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The present invention relates generally to data storage systems and, . more 

particularly, to a magnetic disk storage system in which the magnetic tr~ucer is 

mounted on a slider in physical contact with the storage medium at operatil_lg _speed. 
/ ' 

In magnetic storage systems, an information bit is stored by appl)'.mg a magnetic 

field to a small volume on the disk to align the magnetic do~_Jn that volume to a 

desired orientation. In such storage systems, the demand for increased storage capacity 

is presently being met by increasing_the areal bit density on th~·$furage disk .. 

In magnetic disk storage. systems, increase of ar~·-· bit density requires the 

0 reduction of three basic parameters, the magnetic wri~:'.;~£ducer (head) gap length, the 

thickness of the magnetic storage media and the.:~ to disk separation. Given a 
/•.···~. ·' .· 

specified gap length and media thickness, the s~tl~~ the head-disk separation, i.e., the 
r:!J;;~:~---·· 

lower the head flying height, is, the smaller ···bit cell size which can be achieved is. 

The limit of lower flying height is con 
. A~ 

contact with the rotating magnetic diskt::i,!te., the slider is sliding or rubbing continuously 

on the disk surface and the read/wr~t{}K~~nsducer is as close as the edge of the slider can 
····.~·,· 

be to the disk surface. U.S. Pa.~~[No. 4,819,091 to Brezoczky et al, assigned to the 
.{':··:;· 

instant assignee, discloses a ~gnetic contact recording system comprising a magnetic 
;tH\ · 

read/write head mounted ~11Jjf slider fabricated from a single crystal material which is in 
1£ZJ~~r .. 

physical contact with tl!~jf.btating storage medium. A tribo-attractive force is generated 
.;·~~iY.:· i 

between the moving:{<;li~k surface and the slider which counteracts the lifting force 
. : . -~~· ··: . 

.. :: _,:· 

genera~ by the_ .ri}~ing air _layer adjacent the disk surface and which allows contact 
... :. 

recording and r'~ding of data without excessive wear to either the magnetic head and 

slider or the reoording medium. 

U.S. Patent No. 4,901,185 to Kubo et al, assigned to Kabushiki Kaisha Toshiba, 

discloses a rotating magnetic disk storage systeni wherein a trailing edge of a slider is 

ma~ntained in contact with the surface of a rotating magnetic disk. The slider is 

sh~p~iatfil/o~e~lflli~~F.. ';ii~1~~r~~~bai :~#i.s.~_.\v~ich . include a teaf spring ¥ 
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il\~(Qlifm~~-t.!(;)t~~m;,:~~~:~!i~t£!9':;~!tWg~J4'tailfug:po.rtiqp.,of the _slider,,,f~· 

bearing surface into contact with the moving magnetic disk surface. A magnetic .~·is 
........ '. 

located on or embedded in the face of the slider trailing edge with the surfa6e ·of the 

magnetic head near to but not in contact with the disk surface to preve1:!t ·:wear of the. 
:-.· 

head surface. Wear of the slider contact surface and the.disk ism~~ by use of a 

disk lubricant and reduction of the disk rotational speed. 

It is an object of the present invention to provide a high de~!~, contact recording 

system for a moving magnetic storage system which _permits !#¢ ~gnetic transducer to 

be maintained in contact with the moving recording medi)!#i·· in differing conditions of 

tran:iducer loading and disk speed • without =ess,., of either the magnetic 
/'.!-.":.>:'ii; ... 

transducer or the recording medium. "·;~;7 

A~rding to ·the invention there is pm(·~. ;· a magnetic disk storage system 
. ~~~~t} . 

comprising a magnetic storage medium corqp~J$hi_g a rigid substrate having layer of 
i _;.if;);::;: : 

magnetic storage material thereon; a m~~!JCtic transducer and a contact slider for 

supporting said magnetic transducer' mfs,~h;sical contact with said magnetic storage 
.. .:.·~?j ' . .' 

medium, said contact slider comp~~~· a substrate of material having a load versus 
. . ~ -~- .. :. 

friction characteristic that is non-:;l~ in the negative load region; and means coupled to 

said magnetic storage mediu~;f Cir rotating said magnetic storage medium and producing 
.;.;;~::' ... 

v relative motion between s . Illagnetic storage medium and said contact slider up to a 
! .... 

:fficient to generate a restoring force responsive to said load 

versus friction chap.,, ~~istics of said contact slider, said restoring force having a 
.. ~:ff}::;-

magnitude suffiqi¢.pf for maintaining a surface of said contact slider· in substantially ,. .... ··~. .... .. . 

physical contabt: ~ith said magnetic storage medium at said selected operating speed, 
/ _; ... 

whereby said magnetic transducer is maintained in close proximity to said magnetic 

storage medium and data can be written or sensed without excessive wear to either said 

contact slider or said magnetic storage medium. The magnetiC disk storage system is 

characterised in that said material comprises an amorphous fused quartz having a high 

il~~i.ttEitsJ;::~~:1\~i~-;tJ~~ijlLffi~ibri;;):wli~f.ii~tih .. attra.ctive force is exerted~ 
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maintained in contact with said storage medium during said relative motien and _high 

density recorded data can be reliably written on and sensed from said recording medium. 

There is further provided a magnetic transducer for use with a magnetic storage. 
· .. ·.· 

medium, comprising magnetic head means for recording and/or se~~ data on a 

magnetic storage medium; and a slider for supporting said mag~hc, head in close 

proximity to a major surface of said magnetic storage medi'1J]i, said magnetic head 
.· :•:.··· 

formed on a surface of said slider, said slider co:rnprising .Jt./substrate have a surface 
. . . 

thereof maintairied in sliding physical contact with said,;~Jor surface of the magnetic 

storage medium, the substrate material having a load us friction characteristic that is 

non-linear ·in the negative load region. The tr. l;~~cer is characterised in that said 
.r1~+->·. 

substrate ,comprises an amorphous fused q~::'having a high resistivity and a low 
· 1<~:;;;~r-: · 

coefficient of friction, whereby an attr~e' force is exerted between said storage 
, "' ·+·'.~Rt 

medium and said magnetic transducer ·, '.'tbat said transducer- is maintained in contact 
.-:..f ·}"-;:~-' 

with said storage medium during saj~~l~tive motion and high density recorded data can 

be reliably written on and sensect-fyBfu said recording medium. 

