same with the suspension load F, 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 In, 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




caused by the changes in atnospheric pressures. SUVWARY OF THE | NVENTI ON
Therefore, there is a need for providing a head contact-type nagnetic 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 accordance with a first
aspect of the present invention, there is provided a nbkgNetr¢ke20@ad slider
‘having an air flowinlet side, an air flow outlet side, and a plurality of

sur f aceq IBhMREH opReatiBh8the ifefdinted Wieh OtdstAbtel dridtahtiefRssf théing fluid

force generating parts for the nagnetic head slider due to dynamc

pressur eogfthecidrcefofaibe apmetRchesanyistgl botsiocks of the @gmehier. r ecor di ng
medi um each of the plurality of surfaces has a different height |evel for

def i ni n@teudi fitfier dedirabliestakeept ® stabler tantadf thddemegaider anelc theli ng

medi um the magnetic head slider conprising: a contact pad for supporting
a magnetaghetid disk widboadpmyleat Fephedudt ryngedadtiorahe ¢ompuderagneti c
recording nmediumto enable the magnetic head to contact surface of the
magnet i dlseckoeahagcadhenyppIassionrhconsact kecadlyrAtins Heasligae 15 march
2005 air flow outlet side at a top level in the plurality of different

hei ght Claé‘\?@\gsby the ghanges 19,48a0sRN AR PEFEHYSSovi ded near the air flow
inlet side for generating positive pressure during rotation of the
magneti c recording nedium the positive pressure pad area being positioned

at SUMMARY OF THE INVENTION

Therefore, there is a need for providing a head contactQWpe
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 iniet 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 sliﬁder 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




the top level; and a squeeze pad area for suppressing fluctuations of
contacting forces between the magnetic head and the nmagnetic disk nedium

t he squeeze pad area is provided along an air flowdirection at a mddle
hei ght | evel between the top level and the low | evel of the plurality of
hei ght | evels traversing a surface at the low |l evel. A nmagnetic head slider
in an exanpl e enbodi nent can .obtain the squeeze effectlbMagappPeSsing the -
generation of positive pressure, so that the contact force due to the head

slider lpadidg aidelidM@tdion tdAteRd HY tAR pliRatiy CGNdRterenpPh&ipned. Thus,
.a stable contact force between the magnetic head and the information

recor di ngvéredhysogitine Jh@sﬁﬁi'é\ atne@a providied nearmdgnairiffovnéatttsdidder in an
exanpl e enbodi nent additionally has a first negative pressure control area
confi gurfed genexditithglepbbitiveogricssarer dasinge geneéoat ialn theeanagneide a fluid
flows . in from the first negative pressure control area in the direction of
t he f| owedardingomestiam, othoposhivd pressane padrawser being peditimed g
generation of negative pressure behind the positive pressure generation
area i s theupm dazddat saueesst et dusec foropuppscsipsdicturtiene M be

achi eved independent of the position of, the ghetic head in the radial

di rect i SPRtaUpgloraes hRivesR Hae dnagngtife cah Snd ey gragnesipsiisk

Further 1or S, TRENGE20 930 108! pidlidla RSB SRS Whiction 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.



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 suppressed. Further,
a magnetic head slider in an exanpl e enbodi ment has a thiMarch&g§ebi ve
pressure control area configured to be between the second negative
pressure control area and the positive pressure generation area. In a
magneti c head slider in an exanple enbodi nent, the degrees of freedom of
desi gn of Fhatkeanotk,nagaidgretier beadr slidentinohnacramgile emboehdmitand t he

i ntroduction of air can be controlled nore accurately. Furthernore, a
magnet i hareadsetonikmdgatine preswire evmool meea ¢configheadade edividel theat t he
squeeze pad area is arranged on a slant to the direction of the flow due
to rot atRasitive pragsurecerrriagiorearesanAihneaueescopad @depl e, si nul t aneously.
with a change in the positive pressure in the squeeze pad area at the tine
of reduction in the atnospheric pressure, the back negative pressure in

the direction of. the flupd flo due .to,rotation of the information
recor di ng ASEPTHT ’cﬁ‘éfnggﬁf C@il}v %#@W%‘?‘&‘ﬁe‘gdlﬁ%mt ?stq‘fé)l Qﬁ&gﬁvg

suppr esspei%sgﬂlde,t Q&u%%ﬂ‘gg ﬂo@it&&epgggglﬁ%t gél%r%%ioﬁ 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




