i;e3e\j6waK - 1 TITLE OF THE | NVENTI ON DI SK APPARATUS AND HEAD SUSPENSI ON
APPARATUS BACKGROUND OF THE | NVENTI ON The present invention relates to a

-di sk 5 apparatus, such as a magnetic di sk appar at us, and a ﬂ ,mmm |on
assenbly used in the di sk apparatus. A disk apparatus, mn wmwﬂ

di sk apparatus, conprises a magnetic di sk arranged mnthln a Casfyy g Spi ndle
mot or supporting and rotating the 10 nmagnetic di sk, a nmagnetic head for
reading/witing information in and out of a nagnetic di sk, and a carriage
assenbly supporting the magnetic head to be. novable relative to the

magneti c di sk. The carri age asaquky HEQ @ that is rotatably
supported, 15 and a suspension exten omthe arm The nmagnetic head is

nmounted on thepexkendpagagnd akpt h@A@uggglﬁﬁN@rmNTﬁ@pm&%@ ¢ head conprises
a slider nmounted on the suspension and a head portion provided at the

slider. The head portion inchacesr@0Na oepreduciveNetenent for the reading
operation and a recording elenent for the witing operation. The slider

i ncl udes a di sk-faciThg pukisate posidntdred ried dftace tiche d@ex di ng surface of
t he magnetic disk. A prescribed head |oad directed toward 25 the nagnetic
recordi ng | ayerppiirehespagnehi esdiskaignesppl dedkt appheashisdermnky t he
suspension. During operation of the magnetic di sk apparatus, an air

a head suspension assembly used in the disk apparatus.

A disk apparatus, e.g., a magnetic disk
apparatus, comprises a magnetic disk arranged within
a case, a spindle motor supporting and rotating the

10 magnetic disk, a magnetic head for reading/writing
information in and out of a magnetic disk, and a
carriage assembly supporting the magnetic head to be.
movable relative to the magnetic disk. The carriage
assembly includes an arm that is rotatably supported,

15 and a suspension extending from the arm. The magnetic
head is mounted on the extending end of the
suspension. The magnetic head comprises a slider
mounted on the suspension and a head portion
provided at the slider. The head portion includes

20 a reproducing element for the reading operation and
a recording element for the writing operation.

The slider includes a disk-facing surface
positioned to face the recording surface of the
magnetic disk. A prescribed head locad directed toward

25 the magnetic recording layer of the magnetic disk is

applied to the slider by the suspension. During

operation of the magnetic disk apparatus, an air
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- 2 streamis generated between the rotating magnetic disk and the slider,
and a force causing the slider to fly fromthe recording surface of the
-magnetic disk is exerted on the disk-facing surface of the slider 5 by the
principle of the air fluid lubrication. By allowing the flying force to be
bal anced with the head |l oad, the slider is kept flying wwth a prescribed
flying height defined between the recoLdi%g surface of the magnetic disk
and the slider. 10 The flying anmount of the slider is required to be
substantially the same at any radial position of the magnetic disk. It
shoul d be note he _r iLona t he netic disk is constant
and, thus, thegF%Eggrage 8@%?§k§5 %ﬁzaﬁggnggﬁcrSFEEQBHdE?gPﬁ Sider 15

di ffers depending.o h adi osit.i0 e i.der. .Si.nce .t posi tion
of the nagnetigaﬁéagnﬁs%agtgFﬁbﬁgd E&Ht%e%ﬁgkgr§§g§g§ﬁa§§ea%§é$%ﬁy, t he
skew angl e (i.eo, riferang Qh@efrle@%gd@%%;"‘%ﬁ@ftala% ga!fO\eﬂh'égm‘l' hey! P’Ei]i%’}d the
center line of the slider) also 20 differs depending on the radial position
of the slider.iknekbetdasbantat thexsltbdehg khiriracReeesEAkLY shqsyppress the
change in the flying anount of the slider depending on the radial position
of the nhgnetibydihk Pbihyipliel bZi Rgeapprogluatehybi-rheatwonpar anet ers not ed
above, which are changed depending on the radial position of the nmagnetic
di sk. - 3 Wagrelihwichahge ifaytihg éoviceotnpebe bhlaseeids wiakerhent o
account, the disk apparatus is required to performits operation snoothly
even under theheadi toadenthef sdidedudedkppésslyenignwhéehght preherided t he
magnetic head i s constructed in view of only the bal ance between the
positive presstit¥lBEphréghtodehiéngrsketaerng thar racordfinohsugifiager dfecause
of the air fla%g | ubrication and the head_ | oad, the slider is bal anced at
the position PeMEABEFIGi AgSknBhAt the $81M6%ered or is brought into

contact,with the surface.of the magnetic di sk._hecause the positive pressure
generat%gﬁby t he ai&BFlgﬁglpﬁbﬁpg toﬁfi§%ﬁoﬁéﬂgﬁruﬁ@eFQﬂuﬁéﬁﬁkéﬂ’5¥%ssure

envi ronment . DEEBE?EEQiETinyEeeéQQB'%t %% a@%é?aﬁa%%ggtion of the

magnetic disk. It should be noted that the rotational
speed of the magnetic disk is constant and, thus, the
linear velocity of the magnetic disk under the slider

15 differs depending on the radial position of the
slider. Since the position of the magnetic head is
determined by the rotary carriage assembly, the skew
angle (i.e., the angle defined between the flowing
direction and the center line of the slider) also

20 differs depending on the radial position of the
slider.

In the design of the slider, it is necessary to
suppress the change in the flying amount of the slider
depending on the radial position of the magnetic disk

25 by utilizing appropriately the two parameters noted
above, which are changed depending on the radial

position of the magnetic disk.



15 Di scl osure (Kokai) No. 2001-283549 is a disk apparatus having a negative
pressure cavity forned in the vicinity of the center of the disk-facing
surface of the slider. The negative pressure cavity, which is intended to
prevent the loss of the flying amount 20 of the slider noted above, is
defined by a groove surrounded by a wall in all the directions except the
direction in which the air flows out. Thesdi sk apparatus disclosed in this
prior art is constructed such that the slider is caused to fly by the

bal ance 25 between the negative pressure generated by the negative pressure

cavity, the head | oggo ANdyLNErIONL! LYe LIRS, AGHY diing Lo Lhi s

constructi on, - the positive pr essure %ecreases un a reguced

pressure enVIrea&@atan@etaeeeuﬂ%ga&hgede %sggggrakag SCLEA%ES e

sinmultaneously. It follows that it I's possib to realize a s |gér l ow in

the decrease ofoSptheokhyiing @Ee&atloASSQQ%%hu dvabov@delt tihg possible to
control the flying anount of the slider, the flying posture of the slider,

and the decreasaviiRohhent! yitng aeBUBtdObreReusk dar headersa r aauead
pressure by designing 10 appropriately the irregular shape of the

di sk-facbng suthacmaghethe &kideds Thesitruegedainskape of bhe ydicsk- f aci ng
surface of the slider is defined by grooves having a single kind or two

ki nds of depthbaﬂanvbewecweehethanpbadtdwbngreeshrefappélsbiderthbS I n
recent years, the slider is being made snaller and smaller. The size of the
slider is standaFdrieding sscérganed wheh siLDENA bereasravifotale Biisk Drive
Equi pment and Material s Association). In accordance with the size, the
slider is terngéuédn#HPréF?GéPHZGnélﬁbé §P@§eﬁ?ada ﬁh@réléﬁﬁéeﬂs(700

lid lid 0 lid I 30 lid d fem
A e O L
b thip fil th Lid th k t ble t
T T e R
th th d t t f th
(s, the renubectig pg saRtcoas e%ebgggg SRl B R, o e

fol low the irrggHbaciby o9 the surfage.ef 1 hﬁ%lgaqeghlasdu%§ere%rthef the
portion o actuator i S déecreased and, thus,
the seeking 5 gpeed eamrebB@ckACHea8RUre environment.
Disclosed in, for example, Japanese Patent
15 Disclosure (Kokai) No. 2001-283549 is a disk apparatus
having a negative pressure cavity formed in the
vicinity of the center of the disk-facing surface of
the slider. The negative pressure cavity, which is
intended to prevent the loss of the flying amount
20 of the slider noted above, is defined by a groove
surrounded by a wall in all the directions except
the direction in which the air flows out. The disk
apparatus disclosed in this prior art is constructed
such that the slider is caused to fly by the balance
25 between the negative pressure generated by the
negative pressure cavity, the head load, and the