In a preferred storage $'ysh;m embodying the invention the magnetic read and/or 

write transducer or head ~~~llilted on a slider suspended from a support arm such that 
;~.~};~:.y. .· 

the slider is maintained.';Uf physical contact with the moving magnetic storage medium 
.-'.!_'.:di,'·· 

(magnetic disk). R~~tfye motion between the slider and the magnetic disk generates a 

tribo-attractive resk,ffug force sufficient not only to overcome the lifting force generated 

by tbe moving ·srirface film. of air, but also to counteract any perturbing· force tending to 

separate th~., ·slider from the disk surface. Thus, a very steady average slider-side 

separatim(iS,maintained, fluctuating within only several nanometers (nm) with respect to 

the di,sk'surface. At least one magnetic read and/or write head is positioned on the slider 

in close proximity to the slider contact surface. Since the slider is in contact with the 

disk surface, the head to media separation is dictated only by the thickness of the 

'P't:i~9;y~~l~f~t~~~~~~lall~HR~~,,-;:~¥.~t•§J~~ ~gnetic medium, .and the,. 
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disks have local variances of surface flatness of 20 nm or less and protective over®at 

layer thickness of 40 nm or less, if any. Thus, it is relatively easy to achieve head-to­

medium distances of less than 60 nm. Additionally, since the slider is in physical contact 

with the magnetic disk surface, variations in the head height during ,~(>p~ration are 

minimi7.ed. Thus, by utilizing a magnetic disk device according to the present invention, 

the data areal bit density can be significantly increased. In addition, .data can be easily 

read from the magnetic recording surt:ace of the magnetic disk .. ·· .. ··. · .. 
·.· . 

Since the tribo-attractive force generated by the relatiy.¢'.)notion between the slider 
/::~=~~:~ .. -~. . 

and the magnetic disk surface in sliding cont.a.ct overqci~ the lift generated by the 
·-;..-<.}. 

>'::::··: 

moving air layer immediately adjacent the disk s ;'.;:::the requirement for a positive . 

external load on the slider is eliminated. Additio . '~: , ;'because the tribo-attractive force 

actually behaves in the manner of a restoring~, .. ;,~:,; such as, for example, the restoring 

force of a spring, any force tending to lift W,~~ltder from the disk surface is countered 
~~-.:.-:~~r .. 

with an increasing tribo-attractive force. ,TJ):\ls, when any disturbing force, for example, 

resulting from disk asperities or runo1;1~~;,.~fuch tends to separate the slider from the disk 
.. :·· ... 

surface, the tribo-:attractive restor~1force maintains the slider in contact with the disk 
:1:(:;-:·· 

surface. Another benefit of th" )ho-attractive restoring force is that the slider may be 

operated with a zero or .. · ve external loading thus providing minimum frictional 

loading at the slider/disk,~:·, '° ace interface minimizing wear at the slider and disk contact 
,J:'.;;~'f! 

surfaces. ..'.'.::i 
·: 

.. Typically, pri~*'·':art .moving magnetic storage system, Winchester drives, for 

example, use the ::,;:start and stop in contact mode," i.e., when the disk is stationary, the 

slider rests on'. the disk surface. When the disk comn;iences rotation, as an air bearing is 
·. : ' ~· 

developed between the slider and the disk surface, the slider "takes off and flies" above 

the disk•surface. When the rotation of the disk is stopped, the slider lands and comes to 

rest on the disk surface. As disk surfaces become increasingly smooth, an increasing 

·pi~1i~rii'.·:6t·:~t£1&tiJii~~tl-ttii~il]il~~~~J;~B~$.'.~~:·~being .·encountered with~ 



5 

tftl:~':lii:(~ij¢:~pkip~~titi8ht;'.%ri4t::·jiri&i~ril'i~: inallir~~~~~1w~i~:·:reqhiierh~rit.'for. high starµng:· 

torque of the disk rotation motor to initially "break" the slider loose from its "af:t~st" 

condition on the disk surface. This problem is exacerbated by the positiv~ :;:~xternal 

loading on the slider required to counteract the lifting force created whe:µ/fue disk is 

rotated. In a moving magnetic storage system according to the prese:µ(':fnvention, the 
_..: :·· :~·. 

slider has a zero or slightly negative external loading resulting iii .. the slider being 
,...;, ... ::-. . 

suspended above the disk surface when the disk rotation is s19p.ped; i.e., no relative 
.!',. -~~;.: •. 

motion between the slider .and the disk. Further, the slider ~r '~ounted to its suspension 
.•= .. 

arm such that it is tilted slightly allowing a forward or Iea4i&:tip or corner to be in very _,,........ . 

light contact with the disk surface. The stiction forces . rated by this point contact are 
/-

of negligible magnitude and disk rotation is easily ~:'.'. - . As rotation is commenced 
/;·~:-~ 

and the disk comes up to its operatiorial speed, th~i~~fu.t contact allows the generation of 
........ ·~.}"/-' 

triboelectric charge. which propagates over the_.gtjttom contact side of the slider. When 
_,':.- .. 

sufficient charge has been generated over ~'·slider contact surface, the resulting tribo­
A;:f::: ·· 

attractive force pulls the slider down on~;,fthe disk surface such that the slider contact 
!.·'·{:;;.·.·. 

surface is parallel to and in physical ~_qf ~t with the disk surface. As described above, 
A1~~::~' 

as long as the disk continues to rota¢fabove a threshold speed, the slider is maintained in 

physical contact with the disk su.r~~. with zero or slightly negative external loading on 
!~~··.· .. . .:· 

the slider. When the disk rot4ti.6h is ceased, the slider lifts and tilts up again with only 
/: '·: ... .. . 

the slider forward tip in con,~~t with the disk surfaces as the disk becomes stationary. 

