thgﬁ$lgﬁp$ﬁthNG- CTURE OF MAGNETI C DI SK UNI T BACKRROORNZ. HE  oosse
e present invention relates to magnetic di sk units,—and in
particular to a magnetic head slider and its suspension structure in a 41/19
magnetic disk unit of 5 contact recording type in which a magnetic head
slider is brought into contact wwth a magnetic disk. In order to increase
the recoding density of magnetic disk units, the flying height between a
slider for nmounting a magnetic head and a magnetic disk tends 10 to be
narrowed. As the flying height is narrowed, contact between the slider and
the magnetic disk is becom ng inevitable. Thus, there has been proposed a
magnetic disk unit of so-called contact recording type in which nagnetic
recording is performed with the 15 slider brought into contact with the
magnetic disk fromthe beginning. In U S Patent 5,041,932, there is

di scl osed an integral magnetic head/ suspension structure forned as a | ong
and sl ender bent dielectric object or as a 20 suspension having a magnetic
head on one hand thereof. This integral magnetic head/ suspension has a
feature of extrenely light nass. By reducing the nass of the

SLIDER SUPPORTING STRUCTURE OF MAGNETIC DISK UNIT
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I nt egral magneti-c Hsaaﬁguspension,_the | oad applied to
can be reduced and wear betwyeen t.he - 1 - BACKGROUND
The present invention relates to magnetig disk units, a
a magnetic head slider and its suspension structure in
of 5 contact recording type in mhlch head slider is brought into
contact with a magnetic disk. (o asiciy Fo Zncr eade the recoding density of
magnetic disk units, the fIy|n|.hei DLV i der for 'mounting a
magneti c head and a nagnetic - d\sNB ﬁ‘jlh harrowed. As the flying
hei ght is narrowed, contact betweEemn #
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e ¥ne slider and the magnetic disk is
becom ng i nevitable. Thus, there has been proposed a magnetic disk unit of
so-cal | ed conBACKGR@UND dORGTHRpENVENTRONh nmagnetic recording is perforned
with the 15 slider brought into contact with the magnetic disk fromthe
begi nning. In U S. Pat ¢fite Soraden32invert ton srelatedstee magnetic

disk units, and in particular to a magnetic head slider
and its suspension structure in a magnetic disk unit of

5 contact recording type in which a magnetic head slider
is brought into contact with a magnetic disk.

}H"Order to increase the recoding density of
magnetic disk ﬁnits,'the flying height between a slider
for mounting a magnetic head and'é magnetic disk tends

10 to be narrowed. As the flying height is narrowed,
contact betweenlthe slider and the magnetic disk is
becoming inevitable. Thus, there has been proposed a
magnetic disk unit of so-called contact recording type
in which magnetic recording is performed with the

15 slider brought into contact with the magnetic disk frbm
the beginning.

In U.S. Patent 5,041,932, there is disclosed
an integral magnetic head/suspension structure formed
as a long and slénder bent dielectric object or as a

20 suspension having a magnetic head on one hand thereof.
This integral magnetic head/suspension has a feature of
extremely light mass. By reducing the mass of the
integral magﬁetic head/suspension, the load applied to

the magnetic disk can be reduced and wear between the

This Sheet Has Been Replaced
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an ihtegral nagnetit'head/susbensipn structure fornmed as a | ong and sl ender
bent dielectric object or as.a 20-suspension having a nmagnetic head on one
hand thereof. This integrat magnetic head/ suspension has a feature of
extremely light mass. By reduting, the maS§s of the integral nmagnetic
head/ suspensi on, the load applied to the magnetic disk can be reduced and
wear between nagneti@ headéslidéeraandl thermagmetbe dbghetam sk can be
reduced. In a structure proposed in JP-A-6-251528, the flying force
generated by ¥¢@uged.f| ow by rotating the 5 magnetic disk in the integral
magnet i c.- head/ suspensi on assenbly is cancel ed_by nnuntiq&g}he suspensi on
section so as to form aB%# tHHTREHHE PTFRIER sHe P ¢ O KRG add®f t he
magnet i c di sk.and thereby causin npressive force due to ajr to act. In
‘this 10 strucfﬁ?%?gt %F%%ﬁ?%%??§€%¥35¥st i%%%iﬁ%ﬂ”d@%rr??EF%ﬁﬂifhﬁsurface
of the magnetjc disk. 4@ POSLAL V&Pé&?éfrzﬁaéﬁégfé ad)¥iension

assembly is canceled by mounting the suspension section

so as to form a suitable angle with respect to the

surface of the magnetic disk and thereby causing

compressive force due to air to act. 1In this
10 structure, the contact state is maintained over the

entire surface of the magnetic disk.

In a positive pressure slider of flying/

contact mixture type proposed in JP-A-5-74090 and JP-A-

6-052645, a magnetic head is disposed on a center rail
15 formed on a trailing edge of a positive pressure slider

of flying type, and only the center rail having the

‘magnetic head-is brought into contact with a magnetic

disk to conduct magnetic recording.

In a negative pressure slider of flying/

20 contact mixture type proposed in JP-A-62-167610, a

trailing edge of a negative pressure slider of flying

type .is brought into contact with a magnetic disk to

conduct magnetic recording.

SUMMARY OF THE INVENTION
25 ' An object of the present invention is to

reduce, in magnetic disk units of contact recording



contact mixture type proposed in JP-A-5-74090 and JP-A- 6-052645, a
magneti c head is di sposed on a center rail 15 fornmed on a trailing edge of
a positive pressure slider of flying typg,_and only the center rail having
the magnetic head is brought into contact with a magnetic di sk to conduct
magnetic recording. In a negative pressure slider of_ flying/ 20 contact

n xture typetFPeposORtagt) MOXCE PESWeED ag sliger ggdedg@agnekifegati ve
pressure slider_of flying t is brought into contact with a nagnetic disk

e
to conduct négS&t SO PécﬁpﬂiégpdéﬂﬁﬁﬁRV sHyESINGBRTIEER Frgnetic An

obj ect of th%&p e%%gylinvention Is to reduce, in magnetic disk units of
contact reco §%g a éy'type, contact force between a slider and a

TRgneL1 € 0 3, 50,28 Ok By BASeEReH LGl paRlekeiRReALE dyokel ol
unit capal e QIR HAMAGHtic disk unit capable of maintaining
uniform contact force over the entire surface of a
magnetic disk and conducting stable contact recording
over a long period.
Another object of the present invention is to

10 decrease frictional force caused in a contact portion
between a slider and a magnetic disk when the slider is
positioned on a data track on the magnetic disk by an
actuator arm to such a degree as not to affect the
positioning accuracy.

15 A stilllanother object of the present
invention is to.féstrict a jumping of é slider from a
magnetic disk caused by ﬁnsteady contact force, a
debris on the ﬁagnetic disk, or vibration of the
magnetic disk unit.

20 In accordance with a first aspect of an
embodiment of the present invention, a first pad
including a magnetic head and second pads which do not
include a magnetic head are provided on an air bearing
surface of a slider of a maénetic disk unit, a part of

25 the first pad keeps in contact with a magnetic disk
when the magnetic disk is rotated, and a load point is

positioned between a leading edge of the slider and a



uni f orm contact force over the entire surface of a magneti c di sk and
conducting stable contact recording over a |ong period. Another object of
the present invention is to 10 decrease [frictional force caused in a
contact portion between a slider and a magnetic di sk when the slider is
positioned on a data track on the magnetic disk by an actuator armto such
a degree as Rositadonflecetefeaposi dishrR§eaéuppRPyoximately 0.42 A stj||
anot her object of the present invention is tQ _restrict J nping of a
slider from BiRgg§nEhecwhrdR dgneth B Gh§t§&&Qe€o§F8@ttg&ri@?dé febris on

t he magnetic di sk, _or. vibtation of the magnetic disk unit. 20 In
accordance weBfea°fi FBe §iﬁg€F‘of an enbodi ment of the present invention, a

first pad including a ggg%égg%ﬁggr%gghsgcgggoﬂadESEQ%Ehogoa ot include a

magnetic head are.prov'ﬂe €arrng surface of ‘a slrder of a
et 1< 8 TpntBtteeporBel of gEblnclubstpRatyetry ity g w11 <
positioned behwegRidgl 8afhgaetdaenebdl Baasbider padsawhich do not
include a magnetic head are provided on an air bearing
surface of a slider of a magnetic disk unit, and only
the trailing pad keeps in contact with the magnetic
10 disk while the magnetic disk is being rotated whereas
other pads are kept apart. from and fly over the
magneﬁic disk due to an air flow caused by the rotation
of the magnetic disk, the contact force.between the
trailing end pad and the magnetic disk being at most
15 200 mgf.
In accordance with a third aspect of an
embodiment of the present inventidn, a slider having a
magnetic head includes, in its air bearing surface, a
first pair of positive pressure side pads located on
20 the leading side, a second pair of positive pressure
side pads located nearly in the center in the slider
length direction, and a positive pressure center pad
located on the trailing edge side and having the
magnetic head, the area of the second positive preésure
25 side pads being greater than the area of the first
- positive pressure side pads and the area of the

positive pressure center pad.



-4- pogition | ocated at a di stance of approximately 0.42 tinmes the whole

| ength of the slider fromthe | eading edge of the slide
with a second aspect of an 5 enbodi nent of the present

trailing pad including a magnetic head @hd ot her pads which do not include

r. |
i nve

n accor dance
ntion, a

a magnetic head are provided on an air bearing surface of a slider of a
magneti c di sk unit, anlinoaktgorfenteawlithgapédukebpespactonfasn with the
magnetic 10 di sk while the magnetic disk is being rotated whereas ot her
pads are kepemdpdimehtomfatdief byeseat ihyemggonsi ¢ diglstdpadio an air flow

caused by the rotation of the magnetic disk, the contact force between the

trailing endipsdudinc khenngaaetd cdherdpandy secorsspads

206

18gdng n

accordance with a third aspect of an enbodi nent of the present invention,

slider havi n§oaTR@gctiicc Neess Pxa GdeP0ser ofs ther aEaPeRy

air of positive pres i di | _
gecond pgpr G Sg:ietl ertgﬂezl gﬁfic%%qs and’ %‘,qn%n Fal g ehadl,

" the first pad is sufficiently smaller than flying force

sle) %&de, a

generated by the second pads, the magnitude and

pressure center of the flying force generated by the

second pads being substantially coincident with the

10 magnitude of the load driven to the slider by the

suspension and the load point, the slider b

eing

provided by a gimbal of the suspension with moment

force in such a direction as to make the first pad

approach the magnetic disk, only the first pad keeping

15 in contact with the magnetic disk during rotation of

the magnetic disk.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a side view showing the contact

state between a slider and a magnetic disk in an

20 embodiment of the present invention;

FIG. 2 is an enlarged view of the slider and

the magnetic disk shown in FIG. 1;

FIG. 3 is a top view showing the air bearing

surface of the slider illustrated in FIG. 1

-
[ 4

25 FIG. 4 is a graph showing the dependence of

‘the normalized wear value upon the contact force

applied between the slider and the magnetic disk;

a

189rface, a first



side pads located nearly in the center in the slider length direction, and
a positive pressure center pad | ocated on the trailing edge side and havi ng
t he magnetic head, the area of the secong positive pressure 25 side pads
being greater than the area of the firsSt®p0sitive pressure side pads and
the area of the positive pressure center pad. -5- In accordance with a

fourth aspect of an entwrh menti®fa tdagh aseswindg dspédende fof Sthead :
i ncl udi ng. the magnetic head and second pads including no magnetic heads are
di sposed on tdenwact bfercadodtweet aclee of1 i der shndethe amalghiétyivgiisk ce
generated by the first pad is sufficiently smaller than flying force
gener at ed by upen sthhermayimsn réeoheess t ofictlhadngyretsic ediskt er of the
flying force generated by the second pads bei ng substantially coincident
with the 10 magnitude B¥G¢t He inal aranershawine B¢ quregsuneie suspensi on

and the | oad point, the slider belng provi ded by a gi nbal of the suspension
with nome istribution of the slider;