the magnetic head can be prevented. Further, a magnetic head slider in an
exanpl e 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 nmagnetic head slider in an
exanpl e enbodi ment can suppress generation of positivelpMas2805i ncrease
the area of the squeeze pad area, control a change in the contact force
when at rfﬁa@hﬁélala&&géw@@ppréswﬂi%ﬁﬂme%_ @il thel abAictsiweezs ef f ect
at the same time. Furthernore, a magnetic disk device in an exanple

enbodi MRk mhghetc R@rietas Heepebvelntd@r having a | oaded nagnetic pole

el enent for recording and reproduci ng data on a recordi ng nmediuminstalled
so as to rotate freely. The magnetic head slider has a slider part having
- a surface on which a fluid force, generated by a dynam c pressure effect
of the fl oRugtleer, oar nragriedic dieetd]eslidﬂrorirmanonxamdcdmyo@%m@m isoper at es,
and a contact part for supporting the magnetic_pole elenent _so that the
sur f ace charaperisgghist thabal lervpsdeticaoppd s backward; ares rapsBRBEor di ng
medi um cones in contact with the infarnatioq recorgjn% medium. A plurality
of ar eadhF @ GHAECRAE MG ATE FGPE8EIoRRr At ARG dir AHETTHE ARECHYPPRer part

(5 divided vig g Phutal Ly BLLeYel o GulISRICERES AR E RLESSUTe

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

- s0 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




15 March 2005 | evel, together with the contact part which is installed
between them at |east across the area belonging to the low |l evel on the
inlet side of the flow. This is due to rotation of the information
recording nedium and a squeeze pad area belonging to the mddle |evel
between the top level and the Iow level which is installed along the
direction of the flow so as to across the area bel ongi hgMagch B80bow | eve
. between the positive pressure generation area and the contact part. In
accor danggelWikbgethed SFRANIRS RBGkadf phbe wHiRSR! i SAMBEH | tweehhelRh S
provi ded a magnhetic di sk nenory device, conprising: a magnetic head for
recordi g leadt kepssduke fm"eﬁabélotrigiﬂ%(iofﬂﬁﬂcavdbﬁdﬂ ofieilicuifiled sidgrgt i ¢ head
slider for supporting the magnetic head to contact a surface of the disk
medi um thadlewc his dgelhonostpption of) thand{omehationgrddoeditegy ne¢ditinhead
slider along a radius direction of the disk nediumin order to |ocate the
magnet i antkadsqueezet padeireacbologigigg tortheepriddie lexgl thetwicenf thendodi sk
medi um wherein the magnetic head  slider has an air flow inlet side, an
air flowewdtand thedew lenal whirhriglinstallest along dbedlipeatipre 9f the flawet si de
and the outlet side for constitutjng féuid forc enerat|ng parts for the
magnet i SORREC gcrory theares beloRgME tot §519We16<¥?f€’gf‘é’e%‘? tbﬁelxgﬁwwﬁ ow
acconpanyi ng rotation.of the netic, recordi ng medium each of the
o ol Sfenrulpticalichatds and HIS shEHEIG | ovel for deri ning a
different distance to a surface of the magnetic recording nedium the
magneti c head slider including: 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
:eproducing data to and from the disk medium to enable the magnetic

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



contact pad for supporting a magnetic head for recording and reproducing
data to and fromthe disk nediumto enable the magnetic head to contact
the surface of the nmagnetic recording nmedium the 8 15 March 2005 cont act
pad being provided near the air flowoutlet side at a top |level of the
plurality of different height |levels; a positive pressure pad area

provi ded near the air flowinlet side for generating pob?Marehgpg3sure
during rotation of the magnetic recording medium the positive pressure
pad ar eache¢acigppdddihgadvided heat ahel=y €low andlea sideieezet@atevedrofa for
suppressing fluctuations of contacting forces between the nmagnetic head
and t he thegphktriadityi sk diffeiiemty helghts thvebs;eappdsiivea pressyureopiade draiiong an
air flowdirection at a mddle height |evel between the top level and the
| ow hei grovidedeneat e apr dloay iinletosideefghgenerating posilive spragsursur f aces
at the low |l evel. BRI EF _DESCRI PTI ON, OF THE DRAW NGS A nore conpl ete

appr eci SATHE ofolationy e eHie | MpAgRGtsn waserdmgymsdivay dh¢aReyiEEE her eof
will be better understood by ref.erence .to the fo]l ow ng detailed

descr i pProTeUieRAR GHERARTOE PYSHORRACES I SR IFEhe b EoTAFRATRAYr aw ngs,
99, bkt gl TRERDMR, Y Bl igReor I et SR SARLRO e Mo
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 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