, ;--L~rief Description of the Drawings 
i·.· .. • .· 

.. The foregoingjtnd other objects, features and advantages of the present invention 
/" ·~ .; ... · . 

will be apparent trbm the following detailed description of a preferred embodiment of 

the invei:ition,_t¢ference being made to the accompanying drawings, in which: 

Fig. lis a perspective view of a contact slider supported on a rotating storage disk 

in accordari.ce with the principles of the present" invention; 

. Fig. 2 is a graphical diagram illustr~t!µg_$e fr~<;,Ji()_gaj.force versus external load on, 
az:~~~t&i:~iia~~'-is -~k6wit'.:i~~~~~-~i~Diti,1ft:[~~1k>t->. '- ', :::p:;;;'tvJrw. . . · ·. · .· · · · :i 
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\:~~;!''..:);1:'.Fi~ic.lat~:j:~~~'.~ihlil.~~'bl~kiitf.~fQtf'~j,tlmgt.~k·- magnetib- storage- syste~._.:iti 
accordance with the principles of the present invention; 

Fig. 4 is a cross-sectional view illustrating a slider mounted for self-~pading in 

accordance with the principles of the present invention; .... .· 

Fig. 5 is a graph showing the slider load and friction forces as a fu9-4tlon of time as 

the disk commences rotation for the magnetic storage system.shown ~:pfgs. 3 and 4; 

Fig. 6 is a top plan view illustrating a preferred em.bodimentj>fa contact slider for 

use in the system shown in Fig. 4; "';::·.:.· .. 

Fig. 7 is a cross-sectional view taken along lines 7-7 qf'~the slider shown in Fig. 6; 
·!':•; .. ·. 

1···:;::-·· 

Fig. 8 is a cross-sectional view of the slider shq~~f'in. Fig. 7 with an alternate 
.r.;· .... · 

embodiment of the recording medium; and 4i-i;: . 

Fig. 9 is a cross-sectional view of anothe- .. ferred embodiment of the slider 
. * 

shown in Fig. 4. ,rt(~J1> 
Detailed DeScrlption of ~;~rerred Embodiments 

Referring now to Fig. 1, an info~~~~ storage system comprising at least one 

rigid storage disk 12 fixedly supporte4;~~~~· spindle 17 and rotated by a disk drive motor 
.. !:.'·~·(,. 

(not shown). The recording mediwn!:ii is deposited on the disk in a well-known manner 
: :·· .. :-·. 

;.-·-..; ... 

in the form of an annular pattern bf concentric data tracks, for example. The storage 

medium is covered by a prot~ti.ve layer such as a carbon or zirconia overcoat. At least 
.· ... ,. 

one slider 13 is position.ea'."_ih conta'Ct with the protective overcoat layer at the disk 

surface and supports ?lie-or more read/write heads. The slider 13 is attached to an 

actu~tor arm 19 by :@.~ans of a suspension 15. The actuator arm 19 is attached to an 

accessing mechalli.sm such as a voice coil motor (not shown) for positioning the 

read/write hea.ds over desired data tra~ks. As the storage disk 12 rotates, the slider 13 is 

moved radially across the disk so that the read/write head may access different portions 

of the disk surface 11. 

· In accordance with the present invention, the slider 13 is positioned by the 

slispension'Ai-.Jl~·lfs-.~Q. :~t,·~~lll~m~~~i~wt1~~~,!JJ.~tt~4A).g,:P;l~diupi-at normal operating 1 
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:1~-~*ill .. ,...~tli~ti~~~t.~~#:':,'.w,~r~nq~(;m.1]w<l tli~ Jiisk. sµrfac¢··11 m,(t,p~ 

direction indicated by arrow 16. It is a feature of the present invention that the sl~derl3 
.···.; . 

remains in direct physical contact with the disk surface 11 even when the relative motion 
.' :· . ·~ 

between the slider and disk surface exceeds speeds of 20 meters per seco~~~.- ·.Physical 

cont.act is maintained by an attractive force, referred to as a tribo-attractive :force, that is 
/·, .. ~:_: . 

... , ..... 
of sufficient strength to overcome the lifting force created by the filmo'of air which is 

.· .. · 

moving with the disk surface which tends to force the slider awa}' :fl:~l:n the disk surface. 

The. above cited U.S. Patent No. 4,819,091 discloses in detaitA1Pmagnetic disk storage 
,., ... :.: 

system incorporating a slider in physical contact with the ~y;>,fage medium and is hereby 

A§l' 
incorporated by reference as if fully s~ forth herein. /:\~~;;:;" 

The tribo-attractive force is due to the columbic:atfraction between the triboelectric 
/.1.··Ef:> 

charge generated as a result of relative motion be~~~ th~ slider and disk surfaces when 

in physical contact. The triboelectric force i,s;'.:f~iatively independent of the disk speed 
·:~\)?-:':' 

above some threshold speed of the order qf[~6lie meters per second but decreases below 

this speed. As the speed is reduced, ih~~~~, a point at which the tribo-attractive force is 
/(>~}f'·. 

no longer sufficient to maintain the ~lj.Uer in contact with the disk surface. This point of 
_. :·r;:~ 

release appears. to be a function 9ftfie disk run out and surface roughness. Additionally, 
.··.····.·. 

as the suspension arm loading,.·i:e., the external load, on the slider 13 is decreased to a 

negative load, a "restorigg·o::frirce" i& generated. That is, when the two surfaces are 
&<··· . _/:·~·.:~<-=:. 

forced apart, the tribo ctive force increases to counteract the force urging the two 

surfaces apart. toring force enables the slider 13 to be maintained in steady 

con~ct with th~·f'§f,·,~urface 11 in spite of the surface roughness and run out of the disk 
,._";"-!' '.. '.~- . 