FIG. 7 is a graph showing dependence of the
contact force bétween the slider and the magnetic disk
upon the sum of the mass of the slider and the
equivalent mass of a suspension;

10 FIG..S is a graph showing dependence of the
flying height upon the radial disk position in a slider
of the present invention and-conventional sliders;

FIG. 9 is a graph showing dependence of the
normalized contact force upon the radial disk position

15 in a slider of the present invention and conventional
sliders;

FIG. 10A is a side view showing the contact
state between a slider and a magnetic disk in another
embodiment of the present invention;

20 FIG. 10B is a graph showing depeﬁdence of
impulsive force T applied between the slider and a
suspension illustrated in FIG. 10A upon a distance x
between a leading-edge of the slider and a load point;

FIG. 10C is a side view showing the contact

25 state between a slider and a magnetic disk in another
embodiment of the present invention;

FIG. 11 is a top view showing an example of

an alilr bearing surface of a slider;
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force in such a direction as to nake the first pad approach the magnetic
disk, only the first pad keeping 15 in contact with the magnetic di sk
during rotation of the nagnetic disk. BRI EF DESCRI PTI ON OF THE DRAW NG FI G -
1 is a side view showing the contact State between a slider and a magnetic
disk in an 20 enbodi nent of the present invention; FIG 2 is an enlarged
view of the slider andFiGe h&gnstactd@skleMOahOWHHGI&noﬂheFIQKamplg a top
view showing the air bearing surface of the slider illustrated in FIG 1,
25 of Fa aiirj beargnapaushiedrngft Aesdéferdence of the nornalized
wear val ue upon the contact force applied, between the slider and the
magneti ¢ di sk; -6 FFE. 513518 @r%ﬁﬂesﬁbﬁWnﬁhﬂ%b%%d%h%eC%? 2Rk cont act

force between the slider and the magnetic disk h
of the nagneﬁFetaigﬁFwﬁﬁﬁiaGSﬁgggr gﬁghasﬂﬁﬁpﬁﬁg O@lﬁggggﬁééo feioughness

5 embodiment of the present invention;
FIG. 14 is a top view showing an air bearing
surface of a slider; and
FIG. 15 is a top view showing a magnetic disk
unit with a rotary actuator scheme using a slider of

10 the present invention.

DESCRIPTION OF THE PREFERRED ﬁMBODIMENTS

Hereafter, an embodiment of the present
invention will be described in detail by referring to
drawing.

15 FIG. 1 is a side view illustrating the
contact state between a slider and a magnetic disk in a
magnetic disk unit of flying/contact mixture type which
is a first embodiment of the present invention. A
predetermined load w is applied to a slider 1 by a

20 suspension 2 via a load point A. A magnetic disk 3 is
driven and rotated by a spindlé (not illustrated). As
the magnetic disk 3 is rotated, an air flow is |
generated in a direction represented by an arrow V and
it flows into a space formed between the slider 1 and

25 the magnetic disk 3. This air which has flowed into

the space between the slider 1 and the magnetic disk 3



5 distfibution of the slider; FIG 7 is a graph show ng dependence of the
contact force between the slider and the magnetic di sk upon the sum of the
mass of the slider and the equival ent ss of a suspension; 10

FIG 8 is a graph showi ng dependence of the flying hei ght upon the radial

di sk position in a slider of the present invention and conventi onal

sliders; FlGig9cbipaegsaghbabweengtiependadceeatiinbesndenaki thd cont act
force upon the radial disk position 15 in a slider of the present invention
and convent i shablesl LdélsesFwithl1fdvingaferde #Rew Thewrngithagcedgact state
between a slider and_a magnetic disk in another enbodi nent of the Eresent

i nvention; 20f the sliderfFlceomes iB gogtaghk WhbRi EiedBBERBEAEcISF

i mpul sive force T_applied between the slider and a_suspension illustrated
in FIG 10A épUHléed9§P§ﬁ§§1¥ngPRE€ﬁtafPESSi%&'edgﬂrﬁ StRBTEYi der and a

| oad point; EIG 10C is_a side view show ng,the.contact,25.S .hetween a
slider and afﬁﬁﬁﬁéppéidﬁgfcﬁn%anatﬁ@rggﬁﬁEgFﬁgnfnoF Fﬁgtsggséﬁggﬁggention;
FIG 111s aBth %‘8&%%@%%%990%Bogéégpk8 ehe air inflow direction

as shown in FIG, 2. Denoting the distance measured
from the load poiﬁt A to the contact portion B located
between the slider 1 and the magnetic disk 3 by L1 and
10 denoting the distance measured from the load point A to
a pressure center C of the flying force f2 by L2, the
slider 1 conducts contact recording with respect to the
magnetic disk 3 in such a posture as to satisfy the

following two equations.

w= f1 + £2 (1)
£1 o L1 = £2 o L2 (2)

15 From these two equations, the contact force f1l is

related to the thrust load w by the following equation.

L2 o w

f1 —_—
L1l + L2

(3)

From equation (3), it will be appreciated
that the substantial contact force fl1 can be made

smaller than the load w in the slider/suspension of



an air bearing surface of a slider; -7- FIG 12 is a top view show ng
anot her exanple of an air- bearing surface of a slider; FIG 13 is a side
vi ew showi ng the contact state between @ slider and a magnetic disk in
anot her 5 enbodi nent of the present invéntion;, FIG 14 is a top view
showi ng an air bearing surface of a slider; and FIG 15 is a top view
showi ng a nagmgtng/donkaunlmlwtuheatYDEaby autiibabdy sehestingi hbea sli der
of 10 the present invention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

Her eafter, aneéﬁbéénnbﬁtw§ﬁntﬁbepﬂé§§ﬁncﬁn%énbﬁéweﬂplFh§e1§é§cppb§ﬁ in

detail by referrlng to draw ng. s a_side view
|IIustrat|ngAtﬁ§dc h?a69n§9§FePB€F&B§nBaa§ﬂ|HBP Qh&tanﬁﬁgﬁgtPEtHF§R in a

magnetic dISk t _qQf flying/contagct mxture type which is a_first
enbodi nment OF h OB e§8ﬁ opnpgﬁp% % and Eﬂe prégsure center C of

5 flying force. On the other hand, in an integral
magnetic head/suspension having light mass and a light
load, the load point and the contact portion are
located nearly on a straight line. Since L1 is thus
nearly 0 in this case, the load w becomes nearly equal

10 to the contact force.fl. Althéugh the contact force fl
can be made less than the load w as expressed by
equation (3) in the slider/suspension of flying/contact
mixture type, the flying force between the slider 1 and
the magnetic disk 3 increases as the velocity of the

15 magnetic disk 3 is increased, making it dufficult to
maintain the stable contact state. Furthermore,
according to the study of the present inventors, the
slider/suspension and the magnetic disk must satisfy
various conditions for the magnetic head to maintain

20 the stable contact state over a long time without
causing a fatal fault on the slider 1 and the magnetic
disk 3. These facts will now be described in detail by
referring'to FIGS. 2 through 4.

FIG. 2 is an enlarged view of contact

25 portions of the slider 1 and the magnetic disk 3. The

main body of the slider 1 is made of ceramic such as

Al,03TiC. On the air bearing surface, a slider



predetermned load wis applied to a slider 1 by a 20 suspension 2 via a
| oad point A A magnetic disk 3 is driven and rotated by a spindle (not
illustrated). As the magnetic disk 3 is rotated, an air flow is generated
in a direction represented by an arrow-\ and it flows into a space forned
between the slider 1 and 25 the magnetic disk 3. This air which has fl owed
i nto the spaseebedseeinthedshgdersil aoont hayenghet anddaskabon -8- is
conpressed between them and | eading side of the slider 1 flies with flying
force f2. ThbayemnilZ2nisefigemed.t hEhel $ikicancbayeri bl candatihewith t he
magnetic disk 3 while generating contact force fl1. Furthernore, 5
frictional fearleopelayerslyenreadcamiand Zonmath BBEEKBAS® in a direction
opposite to the air inflow direction,as_shown in FIG 2, qEnqai t he
B TN

di st ance meakefRECEIVRIY he R8a8hPWR IR AFTIG- the RORREREEHO ocat ed
between the slider 1 and the magnetic disk 3 by L1 and 1 noting the
di st ance a%%rgﬂs??ﬁﬁatﬂ% ?o@ﬂgbﬁ?ﬁ? REEBSH Br EERLTE B2 tgg C of the
flying forcelggaggdLgt Eﬁg trailing edge of the slider 1. On the
other hand, a carbon overcoat 31 is formed on the
magnetic disk 3 as well. For the purpose of preventing
adhesion of the slider 1 and the magnetic disk 3, the
10 magnetic disk 3 has texture on it. A texture 32 of the
magnetic disk 3 is formed by etching the carbon
overcoat. As for the shape thereof, it is formed more
uniformly than the texture formed by widespread tape
processing. As for the concrete texture shape, the top
15 portion of the texture 32 takes the shape of nearly a
circle having a diameter of approximately 1 pm. The
height dl1 of the texture 32 is approximately 15 nm, and
the thickness d2 of the carbon overcoat 31 left after
etching processing is approximately 10 nm. The
20 distance between texture wl is approximately 10 pm.
Therefore, the ratio of the area of the textures 32 to
the area of the whole magnetic disk is approximately
1%. Onto the carbon overcoat 31 of the magnetic disk,
a lubricant is applied with a thickness of |
25 approximately 2 to 4 nm.
In the case where the slider 1 conducts the

contact recording onto this magnetic disk 3, the



slfder 1 conducts contact recording with respect to the nmagnetic disk 3 in
such a posture as to satisfy the following two equations. w=f1 + f2
(1) f1l[err] L1 =12 [err] L2 (2) 15 Fromthese two

equations, the contact force flis relagéd to the thrust |load w by the
followi ng equation. f1 = L2 * wLl + L2 Fron1eqﬁation (3), it wll be
appreci at ed tPr3itiee sppRIANS erler d40ad f bt cef fuhe a¢l ide¥atle small er than
the load win the slider/suspension of , -9- flying/contact m xture type
by suitably sePReR¢Hy Whigh (et tem PREFYEIR ehetlf stereere 1358 e he | oad

point A and the contact portion B and the distance L2 between the | oad
Boti on poi nt M STRAGRPBIERSE A rPEr XS ANG PHRETEPETIES TR TRVDL her

RN E TN AR ST T R S SRR e ot T
S of the slider 1. Therefore, the slider 1 cannot

perfectly follow the shape of the texture and comes in
contact with the top portion of the texture 32 as if it
slides. In the case where the slider 1 and the
magnetic disk 3 maintain the contact state, the contact

10 area of the slider 1 is overwhelmingly smaller than
that of the magnetic disk 3 and the carbon layer 12
serving as the overcoat of the slider 1 wears earlier
than the carbon overcoat 31 of the magnetic disk 3.