positive pressure. According to this construction,
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However, if the area of the disk-facing surface of the slider is decreased
in accordance with mniaturization of the slider, the problens pointed out
bel ow are energe. 10 1) The flying force of the nagnetic head is decreased,
whi ch causes the slider to be incapable of supporting the read |oad. As a
result, the magnetic head is brought into contact wwth the surface of the
magnetic disk. 15 2) If the slider is incapable of supporting the head

| oad, the flying state of the magnetic head is lost. In order to overcone
t he probl ens pointed out above, it was customary in the past to dimnish

he 20 head | [ ' f d E
whor e the SIi dor i BOBTEr A uby S8 FoneT he L Eo SFPRer FREACThe femo. |

slider, the de E€§§§rbneBO@rBﬁﬁgnkoagukstBQeng?5@§5Ee?g§ ggrglggat IS

taken in recent years. For exanple, where the fento s I's used in

the 2.5 inch typerbagdsdikskudeb¥eohian theIﬁD@bhgo@@p@5§EU§t the upper limt
of the head load is said to be 19.6 n% (2 gf) 6 However, if the head

load is dinini phedibheatoordabteewit blitaial ki zat kae abcrbass! bger, the

suspension and the slider tend to junp up fromthe nmagnetic di sk when an

i npact i3 appl tkd foyihg dinsknb.apparatus. When the junping up slider is

brought back, it is possible for the slider to collide with the nagnetic

di sk so as to do dafsgdesorthedr ebovged idatis. potssfidllleows tclatt ridie decr ease

of the head | oad deteriorates the resistance to the inpact of the disk 10

apparatus. Al sbhej flyhegnangunf phetbpi déides, débeeddwdnunpastorgance with

m niaturization_of the_slider, it nmay be possible to inprove the resistance

to the inpact Bf the Stider: ﬁBﬁB§EF dﬁﬁéeﬁﬁﬁpﬂﬁgthérééyéﬂgspm@éﬁtwhen 15
S reatl affecte t he equi val ent

ﬁgs;ng?cthgssﬁggehg?oﬁ égghahégﬁ; at hé EFFGagFSﬁsuFﬁegHeéﬁéégél f the mass
A el R A R A R
surface of the slider. The irregular shape of the
disk-facing surface of the slider is defined by
grooves having a single kind or two kinds of depths
in view of the manufacturing cost of the slider.
15 In recent years, the slider is being made smaller
and smaller. The size of the slider is standardized
in accordance with IDEMA (International Disk Drive
Equipment and Materials Association). In accordance
with the size, the slider is termed a mini slider
20 (100% slider), a micro slider (70% slider), a nano
slider (50% slider), a pico slider (30% slider) and
a femto slider (20% slider). Since the magnetic head
is collectively manufactured by a thin film process,
the slider with a smaller size makes it possible to
25 realize a larger magnetic head quantity with the same
area of wafer and, thus, the manufacturing cost can be

reduced. The miniaturization of the slider permits



20 It follows that it is possible for the decrease of the head load in
accordance with mniaturization of the slider to provide a factor for
-decreasing the resistance to the inpact of the slider and for |owering the
reliability of the disk apparatus. 25 BRI EF SUMVARY OF THE | NVENTI ON
According to an aspect of the present invention, there is provided a disk
apparatus, conprising a 7 di sk- shaped recordlng medi um a driving
section configured to support and rotate the recording nedium a head
including a slider having a dISk facing surface p05|t|oned to face a

surface of the wegord a0 £l ayred 1o fly. by an gt stream

gener ated by t he T ot ation o e recording medi Steen e éﬁrface of

the recordi ng nedijyy and t tg&éﬂﬁ‘%fl req%to pasqffﬂcet Q)ef séé{ %g&dlca head

portion nmounted on the slider config orn1recor

reproducti on ofqiigi of MRbiteR 4 N @nd s oft the 1ecardi ng, dred) 0 2ngk & head

suspensi on supporting the head to be novable relative to the recor I ng

medi um and applttinhencheatdoad tie theheahd e haathd oathdeid dig ect ed
toward the surface of the recording 15 medi um The di sk- faci ng surface of

the slidér is sied rain ey gercddwred) . 935 (nm) X 0 . 77 (nm , and the
head load L (nmN) and the |lowest linear velocity A (nfs) of the recording
nmedi um have the fol Iweierelaf idshmpea lof? hag 4 faling 20r Pecording to
anot her aspect of the present invention, there is provided a head

suspensi on ass&lhausdddar dfdldﬁcr@ﬂmfhtm dqudnekinme aviditsk- | i ke
recording nmedium and a driving section configured to support and rotate

t he recordlnglﬁ&ﬂ%ﬂﬁ rig ety iafi fdre & Helar i ndlaudinnpkend inemteding a

di sk-facing surf ositioned to face the surface of the recordi ng nedi um
and configured“ ‘5‘069 St &erde-

10 1) The flying force of the magnetic head is
decreased, which causes the slider to be incapable of
supporting the head load. As a result, the magnetic
head is brought into contact with the surface of the
magnetic disk.

15 2) If the slider is incapable of supporting the
head load, the flying state of the magnetic head is
lost.

In order to overcome the problems pointed out
above, it was customary in the past to diminish the

20 head load in accordance with miniaturization of the
slider. Even where the slider is miniaturized from
the pico slider into the femto slider, the decrease in
the head load is the mainstream measure that is.taken
in recent years. For example, where the femto slider

25 is used in the 2.5 inch type hard disk drive for the
mobile apparatus, the upper limit of the head load is

said to be 19.6 mN (2 gf).
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_ g _ streamgenerated by the rotation of the recordi ng nmedi um between the
surface of the recording nmedium and the di sk-facing surface of the slider,
-and a head section nmounted on the slider configured to perform5 the
recordi ng/ reproduction of information in and out of the recording medi um
and a head suspension supporting the head to be novable relative to the
recordi ng nmedi um and applying a head |loadgto-the head, the head | oad bei ng
directed toward the recording 10 medi um The disk-facing surface of the
slider is sized not larger than 0.935 (mm) X 0.77 (mm, and the head |oad L
(mMN) and the | owest y4li vel-o¢city+A of. .t Lec is;ng..medi um have
the fol | owi ng relatﬁgkgﬁ?%! EE?E§E726§&K&§£S.%? ?EmégﬁEEgBEg&RIPTICN OF THE

SEVERAL VI EVE LEcJIHEaRRAW Neh Thenagearpanyk B draphpos) 1whik-chegee
incorporated in and constitute a part of the specification, illustrate

presently enbodispahsieh hhe tA¥estienr asddt egethpp wht RrbRecgeneral
description given above and 20 the detail ed description of the enbodi nents

gi ven bel ow, seagretbOcedpkiri whtheaprifnpapkessobpbheepr esenhei aYerti on. FI G
1is a plan view show ng an HDD according to one enbodi ment of the present

i nventiom; 25 &par2tus.a Whde vhewjshpwhggupnsaidagnibi bdofighhi on the
magneti ¢ head portion included in the HDD shown in FIG 1; g_ FIG 3is
a perspective bielw showiagrassibder fon the silddesf ta dipdkiflacwaghsurface,
the slider being included in the magnetic head; FIG 4 is a plan view
showi ng the di skefBepRgtscsdifkceoopst he dpi denagr| & Sheckeraridedl |y shows

t he conti nuous t¥pe pad and_the separation type pad for each aspect ratio
data. It follows that the decrease of the head load

deteriorates the resistance to the impact of the disk
10 apparatus.

Also, if the mass of the slider is decreased in
accordance with miniaturization of the slider, it may
be possible to improve the resistance to the impact of
the slider. However, the jumping force of slider when

15 an impact is applied to the slider is greatly affected
by the equivalent mass of the suspension. Such being
the situation, the decrease in the mass of the slider
scarcely contributes in practice to the improvement
in the resistance to the impact of the slider.