12. As show1iih Fig. 2, when the external load is positive, the actual load on the slider, 
.::·:····· 

•· 

i.e., the ~easured friction between the slider and disk surfaces, is linearly proportional 

to the external load on the slider 13 and there is an additional, constant tribo-attractive 

force. The net load at the slider-disk interface is the sum of these two forces. As the 

_external load is reduced into the negative region, i.e., the slider is pulled up, away from 

'~~e:::aµi~ 'S.jiliHl(f ':.~~~~fi9jfi::ili~~-ctJfi~r~~111fl?~!-Wee11.'the·tribo-attractive 1 
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trb~~fa,tia{tlii;if;fufa9t1t'.~:.i.$J·f:~i/}B~iiititrifm41~J~i;~114·6f Fig~·.2;:. as ·the exter~~)· 
.-:.:: ··::-~·.'". 

load. -is decreased into the negative region, the friction versus load char3.9te:dstic 

gradually deviates from the linear relationship observed at higher loads in the positive 

load region. As the magnitude of the negative external load on the slider 13 ·is increased, 
,_- ... ·.-... 

the net load at the slider disk interface decreases slowly as does the frictiotial force. The 

tribo-attractive force is a weak function of the disk speed above a fuinim.um threshold 

speed. The restoring force effect and the small net load re~~tS in increased slider 

stability and extremely low wear at the slider-disk interface tu eontact recording systems 
. ~: 

,-.,. 

utilizing the tribo-attractive phenomenon. ,<::::: .. : · 
·~ /....:[:f ~~~ -:~·· 

The tribo-attractive force generated by the re ·vec· motion between the slider and r,.,, ... 

disk contact surfaces includes a restoring for '·'ch, in a similar manner to the 

restoring force of a spring, counte!S any force. .·.·· mg to separate the slider from the disk 

surface with an increasing tribo-attractive ,, '.'... ·. · When any perturbing force is applied 
~4;~~3~··' 

which tends to separate the slider fro.Pi~the disk, the restoring force thus generated 
./~~1~~~-. 

maintains the slider in physical con~/with the disk surface. Without the effect of the 
/· . .-.: '> 

,;:::-.:::·~: 

restoring force, disk surface ro~gbri:ess and disk runout would cause the slider to be 

separated sufficiently to allqyf \b.e moving air layer adjacent the disk surface to 
.~{J ::'" 

completely lift the slider froiJl.ithe disk. The net result is that the requirement to apply a 
,( _,_· __ ::' .. 

large positive force to .. ~~ slider to counteract the air bearing lift and any perturbing 

forces is eliminated. /~dditionaliy, since the tribo-attractive restoring force generated is 

only sufficient to .. .C:otmter the perturbing force, no additional load is experienced at the 

slidt}r/disk co~~ct interface'. Thus, the system may be operated with little or no external 

load on the · sitder. Optimum system performance is achieved at essentially zero or 

slightly negative external loading on the slider while the magnetic disk is rotating. 

Hi addition to the material physical characteristics, the extremely low external load 

on the slider is an important factor in minimizing wear of both the slider and disk contact 

slirfaces and in reducing the effects of stiction. The geometry and surface finish of the 

i§\fdtt··~_filsj)'.iP.\$'.~Wfufd~~~@tl~l@·:~iit:J{~i~jji{~tilt~l~~:Iti'.~ile . the. g~nerated tribo- , 
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"· ... _,··. 

important to minimise the air bearing.effect itself as much as practical. However, .. s:ihee 
:;.:.· 

the air bearing does provide a beneficial lubricating effect, complete eliminatie;>tl'~f the 

air bearing is not desirable. 

Whether or not a tribo-attractive force will be generated and the ~griitude of the 

force generated is a function of the materials utilized in the fabricatio.µ ~ith.e slider and 

the disk to be used. In view of the present understanding of the. fiiboelectric charging 
.-: '.: 

phenomenon, it is difficult to predict material pairs which wijl exhibit tribo-attractive 
. ~·· :" .. 

contact sliding behaviour with the restoring force effect. .. ~ ~a general rule, when the 

friction versus load curve for a pair of materials, slid~~;,;'.~ disk, has a characteristic 
- ... ~~::~r:-·- :- . 

shape, particularly in the negative load region, s· · ··to that of curve 14 illustrated in 
. ~ .~ 

Fig. 2, the materials are showing tribo-attr~_,,~~~~:- ;1.~ntact sliding behaviour. The 
_ ... ~:~rp::~, . 

deviation from the linear relationship in the, '1:¢gative load region which results in an 

extended gradual monotonical decrease ~~;:Pi.~~-triction for negative loads is indicative of 
,/.:~~;::·:,· 

the development of a strong restoriqg~f6fee. It has been found that slider materials 

selected from a wide range o(. ·'.9~~:~line and amorphous materials having a low 

coefficient of friction and w,hidh ~e either electrically non-conductive or have a high 
·.. . 

resistivity in combinati~n,·:':V\lith presently available magnetic storage disks exhibit the 

desirable tribo-attractiV~f ~haracteristics. While materials also exhibiting a high thermal 
. : . . . . . 

conductivity are .p,feferred, a high the~mal conductivity does not appear to be required in ... . ·:.·.· 

all materials whtth exhibit the tribo-attractive effect. Table I is a listing of various slider 

mat~:rial~ which exhibit trib~-attractive contact sliding effects when used ·with a variety of 

magnetic disks, for example, carbon zirconia or Si3N4 overcoated thin film disks, plain 



Material 

diamond 
sapphire 
silicon 
quartz 
cBN 

CaTi03 
SiC 
ZrO 
alu~ 
SIALON 

cBN 
fused quartz 
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Mor.phology* 

SC 
SC 
SC 
SC 

SC 
SC 
HP 
HP 
HP 
HP 
pc 
a 

TA Behaviour 

excellent 
excellent 
possible 

good 
good 
good···•·· 

some wear 
soID:ewear 
soIJie wear 
.··good 

good 
· good 

;;;~~: . 