15 March 2005 Fi gure 2 is an enlarged perspective view of the magnetic head

slider in the magnetic disk device illustrated in Figure 1. Figure 3 is a
pl ain view of the nagnetic head slider consistent wth the invention that
i-s 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 froma di skoMarché®05Fi gure 5
is aplan viewillustrating a magnetic head slider configuration

consi stent with enbodi nents of the invention. Figure 6 is a plan view
illustrating a magnetic head slider configuration consistent with

enbodi ment s oFigine Rniseahi enlargeduperspeicsiva yiews pethevmagneitid hkeadtrating a
magnetic head slider configuration consistent with enbodi ments of the

i nvent i slideFiiguthe giagnediqptlink deédacaflustratedgndtigoréidad 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 dynam c

pressure. 9 15.March 2005 Figure 10 illustrates the sgueeze filmeffect in
a translation 1%111"r“3ev§t1isoff‘l Rlﬂgfvé?wt%%dﬂ%gil‘éﬁﬁéﬁﬁ% [SHAsF eomsiptent Fi gure

7 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.




Figure 11 illustrates the squeeze filmeffect in a pitching direction for

the magnetic head slider shown in Figure 7. Figure 12 illustrates the
squeeze filmeffect in the rolling direction for the nagnetic head slider
shown in Figure 7. Figure 13 is a plan view illustrating the nmagnetic head

slider configuration consistent wth enbodi ments of the invention. Figures
14A- 14D expl ain the squeeze filmeffect by the nagneti cl5 Mwedd2605der 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

wi th enbodrimmntes 1 ilhestiramentihen. squadizeesildbAefiddd dxplai rabltatsepieeze film
effect by the nagnetic head slider shown in Figure 15, wherein Figure 16B
i |1 ustratiesctiec{d) dor théBad@hca¢ heagusladditshewd iR BigneeIBD i | | ustrates
section 16D- 16D of Figure 16C. 10 15 March 2005 Figure 17 explains the
effect of an inertia force operating on the magnetic head slider caused by
an inpact. Figure 18A and 18B illustrate configurations of a conventional
magnet i ¢ hEigHrg 1 §edlustrder thm eguerzerfimpeferRRED PURODNEENTS:tion

for 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. |
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Ref erence will now be nade in detail to enbodi nents of the present

i nvention, exanples of which are illustrated in acconpanying draw ngs.

Wher ever - possi bl e, the same reference nunbers will be used throughout the
drawings to identify the same or simlar parts. Enbodi ments consistent with
the invention are directed to a magnetic head slider and a nmagnetic di sk
device including such a slider. As illustrated i n Fi gulé March J88&net i c

di sk device 100, which is applicable to a nagnetic head slider 1

consi st ent Fighile tilve ekplainisi te effenc|afden mdréise fhredy oplrdting aerthies not
shown), a plurality of magnetic disk nedia provided as a plurality of
magnet i ondgoktic igzaghshitler sauseddyean atnpeayta spindle notor 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 nagnetic head to the
recordi ng qr. reproducing tracﬁﬁ of 11 15 March 2005 fhe di sks 13. As

i || ustrat ed W ik eand {8E nHystiate peabgyradens 10 @ wamkadionl an end
portion of the carrj 15 for supporting a nagnetic head elenent (not
shown) FQEgHSUFSKEthﬁgﬁ%e of the disk nmedium Wth reference to Figures 3
and 4, an enbodi nent of a construction of the nmagnetic head slider 1
consistent with the invention would be explained. Figure 3 illustrates the
- configuration of

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 spindlé motor 16, and a carriage 15 for rotating the
magnetic head slider 1 along a radius diréction of the disk 13 in order

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

11




t he magnetic head slider 1 which is viewed fromthe 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
flowinlet side edge 2 and an air flow outlet side edgddS Magek@RBanying the
rotation of the nagnetic disk. The magnetic head slider 1 further includes
a cont aghe digkls 3 provi ded near the air flow outlet side edge 3 and a
positive. pressure generating area 7 provided near the air flowinlet 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
| evel surfaceAdillustiates in degusuRf tioe magnetit detadasleder h ifimoratded The
contact pad 5 supports the magnetic head 4 so as to contact a surface of

t he mageet po teddparticriofgheocarréagmdie for suippertisesarmagacticohegdvar ch
2005 Further, the magnetic head slider 1 jncludes an U shaped squeeze pad
8 posit chraanaingt shewne rRengne q‘é\‘/‘é&“@ P‘{]H?‘hélglf Uy, f ace as
illustrated in Figure 3. The U shaped squeeze pad 8 includes two side-edge
parts extending along the rotational direction of the nmagnetic disk, i.e.,