20 It follows that it is possible for the decrease of
the head load in accordance with miniaturization of
the slider to provide a factor for decreasing the
resistance to the impact of the slider and for
lowering the reliability of the disk apparatus.

25 BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention,

there is provided a disk apparatus, comprising a




in the disk-facing surface of the slider; FIG 6 is a graph show ng the

rel ati onship 10 between the aspect ratio and the generated force for each
-of the slider provided with the continuous type pad and the slider provided
with the separation type pad; FIG 7 is a side view show ng the
construction of 15 the slider; FIG 8 is a graph show ng the relationship
between the linear velocity of the disk apd the generated force; and FIG 9
is a graph showing the relationship 20 between the | owest |inear velocity
in the apparatus and the head load in the case of using a pico slider.

DETAI LED DESCRYPI) b O o FHE LWENEL Ol A9, Do eyt g7 cLhe present

I nvention, in which a di sk apparat e present rnvention is applied 25

to a hard di skcdniyguehar ebnahibgbrtr gher &egaftg EBR) re%khiﬂe_fwgé%u%ﬁécri bed
in detail with reference to the acconpanyi ng draw ngs. -1

a head including a slider having a disk-facing surface

positioned to face a surface of the recording medium

5 and configured to fly by an air stream generated by

the rotation of the recording medium between the

surface of the recording medium and the disk-facing

surface of the slider, and a head portion mounted

on the slider configured to perform recording/

10 reproduction of information in and out of the
recording medium; and a head suspension supporting the
head to be movable relative to the recording medium
and applying a head load to the head, the head load
being directed toward the surface of the recording

15 medium. The disk-facing surface of the slider is
sized not larger than 0.935 (mm) X 0.77 (mm), and
the head load L (mN) and the lowest linear velocity A
(m/s) of the recording medium have the following
relationship: L £ 2.74 X A + 2.7.

20 According to another aspect of the present
invention, there is provided a head suspension
assembly used in a disk apparatus including a
disk-like recording medium, and a driving section
configured to support and rotate the recording medium,

25 comprising: a head including a slider having a
disk-facing surface positioned to face the surface of

the recording medium and configured to fly by an air



As shown in FIG 1, the HDD conprises a rectangul ar box-like case 12 open
in the top, and a top cover (not shown) screwed to the case 12 with a
plurality of screws so as to close the opened top of 5 the case 12. Housed
in the case 12 are, for exanple, two magnetic disks 16 (one magnetic di sk
16 al one being shown in the drawi ng) used as a recording nedium a spindle
motor 18 used as a driving section for_10gsupporting and rotating the
magnetic disk, a plurality of magnetic heads for witing in and reading
information fromthe magnetic disk, a carriage assenbly 22 supporting the

ti head i t i i . i 15
TRanet ] 0 neats sk ity TRV b 1UR Lcha monets, diakg Ay, @ vol oe
assenmbly 22 andd8t@f Hthadt he PARidd- ofr the GUJIRES ALY 2% 2

ranp | oad nmechanism 25 for holding the magnetic heads at "a retreat position

apart from the thRoRatC ks 20 MhRR e tRonatide Neads & e Jmyved to the
outernost circunferential surface of the magnetic disk, and a substrate

unit 21 havi ngsefcarn exaimping.ed dieathd G1 NN id¥nad firelitlo Rrarh fghot shown)
is screwed to the outer surface of the bottomwall of the case 12. 25 The
printed 6ir cui tthieoaretccaig|reproeluandrat icdh ieff drdwe tspinndine anet or 18, the
VCM 24, and the magnetic heads via the substrate unit 21. - 11 Each of
t he magneti c diocgsiks off6 thaes re araghietd aedssor;diang laayeradsusgemnsdfort he upper
surface and the | ow surface thereof. The two magnetic disks 16 are fitted
to outer circuft@ErORGIAg dlvef deadofton Heumausdil s reH@t)veoft o Hévespi ndl e
nmotor 18 and fixed on the hub by a clanp spring 17. As a result, the disks
16 are coaxi al TP COTrEERed el e aﬁﬁe@@rﬂlb’édl%a?p%’(%& disednwden the heapddi s
driven, the t magnetj ¢ di sks 16 10 direction denoted by an arrow B at a
e.g., at a spe eoglez?fioéoraﬁimbetw FHERAGSE hayaRd Hhe FRiEnbt or 18 are

rotatediyn 2 PLgsabed peet e ol age Ass Bl 22 apludes 2 bear g
32 extending fromJlNe ReAIN&r than 0.935 (mm) X 0.77 (mm), and the
head load L (mN) and the lowest linear velocity A
(m/s) of the recording medium have the following
relationship: L = 2.74 X A + 2.7.
15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently embodiments of the invention, and
together with the general description given above and
20 the detailed description of the embodiments given
below, serve to explain the principles of the present
invention.
FIG. 1 is a plan view showing an HDD according to
one embodiment of the present invention;
25 FIG. 2 is a side view showing in a magnified
fashion the magnetic head portion included in the HDD

shown in FIG. 1;



15 section 26. These arnms 32, which are positioned in parallel to the
surfaces of the magnetic disks 16 and a prescribed di stance apart from each
-other, extend in the same direction fromthe bearing section 26. The
carriage assenbly 22 also includes elastically 20 deformabl e el ongate

pl ate-1i ke suspensions 38. Each suspension 38 is forned of a |eaf spring.
The proxi mal end of the suspension 38 is Jixed to the tip of the arm 32 by
means of a spot wel ding or adhesion, and the suspension 38 extends fromthe
arm25 32. Incidentally, it is possible for each suspension 38 to be forned

ntegral with the cergesgondingeacm32.:Fae.aLm 3R.AN ! e syspension 38

col l ectively - 12 orma h pensi on. 0, the~“head suspensi on and

the magnetic hegd sphLeski yehyskoem-anhe ensf,Qn ; shown in
FIG 2, each nmagnetic head 40 % incluggsggrggggfaﬁ??a ?éagggkéﬁaéfar sl i der

42 and a head petlig@Bd44nf ener ReQRELNE/ hepreduction of information, which
is mounted to the end surface of the slider 42. The slider 42 is fixed to a

gi mbal spring 41, wsiich ésispunpednorikhe sdostiah ehd Pakkigaci@gof the
suspension 38. A head load L directed toward the surface of the nagnetic
di sk 16 $s appsuefiate edchhef sihdempgneti c heads 40 by the elasticity of

t he suspension 38. As shown in FIG 1, the carriage assenbly 22 15 i ncl udes
a supporting frame F3Gexbtemdhrgatiomliiye shemsi meseonitanudbsi wypedi recti on
opposite to the extending direction of the arm32. A voice coil 47
constituting aPpdréndf thhesvenrp§iprotyaedrsed the sapborsbagtf raméos5. The
supporting frame 45, which 20 is nmade of a synthetic resin, is forned
integral with thethsi eéskofpcangi guafaganef thesari6ard the outer
circunferenti al sur%&ge f .the voic%tcgil_47. The voice coil 47 is |ocated
between a pair of y6k&s 291fi RedT8R™ RECWALE 1he FRSEIPHIELIPA9 and a

magnet 10 between the aspect ratio and the generated force for
each of the slider provided with the continuous type
‘pad and the slider provided with the separation type
pad;

FIG. 7 is a side view showing the construction of

15 the slider;

FIG. 8 is a graph showing the relationship
between the linear velocity of the disk and the
generated force; and

FIG. 9 is a graph showing the relationship

20 between the lowest linear velocity in the apparatus
and the head load in the case of using a pico slider.
DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention, in which

a disk apparatus of the present invention is applied
25 to a hard disk drive (hereinafter, referred to HDD),
will now be described in detail with reference to

the accompanying drawings.