FIG. 3 shows an example of the air bearing

15 surface of the slider 1 used in the first embodiment.
The slider 1 have a length of 1.2 mm and a width of 1.0
mm. The air bearing surface includes one pair of
positive pressure side_pads 15 and 16 located on the
leading edge of the slider 1, one pair of positive

20 pressure side pads-17 and 18 located on nearly the
central portion of the slider 1 in the length
direction, and a positive pressure center pad 14 having
a magnetic head 13 and located on the trailing edge of
the slider 1. A width of the positive pressure center

25 pad 14 is wide enough to mount the magnetic head 13
thereon. The width is 200 um, for example, in the

present invention. The leading edge of this slider 1
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| ocated nearly on a straight line. Since L1 is thus nearly 0 in this case,
the | oad w becones nearly equal 10 to the contact force f1. Although thé
contact force f1 can be made less than the load w as expressed by equation
(3) in the slider/suspension of flying/cbontact mxture type, the flying
force between the slider 1 and the magnetic disk 3 increases as the
velocity of hhe A6 rageced csdi fac8si andnalbapedi t ki pyessunafpadsalt to
mai ntain the stable contact state. Furthernore, according to the study of
the_present_havensubstanhéatlydem¢gubp9h§n©ﬁ-anﬂh?h@aﬁﬁe &€ g2Rj 9k nust
satisfy various conditions for the magnetic head_to nmintain 20 the stable
contact st ateheveagnetbagheadeldi ifofornadsthgaadtg§Eanceadft on the slider

1 and the magnetic disk_ 3. These facts will now be described in detail b
referring toaPposximataiyugfl Wm Erem Eh?stﬁﬁlgﬁPgrﬁggengmgg? conta2{ 25y

portions of the_slider 1 d the n I ¢ _disk 3. '
slider 19%s ﬁﬁa@er1cergﬁggm§gegtg§g§g£L%s %ﬁrP%Q %??aggggiﬁgggﬁg azg? a

slider the magnetic head 13 from coming in direct contact with
the magnetic disk 3 in reading/writing operation.
. Furthermore, the magnetic head 13 is a composite head
having an MR head and a thin film head. The MR head
10 _utilizes a magneto resistive effect and serves as a
read head. The thin film head serves as a write head.
A recess 19 for isolating respective positive pressure
pads has a depth of at least 50 pm and is adapted so as
not to generate a negative pressure therein. The load
15 w applied by the suspension 2 is 500 mgf. The load
| point A is set so as to coincide with the center of the
slider 1.
| An experiment of contact reéding/writing was
conducted by using the slider 1 and the magnetic disk 3
20 for 1,000 hours continuously. FIG. 4 shows dependence
of the wear of the carbon layer 12 formed on the
positive pressure center pad 14 of the slider 1 upon
the contact force fl in this case. The contact force
f1 was measured by a piezo sensor which is mounted on
25 the slider 1. The wear value was normalized by a wear
value obtained after contact had been performed for

1,000 hours continuously under the state that the



> Y
- 10 - overcoat including a silicon |ayer 11 and a carbon |layer 12 is
formed. The silicon layer 11 and the carbon |ayer 12 are 3 nmand 7 nmin
t hi ckness, respectively. As shown in FI{3 3, a magnetic head 13 5 is
di sposed on a positive pressure center pad 14 |ocated at the trailing edge
of the slider 1. On the other hand, a carbon overcoat 31 is forned on the
magneti ¢ di skoBtastwébrceFblL wase bappoaé 590pmgﬁeﬁgphga&éﬁésFﬁntBF t he

slider 1 and the magnetic disk 3, the 10 nagnetic disk 3 h ture on it.
A texture 32loadt¥e nﬁ@n@rﬂérdtgkcbangefBhﬁeﬂoﬁ9a€Pc%Pﬁ§et%i ﬁﬁon
overcoat. As for the shape thereof

f
tﬁxturetLorF§HY?gng§é§B eﬁ? F5§e5$F9€€si|W§gnEgan? gb%g%ghétégﬁgxtnse
shape eto ort
f.r§|e hgv.napaaapgﬁésé U5k 2pBruiffnbergicurs, priohh.d EZth?E AR Y e
exture i s_appr
ERS?ﬁS%B‘FShPﬁggﬂpodimgft Eﬁet Rhgh@ﬁié g.zn.s 3t gscarbon

overcoat 31 PE&f ceéssing I's approxi nate nm The 20

o *the aron SREfsR btfesth 2H?QEEﬁEhE?EEhg%*9°“eEhhteIESQEE?FSQdTQE Pl
approxi mat el Yyeight of the slider 1.was constant. In the case where

the contact force fl of the slider 1 and the magnetic |
disk 3 was 100 mgf or less, wear of the carbon overcoat

10 12 of the slider 1 was extremely small. If the contact
force fl1 became at leat 100 mgf, the wear value of the
carbon overcoat 12 located at fhe trailing edge of the
slider 1 gradually increased.' Until the contact force
f1 reached approximately 200 mgf, however, it could be

15 observed that the carbon overcoat 12 formed on the
trailing edge of the slider 1 wore after continuous
contact state over 1,000 hours, but the wear debris did
not stick to ﬁhe positive pressure pads 15 though 18
and the slider 1 could perform flying/contact stably

20 with respect to the magnetic disk 3 to the end.
Reading and writing could be performed without no
problem at all. At this time, little wear could be
observed on the top portion of the texture 32 of the
carbon overcoat of the magnetic disk 3 which is in

25 contact with the slider 1. This fact can be explained

as follows. Immediately after the magnetic disk unit



1% Onto the carbon overcoat 31 of the magnetic disk, a lubricant is
applied with a thickness of 25 approxinately 2 to 4 nm In the case where
the slider 1 conducts the contact recordjng onto this nmagnetic disk 3, the
positive pressure center pad 14 of t he 1 ider 1, contacts with the tob '
portion of the texture 32 and the distance between one texture and ot her
texture i s apmutdfcédr rfhehstidés Vety imrcontact cohpare@ewith the length
5 of the slider 1. Therefore, the slider 1 cannot_perfectly follow the
shape of themagneuie @ik chnterowglontRRinki @R 2 hblR@p PAF 1A BT he
texture 32 as if it slides. In the case where the slidfr 1 and the magnetic
dlskmﬁ Fa!nt?fnthﬁﬁféﬁh@%c©vg¥%@%F 1ocakeRt Rt theY ek E?gt?éb§l? er 1is
overwhel m ngly snmaller than that of the magnetic disk 3 an h

| ayer 12 ser@hﬂgshkd?ﬁelo@@V%%%?sofh?%%V§¥?d%rn3W a?%n%E?e? retﬁgabgﬂe
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contact surface and consequently the contact pressure
decreases. Until the contact force fl reaches
approximately 200 mgf, wear is considered not to
advance if the area of contact is increased to some

.10 degree. Furthermore, until the contact force fl
between the slider 1 and the magnetic disk 3 reaches
200 mgf, the carbon overcoat is maintained in the
magnetic gap portion of the magnetic head 13 even after
continuous contact reading/writing operation lasting

15 for 1,000 hours. The magnetic head 13 does not come in
direct contact with the the magnetic disk 3. The
phenomenon that the output of the MR head is lowered
due to heat generated by direct contact between the
magnetic head 13 and the magnetic disk 3, i.e., the so-

20 called thermal asperity is also prevented.

FIG. 5 shows dependence of the contact force

f1 between the slider 1 and the magnetic disk 3 upon
the maximum surface roughness of the magnetic disk 3.
If the texture height dl of the magnetic disk 3 is

25 great and consequently the maximum surface roughness of
the magnetic disk 3 is great or if a debris formed by

defective processing, for example, is present on the



The slider 1 have a length of 1.2 mmand a width of 1.0 nmm The air bearing
surface includes one pair of positive pressure side pads 15 and 16 | ocated
on the | eading edge of the slider 1, one pair of positive 20 pressure side
pads 17 and 18 | ocated on nearly the cerk al portion of the slider 1 in the
| ength direction, and a positive pressure center pad 14 having a magnetic

head 13 and |Ipeiadi @naide 3| atthémoc1ed dfodfadthefStddlegerderdt &d dile®f the

positive pressure center 25 pad 14 is wi de enough to nmount the nagnetic
"head 13 theregiie dhider dt hedme20n [@srifact ovitxatipdte, portidre pecomed

i nvention. The | eading edge of this slider 1 - 12 - has no tapered
surfaces and extremsly igeest carsdreegadst heve catixmniverdgatsnobtthel anes.
The magnetic gap of the magnetic head 13 is fornmed at a distance of

appr oxi nat el yshidérrl|is romused frem|that ceoptast tbrrisieni degsult ime
magneti c %$p Is formed so as to_prevent the nmagnetic head 13 fromconming in

direct co acinv@@r@@¢@9¢%@ﬁ@@i@a@ﬁ%ﬁj3 The r et wee vire i9hly dberhit bl

magnetic disk 3 in the first embodiment is
approximately 15 nm. Since the magnetic disk 3 itself
has undulation, however, the maximum surface roughness
is approximately 20 nm. For reducing the contact force

10 f1 less than 200 mgf, the maximum surface roughness is
desired to be 25 nm or less. This corresponds to the
texture height dl of approximately 20 nm. On the other
hand, if the maximum surface roughness of the magnetic
disk 3 is in the mirrorlike state, large frictional

15 force is generated in the contact portions of the
slider 1 and the magnetic disk 3 and the contact force
f1 abruptly becomes large. Preferably, therefore, the
maximum surface foughness is desired to be at least 2
nm. |

20 Furthermore, it is not necessary to form the
carbon overcoat df the slider 1 on all of the positive
pressure side pads 15 through 18 of the air bearing
sﬁrface of the slider 1, but the carbon overcoat may be
formed on the positive pressure center pad 14 of the

25 trailing edge which is in contact with the magnetic
disk 3.

FIG. 6 is a graph showing the pressure

distribution of the slider 1. When seen from the



Furthernore, the magnetic head 13 is a conposite head having an MR head and
a thin filmhead. The MR head 10 utilizes a nagneto resistive effect and
serves as a read head. The thin filmhegd serves as a wite head. A recess
19 for isolating respective positive pressure pads has a depth of at |east

- 50 [err] and is adapted so as not to generate a negative pressure therein.
The | oad 15 lengihidirestior clisgemssbider L, Sote ppsitive pPeessweent A is
set so as to coincide with the center of the slider 1. An experinent of
contact readiPafiswl?iand wbd QRpRREERCPVERR| kRRd RO dhrane e t he
magnetic disk 3 20 for 1,000 q§urs continuously. FIG 4 sho dependence
of the wear of2¥FRSEAHoFPTREESF MR, %%?F{?%V%OQF??W%@%V\@% cent er

d 14 of th ' 1 he. f fl ' .
Porce 11 ves HAsHE by BEF pestEtinstenRier conntumed % TRewd e
1. The we V.ﬁjx uk;eldvasjonor Ié&ggtp ha gﬁgrsyf\é%g P gérkgg @ééﬁf gont act had
e L, 000 ert d?

been perfo for ours contihuously un e state t he
surfaces on the leading edge. Even in the case where

the trailing edge of the slider 1 keeps in contact with
the magnetic disk 3 as in the present invention,
therefore, the pressure center C resulting from the air

;0 flow is ﬁormed near the load point A. The distance L2
between the load point A and the pressure center C is
thus shortened, and the contact force f1 can be
reduced. In the present embodiment, the distance L1
between the load point A and the contact portion B was

15 0.5 mm and the distance L2 between the load point A and
the pressure center C was 0.1 mm. Furthermore, since
the slider 1 has such pressure distribution that the
pressure becomes the maximum under the load point, the
stiffness of the air bearing in the pitch rotational

20 direction is small. This is also effective in reducing
the contact force fl.