e Lo SRS 19 fEet 613, (8%, IR RGBEkREnt! 5k 43 The
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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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 surface positioned at the
mddle level B in the head slider surface, positioned b&bheahtd985t op

| evel A and the low | evel C. These differences in the height levels in the

slider surfacfurthéfdgic iighleaie hdel dilid&r entirRledest anatU-ahdpkier ent

hei ght level, i.e., both the contact pad 5 and the positive pressure

gener at isymerzeapadp8s pbsiimikdcitat thenidifiel hegdhtsisviedcB & tiee slidsiraped
squeeze pad 8 at the mddle level surface B, and the surface area 6 at the
| ow | evedurdagd age Wusdratedddni ghgdreo3asThe Usslapedit equecéiaii phd oBce
generating part for the head slider 1, due to the dynanmi c pressure effect
of the dnflydesptwomsideredge pads sxtendois elngrtlhn sotatienaldirgetipg of
illustrated in Figure 4, the mddl e |leyel surface B.in the slider 13 15
March 2065 B@aEnstie diske i Ssethe g1t Howt diroctips) dupingathe AOWP% Fow | evel

mgnet | 9aBRAHCoFisher J1 THE 1-56Gperl SRteL P B i FFABERS SRRl of the

TRGNet | G HAE olibw LAFRRANRL & RRAoRbU IR Rt S BRI pdd'S Lhyet uati ons

the positive pressure generating pad area 8.

Thus, as illustrated a‘bove, 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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the contact force between the magnetic disk surface and the magnetic 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 nagnetic disk 13 and the magnetic head slider

1. Generally, when a surface of the slider head is positioned close to the
di sk surface, a positive pressure is generated to the sl dercheads
Accordi ngly, when a |lot of surfaces are positioned closer to the disk

surf ace A BEcRRIBERD Bl RS IdvieY QURFRSSAI $hARYEEJow BEl JhbRReeCi n a
stable contact force of the head slider and the disk surface. However, the

confi gurodt tiee sdidek ha1rfaeneBiyCpfinading titesqlicay®iphd Bhie ge@enaghericof a

| arge anobunt of positive pressure, since the squeeze pad 8 is provided at
t he m ddiead shiédér duaf aceofitioh thechdadhesfacieg ssofase obtlhbtraagnetie squeeze
effect. Thus, the configuration of the magnetic head slider 1 can obtain

t he squekigk B3.fdut nhygmetic rhierd sfidehel ogenenppedsp dbet lluetysteszsiog,
Accordingly, it becones possible to performa stable | oading and_  unl oadi ng
of the hbBadasitageforre Pegwernt theunpgeetiediskssuraee vgd Eag mnagnetine cont act
vari ations caus?d by shocks added to the gnetfi c disk 14 15 March 2005
devi ce Wisas ShiafagedypAdiiang dBg peueRss duEb < f%cg?’a?’fﬂ}Fé, byt thgecones

possi bl es;qh%egg I}Q&Ec? 's! ?‘h%ts?btlhee (:S%nute%% ;];a?é ¢ g‘)JnérQ?es”?%BSiéiSn 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 positioned 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 reétricting 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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head 4 agai nst the magnetic disk. According to the configuration of the
U-shaped squeeze pad 8 in the magnetic head slider 1 of an enbodi nent
consistent 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
speed. Accordingly, the positioning differences of thelnignehtRe0head 4 in
a radial direction of the nagnetic disk 13 causes to generates

fl uct uatdeitse i whehe taentaaiodplictéc bptewmeitet kchragansal | adeeadinglyndtt he
magnetic disk 13 along the radial direction of the disk. Consequently, it
i s desi l&ibbmd=o poesible cto hiengeine mastadsie oforttaet nfeged iofetlpr essgmetic n or der
to keep a stable contact to the disk with a snaller contacting force.