25 (not shown) fixed to one of these yokes collectively formthe VCM 24.
When an electric power is supplied to the voice coil 47, the carriage
-assenbly 22 rotates - 13 about the bearing section 26 and noves the
magneti c head 40 to a desired track on the magnetic disk 16. The ranp | oad
mechani sm 25 includes a ranp 51 nounted on the bottomwall of the case 12
and arranged 5 outside the magnetic di,sk,}6, _.and a tab 53 extending from
the distal end of each of the suspensions 38. Wien the carriage assenbly 22
is rotated to reach the retreat position outside the nmagnetic disk 16, each
tab 53 is engaged whch bR aup-surface .or apd an g 10 Lanp S1and, then,
is pulled upward al ong the inclined ranp surface s6 as to-unload the
magneti ¢ head g LE: gLS he,c ruct i th gnhetic head
70%w 11 now be-GomapBRIgROREYLE 8LskasTlTarensh Eﬁeé3@29F8'4?n?ﬁe 15
magnetic head éotbached@§_3n§klgﬁawﬁ¥ baykRgdatghape ehssulst apkhal ly
rectangular prism The slider 42 has a disk-facing surface 43 positioned to
face the surfagepofirthetiaghesieetsSkols Thecsbisdetnd2obentar veg as a
flying type slider and is caused to fly 20 by an air stream C generated

bet ween Bhe di skesunkacea2and the di sk-facing surface 43 of the slider 42 in
accordance with rotation of the magnetic disk 16. During operation of the
HDD, the disk-faci nffosisedada 4Beofcatslkee 18l iagder, 421 £xpogpilts,oec to face the
di sk 25 surface with a prescribed clearance defined therebetween. The
direction of thagaerkist déaksClis (eggamagpethe ddésat ilitgadionecbiednaB of the
magneti c di sk - 14 16. The head portion 44 of the magnetic head 40 is
formed on the &RAWBuifat8eofranéng)i geedaason trECHSIAST Pediusi.de of the
air stream C. The sliger 42 is_caused to fly in such an inclined posture
that the 5 head PBrProR HRTPE pEsPerened &l 85d¥indoseréignsikodurf ace.

Incidental ly, the head portion 44 incl ding. el ement (nqt_sh
and a1 B otucPHGPEr GhBH: “CHoE SALINY LOF PGBEGT Aol ofuBrHs St mat 1 on

in and out of 5 emggggﬁg%cpggag %ggr%%ééin%hgwnaig E%g?%ﬁ%iand 4, the

di sk-facing surface e sl isformed su ally rectangul ar

and has a firstnaxi-g,Xi8Rd radoge¢RRdna%hs+YPELReNdicular.;ta the first axis
X. The slider 43 i's gr%angedoto facg ?Re sﬁr?&ce'o? #ﬁgr&% Netic disk 16 15

such that, durhpgehbeyoper atibgbrefinghenEDRaghle it hehdaxics Xel s _
substantially equal to the direction of the air stream C. The slider 42 is
formed as a fefib@able relative to the magnetic disks 16, a voice
15 coil motor (hereinafter, referred to VCM) 24 for
rotating the carriage assembly 22 and determining the
position of the carriage assembly 22, a ramp load
mechanism 25 for holding the magnetic headé at
a retreat position apart from the magnetic disks
20 when the magnetic heads are moved to the outermost
circumferential surface of the magnetic disk, and
a substrate unit 21 having, for example, a head IC.
A printed circuit board (not shown) is screwed to
the outer surface of the bottom wall of the case 12.
25 The printed circuit board controls the operation of

the spindle motor 18, the VCM 24, and the magnetic

heads via the substrate unit 21.



hslider. Concerning the size of the disk-facing surface 43, the length Dl in

the direction of the 20 first axis Xis 0.935 mmor less, and the width W

in the direction of the second axis Y is 0.77 nmor less. In general, the

di sk-facing surface 43 is sized at DL: 0.85 mm X W.:. 0.7 mm A stepped
surface 50 is fornmed on the disk-facing 25 surface 43. The stepped surface
50 is fornmed in substantially a U shape sych_that the upstreamside is

cl osed and the downstreamside is left open with - 15 respect to the
flowng direction of the air streamC. In order to maintain the pitch angle

of the magnetic head,48, -2 leadiignkad Sl ald @l\éagn% tAgneliider 42 to be

supported by the air filmis forned on the 5 stepped surface 50. The

| eadi ng pad 52rbhasrafingl 0Rgatecshapen e@nthauousky axtends bLAdt keedi rection
of the second axis Y, and is positioned in the portion on the in-flow side

of the slider 43weel atir¥eckothbeeaifr. strheamvc. miQnékect kyskg farege
generated in the slider 42 was conparatively analyzed as follows, covering

t he case whereftheebeadi ngtpadcizcusfbeenedailn sarfageebft @ axbendot
continuously in the direction of the second axis Y and the case where the
| eadi ng pad 52shewhd sépahat epindie tnatiosedBi ansl ifaxekeodi teet hab b t he
second axis Y. As shown in FIG 5, a leading pad having a prescribed area
was formed on eheldmgksbaéhnagldurf AGeaofreshdts| ither t42, magdethie flyi ng
force was conpared bé changi ng the _aspect ratio gratio of the 20 length to
the width) of fhEKSad®t 8rrarraKiehiy strskge of BEEwbER Yii&hda4. FIG 6 is
a graph show ng the sinmulation results. As showm in FIG 6, the flying
force generategrﬁﬁcfﬁbggoH?PnGBG§eg§5§eﬁ§d wad §P€aFPFn§H§nmPﬁ83fﬂéing
force 25 generateg by the _separation type pad.in.the case where.the aspect
ratio was 2 or “fio 5}¥?Hé Eiﬁe%WﬁeﬁﬁgpeééFa%ﬁﬁéﬁrPf EG5pSPLe teat ™ Re f1ying
force cap be direction denoted by an arrow B at a prescribed speed,
e.qg., at a speed of 4200 rpm.

The carriage assembly 22 includes a bearing
section 26 fixed to the bottom wall of the case 12
and a plurality of arms 32 extending from the bearing
15 . section 26. These arms 32, which are positioned in

parallel to the surfaces of the magnetic disks 16 and
a prescribed distance apart from each other, extend
in the same direction from the bearing section 26.
The carriage assembly 22 also includes elastically
20 deformable elongate plate-like suspensions 38.
Each suspension 38 is formed of a leaf spring.
The proximal end of the suspension 38 is fixed to
the tip of the arm 32 by means of a spot welding or
adhesion, and the suspension 38 extends from the arm
25 32. Incidentally, it is possible for each suspension

38 to be formed integral with the corresponding arm

32. The arm 32 and the suspension 38 collectively



- 16 generated nore efficiently by allowng the pad to be shaped
continuous in the direction perpendicular to the flowng direction of the
air streamC. In other words, it is clearly supported that the pad of the 5
particul ar shape is effective for conpensating for the decrease of the
flying force acconpanying the mniaturization of the disk-facing surface of
the slider 42 and for mmintaining the_flyikng _posture of the slider 42. 10
It is desirable for the wwdth W2 of the leading pad 52 in the direction of
the second axis Y to be |larger than 60% of the width D2 of the disk-facing
surface 43 of slLi 4 LS e Lme Wi 1S set, at
about 60% of t%ggﬁﬁétﬂgéelguiégpﬁggﬁdepgggbélEéﬁ §E§d|g§§?ﬁ§%53 @%dto have
arigidity of the ahpnbthm gEELCLENGLYE1LEb1LS rdeRi baBkadt @ k@M St epped
surface 50 on the upStreamside of the leading pad 52 in the flow ng
direction of thgsampigtream C. Such being the situation, the stepped 20
surface 50 was forned on the upstream side of the |eading pad 52, and the

| ength D2 of the steppedosur iacericn bhe edicheglig@rtalc thhed igost axis X was
set at 100 or nore of the length D1 of the disk-facing surface 43. 25 The