FIG. 7 shows dependence of the contact force.
fl upon the sum of thé slider mass and suspension
equivalent mass when the magnetic disk 3 having a

25 texture height dl of 15 nm and a maximum surface
roughness of 20 nm as described with reference to the

first embodiment is used. Herein, the equivalent mass



- 13 - contact force f1l was kept at 500 ngf equivalent to the load w. In
order to change the contact force f1, the flying height of the slider 1 was
changed di versely on a magnetic disk 3 ving a texture height dl1 of 15 nm
5 or the texture height dl of the mag ic disk 3 was changed diversely
under the condition that the flying height of the slider 1 was constant. In
the case whege the sospensidnrzeislaahasbewsthdehidhabbet sespegsiéonc di sk 3
was 100 ngf or |ess, wear of the carbon overcoat 10 12 of the slider 1 was
extrenely snaldctslést@Efeonivet iherceafwibbcnaspact| eattheo ngf, the wear
val ue of the carbon overcoat 12 located at the trailing edge of the slider
1 gradual | y mocemesedof Unhe| slhderoht aendegked in #c@EREACAPPr oxi matel y 200
ngf, however, it could be 15 observed that ,k the carbon overcoat,12 forned

on the trailPpagreagécsiarheosFhaeragngbte di e rsﬁﬁﬁ??ﬁuoﬁgdcbﬁtéﬁt state

oS b 008, etk e Rt PSSR Hbk B BboHE b BB BER e e

L 2 e R AL B rEREAELh Lt B pociflepfeathan 1Y

wear coul d bﬁass system. For making the contact force fl equal to
200 mgf or less, it is necessary to make the sum of the
slider mass and the suspension equivalent mass equal to

10 11 mg or 1éss. In the first embodiment, the sum of
equivalent masses of the combination of the slider 1
and the suspension 2 was approximately 3 mg. For
reducing the slider mass, it is necessary to reduce the
size of the slider. The size of the slider 1 is
15 desired to be at most approximately 2.0 mm in length
and approximately 1.0 mm in width. If the sum of the
slider mass and the suspension equivalent mass is too
small, however, the load also becomes small accordingly
and consequently handling becomes difficult in such a
20 system that the slider 1 and the suspension 2 are
separately formed as in the present invention. For
facilitating handling, therefore, the sum of the slider
mass and the suspension equivalent maés is preferably
set equal to at least 2 mg. |
. 25 " As heretofore described, to reduce the

contact force fl1 reducing the size of the slider 1 and

increasing the distance L1 between the load point A and



observed on the top portion of the texture 32 of the carbon overcoat of the
magnetic disk 3 which is in 25 contact with the slider 1. This fact can be
expl ained as follows. Inmediately after the magnetic di sk unit 14 is
started, the slider 1 is in contact wt A8t ie magnetic disk 3 through a
point or a line. As the wear of the carbon overcoat | ocated on the trailing

edge of the jdeionk A4 S orh BRMEY e B stiive Jenwwertr 5 timy faame of the
carbon overcoat after wear beconmes a new contact surface and consequently

the contact pRASEINS demitaaaRctddyt ideditn qtemdtds ce THerakmitms

approxi mately 200 ngf, wear is considered not to advance if the area of
contact is ind caseddm swprrtlEnt deyreslucedthendranst o umtguch [ cont act
force f1 between the slider 1 and the magnetic disk 3 reaches 20Q ngf, the
carbon over calrgrese rfiak dihrwarianre AKRRML JHFIRATS on DI Mugnet i ¢

for 1 000 ToMaR il RRAFEIS Hlal 45 o Mot oo fhe ifsE | A511Nd 19
embodiment has a substantially smooth surface and has
no tapered surfaces formed thereon, the load w can be
minimized among the sliders 1 having the same size.

For making the contact force fl equal to 200 mgf or

10 1less when the slider 1 in the first embodiment is used
and reducing the variance of the load w of the
suspension 2, it is desired to set the load w equal to
a value in the range of approximately 0.4 gf to 1.5 gf.

FIG. 8 shows the flying height profile, in

15 the radial direction, of a magnetic disk having a
diameter of 3.5 inch in the case where the slider 1 of
the first embodiment, the conventional positive
pressure slider and the conventional negative pressure
slider are designed as flying type sliders. FIG. 9

20 shows the profile of the contact force. The contact
force is represented as a value obtained by normalizing
the contact force in each radial position by the
contact force of each slider in an inner radius of the
magnetic disk 3. The slider of conventional flying/

25 contact mixtﬁre type has the following problem. As the
position is located in an outer radius, i.e., as the

peripheral velocity is increased, the flying force



direct contact with the the magneti c di sk 3. The phenonenon that the output
of the MR head is |lowered due to heat generated by direct contact between
t he magnetic head 13 and the magnetic di%y 3, i.e., the so- 20 called

thermal asperity is also prevented. - 1 FIG 5 shows dependence of
the contact force fl between the slider 1 and the nmagnetic disk 3 upon the

maxi mum sur f aiGeerauidestd ahd NecdBign et fitSksthatd fecdrot éx¢ ure hei ght dl
of the magnetic disk 3 is 25 great and consequently the maxi num surface

roughness of nidimteigredi ¢ Th skheé skidpracarrding welrhe doeset by
defective processing, for exanple, is present on the -15- magnetic disk
3, then the comwentidns deowevasr attdhe vilaninhdeightercan degarader contact- with
that portion becones extrenely great and wear of _ the carbon overcoat of the
slider 1 is CRRACW [QRSEaRE ORI ddie Rt Iom SWEARe il B¢ Magnelct@l erat ed
embod: ments | SOk i THOBH ST & neBTHRL ek diie PRAASF | ks
can also be kept constant over the entire disk surface
while keeping the contact force at a sufficient small
value with respect to thé wear of the carbon overcoat
of the slider 1. The fact that the contct force is
10 kept at a nearly'constant value over the entire disk
surface means that stable contact reading/writing -
operation can be conducted ovér the entire disk
surface. In the case of the conventional positive
pressure slider, however, the velocity becomes greater
15 and consequently the flying height is increased as the
pbsition is located in an outer radius. As a result,
the stable contact state cannot be maintained in the
case where the conventional positive pressure slider is
used as the slider of flying/contact mixture type.
20 Furthermore, in the case where the
conventional negative pressure slider is used as the
slider of flying/contact mixture type, the negative
' pressure increases as the position moves to an outer
radius. Therefore, the flying height profile can be
25 made nearly constant in the same way as the slider

according to the present invention. Since the negative

presSure becomes equivalent to the load w with respect



has undul ati on, however, the maxi num surface roughness is approximtely 20
nm For reducing the contact force 10 f1 |l ess than 200 ngf, the maxi num
surface roughness is desired to be 25 or less. This corresponds to the
texture height dl of approximtely 20 nff On the other hand, if the maxi num
surface roughness of the magnetic disk 3 is in the mrrorlike state, |arge
frictional 1B6of bheemagngtmnerdiel,i howaveronthet cpokactnfostet fid slider 1
and the nmagnetic disk 3 and the contact force fl abruptly becones |arge.
Preferably, beepmesregreshernagi e Dasihéenr BOYRResS AB QBSPFed to be at

|l east 2 nm 20 _, Furthernore, it is not necessary_tqQ formthe
carbon over c5afisg -t h&hypj §Be rigk aﬁIOSFuFHGnSSsPEiée BF@%S&PQaQFde pads

15 through 18 of the air bearin urface_of the slider 1, but the carbon
over coat nay%SEWFSPHE eoﬁgﬁﬁ rp%?%t&%@ Bﬁggghﬁg ?éﬁge¥6888€i4 of the 25
trailing gfgermhé%h Is in contact with the magnetic disk 3. FIG 6 is a
graph sho 'na il 5fessure distribution of the slider 1. When seen fromthe

Further features of a second embodiment will
now be described by referring to FIGS. 10A and 10B. In
the magnetic disk unit of contact recording type as in
the present invention, not only static contact force fl

10 steadily acts on the contact portion B between ﬁhe
slider 1 and the magnetic disk 3 as described before
with reference to the first embodiment, but also
dynamic impulsive force P which is high-frequency
disturbance on the slider 1 from the magnetic disk 3

15 wvia the contact portion B. By this impulsive force P,
impulsive force T acts on the suspension 2 from the
slider 1 via the load point A. As reaction thereof,
the slider 1 receives the impulsive force T from the
suspension 2. By the impulsive force T acting from the

20 suspension 2 on the slider 1 via the load point A,
unsteady conﬁact force in the contact portion B between
the slider 1 and the magnetic disk 3 increases. Or the
slider 1 which has been in contact with the magnetic
disk 3 is temporarily separated from the magnetic disk

25 and thereafter hits the magnetic disk 3 again. This is
called jumping phenomenon. This results in a problem
‘that the magnetic disk 3 is damaged fatally and

reading/writing operation becomes impossible.



- 16 - length direction of the slider 1, the positive pressure pads 17 and
18 opposite to the load point A are the |largest as conpared with the .
positive pressure pads 15 and 16 and the _positive pressure center pad 14 as
shown 5 in FIG 1. In addition, the sli 1 has no tapered surfaces on the
| eadi ng edge. Even in the case where the trailing edge of the slider 1
keeps in contact w th tone msipedinioc stictk t¥oadblien dawsgar dyedyniamient i on,
therefore, the pressure center Cresulting fromthe air 10 flowis forned
near the |oadmmildive fiweal sittanice dffdwitineserta b gonae gdientlordind t he
pressure center Cis thus shortened, and the contact force f1 can be
reduced. |n tomin dseam dhatimhwhidh ledishetweenhdhifedifadidd oad poi nt
A and the contact portion B was 15 0.5 nm and the distance |2 between the

| oad poi nt A <SP e Pressider dnidd R LMt § IR IR, since the
e mum urdor FIRET GAE 6 12 Ahe LI Rt P Bt | TG the pi t ch
rotational 20 AIGCUILN 5o B laedlibhdd Al el PY) Wetdrd SEIEAY the
FIG. 10B. FIG. 10B shows dependence of the impulsive
force T acting between the slider 1 and the suspension
2 via the load point A when the impulsive force P has
10 acted on the contact portion B of the trailing edge of
the slider 1, upon the distance x between the leading
edge of the slider 1 and the load point A. When x = L,
the load point A and the contact point B between the
slider 1 and the magnetic disk 3 are on the same axis
15 of the slider thickness direction, and the impulsive
force P acting between the slider 1 and the magnetic
disk 3 becomes equal to the impulsive force T acting
between the slider 1 and the suspensioh 2. When x =
0.5L, i.e., when the load point A is located on the
20 center of the slider length direction and the load
point A and the center of gravity of slider G are on
the same axis of the slider thickness direction, the
impulsive force P becomes equal to the impulsive force
T. On the other hand, when 0.5L < x < L, i.e., when
25 the load point A is located on the trailing edge of the
slider 1 with respect to the center of the slider

length direction, the impulsive force T which is



FIG 7 shows dependence of the contact force fl upon the sumof the slider
mass and suspensi on equi val ent mass when the nagnetic disk 3 having a 25
texture height dl of 15 nmand a maxinu urface roughness of 20 nm as
described with reference to the first ‘effifodinent is used. Herein, the
equi val ent mass - 17 - of the suspension 2 is a mass with which the
suspensi on 2 giceates Ehdecthe eimmel $ive widhce eBpact s tlbetheenovieaent of the
slider 1 conducted in a direction perpendicular to the magnetic disk
surface, and $lidersl arditke csuspensioms?. obfhisetheheasedetbaispensi on 2
is approximated by a spring-nmass nodel of a concentrated mass _system For
maki ng the coPeefibibilee thatedike 3bidew hytive thesmagnetsendbesksiry to
make the sumof the sljder nmass and the suspension equival ent_mass equal to
10 11 ng or WER impylsife;{oxee SRRk e nthan Hehe yimtlekie vEPeeR Passes

f th i nati f th ider 1 and th ' 2 was approximately 3
. For v Guctit nine Rk riete o I e cuie gt detite FHand

the magnetic disk 3 is damaged fatally. On the
contrary, when 0.5L > x, i.e., when the load point A is
located on the leading edge side of the slider 1 with
respect to the center of the slider length direction,
.10 the impqlsive force T acting between the slider 1 and
the suspension 2 becomes smaller than the impulsive
force acting between the slider 1 and the magnetic disk
3 and consequently the possibility of damaging the
magnetic disk fatally is also decreased. Preferably,
15 by letting 0.42L > x, the magnitude of the impulsive
force.T acting between the slider 1 and the suspension
2 can be made equal to half or less of the magnitude of
the_impulsive forqe P acting between the slider 1 and
the magnetic disk 3. 1In particular, when x = (1/3)L,
20 the relation T = 0 is satisfied and the impulsive force
P which has acted between the slider 1 and the magnetic
disk 3 on the contact portion B is not transmitted to
the suspension 2 via the load action point A, thus
there being no impulsive force from the suspension.on
25 the slider 1. On the contrary, even if any disturbance
acts on the suspension 2, it is not transmitted to the

contact portion B between the slider 1 and the magnetic



size of the slider. The size of the slider 1 is 15 desired to be at nost
approximately 2.0 mmin length and approximately 1.0 mmin wi.dth. If the
sum of the slider mass and the suspengjgﬂgqguivalent mass is too small,
however, the |oad al so becones small accordingly and consequently handling
becones difficult in such a 20 systemthat the slider 1 and the suspension
2 are separ atd@&isk fdrwsal e i Toadeogriase. | erthos. maoing ache i t ati ng
handl i ng, therefore, the sum of the slider mass and the suspension
equi val ent mesentactrréetien \B sand ddial lead rointish mutnpl Xenters As
her et of ore descrjbed, to reduce the contact force f1 reducing the size of
the slider 1 ehdiRreedsity the errten et lIryeitesrt thelderads point A and
the contact portion B are effectiyve. Fbmeyer,,tﬁg&aare nmut ual |'y