* sc: single crystal, pc: polycrystal, a:!l9fphous, HP: hot 
pressed compaction (usually multiphase p9;f.#Xture) 

""''! As shown in Table I, a wide raiige of/~terials are potentially useful in tribo-
i::·;.-::-:·· 

,:1.i~)· 

attractive contact recording applications ... ~ile a bleed-off path for the triboelectric 
t\:'y::: 

charge must be provided, the resistivity,g~ili.e disk coating is not critical. However, as a 
'~'~.:~f;f:'' 

general requirement, most of the g;,.e.~hlted triboelectric charge should be dissipated to 

ground in the time required for ~·$illgle disk revolution. Typically, the magnetic media .· ..... 

\_./ utilized in thin film d!sks is,, 6>,e~lic and if grounded, the protective overcoat is thin 
A;i:. 

enough to allow the char . x: ., dissipate. If the magnetic media is non-conducting, as is 
~/ 

the case for some of 'mmonly used oxides, a deliberate design for bleeding off the 

triboelectric charge .. : . quired. While disk lubricants will decrease friction and enhance 
(:r-§~?~ 

the wearability o(,Pdth the disk and slider, lubricants and other contaminants which may 

be absorbed will affect both the triboelectric and tribological performance. In practice, 

the presenee ·of polyether type lubricants have not shown any deleterious effects on the 

tribo-attractive phenomenon. 

Referring now to Fig. 3, a magnetic disk storage system according to the principles 

o~.:~:J;tjr~~hif~\f~~!iW:i~f~i.Ji~fillm£HP.9~JiC?&lq,~:c[~k, such· as <Jisk 12, is1 



11 

medium 11 on each disk is in the form of an annular pattern of concentric data tracks 

having an inside diameter 22 and an outside diameter 24, as shown on disk 12. 

At least one slider 13 is positioned in contact with the magnetic recordiJii inedium 

11, and each slider 13 supports one or more read/write heads 21. T~e slider 13 is 

attached to an actuator arm 19 by means of a suspension arm 15. The su$pension arm 15 
.. ~· .. , ... 

provides a zero or slightly positive spring force to externally load ~-~t.ain the slider 

13 in contact with the disk surface 20 when the disk 12 is st.atio~, i.e., not rot.a.ting, 

as described in more detail below with reference to Fig. 4. When the magnetic disk 12 
-~· ... , ....... 

V is rot.a.ting, i.e., relative inotion exists between the disk /.in.d the slider 13, the slider' 

13 is inaint.ained in contact with the disk surface 

external loading. Each actuator arm 19 is attach 

_ th a zero or slightly negative 

coil motor (VCM) 27, for example. The VC~t»l}a"coil movable within a fixed magnetic 
. .f:;:tJ:?-' 

field; the direction and speed of the coil inent is controlled by an applied current 
. ( . 

signal. As the disk 12 rot.ates, the slide y .'/is moved radially in and out across the disk 

so that head 21 may access differen~,~~~ns of the disk surface 20 containing the stored 
.·":Tf.f,·;~-· 

data. 

The various componen 
/;1~ti\lrF, · 
i;~r- the disk storage system are controlled in operation by 

'..t ... 
:!/ 

· nit 29, such as access control signals and internal clock 

logic co~trol circuits, storage· means and a microprocessor. 

the control unit 29 •. fates control signals to control various system operations such as 

motor control sigtiiilf on l_ine 23 and head position control signals on line 28. The 

control signals ori line 28 provide the desired current profiles to optimally move and 

position a selected slider 13 to the desired data track on the associated disk 12. Read and 

write sigli3.ls are communicated to arid from read/write head 17 by means of recording 

channei25. 

The above description of a magnetic disk storage system, and the accompanying 
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' ;~par¢11£i;ifiji0:~fiei:'.iih:~-ik~~:Y-'~l&ihti:iii~~·a:(:fatge'.::·nhmber··· of• stOrage. disks 3;1J,4:f 

VCMs and that each actuator arm may support a number of sliders. The pres~nt 
'. ~ ... 

invention of a contact recording magnetic disk storage system is fully applicable '.t6 any 

such movable storage apparatus, provided it is of the type in which the sli¥i"~ are in 

contact with the storage medium when at operating speed. 

Referring now to Figs. 4 and 5, in accordance with the principl~~bf the present 

invention, the slider 13 is attached to a suspension arm 15 and positjQned such that it is 
/· .. ; ·: 

suspended on contact with the disk surface 20 when the disk 12 isf~tationary or stopped. ,. ··. 