| eadi ng pad 52ihadutibe amglhibestnwidlhypeetiiangunatrhe ldideectdizomnef the first
axis X, and the leading pad 52 is left open fromthe smallest wdth portion
- 17 toward thehdednpbreammside fofr trkeodidskgl/ aepmgdsartfiace o£3 in t he
flow ng direction of the air stream C. The stepping effect can be expected
fromthe partiébfarmaesasnr uwhiieh, 1gnaovhéegaitol thkeaendossinface of is 5
effective for supporting a |large head load L with a smaller area. As shown
in FIGS. 3 andth® glhdgat Ade prBgssladesvitty 154 fdarchée By ddmbadess is
formed in the central portjon of the disk-facing surface of the slider 42.
10 The negativépﬁFﬁgsﬁge Wh%FPyl§4mP§n68§iPPoﬁ§% Gf SR AR SOTEATSi de of

the | ' d.52.in _the fl ow di i f th i, t Cand is left
open ot d | nE eblCof P RE IO RRerPeant sl 88 ol e LU S5a DG SAtface 43 of
the slider 42-t§é S5 ¢g3ar Ledpabgye, Lhe negative pressyne £avity 54 is
formed to includé a pressuré re u0|§g portion generate% on tThe dowist r eam

side of the |egdi RgePRdgperibNBEGRY n8abizing élag,gatcii\e%, Ry e cavity
generating a | arge negative pressure. By form ng the "‘negative pressure
cavity 54 defipgdpbysaonesess,
As shown in FIG. 1, the carriage assembly 22
15 includes a supporting frame 45 extending from the
bearing section 26 in a direction opposite to the
extending direction of the arm 32. A voice coil 47
constituting a part of the VCM is provided on the
supporting frame 45. The supporting frame 45, which
20 is made of a synthetic resin, is formed integral
with the voice coil 47 in a manner to surround the
outer circumferential surface of the voice coil 47.
The voice coil 47 is located between a pair of yokes
49 fixed on the case 12. These yokes 49 and a magnet
25 (not shown) fixed to one of these yokes collectively

form the VCM 24. When an electric power is supplied

to the voice coil 47, the carriage assembly 22 rotates



it is possible to generate a negative pressure in the central portion of
the disk-facing surface 43 of the slider 42 in all the skew angles realized
in the HDD. It follows that it is possible to nmaintain constant 25 the
rolling angle of the slider 42 in the position in any radial direction of

t he magnetic disk 16. On the other hand, if the negative pressure - 18
generated at the end on the inflow side @i the slider 42 is excessively
high, it is difficult to maintain the pitch angle, with the result that the
flying posture of the magnetic head 40 is |lost. Such being 5 the situation,

an area S4a °C§%8h€dt9%eﬁ §§E$§3E58€i856?%“Eﬁgcﬁéyé¥h§ﬁeiHagpgggé region on

the upstream side of 't acing surtace 43 e sl in the

direction of tnga&iaéttaxgsdés&§eae£raek2§%6eaelﬁ§§n8£iaha%§§'&6@rea of the
di sk-facing surface 43 of 10 the slider 42. As shown in FIGS. 3 and 4, two

i ndependent side padgeS@afiBy 168df AebBEneBnt e sheppedssHr kaqe Q. These
side pads 56 are positioned on the downstream side of the |eading pad 52 in

the flow ng dinechtea dh ehethetabm whieasrCrasdcaseangednanabebhgsides of .
t he negative pressure cavity 54 with respect to the direction of the second

axi s Y. By forouhgitihethedrapadsibbdikk 1§, pasdi bl eabo-generahdiagpositive
pressure on both sides of the negative pressure 20 cavity 54 in the
direction of theosetbaddagislYen®hefpesrchi vé phessuspenhilsngeiér.at ed
corresponds to the negative pressure generated in the central portion of
t he di sk-faci n§hedr fh€ecagropgehassenery 42. 1Asratrésdl £o trhachofibat of the
magneti c head 40 in the 25 rolling direction can be supgressed. It follows
that it is posifbFeatoPeappiessOorheifgl Fhrgrapnekécnadgist L€ heaghq0 and to
mai ntain the desjr g flyin ost ur e, of - 19 the magnetic head 40. As
Shown in FI'G 7aPtRd dPSRDPABFAGUSLRT SBE A3TBY SLRESE deFmes PRy tBE f or med
in an arcuate surfa sucgh Bat the central portion.of the disk-faci.ng
surface{QS 5 pF%PPuggsapéﬁa% ephel?upygéggoPBVﬁédnﬁ&HEQiEgaiéEc&ﬁﬁed
ramp surface so as to unload the magnetic head from
- the magnetic disk.
The construction of the magnetic head 40 will now
be described in detail. As shown in FIGS. 2 to 4, the
15 magnetic head 40 includes a slider 42 having a shape
of substantially rectangular prism. The slider 42
has a disk-facing surface 43 positioned to face the
surface of the magnetic disk 16. The slider 42 is
formed as a flying type slider and is caused to fly
20 by an ailr stream C generated between the disk surface
and the disk-facing surface 43 of the slider 42 in
accordance with rotation of the magnetic disk 16.
During operation of the HDD, the disk-facing surface
43 of the slider 42 is positioned to face the disk
25 surface with a prescribed clearance defined

therebetween. The direction of the air stream C is

equal to the rotating direction B of the magnetic disk



that the maxi mum protruding height in the direction of the first axis Xis
not smaller than 10 nm If the disk-facing surface 43 of the slider 42 is
shaped arcuate, it is possible to shorten the distance 10 between the side
pad 56 and the surface of the magnetic disk so as to increase the rigidity
of the air filmgenerated at the side pad 56. Even where the side pad 56 is
not provided, it is possible to dimnishthe_flying anount of the slider
relative to 15 the pitch angle so as to nake it possible to generate a
positive pressure and a negative pressure. In the magnetic head 40

descri bed abov th i sk:faql .surf,ace 43, af l.ider _42 ,i.s .qQbt ai ned by
formng first ?ﬁé sﬁp agéaéfg?ggléﬁiégrgfz%P% Eéggﬁ%éFc§§F§ égrﬁgce havi ng

the curvature despebbsd ahavendf ahbewed By ehehisngbhe 49r glatgesurface so
as to obtain the recess, the stepped surface 50, the |eading pad 52, the

si de pads 56, gbfnstRebRestBP BaviRg aigi awebgh of 2rhel BGhesr 4% which is
used nowadays, the recording area forned in a radial position of 14 mmto

30 nm of the neguetdctdi $kyi sSnusedhuadernaligkadt boRalurepeadtofnd200 rpm
and - 20 a head load of 29.6 mN (3 gf) is applied to the pico slider. In
t he HDD bavi nghaadi ppetépnoft41i8 ppehespnehi choisestised nhwaddyk the
recording area forned in a radial position of 10 mmto 22 mm of the
magnetic 5 di skur§agsed Undédeatrdfa;i dhal hepeegoat 1420@ 4r pmc lanisa head

| oad of 24.5 nmN (2.5 ¢gf) is applied to the pico slider. The force, for
supporting theahéaaorgaag gesaeatednpitoshowa) r egiddiat yeprodheiaior filmis 10
dependent on the peripheral speed of the magnetic disk. |If the peripheral
speed is |ow, PtePEREnPBesi BRevRd $aBpsrCoZdingge epsgducdad. The force
generated by the_ri

idiity of the air fil which i s generated in the slider
of the nmagneti &MA84 ?gngl%nsﬁﬁgtSHFiQFIghGrHBSPFF&ﬁaﬁlF§ e peri pher al
speed, shown in EILG_.8. Ther re, Jn.t prior art, the head load is
I ovvered?éi f the per 55hgrhglwnsﬁéle§fl§ 't ﬁe ar?ég%ét it@edicgiglﬁ F%Wer ed in
accordance wt a ' [ er, ,of, _t neg | isk. In the
enbodi nent of ?Hg%gﬁgsgﬁtb?n%g%tg%ﬁggghéZhégdgﬁggg%L%F?%ﬁ%b% gér ased from