Fi gure head 4sigeansisthe magretticdisdad slider 30 consistent with the
invention that includes a variation of the configuration of the nmagnetic
head slider 1 illustrated in Figure 3. As illustrated in Figure 5, in this

conflguratlon of. the ghet ¢ head sl.i der , positive_ pressure
gener at i ng&f mg tg: thecteen lgfﬂ@tf%oydésyﬁsgw&% sHees RIS Lytheze pad
is al so_diuvi ntq t Oa_and 20 s to f rs negative
pr essur &Nt %I :hleﬁa a?vi%heDGC b8t weBn e[rﬂé 8}WFH dCBﬂF’ﬁsge’g% ‘5"&{}}} s't'he?a- 20a,

388 57b 00en ORI d e (I8 SIHE O%C gRABrA Rd2 53 O OWLHE e Bhrek 6> MBI Ch

~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 rédia_l 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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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 6¢ is provided between the divided squeeze pads 20a and 20b so as to
di vide the positive pressure generating area along the air flow direction,
i.e., adirection fromthe air flowinlet end 2 to the air flow outlet end
3, during the rotation of the magnetic disk 13. Accordi hgMarch|2805
configuration of this magnetic head slider 30 having the first negative

pr essur eheofiid@ld leftel Brigatfecforé@df tRs divieled! o paenesatimh8ef THies,negati ve
pressure behind the positive pressure generation areas 7a and 7b.

Consequdnt this mhgaaticdidad slidestHp| the fost aepatige froessuforohmliagneti c
head 4 along a radial direction of the magnetic disk. As illustrated in

Fi gur e Sreahic fis meoviteghbetweqn ¢ébs ulizidashsqoetza gadar 20a 6md 0ot r uct ed
so as to have a pair of tapered air flow controlling walls 9a and 9b al ong
the air g9 & @Vitcgfuth@np@mmﬁgprqs@urﬁogmttr@mreg arpe degsethe airsflowThe

tapered gir flow controlling |1s.9a . apd 9b_are provided sp gs to nake
t he negéﬁr@“éﬁl%ebgur%dém }Al'ia%@ thg aiy Bewgndefusndy2 fgr F Hp¥hg the

direction to the aiy flow outlet side. Consequent]y it becones possible
to rest H‘{'ﬁeqmgé”eﬁ@rﬂg%@ff’tﬁ%‘éﬂ qgg‘ﬁtrpﬁgnﬁﬁ&‘g‘ﬁi‘elebehi nd the positive
pressure generating areas 7a and 7b by conpressing the air flow behind the
positive pressure generation parts 7a and 7b.

Accordingly, the configuration of this magnetic head slider 30
having the first negative pressure controlling area 6c¢, 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 6¢ 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 6¢ 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.

16




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 magnetic head slider 1 illustrated in Figure 3. The magnetic head
slider 40 includes second negative pressure controlling areas 6d and 6e,
provi ded between each of the divided positive pressure generatin areas 7a
and 7b and the divided squeeze pads 8c and 8d. Thus, th&> Maish Pve 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. Furthernore, each of
the second negative pressure control areas 6d and 6¢c is forned to have a
tapered air flowjin controllers 10a and 10b in order to adjust the air
flowin Figwe R dbpstrates @ tRpgnelarherd aslidar 40 crasindgnbtwithhéhg sl i der,
it becanes nore possible to restrict the generation_of the negative
pr essur dNBERHAR that taciudescanp uV@n§@H%¥§$N#§ a?gaguv%ﬁgﬂdogﬁﬁﬁy

i oduckageaLl heay LhaSUS e sREgrd, ARSI VS BeoSHzcen ol 1g
cone: S Siact Sl DUEROAATnd e LA, RORNSIGIEARHORIpA"S 1.
magnet | Gl asbviddd Yetweln! Q'SP ThENAIUOL PSiNR DRESSUFPoEABHAGhE NO ar eas
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 20¢ and 20d
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17 15 March 2005 behind the positive pressure generation sections 7a and 7b
along 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 are at the

hei ght of surface A Further, each the second negative pp&&sah&005
controlling areas 6d and 6e is forned to have a tapered air flowin

control Isdhivel wiepobdivandtedSiared genasitich isedtiohe Phrahd omb idlohgt &ir
respectively. According to these structures of the head slider 50, the

degr ees flokirfg dadotionf Thesthird ngghtiee geesndroegatroligng neess 2Ocandr ol areas
6d and 6e is expanded. Consequently, it becones possible to nore

accur at-629d cownt fosinad besiween | the positifleupredsureegemes tinos siebtienko7at he
magnetic head slider 50 to obtain nore stable contact force on the

magnet i cnédd andgdinsecarik ngrative qwespuee copitiplling aragOdmn@ G4d,| ustrat e

the fluid dynam c pressure operation of nagnetic head sl|iders consistent
with t héch%hﬂ she heaght plistrtacedC; and-tlag eeecan 7a padralrais at fBad sl i der