[

cont radi ct or PHIEHF FIFHARETT. FHSATHE 117 i 1A b tant to reduce
5 posi t1ve JELENFE: SRHESET Phe I TR DA Ry R rree! URBGi it has &
substanti al | ypéf@ﬂgljf' §%ﬁéc&@n&%sion 2 and mutual isolation of
disturbance can be performed. In addition, by
displacing the load point A to the leading edge side of
slider 1 with respect to the slider length direction,
10 the distanée L1l between the load point A and the
contact portion B becomes great as evident from
equation (3) and the steady contact force fl can also
. be reduced simultaneously.
In reducing the jumping of the slider 1 from
15 the magnetic disk 3 caused by contact between the
slider 1 and the magnetic disk 3 and reducing increase
of unsteady contact force caused thereby, it is
effective to not only adopt the above described
mechanical disturbance isolating method but also to
20 apply high polymer materal such as polyvimide onto the
suspension 2 as a vibration isolating material.
Mounting a vibration isolating material on the
suspension 2 has been performed in the case of the
flying type as well. In a system such as the contact
25 recording type in which high-frequency distribution is
expected, however, the above described vibration
isolating material of the suspension functions further

effectively.



no tapered surfaces forned thereon, the |oad w can be m nimzed anong the
sliders 1 having the sane size. For nmaking the contact force f1 equal to
200 ngf or 10 less when the slider 1] he first enmbodi nent is used and
reduci ng the variance of the | oad w of e suspension 2, it is desired to
set the load w equal to a value in the range of approximately 0.4 gf to 1.5
gf . Flet 8 Z_hO\livsht he warrtfjtgemm a9 gnotdiey athedfondiedueii®cti on, of
a magnetic dis aving a diameter _of 3.5 inch ip_the case whete the slider
1 of the fir%heeW%%€$%@ﬁt?°@%%c%oﬁ9€ﬁ?ioh%l1%0%£f?9%1$$e§%u?%é%??der and

t he conventi onal negative press | d [ d flyi

SI1 ders. FI GRS %3 s RRCSHIIFT 1 o 197 1 FERIBhT act 1 bF cane TECHRnt act
orce is represented as_a val ue gbtain | i zi t t f
indeach ;adL%? 55§ig?%nr%§e?ﬁep%5€%§%tf&%&%%&gépggéﬁlgﬁ?dégsggfgﬁcinngice
radi us of -t nei | T. [ fs t4 LAg/ 25

cont act m%ﬁ’f%??@%é ﬁ%lgt%%es?%l ?gwé%]ggﬁﬁé"é‘& :é%oﬁ%gpt%gn%%s%%?%ﬁgi s |l ocated
in an outer fadifScsiof rn8Ssifdgepeiipheral velocity is increased, the

flying force
FIG. 10C is a side view illustrating the

contact state between the slider_l and the magnetic
disk 3 in a magnetic disk unit of contact recording

10 type according to the second embodiment of the present
invention. FIG. 11 shows an example of the air bearing
surface of the slider 1 in the second embodiment. The
slider 1 has a length of 1.2 mm and a width of 1.0 mm.
The air bearing surface of slider 1 includes one pair

15 of positive pressure pads 171 and 181 formed in
positions opposite to the load point A, and a positive
pressure center pad 14 having a magnetic head 13 and
located on the trailing edge. The depth of the recess
19 is at least 50 pm and a negative pressure is not

20 génerated. The load w given by the suspension 2 via
the load point A is 500 mgf. This load w is nearly
equal in magnitude to flying force f2 generated by the
positivé pressure pads 171 and 181. Furthermore, the
pressure center C of the flying force £2 is made nearly

25 the same as the load action point A. In addition,
flying force generated by the positive pressure center

pad 14 of the slider 1 is negligibly small as compared



- "19 -“increases and the stable contact state cannot be maintained. In the
slider according to the present invention, however, the flying height can
be made nearly constant over the entire,surface of the nmagnetic 5 disk as
shown in FIG 8. Therefore, the conta&tzgo?ce can al so be kept constant
over the entire disk surface while keeping the contact force at a
sufficient syath ¥Beu€lwihg Fespect2to Thetheapretenheewboddmenter coat of

the slider 1. The fact that the contct force is 10 kept at a nearly
const ant val uaeolendt peirnt Ar ésdilokatadf avetheansadhng €6gpl 6166nt act
readi ng/witing operation can be conducted over _the entire disk surface. In
the case of whehcoeepetiotel thescenterppéssheesiifger, RHREGEPTS he
vel ocity becones greater 15 and consequently the flying_height is increased
as the positkbe ﬁsSFéﬁﬁﬁe@}iPeﬁweéﬁtéper&8?§sP°A§taxr8 ?%%the stabl e
bosi £1 ve. 5 cPORLE 1T BEFSPY TG GATRET, RESS e SPIFRS AT ASnEASEoh xt ur e
;gggiisg pre§§6Pet§Fr “%@%@%&gggtgge%ﬂgh%gﬁ%é@h%Banh%.%%ﬁV%WQ onal
pressure center C of the flying force f2 generated by
the positive pressure pads 171 and 181. Furthermore,
the greatest feature of the present embodiment is that
10 moment Mp in such a direction as to thrust the positive
pressure center péd 14 against the magnetic disk 3 acts
on the slider 1 by not only aﬁplying the load w upon
the load point A but also turning a gimbal 21 of the
suspension 2 by an angle 0 in such a direction as to
15 make the positive pressure center pad 14 approach the
magnetic disk 3. In other words, a gimbal having much
smaller stiffness than that of the loadbeam portion of
the suspension 2 is used to add the load fl to the
positive pressure center pad 14. A very small contact
20 1load has thus been realized by using a simple
configuration. | |
Equilibrium of force exerted between the
slider/suspension and the magnetic disk in the second

embodiment can be expressed by the following equations.

25

w= f2 (4)



slider of flying/contact mixture type, the negative pressure increases as
the position noves to an outer radius. Therefore, the flying height profile
can be 25 made nearly constant in the sape way as the slider according to
the present invention. Since the negafi%@ pressure becones equivalent to

the load w with respect - 20 - to the magnetic disk, however, the
contact force f1 beconmes greater as the position noves to an outer radius.
Thus the risk of occurrencerof= | damage between the @) der and the

magnetic di sk becones 5 greater. Edrther features of a second enbodi ment
wi Il now be described by referring to FIGS. 10A and 10B. In the magnetic
di sk unit of contact recording type as in the present invention, not only
static contact force f1 10 steadily acts on the contact portion B between
the slider 1 and the nﬁgn@hﬁcSQCQKdBeﬁ@°éé§@ﬂFbe§tEéfﬁﬁésmfphogeFB?ence to

the first enbodi nent, but al so .dynani.c i mul si [ [
hi gh- f r equengymbal 21 in the piééh direcggon b%% E%EC%qﬁawhE%hoh%87

gfemm/degree, and the distance L1 between the load
point A and the contact portion B of the positive

5 preSsure center pad 14 was set egual to 0.8 mm. 1In
this slider/suspension, the contact force f1 can be set
equal to 200 mgf, for example, by tilting the pitch
angle 0 by 1.83° befofehand in such' a direction as to
make the positive pressure center pad 14 approach the

10 magnetic disk 3. Processing of such a degree can be
easily implemented. _

FIG. 13 is a side view illustrating the
contact state between the slider/suspension and the
mégnetic disk in a magnetic disk unit of contact

15 recording type according to a third embodiment of the
present invention. FIG. 14 shows an example of the
slider in the third embodiment. In the slider/
suspension of the third embodiment, the slider flies in
such state that the_load w balances with the flying

20 force f2 generated by the positive pressure'pads 171
and 181 in the same way as the slider/suspension of the
second embodiment. The positive pressure center pad 14
is subjected to force equivalent to load fl caused by

the moment of the gimbal 21 and it is in -contact with



di sturbance on the slider 1 fromthe magnetic disk 3 15 via the contact
portion B. By this inpulsive force P, inpulsive force T acts on the
suspension 2 fromthe slider 1 via the l.oad point A As reaction thereof,
the slider 1 receives the inpulsive force T fromthe suspension 2. By the

I mpul sive force T acting fromthe 20 suspension 2 on the slider 1 via the
| oad poi nt A theshagmigtcondisk. f ofwethe thirdoembedimpenti od Bodvbtiwen t he
slider 1 and the magnetic disk 3 increases, O the slider 1 which has been
in contact wiPresserentmbli E9Hi EQr JeREX2RHPRT SRCIHL EED PEESIUFE 0Pt he
magnetic disk 25 and thereafter_hits the magnetic disk 3 again. This is
cal | ed j unpi nghphterdERdnedadi sidesef  She Pas b HYF AT ePSEr € neSReShet i ¢ di sk
3 is damaged fa ai%y apd readin /wwiting operation ﬁ ones . npossi bl e. -
21 - In redud?%é ce r%u%?%aEgﬁ§éBr%§ H?%aﬁ?%e?ﬁp § i1 YRICR, it s

oS0t e 40 ShRRETe! Biahatarel et afAdoape, Bl oy SRbimbebveen the

FIG. 14 unlike the second embodiment. The recess 19
has a depth of at least 50 m in the same way as the
firét and second embodiments and generates only
positive pressure. The negative pressure recess 192

10 has a depth of approximately 6 pum. In the present
embodiment, design is performed so thét the flying
force in this positive pressure rail 191 will be.eQual
in magnitude to the negative pressure generated in the
negative pressure recess 192. Therefore, the flying

15 force generated by this positive pressure rail 191 and
the negative pressure generated by the negative
pressure recess 192 do not affect the magnitude of the
flying force and contact force of the entire slider.
However, if the positive pressure rail 191 and the

20 negative pressure recess 192 are disposed on the air
bearing surface of the slider 1 and air is effectively
disposed between the slider and the magnetic disk,
dumping of air is increased. Especially in the
magnetic disk unit of contact recording type as in the

25 present invention, this air dumping effectively
restricts vibration of the slider/suspension.

FIG. 15 is a top view of a magnetic disk unit

with rotary actuator scheme whereto the above described



5 length direction as in the present enbodinent. This effect will now be
described in detail by referring to FIG 10B. FIG 10B shows dependence of
the inmpul sive force T acting between thggflider 1 and the suspension 2 via
the | oad point A when the inpulsive for P has 10 acted on the contact
portion B of the trailing edge of the slider 1, upon the distance x between
the | eadi ng eggef dfutdeichi decotding tbetheapresemt Invehebox isL, the | oad
poi nt A and the contact point B between the slider 1 and the magnetic disk
3 are on the appkiedis Mheoslidersliaecordiruneestierecesent and the
i mpul sive force P acting between the slider 1 and_the pagnetic disk 3
becones equal imvenhitonnps| sibiecbedctd Seekhad RRRGRASERECRBINGP1 and t he
suspensi on 2. Wen x = i.e., when the,lo&d foggg Ais |ocated on the
tS¥ 02d°P

20 center of Wh@lglﬂﬂéﬁétgéékhééiFB%tmﬁﬂn%ﬁHct : o ntOREENAd t he
Conter of 91 LUt B Lisel BLae nebie A, mndl b g AKELal B ckness,
A T S e IR S R T S
the slider |epgfh-dLbnesh BY abP6w! BPU RiVE $QESEcT ¥Hi flghétic head
positioning, the most noticeable difference between the
magnetic disk unit of contact recording type according
10 to the present invention and the conventional slider/
suspension of flying tybe is that.frictional force f .9
acts between contact points of the slider and the
magnetic disk in a direction opposite to the
positioning movement direction at the time of seeking
15 and positiéning. This frictional force f.,, exerts
great influence upon the positioning precision of the
magnetic head. If the frictional force becomes great,
then the magnetic head gets oﬁt of the data track in
which the magnetic head should be positioned and
20 reading/writing cannot be conducted. 1In the worst
case, the actuator might run away and the slider/
suspension or the magnetic disk might be destroyed.
This frictional force f.,o in the seeking and
positioning direction is defined by lateral stiffness
25 kg of the suspension in the seeking and positioning

direction and data track width T, as represented by the

following expression.