The slider 13 is further mounted to suspension arm 15 orienn-4 such that the slider is 

\..._.,' slightly tilted, such as by twisting suspension arm 15 slightly;·· and a forward or leading 
. . ... /(: .... ·: 

corner 31 with respect to the disk rotation (as indicated ilY:::arrow 32) is in light contact 
.~ . · .. '1 ·. 

with the disk surface 20 when the disk 12 is stopped. /'.~~ tilt angle, while exaggerateq 
/lt~~(·· . 

in the drawing for illustrative purposes, need by 9~y:· enough to ensure contact of the 
. //:/;_{'.;'.; I 

slider tip 31 with the disk surface 20. For a i;~fetred embodiment, a tilt angle in the 
;.~·\f: 

range between 1.5-5.0 degrees is sufficient.Jr;g(jo large a tilt angle may cause the slider 
/if!}"" 

tip 31 to "dig in" to the disk surface wh"misk rotation is started. The stiction forces /\;:r·.'.. 

generated by this light contact are of g,¢~l~ible magnitude and the disk rotation is easily 
/~~;~~~i;'~··· 

started. With this configuration, a§f~otation is commenced and the disk 12 comes up to 
.:·.: .. ·~: .. 

its operational speed, the poin..tH;1funtact of corner tip 31 allows the generation of .. t>::;·~·· ~ '"'" 
I 

triboelectric charge which pr'"', ates over the bottom or contact surface of slider 13. As 
/ 

the charge generated at · · rner tip 31 begins to spread, the slider 13 is increasingly 

attr~cted to the dis~:' ... ., This process enhances the triboelectric charge 
/.··:_:_.~~/· 

generation due to tlif fucreasing contact area and at a threshold point, sufficient charge 

has accumulataj fo.i- the slider to be suddenly attracted and pulled to the disk such that 

the slider contact surface is parallel to and in substantially physical contact with the disk 

surface 20. As long as the disk continues to· rotate at a sufficient speed, the slider is 

maintained in sliding contact with the disk with zero or slightly negative external 

loadiii~;::·:Wh~fi:''tli~'if - . - , ~ift~ii~tila~¥- 13,:hfts and tilts up to its rest fJ 
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angle. The slider self-loading process is illustrated graphically in Fig. 5 as a fun~tiqn of 
.... · :· ·. 

time. The disk rotation is seen to start at the left side of the graph at time zerQ:'As the 

rotational speed of the disk increases, the friction increases while the lo~d:' remains. 

relatively constant. The oscillations of both the friction and load magnj#.].~ are due to 
/· . .-:·:_,: 

.. ; . 

repeatable runout of the disk and the gradual acceleration of the disk :~u;' evidenced by the 

shortening of the prior of oscillation. The large spike 34 in ·'.the friction curve is 
.:-:.: ":.-

indicative of the point when the slider has accumulated sufficieb.fcharge to be attracted 

into full contact with the disk surface. For a preferred emb9(iiirient comprising a single-
..... 

crystal sapphire slider with a 3.5 inCh particulate mag 
.. (:-. ::.-· 

·· disk, the friction spike 34 

corresponds to about 2400 rpm in a system where 
~ 

rpm. After the high friction spike 34, when the_, ·r initially comes into contact with 
/ 

the disk surface 20, the friction curve flattens. .. /at a value approximately equal to the 

lower value for the load. In contrast,.. the · ,. curve continues its oscillatory behaviou'r. 
-This is most likely due to the fact. that - ·'Contact sliding occurs in the nonlinear region 

of the friction versus load curve whet~'.[: e derivative with respect to the load is small. 
,f\~~:r~· · 
t' ........ . 

Referring now to Figs 6-8/,~:~ccordance with the present invention, the slider 13 
/~;.:~_::_ .. :,; 

is positioned such that it is ffi;'sliding contact with the recording. medium 11 while the 
./~C~ :_~- ;'' 

disk is at normal operatin ~'&cl produced by relative motion, at a predetermined rate, 

between slider 13 and; / disk surface 20 in the direction indicated by arrow 32. A 

"snow plow" or "b ike" slider geometry is utilized to deflect surface particles, and, 

thus,_ minimize th(/ ~sibility of dust and other contamination coming between the slider 
/.~>r:· . 

and the disk s~~'&. In a preferred embodiment, the slider 13 is formed in the shape of . x··· 
an isoscelesia,:rangle with apex or leading corner tip 31 along the line of relative motion 

(as indi~ted by arrow 32), which may be 3600 rpm or greater. The slider bottom side 

or contact· surface is flat and lapped to at least an optically flat surface. Alternatively, 

the slider 13 may be an equilateral triangle or a square or rectangular shape mounted 

sui!ilitf"~:;1~1- _· ;Jtqf!:~~!iEl~~ffition <firection. 9 
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such as a material selected from the materials listed in Table I, for example. Single 

crystal diamond or sapphire are suitable materials for slider 13. In a p~eferred 

embodiment, slider 13 is fabricated of a polycrystalline compact of silicon carbide (SiC). 

While the SiC compact exhibits excellent tribo-attractive properties, it does not wear as 

well as sapphire or diamond with respect to the disk surface. In genera1~ single crystal 
.· . 

surfaces provide better performance because they present uniforn,} surface properties 

resulting in consistent triboelectric charging and wear. Howeve:r//ili.e increased expense 

of single crystal materials such as diamond over polycrystall~ materials may not justify 

the increased wear performance. 
. .l~.i.-~·~·· 

The magnetic read/write head 21· preferably compt~ a magnetic head formed by 
t:~I;t·. 

thin film deposition techniques such as the thin fl , ... ansducer. described in commonly 

assigned U.S. Patent No. 4,190,872 to Jones,.~_:: .. -~t al, for example. The magnetic 
/@!:~~--· i 

read/write head 21 is deposited on the face 3A.f.($if trailing edge 35 of the slider 13 which 
.:~£i&!/~· 

is substantially normal to the bottom sur~~;37 of the slider which is in contact with the 

disk surface 20 (as shown in Fig. 7). /;;:~;~:~r 
/ ::- : 

As shown in Fig. 7, in a .s~~lfic embodiment, the recording medium 40 is a 

particulate magnetic disk. TheS·¥~bording medium 30 comprises a substrate 45 made of 

v· an aluminum alloy, for ex~~le, having a particulate magnetic coating 43 thereon. The 

magnetic coating compr~bs.magnetic particles in an epoxy-resin binder. The magnetic 
_.·_:·.-._;--

coating is cured and.· bl1ff~d to a desi!ed surface finish and a small quantity of a liquid 

lubricant, for exaillple, is deposited on surface 41 of the recording medium. The slider 
: ·. . 