1, represeniative of magpetic head sliders consistent with the present
i nvent i lgf‘lgs‘)’}[’l‘ﬁ‘g a‘b’ég‘&ee‘é“ﬁi?‘erf redbnihg  secongd megativg | REES§Ect i on (2)

101 2 Rbabing dbeeet 0n AP oo Bl 10" hal’ SOH S0 Fdki-BST T e

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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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 openatiyarnaiooshe
~counter torque Cpp corresponding to variations of speed VOp along the
pitching direction 102. Figure 9D shows the fluid dynam c pressure

operation of C t r ondi o] .atlo f. speed
VpOr al ong thgf%ﬂc?lel ?lrll% %ﬁ?‘ggt ?gﬁ Hj}{%&ﬁ%@%ﬁs ?;1r 2%’%’%@%&@&81&& film
effect du r oyl § gnetic
ead sl | ey ken e O oo RSBRnaIne B N ia GO B B Lo s

anpl i t ude teinaEbnodirddtRaleRF 891 2lMBAré hoCt IspdsdAtiHen fiiHeelyin@Mnik01 (2)
101 (Figure 10), the pitching directron 102 (Figure 11), and“the rolling

di recti onpiessurel gseratibd) . ofThthealsnirsied itbr@as hClppy Wdise dfboddingndiocat es
vibration frequencies (1 Hz to 1 MHz). The ordinate in Figure 10 indicates
count er f gatiasionsndl mpeedcVPpgalimg libe heiachilg dérectionh 1@2unFigueé @Dpl i t ude
at each vibration along the translation direction (z) 101. The ordinate in
each Fi gghewsithefuid dynminiapesssoenceeratimmoé she rdunteadprauet iGry on  t he

head slider with a unit of anplitude at each vibration along the
corresponding to variations of speed VOr along the rolling direction

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 (z) 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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pitching direction 102, and the rolling direction 103, respectively. In
Figures 10-12, triangle dots show the data for the nagnetic 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
Fi gures 10-12, the magnetic head slider consistent with 19 15 March 2005
the invention receives |arger counter forces or counterl$dgoel00dr
suppressing the vibration than the conventional magnetic head slider.

These ragidl iSvddtidst Fictvddhrddie cohihbst Ybkedd drheoliReaettbsqhieados! i der
consistent wth the invention can keep its posture in a nore stably than

the conwgrippreRaind €irél vebiditin $hatCthy onte@bRal Snadnatid hebdsslddemgnet i c
head slider 60 consistent with the invention that includes a variation of

t he magrgidse headtsliildstrate thht dherstradture 6f ghe andgnétie neghediderhead
slider 60 includes shorter squeeze pad areas 8e and 8f than the squeeze
pad ar eamnmisiensusith thesovebtidns cadeksemlibnpastare dnagi owae giatdyti on of
the disk. Thus, as illustrated in Figure 13, the squeeze pad areas 8e and
8f are dham i cogwmidonal beagdshidics talictgireecti on to the rotati onal
direction of the disk. The squeeze pad structures of the sliders 1, 30, 40,
and 50 may increase the contact forces when the atnospheric pressure is

oo SRR U8 e oAl TRt B SOBLBRARSR ey, e

divecti Qfvention 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, 4.0, 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

I_ 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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due to rotati.on 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 at nospheric 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 formalong the rotational diré2eManh@00bhe di sk.
Consequently, the 20 15 March 2005 squeeze pad areas 8e and 8f can generate
t he negaiqueezpr padunesas Bhiart adf tdaemgehlegattedhti vieghties Spressinegel s the
positive pressure generated in the squeeze pad areas 8e and 8f. Thus, the
st ruct urkehihd ohithesnbBhe neegatian ppesyerd chlneelsonhacpoditive eprdssiire magneti ¢
head slider fromfluctuating with changes in the negative pressure behind
t he squaErerptedl indhe Spucnrd Bad wreast$e aadnBEpMBrus, Preesturduire ofr educed.
Fi gures 14A and 14B conpare the fluid dynam c pressure operations of the
magnet i dhife sgnkpdigasnt songprewmt the sestacelgrcesel thagnagnatici head 14A and
50 recei. that is conprise t he

14B, th d.sli es. the force f
suspensie%‘{aeel%ofggnﬁleqrqi}blaftm Wit chiangs ihébe Rgative pg?%%nfech Pinge ;

tig,. head, d the positjve pressuje f nerated.in the squeeze pa
o eas. WEncaned wodhaBRe oy Bull BT VhEe, B BN Rt eboRuf dReur e 1o
becones sppl.L§r- Consequently, the