- 22 - greater than the inpulsive force P acts between the slider 1 and the
suspension 2. This increases the possibility that the slider 1 hits the
magnetic disk 3 with inpulsive force gr?gtgr than the inpul sive force P 5
whi ch has acted initially at the contact”point B and the magnetic disk 3 is
damaged fatally. On the contrary, when 0.5L > x, i.e., when the |oad point
A is located on the |eadi ngfedgeSskgesoT, the slider 1 withgjespect to the
center of the slider length direction, 10 the inpulsive force T acting
between the slider 1 and the suspension 2 beconmes snaller than the

i mpul sive force acting, between tge slider 1 and the magnetic disk 3 and
consequent |y the possiDFFR{TS: thakabhagtrackndgneity d5sR0§80AITHII s al so

decr eased. Pr I by, letting O. > x, the_magnitude of the
i mpul si ve foégggéﬁgé¥Pﬁé§be Qseﬁr?ﬁg @FéﬁérTi afidlt Ré gﬂspeﬁ@?on 2 can be

Detveen the STiaEe 155 FRREs KomofTERL: Ei8atns O pRRREILES tRckng
(1/3)L, present invention in the seeking and positioning
5 direction is approximately 0.24 kgf/mm, and the
frictional force for2 in the seeking and positioning
direction becomes approximately 300 mgf. For
preventing.the magnetic head from getting out of the.
data track in which the magnetic head should be
10 positioned, therefore, it is at least necessary to make
the frictional force fora less tﬁan 300 mgf. If it is
desired to increase the track density, it is necessary
to increase the lateral stiffness ky of the suspension
2 or reduce the frictional force forp itself. Denoting
15 the coefficient df friction between the slider 1 and
the magnetic disk 3 by U, load by w, and adsorption
between the slider 1 and the magnetic disk 3 5y Wg, the
frictional force foy2 can be represented by the

following expression as well.
fer2 S B (W + wg) _ (7)
' According to experiments conducted by the

20 present inventors, the coefficient of friction between

the slider 1 of the present invention and the magnetic



20 the relation T = 0'is satisfied and the i-npul sive force P which has
acted between the slider 1 and the magnetic disk 3 on the contact portion B
is not transmitted to the suspension 2 via the |load action point A thus
there being no inpul sive force from tie38uspension on 25 the slider 1. On
the contrary, even if any disturbance acts on the suspension 2, it is not

transmitted tgdihenHAHAARhP At S heigweeral hesdr idasd wiagtd t he magnetic
- 23 - disk 3 via the load point A By thus making the contact portion B

and the |oad pofevertenticiaihe ehiests aboddmeent wds dperaeimarelf gravity of
slider G between, nmechanical interaction in the vertical 5 novenent
direction is (M@. presentodktwesh the swspersiqor? ioh HhmOT he Bewpensi on 2
and mutual isolation of disturbance can be performed. |In addition, by

di spl aci ng t heetivbny phiyg foual the IGANGH Pagess @S tesFrded 1 with

g e e Selnbe g dieci o0, A0 e distance Ly betpesy he
' less from expression (7). At the time of seeking and
positioning, the positive pressure center pad 14 is in
contact with the magnetic disk 3 .and the area of that
contact is approximately 0.02 mm?. Therefore,

10 adsorption allowed per unit area of the contact portion
B is 25 gf/mmz. This is nearly equal to adsorption
acting between the slider 1 and thé magnetic disk 3 per
unit area in the case where the magnetic disk described
with reference to the first embodiment having an

15 texture height dl of 15 nm and an texture area ratio of
1% is used. Therefore, it is appreciated that the
magnetic disk having the configuration described with
reference to the first embodiment is effective in
reducing the frictional force f.,» in the seeking

20 direction as well.

Furthermore, when a slider/suspension of
contact recording type as in the present invention is
recording on the same radius of a magnetic disk, or
during seeking and positioning operation, frictional

25 force f,,3 acts in the bit direction (circumference
direction) of the magnetic disk. Unless this

frictional force f .3 in the bit direction also



equation (3) and the steady contact force f1 can al so be reduced

si mul taneously. In reducing the junping of the slider 1 from15 the
magnetic di sk 3 caused by contact betwe A the slider 1 and the nagnetic
di sk 3 and reducing increase of unst eady-cont act force caused thereby, it
Is effective to not only adopt the above descri bed nechani cal disturbance

i sol ati ng methed stylesdlsS @dn@i2d oA RlivhiNiagh teoltharr ofattiealfrdueti caml
pol yi m de onto the suspension 2 as a vibration isolating nmaterial. Munting
a vibration ifgelct iMg ket teadkhdivespdon drafies diewctieror ned in
the case of the flying type as well. In a systemsuch as the contact 25
recordi ng typeddi sshipas itiiginifnge quenor dhies toondmcted - s Deneddned, however,
the above described vibration isolating material of the suspension
functions funiteradf feddtfifinglss in thepit @imessiedre WHHESHAG her nethod for

reduci ng the unsteady contact force, it is effective tqQ reduce .
5 octagonal D to the seeking direction, of the suspension

2 by k3 and bit width by Ty, the following expression

must thus be satisfied.
fcr3 S k3 L4 Tb ’ (8)

Assuming now that the bit density is 500,000 BPI (bits/
inch), the bit width becomes 0.05 pm. If the

10 frictional force f.,3 in the bit direction is desired
to be nearly equal to frictional force f,,.5 in the
seeking direction, the stiffness k3 in the bit
direction must be set equal to approximately 6 kgf/mm.

In the slider/suspension of flying type,

15 texture proceésing is conducted on the magnetic disk in
order to reduce the frictional force at the time of
starting. In the magnetic disk unit of contact
recording type, however, the texture of the magnetic
disk is important tb reduce the frictional force not

20 only at the time of starting but also at the time of
seeking. |

In the above described embodiment, texture
processing is conducted on the magnetic disk side.
Even ifltexture processing is conducted in the slider i

25 side, however, a similar effect can be obtained. At



the mass of the slider. For exanple, it is one nmethod to cut the recess
portion | ocated around ‘the positive 5 pressure center pad 14 as shown in
FIG 12 to reduce the mass of the sllder FIG 10Cis a side view
illustrating the contact state bet ween E%e slider 1 and the magnetic disk 3
in a magnetic disk unit of contact recording 10 type according to the
second enboditters tuifme heche gsrgnetiwahishoB 1Y MOt JNARISH SEHN® of the
air bearing surface of the slider 1 in the second enbodi nent. The slider 1
has a | engt h R¥OCESEiHE artRd tHeIMAEIeUle TRFOTHNG FaBh AT r]:be sur face of

slider 1 |ncludes one air itive essure pads 7 81 forned
i n positions PG ]tlﬁer?cg‘é%‘g‘g htd A cP R ]ké cent er
pad 14 havin net i 13 and located on the tralllng edge The
dept h of theq?eé&'i:}?ge%? tast 50 [err] and a negative pressure is not
20 generated. The |oad py SHSPENS ON e dhda |@akdoint Alis
500 ngf . is load wi s near Aeyqouga%]q%n magni tug:e to C?Tyl ng force 2

generated by ﬂéew@&é'éﬁaesp{&éﬁw CariiOithd Taghiét 181a: Sirs heaose, the
pressure center C of the flying force f2 is nmade nearly 25 the sane as the
| oad action pRAdd 200 |MgRdsHti&ss in the slider of flying/contact
mixture type according to the present invention. In
- addition, contact reading/writing operation can be
10 conducted stably over the entire surface for a long
time without depending upon the velocity. Furthermore,
disturbance acting on the slider 1 or the suspension 2
can be isolated each other. It is elso possible to
prevent jumping of the slider 1 from the magnetic disk
15 3 and increasing of unsteady contact force.
Furthermore, the contact force at the time of seeking

and positioning can be reduced, and accurate

positioning can be conducted even in contact recording.



flying force generated by the positive pressure center pad 14 of the slider
1 is negligibly small as conpared - 25 - wth the flying force f2. In
the present enbodi ment, the |oad point. Asis |ocated on the reading edge
side with respect to the center of the slider. Therefore, the distance L1
between the | oad point A and the 5 positive pressure center pad 14 is

suf ficiently WHAReFS tTAIMBR: B st ance between the | oad point A and the
pressure center C of the flying force f2 generated by the positive pressure
pads 171 and U81. Furt AeMAset it digkeax InGiutiddh @ MRgaRtdsent

enbodi nent is_that 10 no in such a directioon as to.thrust the

nt
pf);ijt i vi Er esHifke ?:‘é"rﬂ%‘?{%a‘%? i h%@ieﬂ IhESrdh ARG FWAER €ctd on the
slider nat. on a [ t t.h d LNt I
Lurni ng a o ok i i R A4 R R e e o
Irection @as 0Ssi t,i . 4 h th
magneti c di sk&g-folﬁsfn%ﬁ%ér{@mrd lrjfé%f(giﬁbsgf'sh%\?sl n§ rrrgéclh&ggfa e?pg: io??netsse
- than that of ghe, i pabedMPU LI Gfith a predetermined load, and an

actuator arm for positioning said slider attached to

said suspension on the magnetic disk, said magnetic
- disk unit comprising:

10 a first pad disposed on an air bearing
surface of said slider, said first pad including the
magnetic head;

second pads disposed on the air bearing
surface of said slider, said second pads including no

15 magnetic heads;

said first pad partially keeping in contact
with said magnetic disk during rotation of said
magnetic disk; and

a load point of said suspension with respect

20 to said slider being positioned between a leading edge
of said slider and a position located at a distance
equivalent to substantially 0.42 times a whole length
of said slider from the leading edge of the slider.

2. 'A magnetic disk unit according to Claim 1,

25 wherein a contact point between said slider and said
magnetic disk and said load point of said suspension
are in relation of center of impact each other with a

center of gravity of said slider between.