13 then is positioned in sliding contact with the disk surface 41, the lubricant forming an 

interface between the slider contact surface 37 and the recording medium surface 41. 

The read/~rite head 21 deposited on the rear face 34 of the slider is therefore maintained 

in close proximity to the disk surfaee 41 at· a sub"t"'1r.t.•:"' .... lY constant height above the 

:retitdkg ~~furi43··2:·i/iiLi/.)E:.L:::;}::J:filmi:\~i~'.~fi . ... . . '1 
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..•. :~"8,::$b~~Jilli,.JF.i~;~~&J;ffi'.nM&fil¢r,.P.i-'~f~rr~<Fem~~t1iliibrit;,t11~-recordllig:.mediuin so ~.:;~ 
thin film magnetic disk. The recording medium 50 comprises a substrate 59 made (Jf an . 

Al-Mg alloy, for example, an undercoat 57 of material such as chromium, for example, 

a magnetic layer 55 of a cobalt-based alloy, for example, and a protective: g\'e:rcoat 53 of 

a material such as carbon. As described above, the slider 13 is po$i"ti6ned in contact 

with the surface 51 of the recording medium 50 under normal ope~tlng conditions of a 

magnetic disk storage system without producing excessiv:~·:w~: . 
:-:u;:.::_,-· 

Referring now to Fig. 9, a preferred embodjm~#F~f a compo~ite slider is shown. 

A composite slider 60 comprises a slider boq .. ;· .. ·\~~ch is made of a suitable material 
..i:f:,fi.0:Y-;; 

such as a ceramic, a mixture of AI203;,,~@Jific, for example, and a thin layer 67 of a 
~ ...... ~~ ~t~;;g5::~ . . 

suitable tribo-attractive materia.J,.J:~~naoo to the slider body bottom surface 65 and in 

contact with the.recording,:.O:.~i~·69. In a specific embodiment, a composite slider 60 
, ...... ~. . ··. ,.,_. . 

comprises a slider bQQ.~}63 of single crystal sapphire upon which is deposited a layer 67 
,('._;;:::{:_:::~·:.·· 

.... ·.·.···· ; 
of suitable crys~riie material. As described above, a magnetic read/write head 61 is 

deposited tjit.tb.e face 62 at the slider trailing edge. A layer 67 having a thickness of 

about 250A is suitable to provide the tribo-attractive characteristics required to ensure 

'CinW;fb~~~im~~~tt6m -~fitffi~·65;;6 .. -11~~i86jftiid, tii'i~¢¢or<Jirig:'i1J,edi#. 69. 9 
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~- . 

1. A magnetic disk storage system comprising: 

a magnetic storage medium (12) comprising a rigid substrate having a l~yer of 

magnetic storage material (11) thereon; 

a magnetic transducer (21) and a contact slider (13) for supporting .said ~gnetic 

transducer in physical contact with said magnetic storage medium, s~d. oontact slider 
,! ... 

comprising a substrate of material having a load versus friction c~ristic that is non­

linear in the negative load region; and .:· :·· 

means (13, 14) coupled to said magnetic storage medimy,·for.rotating said magnetic 

storage medium and producing relative motion between}al.d magnetic storage medium 

and said contact slider up to a selected operating speesJt~ficient to generate a restoring 
• .~· •= .:,:i .. : :: ;~~·-:· _, 

force responsive to said load versus fri~on char 'istics of said contact slider, said 

restoring force having a magnitude sufficient 1,.:.r ining a surface of said contact 
i /,4/iff' 

slider in substantially physical contact withJz-:lti"''magnetic storage medium at said selected 
'·'.\'•~\: 

operating speed, whereby said magne · , · ducer is maintained in close proximity to 
.·~i;c~r:< 

said magnetic storage medium and 4'ta)can be written or sensed without excessive wear 
/~::~· : .. 

to either said contact slider or sai&.iikgnetic storage medium; 
.-".·.· ·: .. 

characterized in that: 

said slider substrate comprises an amorphous fused quartz having a high resistivity 

and a low coefficiepf of friction, whereby 3.n attractive force is exerted between said 
.·.··_ ... ·. 

storage medium arid said magnetic transducer so that said transducer is maintained in 

contact with saj.d storage medium during said relative motion and high· density recorded 
.'· :·' . 

.-. ,. 

data can be r~ltably written on and sensed from said recording medium. 

2. A magnetic disk storage system as claimed in claim 1 further comprising an access 

arm and suspension means (15) for suspending said contact slider (13) in substantially 

physical contact with said magnetic storage medium (12) at said selected operating speed. 

3. ' A magnetic disk storage system as claimed in claim 2 wherein said suspension 
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· ... 

external force urging said contact slider away from the surface of said magnetic st()rage 
··: :: 

medium, said negative external force being of a magnitude such that said contact sfid~r is 

maintained in substantially physical contact with said magnetic storage medium· at said 
. . 

selected operating speed and said contact slider is suspended in spa~ relationship 

adjacent said magnetic storage medium when said magnetic storage m~l~l'll is stationary. 
-'·" ;-:_.· 

4. A magnetic disk storage system as claimed in claim 3 whe~eih said suspension 
,I.:"_> .. ,. 

means (15) includes means for orienting said contact slider (13):·:,~tlch that a p~rtion of 
<· 

said contact slider is in physical contact with said magnetiq;_~tOrage medium (12) when 
,(:';' .. 

said magnetic stOrage medium is stationary. 
-~~ . . ;."· .. · 

.~ .. · 
./>-~·.:_.·.~-~-

5. A magnetic disk storage system as claimed in _¢i'~Jl 4 wherein said contact slider 
. :.•· . .-.~~ 

(13) comprises a shaped slider hav~ a flat bottgW::f~mface and a leading tip (31) with 

respect to the direction of rotation (32) of ~aj~'.>~netic storage medium (12), said 
/•~ .. ~·">}'. 

shaped slider suspended at a predeter.fuinetjA{bgle such that said leading tip is in physical 
/i~~::~.~~~! 

contact with said magnetic storage -~~um when. said magnetic storage medium is 
,.:;::·'~.J:.'.~>· 

stationary. /-...-,.-.::·. 