the head load akctBBgUIErOhnbNRaRI GO FShis@ehy 1RUY 1184 ACIRAZAY 10 ;§Pid e of
t he enpl oynent of the femo sllger. Tﬁe rel ationship between the head | oad
L (nmN) of the pkegeslid@ladN@o the first axis X. The slider 42 is
arranged to face the surface of the magnetic disk 16
15 such that, during the operation of the HDD, the first
axis X 1is substantially equal to the direction of the
alr stream C. The slider 42 is formed as a femto
slider. Concerning the size of the disk-facing
surface 43, the length Dl in the direction of the
20 first axis X is 0.935 mm or less, and the width Wl in
the direction of the second axis Y is 0.77 mm or less.
In general, the disk-facing surface 43 is sized at D1:
0.85 mm X Wl: 0.7 mm.
A stepped surface 50 is formed on the disk-facing
25 surface 43. The stepped surface 50 is formed in

substantially a U-shape such that the upstream side is

closed and the downstream side is left open with



25 the lowest linear velocity A (nms) within the HDD can be represented by
formula (1) given below. L (mN) - 2.74 X A(nms) + 12.5 ... (1) - 21 The
inclination in forrmula (1) represents the ratio of the head | oad that can
be supported because of the increase of the linear velocity. To be nore
specific, in 4200 rpm 2.5 inches HDD, the lowest 5 linear velocity of the
disk is 6.15 (ms), since the inner tracksradius of 2.5 inches HDD is 14
(m). In 4200 rpm 1.8 inches HDD, the |lowest linear velocity of the disk is
4.40 (m's), since the inner track radius of 1.8 inches HOD is 10 (nm. 10
In the disk drj ving g e di Lt ha,di ter._o i pches and
1.8 inches, reg%g %?sng,t eagf%ggag §$§%$%?8?28g4€ g%ﬁdggggggfe(24.5 nN)

are applied torhhgrgbi-des, mkeapschi ¥8bYpitEnt BagREI BEStAE hAgagtkevest
| i near velocity and the head | oad are 1% pIotteg on a graph, "obtained is a

straight line Eeag sbpwa iB8aBlifey BadThe Epel bnabiweAgoththe1syeai aht line E
is 2.74. The straight line E indicates the relationship between the | owest

| i near vel ocityowbthsnppheteBDbgndhanatppolinneéshéadmPdconskhder. Formul a
20 (1) given above can be obtained fromthese values. Al so, in the case of
using a bento stedeedi sutlieceDBOhavifhg desdgngt peddb8khest Ana di aneter of
2.5 inches, a straight line D can be obtained fromthe inclination of the
strai ght |ine Elongathowhapa, 280RLGrugusThHeesteadghtinl the Dirscgiven by
parallel transferring line E to coincide the point which shows the | owest
| inear vel ocit 9fwFbRI AeERBJi 2X6S| ehaBdHDD, positioned in the portion
on the in?flow side of the slider 42 relative to the
alr stream C.
10 The flying force generated in the slider 42 was
comparatively analyzed as follows, covering the case
where the leading pad 52 is formed in a manner to
extend continuously in the direction of the second
axis Y and the case where the leading pad 52 is
15 separated into two sections in the direction of the
second axis Y. As shown in FIG. 5, a leading pad
having a prescribed area was formed on the disk-facing
surface of the slider 42, and the flying force was
compared by changing the aspect ratio (ratio of the
20 length to the width) of the pad to fall within a range
of between 1 and 4.
FIG. 6 is a graph showing the simulation results.
As shown in FIG. 6, the flying force generated by the
continuous type pad was greater than the flying force
25 generated by the separation type pad in the case where

the aspect ratio was 2 or more. The experimental

data clearly supports that the flying force can be



- 22 It follows that the rel ati onship between the head load L of 19.6 mN

(2 gf) and the | owest

| inear velocity A (m's) can be represented by formul a

(2) given below. L (mMN) - 2.74 XA (ms) + 2.7 ... (2) 5 1In the present
enbodi nent, a fento slider is used as the slider 42, and the suspension 38
causes a head load L (mN) given below to be applied to the nmagnetic head
40: L (mN) ? 2.74 X A (ms) + 2.7 10 wherg A_represents the | owest |inear
velocity within the HDD. Were the height of the stepped surface 50 of the

slider 42 was set at

surface was se&
circunference 0O

efler

| 15 nm the height of the negative pressure cavity

deda: HOkelacandiLhe heag Loa Y&ngt thBeoLANEL e

e magnetic

ara SItIO

at 29.4 nN (3 ghapka &Bﬁttﬁﬁb@% &hetﬁena&&ee&heﬂ E@%ﬁéh@@éu@QQV%o the
magnetic head 40 was analyzed to fly in a flying anount of 14.8 nmand at a

pitch angle 20tpé #38w(Hfad)rebtson Wﬁetﬁet herakfpspheri.c phessHee was 0.7
atmat the heights of 3,000 m the flying anobunt was anal yzed to be 11.1
nm Accordi ng wortihg HDPDiandlthelheadppuspedsihatashenpbhy of the
construction described above, it is 25 possible to achieve a sufficiently
| arge fl¥§ing appuhicolathehapgnési effieatliwkt fiout cdeperasitnggt ierhead | oad
even in the case of using a slider including the

the decrease of the flying force accompanying the

miniaturization of the disk-facing surface of the

slider 42 and for maintaining the flying posture of

the slider 42.

10

It is desirable for the width W2 of the leading

pad 52 in the direction of the second axis Y to be

larger than 60% of the width D2 of the disk-facing

surface 43 of the slider 42. In this embodiment,

the width W2 is set at about 60% of the width Wl.

15 In order to allow the leading pad 52 to have a

rigidity of the air film efficiently, it is desirable

to form the stepped surface 50 on the upstream side

of the leading pad 52 in the flowing direction of the

alr stream C. Such being the situation, the stepped

20 surface 50 was formed on the upstream side of the

leading pad 52, and the length D2 of the stepped

surface in the direction of the first axis X was set

a

t 10%

or more of the length D1l of the disk-facing

surface 43.

25

The leading pad 52 has the smallest width portion

in the direction of the first axis X, and the leading

pad 52 is left open from the smallest width portion



E 23 disk-facing surface having an area not |larger than 0.935 mm X 0. 77

mm Such being the situation, it is possible to mniaturize the nmagnetic

i nprove the inpact resistance of the magnetic head. Thus, there can
obtained at a | ow cost an HDD and a head suspension assenbly excellent in

t he i npact resistance and capabl e of achiheving the recording/

at a high accuracy. 10 Additional advantages and nodifications wll
occur to those skilled in the art. Therefore, the present invention inits

br oader aspect 8.i,§-80tnbi BbliEd:10.4Ne; §REGEl Lee

dgt ail
enbodi nents shown and descri bed herein. Accorgingﬁy, ?g vari ous

modi fications payihernrdelwiihgutiidepaibhngsf kam the spi-bhly er, segre of the
general inventive concept as defined by the appended clainms and their

equi val ent s.

is not limted to 2 and can 20 be increased or decreased as desired.
VWHAT | S CLAI MEBohStriictAodi skndppaeapasticalpri sbagtracdiisk- kaped

recording nmedium a driving section configured to support and 5 rotate the
recordi ng nedi efffeatheadfoncbudpngtangl rdérrhgavihrgda ldiesk 1f adithg surf ace
positioned to face a surface of the recordi ng nedium and configured to fly
by an air streanfgahéest edeby the rotation of the recordi ng nmedi um

10

15

20

25

As shown in FIGS. 3 and 4, a negative pressure
cavity 54 defined by a recess is formed in the central
portion of the disk-facing surface of the slider 42.
The negative pressure cavity 54 is positioned on the
downstream side of the leading pad 52 in the flowing
direction of the air stream C and is left open toward
the end on the downstream side of the disk-facing
surface 43 of the slider 42.

As described above, the negative pressure cavity
54 is formed to include a pressure reducing portion
generated on the downstream side of the leading pad
52, thereby realizing a negative pressure cavity
generating a large negative pressure. By forming
the negative pressure cavity 54 defined by a recess,
it is possible to generate a negative pressure in the
central portion of the disk-facing surface 43 of the
slider 42 in all the skew angles realized in the HDD.
It follows that it is possible to maintain constant
the rolling angle of the slider 42 in the position in
any radial direction of the magnetic disk 16.