[T



the suspension 2 is used to add the load f1 to the positive pressure center
pad 14. A very small contact 20 | oad has thus been realized by using a
sinple configuration. Equilibrium of [p&&e_exerted bet ween t he

sl i der/suspension and the magnetic disk~™'n the second enbodi nent can be
expressed by the foll ow ng equations. 25 [err] (4)
- 26 - [err] 3n the sedombgnsodi whgk wiitf fagsordimofta KElaimidal 21 in the
pitch direction was set equal to 0.087 gf.nmidegree, and the distance L1
bet ween the Ivhereoi m et thead Grbian ReintrrB sF1d rusReRSicR 5
pressure center pad 14 was set equal to 0.8 mm In this s]ider/suspension,
the contact fYWide FasReGt Heo 1@ FIden LA PITT MR 3% 1 ting

the posi (i ve BrebSAAeR tser Ve & S Rkans Ly ond TERLAT 8F dfe TR
5 whole length of -said slider from the leading edge of
said slider.
4, A magnetic disk unit according to Claim 1,
wherein said first pad includes a carbon overcoat
having a thickness of 7 nm or less.
10 5. A magnetic disk unit according to Claim 1,
. wherein a maximum roughness of a surface of said
magnetic disk is 25 nm or less.
6. : A magnétic disk unit according to Claim 1,
wherein sum of mass of said slider and equivalent mass
15 of said suspension is at least 2 mg and at most 11 mg.
7. A magﬁetic disk unit including a magnetic
disk attached to a.spindle so as to be rotatable, a
slider having a magnetic head for reading/writing data
onto/from said magnetic disk, a suspension for
20 providing said slider with a predetermined load, and an
actuator arm for positioning said suspension on the
magnetic disk, said magnetic disk unit comprising:
a trailing edge pad disposed on an air
bearing surface of said slider, said trailing.edge-pad
25 including the magnetic head;
other pads disposed on the air bearing
surface of said slider, said other pads including no

magnetic heads;

*« € L M § =%



10 magnetic disk 3. Processing of such a degree can be easily inplenented.
FIG 13 is a side viewillustrating the contact state between the

sl i der/suspension and the magnetic disk,Ln a nagnetic disk unit of contact
15 recording type according to a third % odi nent of the present invention.
FIG 14 shows an exanple of .the slider in the third enbodiment. In the
slider/ suspension of bhaytbaid erbodingnedgehpadl kedepifi @8 in such state
that the load w balances with the flying 20 force f2 generated by the
positive pressatectads th7 saddd megneitict Bd skaduriag xotendon odespdGspensi on
of the second enbodi nent. The positive pressure center pad 14 is subjected
to force equimpgn@itict ilsfdd f1 caused by the monent of the ginbal 21 and it
is in contact with - 27 - the ma nekic di sk. In the enbodi nent, a

positive pressure ra!l??gﬁ p&RegeREHSt PRI §FEPRYELE e§%§#;ggﬁ t he | eadi ng
edge side ol Ladde Witk RCHY By Wl il ol Aided RO R iRiessure
of the magnetic disk; and
contact force between said trailing edge bad
and the magnetic disk being 200 mgf or less.
8. A magnetic disk unit according to Claim 7,
10 wherein a éarbon overcoat having a thickness of 7 nm or
less is formed at least on said trailing edge pad, and
a maximum roughness of a surface of said magnetic disk
is 25 nm or less.
9. A slider disposed on a suspension of an
15 actuator arm translated along a surface of a magnetic
disk, said slider being provided with a predetermined
load by said suspension, said slider having a magnetic
head for reading/writing data onto/from said magnetic
disk, said slider comprising in an air bearing surface
20 thereof:
a first pair of positive pressure side pads
located on leading edge side of said slider;
a second pair of positive pressure side pads
located on a substantially center point of the slider
25 in its length direction, and a positive pressure center
pad having said magnetic head and located on a trailing

edge of said slider, each of said second pair of

A O T



5 negative pressure is generated are formed as shown in FIG 14 unlike the
second enbodi nent. The recess 19 has a depth of at least 50 min the sane
way as the first and second enbodi ments _and generates only positive
pressure. The negative pressure recess f§2—10 has a depth of approximately
6 [err]. In the present enbodi nent, design is perfornmed so that the flying
force in thi pomidiivespyeessre eside |padd ey resthert im awsmnithate to the
negative pressure generated in the negative pressure recess 192. Therefore,
the flying 1%y o gaiial dfietsthypai oqaidi ey s me esirde lpakd aamdl t he
negative pressure generated by the negative pressure recess 192 do not
affect the 'rm&j’ﬁiq RRS PF1 e PRessuNP faatemmidtont act force of the entire
slider. However, if the paositive pressure rail 191 and_the 20 negative
pressure recesd 192 ar & Gldgiere@sendi@caito Feadmg swrerednorlihets| i der 1

and air is effectively .di sposed betwee he slider and the magnetic di sk,
dunpi ng of aiF*I% Btreae PrE|PRS zfﬁ‘i}i e tiltf"lgiysﬁ“%ﬂtﬁ’ of
contact reco q t%ﬁ?%a eén the 25 present invention, this air dunping
effectively FestTi Ct's ViDrati on of the slider/suspension. FIG 15 is a top

view of a magnetic disk Wiijlder according to Claim 9, wherein sum of
mass of said slider and equivalent mass of said
suspension is at least 2 mg and at most 11 mg.

10 12. A magnetic disk unit including a magnetic
disk attached.to a spindle so as to be rotatable, a
slider having a magnetic head for reading/writing data
onto/from said magnetic disk, a suspension having a
load beam and a gimbal for providing said slider with a

15 predetermined load, and an actuator arm for positioning
said suspension on the magnetic disk, said magnetic
disk unit comprising:

a first pad disposed on an air bearing
surface of said slider, said first pad including the

20 magnetic head}

second pads disposed on the air bearing
surface of said slider, said second pads including no.
magnetic heads;

flying force generated by said first pad

25 Dbeing sufficientlf smaller than flying force generated
by said second pads;

magnitude and pressure center of the flying

force generated by said second pads being substantially

AR N AR



wth rotary actuator schene whereto the above descri bed - 28 -
configuration according to the present invention is applied. The slider 1
according to the present invention is s gjected to seeking and positioning
on whol e data track of the nagnetic drsg 3"by a rotary 5 actuator arm4
via a suspension 2. The rotary actuator arm4 is driven by a voice coi
motor 5 in actiimedident mete sedrdd ude andow Betdidrh poasypectf tthemagnetic.
head positioning, the nost noticeable difference between the nmagnetic disk
unit of cont dctad exioredi i tthEe sddeniby the tawspensiassent i nvention and

t he conventional slider/ suspension of flying type is that frictional force
[err] acts between conttéet sididers befingh@reomi d &t wampadnefi Eh@i sk in a
direction opposite to the positioning novenent_direction at the tine of

seeki ng 15 artPSRANSHGhiHED TIAmERt (10 il & SHaeqedn) aséd Pajfeat
Fri cti onab [ ol Bestmatsdh A SAdTL e SHSEG ord D s out of the data
track in only said first pad keeping in contact with '
the magnetic disk during rotation of said magnetic
disk.
13. A suspension accoding to Claim 6, wherein
10 stiffness of said gimbal in pitch direction is 0.087
gfemm/degree or less.
14. A magnetic disk unif according to Claim 12,
wherein a positive pressure rail for generating
negative pressure is formed in close proximity to a
15 1leading edge side of said first pad, and magnitude of
flying force generated by the positive pressure rail
for generating thié negative pressufe is substantially
equal to magnitude of negative pressure.
15. A magnetic disk unit according to Claim 12,
20 wherein fhe second pads are separated.from the magnetic
disk to fly by an air flow caused by rotation of the
magnetic disk, and when the slider is seek-positioned
on a certain track on the magnetic'disk by the actuator
arm via the suspension, frictional force exerted
25 Dbetween said first pad and the magnetic disk is smaller
than product of lateral stiffness of said suspension in

a seeking and positioning direction and a track width.

* c L M S *



whi ch the magnetic head shoul d be positioned and 20 readi ng/witing cannot
be conducted. In the worst case, the actuator m ght run away and the
slider/ suspension or the magnetic disk gight be destroyed. This frictional
force [err] in the seeking and positi6n9 g direction is defined by |ateral
stiffness 25 k2 of the suspension in the seeking and positioning direction
and data tradle.w dth TA aagnetriesdiséd ulny tt becbaldiag g €lpimsd2on. - 29
- [err] Assuming that the track density is 20,000 TPl (tracks/inch), the
track wi dth Wherein wherepdgsitiening disalcondudtass SOt igluousd ys @pensi on
according to the present invention in the seeking_ and positioning 5

di rection is HprEfiedi@ck e ihggmasmetdsd disk whide engot@cde [err] in

t he seeking and positioning diyection becones approxi mately 300 ngf. For
preventing t s tl‘”f?%%?ll‘i rf& Bty o tgiﬁ MRINPLHLE 1% whi ch

the nagneglcﬂg%%%:ﬁg%ﬁe%fﬁéd’ frictional force exerted between said

first pad and the magnetic disk is smaller than product
of lateral stiffness of said suspension in a bit
direction and a data bit width on the magnetic disk.
17. A magnetic disk unit including a magnetic

10 disk attached to é spindle so as to be rotatable, a
slider having a magnétic head for reading/writing data
onto/from said magnetic disk, a suspension for
providing said slider with a predetermined load, and an
actuator arm for positioning said suspension on the

15 magnetic disk, said magnetic disk unit comprising:

a first pad disposed on an air bearing
surface of said slider, said first pad including the
magnetic head; |

second pads disposed on the air bearing

20 surface of said slider, said second pads including no
magnetic heads;

only said first pad keeping in contact with
said magnetic disk during rotation of said magnetic
disk; and

25 | a contact point between said slider and said
magnetic disk and a load point of said suspension being
in relation of center of impact each other with a

center of gravity of said slider between.

A



10 positioned, therefore, it is at |east necessary to nake the frictional
force [err] less than 300 ngf. If it is desired to increase the track
density, it is.necessary to increase thg | ateral stiffness k2 of the
suspension 2 or reduce the frictional °f Pcé [err] itself. Denoting 15 the
coefficient of friction between the slider 1 and the magnetic di sk 3 by
[err], load V8w, and aissadgriemic kEisieamitheaciondting tandlidien eygneti ¢ di sk
3 by [err] the frictional force [err] can be represented by the foll ow ng
expressi on aswhetéin [@ridadgeoint nf t$a ik peuspemns sor ondhit t eesbsct Heo 20
present inventors, the coefficient of friction between the slider 1 of the
present inversah shidehecigmpimet irositionplocatiek aaa rdistaneext ure hei ght
dl described with reference to the first enbodi pent was approxi mately 0. 3.
The | oad w ofeTHEVaIRMens? oFrbstantipl hgronedthed (95 [whele etfRgth o 300
ot or 185 a5 ASoRE! DpFaS: APOuS i D LA OLSr1 SN G SF PLLLR LELEd, st be

19. A slider in the magnetic unit according to

Claim 17, wherein a portion on said air bearing surface

of said slider other than pads is partially removed.

* [ L M s *



positive pressure center pad 14 is in contact with the nag‘eﬂﬂ@&ﬂﬁﬂ?ﬁ%&BﬂENl
the area of that contact is approxrnatglﬁ 0.02 [err]. Therﬁfore,REBLACED |
adsorption allowed per unit area of the contact portion B IS 25 [erti——Fhrs—
I's nearly equal to adsorption acting between the slider 1 and the nagnetic

di sk 3 per uniABEFRALCT (PF HEHE XSG ERE he magnetic di sk described with
reference to the first enbodi nent having an 15 texture height dl1 of 15 nm

and an texture area rat ifo THIRRRIG sk Unpe AdGides @ madsfictiHisdd t hat

th tic disk ' th J ' ti descri b it h fer, to th

(1 eonet i dileda 16, WSSOI OUSLen SSSe e WD, 1l g epce 0 the
Ki 20 di J : . lider/ ' f

Seek 10 20 9D ESblde: LYY oSN A SR BRI ©

| ess fr6n1expression (7). At the time of seeking and positken;ngz:thg:::::::j

contact recording pe a e pre onisr he sane
radi us of a nqggﬁﬁi [ ; i [ L ﬁgg% [ i.anl r.atlon,
frictional 25 for ceﬁ%rﬁ(g%%lscdﬁl%‘ﬁ'esf%ﬂ. I Tect ig%%%‘%fq%]%gﬁc@%
direction) of digsdmapatn G Phrdaet&irested Ndad, idld Wl adQifod i n the

bit direction also
for positioning the slider attached to the suspension

- on the magnetic disk. A first pad including the
magnetic head and second pads including no magnetic
heads are disposed on an air bearing surface of the
slider. During rotation of said magnetic disk, a part
of the first pad keeps in contact with the magnetic
disk. A load point of the suspension with respect to
the slider is positioned between a leading edge of the
slider and a position located at a distance equivalent
to substantially 0.42 times a whole length of the

slider from the leading edge of the slider.
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- 31 - satisfies a condition simlar to that of the frictional force [err]
in the track direction (radius direction), precise positioning cannot be
conducted. Denoting lateral stiffness in the bit direction, which is 5
octagonal D to the seeking direction, of the suspension 2 by k3 and bit

wi dth by Th, the follow ng expression ngi; thus be satisfied. [err]
Assum ng now that the bit density is 50 ,d%o BPI (bits/ inch), the bit

wi dt h beconmes 0.05 [err]. If the 10 frictional force [err] in the bit
direction is desired to be nearly equal to frictional force [err] in the
seeking direction, the stiffness k3 int TR girection must- be set equal
to approximately 6 kgf/mm 1In the slider/ JENgi on of flying type, 15.
texture processing is conducted on the magnetic disk in order to reduce the
frictional force at the time of starting. In the magnetic di sk unit of
contact recording type, however, the texture of the magnetic disk is

i nportant tb—teduce jctional force not2 w




20.only at the. tinme of starting but also at the tinme of seeking. In the
above described enbodi nment, texture processing is conducted on the nmagnetic
di sk side. Even if texture processing is conducted in the slider 1 25 side,
however, a simlar effect can be obtained. At - 32 - this time, the
nagnetlc di sk 3 need not undergo textuagdp ocessing, and the nagnetic
recordi ng gap can be advantageously re by a val ue corresponding to the
texture height dl. 5 . As heretofore described, the contact force
between the slider 1 and the magnetic disk 3 can be made 200 ngf or less in
the slider of flying/contact mxture ty ding to the present
invention. In addition, contact readlngpgjfg Qg operation can be 10
conducted stably over the entire surface for a | ong time without dependi ng
upon the velocity. Furthernore, disturbBfce acting on the slider 1 or the
suspension 2 can be isolated each other It is also possible to
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prevent junping of the slider 1 fromthe magnetic disk 15 3 and increasing
of unsteady contact force. Furthernore, the contact force at the tine of
seeking and positioning can be reduced, and accurate positioning can be
conducted even in contact recording. - 33 - WHAT IS CLAIMED I S 1.