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 fo restrain the increase of the contact force fc when the
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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 negative pressure fn

al so varies so as to cancel the variations of the posildWMarph@8are. Thus,
the resultant force operating in the squeeze pad areas is simlar to that

bef or e tdignod ekt ipHesShird RRCREARSN TP EfIBFE SEIY Baa&Rts@ AR Istidert becones
possible to restrain the increase of the contact force fc when the 21 15

Mar ch 2Q@msastepsphdth cthis essibirlidenite agesentl tbeekoneact Hercamgstetthe head
slider consistent with this enbodi nent prevent the contact force of the
magnet i anhgadtitr tiwadadsimg chiustng afliiot satdues t dushoz kshackis t Ard #@heospheri c
pressure. Figure 15 illustrates a magnetic head slider 70 consistent with
the inaimosphamapresslngdes a variation of the magnetic 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 the squeeze pads has a forward area 8g and a backward area 8h

that incli ln*‘?gulienlg 1ﬁ|ufs rAtes ta drinragﬁte.{igrhéaaluf rslﬂdglh %0 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
llustrated 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

pressure 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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rotational direction of the disk relative to each other. Simlarly, the

ot her of squeeze pads has a forward area 8 and a backward area 8] that
are inclined in a different direction along the rotational direction of
the di sk. According to this construction, the nmagnetic head slider 70 has
I ncreased the squeeze pad areas in order to obtain a Iarger squeeze
effect. Further it can suppress generation of the positiy¥aee880pe so as
to control the variation of the contact force when the atnospheric

pr essur ehetet sBdee SO ilvgtrasdlin/Fnge A corRPa6B tdieifdsuitik fhraarthatpr essure
operations of the magnetic head sliders 50 and 70, respectively. The 22 15
Mar ch 2065cdmpdissti afeths Guisipensioratiead i, #higdhdd 1foécarft, 1B catmictes t he
force that is conprised of the suspension |oad F, the fluid force fh, the
cont act fofes fxof theimageeradmad endetde positiveepysssure fp garegsted i p
generated in the squeeze pad areas. Wen the atnospheric pressure

decr easdfic $queczsRAq areapr B&aen dhe nptmesnhaeric papssre deprsasgenthy, the
contact force fc increases substantiall . In contrast, the magnetic head
sli der RPIVVEAFEFRES ?mirscg&?%s paliein £ omssauratiacid Rentacinges squeeze
pad are?s.that have th ¥%@§Mard sl ant areas 8g and 8i, and the backward
slant a S-QCQﬁﬁgﬁEQHsénl ; the forward slant area and the backward sl ant

area are inclined

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 8&;.
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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inadifferent direction along the rotational direction of the disk so that
t he 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 nmagnetic head slider 70 can reduce the variations of the
contact force fc of the magnetic head when the atnospheric pressure
decreases. As expl ai ned above, a magnetic head slider cbnMastleBPOnith the

i nvention can suppress fluctuations of contacting forces of the magnetic
head t o rHoAHRREIds Shakvfikifiaes cAuEDE MM aE At thenSortiext b thatpmseheri c
pressures or inpacts to the magnetic di sk nenory device. Consequently, a
stabl e haaentioadimd its) pratided wadndac depypengegmet tlee sdopk aresmyiy oflevi ce i s
realized. It will be apparent to those skilled in the art that various 23
15 Mar chth2dfSentidinf i cati ons and variati ons can be nmade in the context of
the present invention and its practice wthout departing fromthe scope or
sprit of the invention. 24 15 March 2005 WHAT IS CLAIMED IS: 1. A magnetic
head slider having an air flowinlet side, an air flow outlet side, and a
plurality of surfaces between the inlet side
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- and the outlet side for constituting fluid force generating parts for the
magneti c head slider due to dynam c pressure effects of air flow,
acconpanyi ng rotation of a nmagnetic recordi ng medium 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 nedium the nmagnetic head
slider conprising: a contact pad for supporting a nmagnet$ dlanelagdOpor
~recording and reproducing data to and froma magnetic recording nmediumto
enabl e WHATHRYTCHAIRIBBRAaEE:t 0 contact the surface of the magnetic 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 provided near the air flowinlet side for generating positive
pressure duri hg rot ath oragfetichkead giisler havingoniang flosdiniet side wositive
pressure pad area being positioned at the top level; and a squeeze pad
ar ea f oris dlony @aglatgsite. endhei phyradity cdnswdarey) betweensthreinleé idae
magneti ¢ head and_the nagnetic di sk diym the squeeze pad _area is
provi dedngl gh@ Aaflef; side) o msEELtEIR puﬁ farerigeneyding Parey £91 BREween t he
top level and.a Jow,level of the plurality of height |evels.traversing a
Surt ace Rental) bEAY eSliter Hugpi i AT Bt BImd S ol arm 1,
wherein _t

oher ei 0 L0 SRS r Al 8F ' 3adhettt TRBESHEORd AR QBT GFLHAT N0 two
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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15 March 2005 edge parts extending along a rotational direction of the