On the other hand, if the negative pressure

‘head so as to inprove the recording density. It is also possible to 5

be

r eadi

2ol eoreseqt ati ve

repr oducti on

Iy

Fetepyanpl ertkbe auAbpe ekparv@Bat Fgofll $ke baghudedairn t he HDD

24



10 between the surface of the recording nedium and the disk-facing surface
of the slider, and a head portion nounted on the slider and configured to
-performrecordi ng/ reproduction of information in and out of the recording
medi um and 15 a head suspension supporting the head to be novable relative
to the recording nedium and applying a head load to the head, the head | oad
being directed toward the surface of thejgecardi ng nedium the disk-facing
surface of the slider being sized 20 not larger than 0.935 (nm X 0.77
(mm, and the head load L (nN) and the |lowest linear velocity A (ms) of

the recording gedbugibayviig chbechol bawkAg ielabl,oBshEPy ol Re?s T4k A + 2.7,

25 2. The di sk apparatus according to claim1, wherein the aci ng

surface of theysl ideexBagsavhbiishiani, s iextendingiicnigd tbowangrdijhection of
t he - 25 air stream and a Second axis perpendicular to the first axis;

the slider inckudepi@chegalbilee RpAess#he eavully ¢oakti aueeditangenerate a
negative pressure, defined 5 by a recess fornmed in the central portion of

t he di sk-faci ngostiutracef &he aalgeadiiaghpad for ted 1o tt.he Stichk bedaigng
surface and positioned on the upstream side of the negative pressure cavity
in the fPow ngtleredtiveniof,t he aireastrdeamccapd et byhéhleeadiond iyad
continuously extends in the direction of the second axis, the width of the
| eadi ng pad i nPERESHIrEeCBVARYOP4t B seberd &eids obeiolg thet Upwdlrieam t han 60%
of the wdth of the disk-facing surface in the direction of the second
axis. 15 3. Théidesrfappsr sisk-decdingi syriface 4idmoZ, thisesdildethd dadi ng
pad has the smallest width portion in the directioon of the first axis and

p o
i s shaped. opef™fr GrerRs 1oRaPrfedtenidt tpdrdiSoX doward tite 2WRLt r eam si de

of the di sk-Taging surface, 1 Ahie £l ow g 20 dhrsetiign o, e Ay sty eam

10 the slider 42.
As shown in FIGS. 3 and 4, two independent side

pads 56 may be formed on the stepped surface 50.
These side pads 56 are positioned on the downstream
side of the leading pad 52 in the flowing direction

15 of the air stream C and arranged on both sides of.
the negative pressure cavity 54 with respect to the
direction of the second axis Y. By forming the side
pads 56, it is possible to generate a positive
pressure on both sides of the negative pressure

20 cavity 54 in the direction of the second axis Y.
The positive pressure thus generated corresponds to
the negative pressure generated in the central portion
of the disk-facing surface 43 of the slider 42. As a
result, the moment of the magnetic head 40 in the

25 rolling direction can be suppressed. It follows that
it is possible to suppress the rolling of the magnetic

head 40 and to maintain the desired flying posture of



4. The di sk apparatus according to claim2, wherein the area occupi ed by
the negative pressure cavity in the half region of the disk-facing surface
positioned on the upstreamside of the air streamin 25 the direction of
the first axis is not |arger than 250 of half the area of the disk-facing
surface. 5. The di sk apparatus according to claim 2, - 26 wherein the
slider includes a plurality of independenty side pads forned on the
di sk-facing surface, the side pads being formed on the downstream si de of
the leading pad in the flowing direction of the air stream5 and positioned
on both sides pfiethsqgRegati ¥e,Qrgssure cavity in the direction of the
second axis. 6. The %ISk apparatus according to claim1l1, wherein the
di sk-facing surfacengf shBenslhdenc.s 75haped dakkuaae isuckulrifated g egnt r al
portion of the 10 disk-facing surface protrudes toward the surface of the
recordi ng nedi ygneaplitibat 4Lhpagyayemisrpedt indefgaheught isarttheedisiedt i on of
the first axis is not smaller than 10 nm 7. A head suspensi on assenbly
used in a di skthatappar atusrebcbodichgnaodi skeshapéd fuedardisng faedi Wy and a
driving section for supporting and rotating the recordi ng nedi um
conpri sihg: a heatrbdebutipngrd shedenrfiagcengfatteskabaeitng siskacad
positioned to face the surface of the 20 recordi ng nedium and configured to
fly by an air ShpEakhgeRarames bpyothedisgahrdahsf 1nh&heeddrgicid omedtum
bet ween t he surface of the recording nmediumand the dISk faci ng surface of
the slider, an8Pg héadtse&isort ﬁﬁuﬁ9$d58ﬁ19ﬁ§ $heder Oc 8#f-i gdfedt® perform
roducti on _of n and qut, of the recordlng

25 th d f
nediuﬁjrgﬁgralHgﬁgegagbgﬂsFBﬁféﬁﬁng?%%a%bﬁesﬁégﬁrté bes shaped npyapl e
| ati to th di d dIlo to the head, th
faive 1o e tocordup vedumand aopl ving o head Laag o e hoad. e
f f th 5 | X 0.77
surfacelpt Thessiigin being Sired S ot et A S X017 (m)

recording nedi yayhayipoqiBg kel hawtRg ihehakls@nshiddrilyididy’ b X thet 2. 7. 10
8. The head suspénsion assenbly according to claim?7,” wherein the

di sk-facing sunfiaceioh tBaeshirder akasha Kiiust pad $eext erdinn@Hdrea flow ng
direction of the air stream and a second axis perpendicular to the first
axi s; the side pad 56 is not provided, it is possible to
diminish the flying amount of the slider relative to
15 the pitch angle so as to make it possible to generate
a positive.pressure and a negative pressure.
In the magnetic head 40 described above, the
disk-facing surface 43 of the slider 42 is obtained
by forming first the surface of the slider 42 in
20 an arcuate surface having the curvature described
above, followed by etching the arcuate surface so as
to obtain the recess, the stepped surface 50, the
leading pad 52, the side pads 56, etc.
In the HDD having a diameter of 2.5 inches,
25 which is used nowadays, the recording area formed in

a radial position of 14 mm to 30 mm of the magnetic

disk is used under a rotational speed of 4200 rpm, and



15 the slider includes a negative pressure cavity configured to generate a
negative pressure, defined by a recess forned in the central portion of the
-di sk-facing surface, and a | eading pad formed on the disk-facing surface
and positioned on the upstream 20 side of the negative pressure cavity in
the flowmng direction of the air stream and the |eading pad continuously
extends in the direction of the second axips, -the wi dth of the |eading pad
in the direction of the second axis being not 25 smaller than 600 of the

wi dth of the disk-facing surface in the direction of the second axis. 9.
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regi on of the di skdfati pgssuibacefpasi hnmoned2enminhe fupaker aagmetde of t he
air 10 streamin the direction of the first axis is not |larger than 250 of
hal f theSarea dfiskhésdiiskdf aodrg surbletiohdl FheeHead dd9Pempmonaasisenbly
according to claim@8, wherein the slider includes a plurality of 15

i ndependent si dehpadslipaened 84 .bhaNdi(gkof € ngssappaded the thiedeipgads
being forned on_the downstream side of the leading pad in the flow ng
direction of tFéi8PF-stream and positioned on both sides of the negative

pressure cavity in tgg %irection of the 2Q second axis. 12. The head
suspensi on assenbl y T2EcPACRg 6 TcFAPRCE L 1Rk 8en PeRe dicsiehf aci ng surface

of the slider is_sha eg reuat such .t.hat t?e entral porti.on of the
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nkn between the head load L (mN) of the pico slider and
25 the lowest linear velocity A (m/s) within the HDD can
be represented by formula (1) gliven below:

L (mN) = 2.74 X A (m/s) + 12.5 cee (1)
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<BEF, =bX7} xsni d_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

ca] ca] ca] ca] cabeakea) qakeakea] ¢a aalcaligaldy Kre@H%& () - flo be more
$109%& ()-f109%& ()- 109 ()-10%& ()-, #L109&' ()-L109& () - #Xi K- F10%& ()-f
10%&' () - 10%&' ( pp@Q¥&'c() -inl Q%R rp2t0%& (indhes HDD, the lowest
109 () - H~i K-410%&' ()-210%& ()-010%& ()-/10%& () - &
109& () - 481096 &'ifeasHvielOUE tly) o8 HieKALGHR i(s) -61.0%VEIM/)s) 1,0 :0I0¥=10%' () -F: 1
0% ()-S810%& ()-s6M 10%& ()-!'# . .
z[ 9si K4! Yni' 109AA8 (Lnng'r] (9aee: K rad U0 w%iP& (9 naheeil® (s fi4k Limmoogk () -f! nL
F'10%4 1 & ()-f '/ S T U zXJ<K4! 10KEKE 10KEKE! 0" 10%KEKE& ()-F 0" 10%JU& () -F
!% | 10%/Y& () Tnosti2PGosmpi—(1)-8 vcheavidRD,- fbrey howesd B ikean gmglocigy ) -8
1109 * & ( 1390% & ()-Ls 10% & (() IxLs 10%&' ()-ysl1l0% & (2
10KEKEP}[NP1| sk 1s 4.40 s), since tHe ‘inner trdack
radius of 1.8 inches HDD is 10 (mm).
10 In the disk drives having magnetic disks with
a diameter of 2.5 inches and 1.8 inches, respectively,
head loads of 3 gf (29.4 mN) and 2.5 gf (24.5 mN) are
applied to the slider, respectively. If the points of
these lowest linear wvelocity and the head load are
15 plotted on a graph, obtained is a straight line E as
shown in FIG. 9. The inclination of the straight
line E is 2.74. The straight line E indicates the
relationship between the lowest linear velocity within
the HDD and an opportune head Pico slider. Formula
20 (1) given above can be obtained from these wvalues.
Also, in the case of using a femto slider in
the HDD having a magnetic disk with a diameter of
2.5 inches, a straight line D can be obtained from
the inclination of the straight line E, as shown in
25 FIG. 9. The straight line D is given by parallel

transferring line E to coincide the point which shows

the lowest linear velocity within the i2.5 inches HDD.
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"109%N& () -F"10%K&E ()-& ' g((h)rS10!3"10% o/ o0& ()-f s!10% & ()-fli
00& ()-f,s10% a& the slider 42, and the suspension 38 causes a head
'load L (mN) given below to be applied to the magnetic
head 40:
L (mN) = 2.74 X A (m/s) + 2.7

10 where A represents the lowest linear velocity
within the HDD.

Where the height of the stepped surface 50 of
the slider 42 was set at 115 nm, the height of the
negative pressure cavity surface was set at 1.1 um,

15 and the head load L at the inner circumference of the
magnetic disk 16 at a radial position of 14 mm was set
at 29.4 mN (3 gf) in the HDD of the construction
described above, the magnetic head 40 was analyzed to
fly in a flying amount of 14.8 nm and at a pitch angle

20 of 130 (urad). Also, where the atmospheric pressure
was 0.7 atm at the heights of 3,000 m, the flying
amount was analyzed to be 11.1 nm.

According to the HDD and the head suspension
assembly of the construction described above, it is

25 possible to achieve a sufficiently large flying amount

of the magnetic head without decreasing the head

load even in the case of using a slider including the
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;;;;;<AKk<uV70ln9 10@6&f() y10% & () - le@6&f(% nﬁO@ﬁ&f&L
10==! 0! 10%== &;e)hgad suspen51on assembly excellent in e 1mpact

resistance and capable of achieving the recording/
reproduction at a high accuracy.

10 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the present invention in its broader aspects is not
limited to the specific details and representative
embodiments shown and described herein. Accordingly,

15 various modifications may be made without departing
from the spirit or scope of the general inventive
concept as defined by the appended claims and their
equivalents. For example, the number of magnetic
disks included in the HDD is not limited to 2 and can

20 be increased or decreased as desired.
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generated by the rotation of the recording medium
10 between the surface of the recording medium and the
disk~-facing surface of the slider, and a head portion
mounted on the slider and configured to perform
recording/reproduction of information in and out of
the recording medium; and
15 a head suspension supporting the head to be
movable relative to the recording medium and applying
a head load to the head, the head load being directed
toward the surface of the recording medium,
the disk-facing surface of the slider being sized
20 not larger than 0.935 (mm) X 0.77 (mm), and the head
locad L (mN) and the lowest linear velocity A (m/s) of
the recording medium having the following
relationship:
L 2 2.74 X A+ 2.7.
25 2. The disk apparatus according to claim 1,

wherein the disk-facing surface of the slider has

a first axis extending in a flowing direction of the
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1055! S8°10%b58&by) al petkse] idnheduViOthe central portion of the
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10=0=o0! 2Y'10A?g18§ g% Lﬁ3r§282g35gE5¥égsﬁr§ cavity in the flowing
direction of the air stream; and

10 the leading pad continuously extends in the
direction of the second axis, the width of the leading
pad in the direction of the second axis being not
smaller than 60% of the width of the disk-facing
surface in the direction of the second axis.

15 3. The disk apparatus according to claim 2,
wherein the leading pad has the smallest width portion
in the direction of the first axis and is shaped open
from the smallest width portion toward the downstream
side of the disk-facing surface in the flowing

20 direction of the air stream.

4. The disk apparatus according to claim 2,
wherein the area occupied by the negative pressure
cavity in the half region of the disk-facing surface
positioned on the upstream side of the air stream in

25 the direction of the first axis is not larger than 25%

of half the area of the disk-facing surface.

5. The disk apparatus according to claim 2,
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whereln the disk-Tacing surface of the slider is
shaped arcuate such that the central portion of the
10 disk-facing surface protrudes toward the surface of
the recording medium and that the maximum protruding
height in the direction of the first axis is not
smaller than 10 nm.
7. A head suspension assembly used in a disk
15 apparatus including a disk-shaped recording medium,
and a driving section for supporting and rotating the
recording medium, comprising:
a head including a slider having a disk-facing
surface positioned to face the surface of the
20 recording medium and configured to fly by an air
stream generated by the rotation of the recording
medium between the surface of the recording medium and
the disk~facing surface of the slider, and a head
section mounted on the slider configured to perform
25 the recording/reproduction of information in and out

of the recording medium; and

a head suspension supporting the head to be
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: the disk-facing surface of the slider being sized
5 not larger than 0.935 (mm) X 0.77 (mm), and the head
load L (mN) and the lowest linear velocity A (m/s) of
the recording medium having the following
relationship:
L = 2.74 X A+ 2.7.

10 8. The head suspension assembly according to
claim 7, wherein the disk-facing surface of the slider
has a first axis extending in a flowing direction of
the air stream, and a second axis perpendicular to the
first axis;

15 the slider includes a negative pressure cavity
configured to generate a negative pressure, defined
by a recess formed in the central portion of the
disk-facing surface, and a leading pad formed on the
disk-facing surface and positioned on the upstream

20 side of the negative pressure cavity in the flowing
direction of the air stream; and

the leading pad continuocusly extends in the
direction of the second axis, the width of the leading
pad in the direction of the second axis being not

25 smaller than 60% of the width of the disk-facing

surface in the direction of the second axis.

9. The head suspension assembly according to
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claim 8, wherein the leading pad has the smallest
width portion in the direction of the first axis and
is shaped open from the smallest width portion toward
the downstream side of the disk-facing surface in the
flowing direction of the air stream.

10. The head suspension assembly according to
claim 8, wherein the area occupied by the negative
pressure cavity in the half region of the disk-facing
surface positioned on the upstream side of the air
stream in the direction of the first axis is not
larger than 25% of half the area of the disk-facing
surface.

11. The head suspension assembly according to
claim 8, wherein the slider includes a plurality of
independent side pads formed on the disk-facing
surface, the side pads being formed on the downstream
side of the leading pad in the flowing direction of
the air stream and positioned on both sides of the
negative pressure cavity in the direction of the
second axis.

12. The head suspension assembly according to
claim 7, wherein the disk-facing surface of the slider
is shaped arcuate such that the central portion of the
disk-facing surface protrudes toward the surface of
the recording medium and that the maximum protruding
height in the direction of the first axis is not

smaller than 10 nm.