A magnetic disk unit including a magnet8c/ @i sk attached to a spindle so as
to-be rotatable, a slider having a nmagnetic head for reading/witing data 5
onto/ from said magneti c di sk, a suspension for providing said slider with a
predeterm ned | oad, and an actuator armfor positioning said slider
attached to said suspension on the magnetic .disk, said magnetic di sk unit

conprising: 10 - a first- pad diiﬁtggdg?n an air bearing surface of
sai d slider, said first pad including the neti ¢ head; second pads
di sposed on the air_bearéag surface of said slider, said second pads

i ncl udi ng no
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15 magnetic heads; said first pad partially keeping in contact with said
magnetic disk during rotation of said magnetic disk; and a | oad poi nt of

sai d suspension with respect 20 to said slider being positioned between a

| eadi ng edge of said slider and a position |ocated at a di stance equi val ent
to substantially 0.42 tinmes a whol e .| engithgof said slider fromthe |eading
edge of the slider. 2. A magnetic disk unit according to Caim1l, 25
wherein a contact point between said slider and said magnetic disk and said
| oad point of said suspension are in relation of center of inpact each
other with a center of gravity of said slid t yeen. . - 34 - 3. '

A magnetic disk unit according to Claim1, wherein a thrust -load action
poi nt of said suspension with respect to said slider is in a position

| ocated at a di stance equi’ M to sgbstantTatty-ome thitd of]the 5 whol e
| ength of said slider fromthe |l eading edge of '
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said slider. 4. A magnetic disk unit according to Claim1l, wherein
said first pad includes a carbon overcoat having a thickness of 7 nm or

|l ess. 10 5. A magnetic disk unit according to Claim1, wherein a
maxi mum r oughness of a surface of said magnetic disk is 25 nmor less.- 6.
A magnetic disk unit according to C ai gwherein sum of mass of said
slider and equi val ent nmass 15 of said sUspénsion is at |least 2 ng and at
nost 11 ng. 7. A magnetic disk unit including a magnetic .disk
attached to a spindle so as to be rotatable, a slider having a nagnetic
head for reading/witing data onto/from said magnetic di sk, a suspension
for 20 providing said slider with a predet eﬂ@ds oad, and an actuator arm
for positioning said suspension on the magnet sk, said magneti ¢ di sk
unit conprising: a trailing edge pad dlsposed on an alr bearlng surface  of

said slider, said trailing éc% pad—25—rmctudrmg—temagnet Tt ead; ot her
pads dlsposed on the air pearing surface of said slider, said )ther pads
i ncl udi ng no nmagnetic he$ CONVENTIONAL '
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- 35 - only said trailing edge pad keeping in contact with said magnetic
di sk during rotation of said magnetic disk; said other pads being separated
fromthe 5 nagnetic disk to fly by an air flow caused by rotation of the
magneti c di sk; and contact force between said trailing edge pad and the-
magneti c di sk being 200 ngf or |ess. 8. 9 A magnetic disk unit
according to Cdaim7, 10 wherein a car%c{n overcoat having a thickness of 7.
nmor less is formed at |east on said trailing edge pad, and a maxi mim
roughness of a surface of said nagnet i-cgrﬁi'éku iseﬁ nmor less. 9. A
slider disposed on a suspension of an 1 '1 uat armtransl ated along a
surface of a magnetic disk, said slider being provided with a predeterm ned
| oad by sai d suspension, s&Rl-pk+ } } )
reading/witing dataznto/fron) said magnetic disk, said slider conprising
in an air bearing su_r'-uﬁace 1 : :
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20 thereof: a first ‘pair of positive pressure side pads |ocated on | eading
edge side of said slider; a second pair of positive pressure side pads

| ocated on a substantially center point of the slider 25 in its length
direction, and a positive pressure center pad having said nagnetic head and
| ocated on a trailing edge of said slidgrsggeach of said second pair of -
36 - positive pressure side pads beingdgfggter in area than each of said
first pair positive pressure side pads and said positive pressure center
pad. 10. A slider according to Cllaim9, wherein all of 5 said
positive pressure pads have substantially snooth plane surfaces. 11.

A slider according to Caim9, wherein ﬂgﬂzgii s of said slider and

equi val ent mass of said suspension is at ng and at nost 11 ng. 10
12. A magnetic disk unit including a magnetic disk attached to a
spindle so as to be rotatable, a ' 71
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slider having a magnetic head for reading/witing data onto/from said
magneti c di sk, a suspension having a | oad beam and a gi nbal for providing
said slider with a 15 predeterm ned | oad, and an actuator arm for '
positioning said suspension on the magnetic disk, said nmagnetic disk unit
conprising: a first pad di sposed on an ék} bearing surface of .said slider
said first pad including the 20 magnet ﬁead; second. pads di sposed on the
air bearing surface of said slider, said second pads including no nmagnetic
heads; flying force generated by said first pad 25 being sufficiently

smal ler than flying force generated by said second pads; magnitude and
pressure center of the flying force generated by-said second pads being
substantially . - 37 - coincident with magnitude and a action point of the
| oad given to the slider by the suspension;
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therIider bei ng provided by a ginbal of the suspension with nonent in such
a direction as to make 5 the first pad approach the magnetic disk; and only
said first pad keeping in contact with the magnetic disk during rotation of

sai d magnetic disk. 13. A suspension accoding to Caim6, wherein 10
stiffness of said ginbal in pitch dirqu?qg is 0.087 gf.nmm degree or |ess.
14. A magnetic disk unit according fo Claim 12, wherein a positive

"~ pressure rail for generating negative pressure is formed in close proximty
tora 15 |leading edge side of said first pad, and nagnitude of flying faorce
generated by the positive pressure rai.l for generating this negative
pressure is substantially equal to magnitude of negative pressure. 15.

A magnetic disk unit according to Claim212, 20 wherein the second pads are
separated fromthe magnetic disk to fly by an air flow caused by rotation
of ‘the magnetic di sk, and when the slider is seek-positiooned on a certain
track on the magnetic disk by the actuator armvia the suspension,
frictional force exerted 25 between said first pad and the magneti.c disk
is smaller

FIG.15




than_product of lateral stiffness of sald suspen5|on I N g=seeld ng—ant——

positioning direction and a track width. "™ 38 - 16. REPM&GEMEMISHEET
di sk unit according to Caim12, wherein vvhen positioning is c ngLF% 7
continuously on the same track on the magnetic di sk whil g Bateani.act. @5%?
between said first pad and the magnetic disk is 5 being

frictional force exerted between said fitst pad and the magnetic dISk S
smal l er than product of lateral stiffness of said suspension in a bit
direction and.a data bit width on the nmagnetic di sk. 17. A magnetic
di sk unit inclSHiDER SUBRPPRETING ISTRIGRURE tQF MACNETEC IMSKIIEED as to be
rotatable, a STirder having a nmagnetic head for reading/witing data "

onto/ from said magnetic di sk, a suspension for providing said slider with a
predet erm ned | oad, and an actuator arm for positioning said suspension on

the 15 nagnetlc dis said na n tic di unit conprising: a first pad
?Lsposed on QQEP 95 %EIééid slider, said first pad including
e

The present invention relates to magnetic
disk units, and in particular to a magnetic head slider
and its suspension structure in a magnetic disk unit of

5 contact recording_type in which a magnetic head slider’
is brought into contact with a magnetic disk.

In order to increase the recoding density of
magnetic disk units, the flying height between a slider
for mounting a magnetic head and a magnetic disk tends

10 to be narrowed. As the flying height is narrowed,
contact between the slider and the magnetic disk is
becoming inevitable. Thus, there has been proposed a
magnetic disk unit of so-called contact recording type
in which magnetic recording is performed with the

15 slider brought into contact with the magnetic disk from
the beglnnlng

In U.S. Patent 5, 041 932, there is disclosed
an integral magnetic head/suspension structure formed
as a long and slender bent dielectric object or as a

20 suspension having a magnetic head on one hand thereof.
This integral magnetic heéd/suspension has.a feature of
extremely light mass. By reducing the mass of the
integral magnetic head/suspension, the load applied to

the magnetic disk can be reduced and wear between the



magnei i c. head; second pads dlsposed on the air bearing 20 surface—of—Sa
sai d second pads i ncl udf g o8 .‘?"“—"-ads oﬁk?L%QFML$Tb@EEﬁ
keeping*in contact with said '
di sk; and 25

stider,

magnetic di sk and a | oad point of sai-d suspen5|on belng In reratr o of
center of inpact_each other with a cent &

bet ween. -

whol e length 5

A slider

renoved.

: 1 BEE t 4t
a cont a ﬁPLﬁgﬁﬁeenhgﬂrg b%gr -and- salgﬂﬂn

of said slider

. 8k DERQSUPPORTIEGn%mRHCWRﬂ. QE ﬂAGNEﬁGoPB%qUWBTQ aim 17,

wherein a IoaKBﬁﬂ‘RAETcﬁFs’H{EI Blscpmsmmm Wi th respect to said slider
position located at a distance equivalent to substantially one third of a -

having a magnetlc head for reading/writing data onto/
from the magnetic disk, a suspension for providing the
slider with a predetermined load, and an actuator arm
for positioning the slider attached to the suspension_

on the magnetic disk. A first pad including the

) magnetic head and second pads including no magnetic

heads are disposed on an air bearing surface of the
slider. During rotation of said mégnetic disk, a part
of the first pad keeps in contact with the magnetic

disk. A load point of the suspension with respect to

-the slider is positioned between a leading edge of the

slider and a position located at a distance equivalent

to substantially 0.42 times a whole length of the

slider from the leading edge of the slider.
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- 40 -
SLIDER SUPPORTING STRUCTURE OF MAGNETIC DISK UNIT

ABSTRACT OF THE DISCLOSURE

A magnetic disk unit includes a magnetic disk -
attached to a spindle so as to be rotatable, a slider
having a magnetic head for reading/writing data onto/
from the magnetic disk, a suspension for providing the
slider with a predetermined load, and an actuator arm
for positioning the slider attached to the suspension_
on the magnetic disk. A first pad including the
magnetic.head and second pads including no magnetic
heads are disposed on an air bearing surface of thé
slider. During rotation of said magnetic disk, a part
of the first pad keeps in contact with the magnetic
disk. A load point of the suspension with respect to
‘the slider is positioned between a leading edge of the
slider and a position located at a distance equivalenf
to substantially 0.42 times a whole length of the

slider from the leading edge of the slider.
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