6. A magnetic disk storages ~ti.. as claimed in claim 5 wherein said predetermined 

angle is in the range betwee degrees and 5.0 degrees w~th respect to the surface of 

i..._..,. said magnetic storage ·m 

7. A magnetic dis~- · age system as claimed in claim 1 further comprising an access 
df~~J~/ 

arm including susp'.~s'ion means (15) adapted for providing a substantially zero external 
,/~}~~}.:' 

load_on said sm(1;1f contact slider (13). 
. . '. ~~;~~:f.: . 

8. A mag#~tfo disk storage system as claimed in claim 1 further comprising an access 

arm includipg suspension means (15) ~adapted for providing a negative external load on 

said ShaJ>ed slider (13) when said magnetic storage medium (12) is rotating. 

9. A magnetic disk storage system as claimed in claim 8 wherein said suspension 

m.eans (15) comprises twisted spring means adapted for maintaining said contact slider 

1-~ifa):i:-,'~risi>~iitl&itR~m~11~itj~~ht~-;;ffi~'~,~lk~_}>:f' ~d- .Il1~gnetic storage 
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(;aj~~::(~f?).ci:iwlieiiAil.~tf . . ,~i}i.;~~'\ii.~6;tert.?~Y,··· Sai4· .shaped . s~!:<lf!~ 
disposed in a tilted orientation with respect to said magnetic storage medium, a p~r:~on 

of said contact slider being in physical cc:mtact with the surface of said magnetic ~forage 

medium when said magnetic storage medium is stationary. 

10. A magnetic disk storage system as claimed in claim 9 wherein sai~_:¢ontact slider 

(13) is oriented such that a leading tip portion (31) with respect to i.b,e direction of 

rotation (32) of said magnetic storage medium (12) in physical con~ with the surface 

of said magnetic storage medium when said magnetic storage med~~ :is stationary. 

11. A magnetic disk storage system as claimed in any pr~fu.g claim wherein said 

magnetic storage medium (12) comprises a particulate mag~1fc disk (40). 
,·.-.·.·, .. · 

12. A magnetic disk storage system as claimed in any .9~,,~laims 1 to 10 wherein said 
/··,>~<-··. 

magnetic storage medium (12) comprises a thin film ~~netic disk (50). 
: . /\~;-/. :~··· .' 

13. A magnetic transducer for use with a magneq,~!#f<>rage medium (12), comprising: 
/:.w:~>·~:· 

magnetic liead means (21) for recording ~'g6r sensing data on a magnetic storage 
/~.::·:.;;:)­

,:·.-'-):;_~: 
medium; and ~-· .. ·~; 

/" •.• ":>"~-·· 
.. (s_--.;}:· 

a slider (13) for supporting smd m'iihetic head in close proximity to a major 
,/?K~'.:: 

surface of said magnetic storage medi~;;;~aid magnetic head formed on a surface of said 
/::'i:•> 

slider, said slider comprising a s~b~~Jte having a surface thereof maintained in sliding 
l.>:<. 

physical contact with said maj,gf)$ti:rface of the magnetic storage medium, the substrate 
"AiA:· 

material having a load vers · ''iction characteristic that is non-linear in the negative load 

region; 

characterized .. 41'f~~·: 
said slider substrate comprises an amorphous fused quartz having a high resistivity 

and a low c0efficient of friction, whereby an attractive force is exerted between said 

storage medium and said magnetic transducer so that said transducer is maintained in 

contact with said storage medium during said relative motion and high density recorded 

~t@.;~¢@:'~~:rt?lYt~tY:•1YFi~~.::~~~.~Htf.~mt,s~iSWt~~~w~· medium .. 
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:·:~:1::•i;.:fo:::~W~gJ¥.µ~;}!8lii~l~~:i):j.d1;,ai~&t,,fii¥J6Jirffi!i3'.;,i1vhereiD.;.sfilcl -•substrate. meap~W 

comprises a shaped slider (13), said shaped slider having a flat bottom surface; 'saJd 

bottom surface maintained in substantially physical contact with said ma~netic recording 

medium. 
'.,': .. ·. 

.··· .. 

15. A magnetic transducer as claimed in claim 14 wherein~ajd.'sfutped slider defines a ,.· .. , ... , . 

.. n.:~;.!~:.,. :,:::_:.."_-: ... 
leading corner and a trailing edge with respect to a · '.~Oil' of rotation of said magnetic 

~ --~~-- ~ 

storage medium, said magnetic head means f<? . a face of said trailing edge . 
. -~i . ..~.- ~ ~ -...... 

16. A magnetic transducer as claime,4~ 15 wherein said shaped slider defines a 
. _.,: <···~t~~:-~~'.;::~~j;~.~-·· . • 

triangular-shaped slider, an . --;ithereof defining said leading corner, said trailing edge 
1

'-' comprising the bas~>~t;¥· , said face being normal to said major surface of said 
··: ::--~·:.~::};!+· 

' '·.·>,:• -; .. 

magnetic stQr~ge medium . 
.. ·. ·: .. '.· 

17 .. ·A<~gnetic transducer as claimed in claim 1~_ w4~I~Mtsaid.s.h,apec1 .slider defmes a 

-~}i~~t~1~lii~~>~!ia~l;f'.a .,t,,/~}~i~~1fh~ sail-1~~kg,~r~~~-:>. y •. . ·,_ ~-