- magnetic disk nmediumso 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 claim1l1, wherein
"both the positive pressure pad area and the squeeze pad5Maaha065
collectively divided into two parts by a first negative pressure control

area. 5.eddephB@nekictdinghlshpderoaseondl Atebionl 6f thé maghbiie HigRoat i ve
pressure control area between a second negative pressure control area and

t he posimedaiy &sasrte gelgastpastiallateaind thd hewtegelest thahearfasts der
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 ebh¢ iaagaeticahtad wliderapeeortingatbhetainarh wheseid shg the air
flow direction, each the forward area and the backward area of the squeeze
pad’ bei RPAHYAnESSIEE aPilf pEs%erf divaded dintectwensarls by manesatiyes

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

area.

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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respectively along the air flowng direction due to rotation of the
magneti c recording medium 8. A magnetic di sk nenory device, conprising: a
magneti c head for recording and reproducing data to and from a disk

medi um 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 direction of theMireik288%i umin
order to locate the nagnetic head to a target recording or reproducing
track ofrespectdvely al@mid Uthe Whier Bowiridediregtienhi dukead sdtatidh hasthe air flow
inlet side, an air flow outlet side, and a plurality of surfaces between

t he i nl ehaghdac reodrdihg metiem.si de for constituting fluid force generating
parts for the magnetic head slider due to dynam c pressure effects of the
air flow acconmpanying rotation of the nmagnetic recordi ng nedium each of
the plurality of surfaces has a different height l|evel for defining a
different di 8t dneragnetic digl mamefy desiosngRBIRGESID&E or di ng medi um  t he
magneti ¢ head slider .including: a ¢ontact pad for_ supporting a_ _magnetic
head for reco%avﬁgna%ql%aé‘gffﬁmpﬁél%@adtr&paﬂéup Bt teipdd Feltum t o
enable th . JBgn tic head to contact the surface of the magnetic recording
medi um 15 B pad being provided near the air flow outlet side at a

top level of , nagnetic 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
rhagnetic 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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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 contacting forces between
t he magnetic head and the magnetic disk nmedium the sqledeech880area is
provi ded along an air flow direction at a middle height |evel between the
top | evel andatissitiowpresghie Fﬁd@reafpﬁdwded)hiéh@hhkyai@fﬂd%iiﬂm digwel s
traversing a surfaces at the low level. 9. The magnetic di sk nenory device
accor di dgrt genteting, positbreeipreshars qdeersy padativaa dfathan mhbhghetied
configuration including two side-edge parts extended al ong a rotational

di r ect i arcerdingemadignet the poskiveepiesaie padtareat beiogspopidiarieal by bound
the low | evel of the surfaces. 10. The magnetic di sk nmenory device
accordiﬁbetépﬁﬂﬁmﬂaaﬁd wherein the positive pressure generation area is

divided into two parts ay a first negative pressure co&;rol area. 11. The
magneti ¢ di sk@n¥FSAedBRcRr G doF BURPIEsSingiincauatigns, @ fOBRG A%

G vi ded TPHES Dulsvssh taCufRanrhe nAd R O Altefifadk Tdfiunind®!Y

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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control area. 12. The magnetic disk nenory device according to claim 11, 28
15 March 2005 further conprising: A third negative pressure control area '
i nstal ' ed between the second negative pressure control area and the
positive pressure generation area. 13. The magnetic di sk nenory device
according to clains 8, wherein the squeeze pad area is arranged on a sl ant
along the air flowing direction flow due to rotation ofi5tMecHixkK5 14. The
magneti c di sk menory device according to claim8, wherein the squeeze pad

area i-ncf}4gsr & he- area and a backward area along the air flow
di rection, ealcﬂ:ho{rﬁgygogward area and the backward area of the squeeze pad

bei ng arranged gir@ HeFAGIENGressané cohfrdetaRRS insBARRE (Btdleén dheng the
air flowdirection due'to rotation of the magnetic recording nmedium 29
second negative pressure control area and the positive pressure

generation area.

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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