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··sH4er.:·:~J.ffi)a~~~fbl!ii.dS.~i>.li~~l.¢.~¥l;~'6-iii~;1a~w~·····§1Hw1g:::~wefiiiii!itif&~/·tfi~;:·~ifri~e·•··c>il~l 
disk. It was believed by the inventor that some particles struck the rounded side .<ll~~te 

P>:tf 

slider, and were dislodged. There was also described, a strong movement of air,,(4~rally 
/f·:;~·i::::: 

outward from under the slider, which helps to carry dislodged particles,,/~d other 

particles not so dislodged, clear of the slider. The slider was moved r~i; outward 

from the disk center by about one fourth the width of the slider per rotat;i,d~)~f the disk . 
. ::'.:/~:y~ 

,/)/~)/..' 

Fibers contacting the disk surface were used in US-A-Ng:f[~}~1~;66,390 issued to 
;~{}/Ji 

Applequist et al. to dislodge dust particles. Air flow from th~1{~otating disk then carries 

the particles off of the disks. At~'Y/ 

All of the previous solutions were directed to~Ci larger particles than presently 
.·. ,; .. / 
!::'::! 

are encountered. Such large particles were ea§:fiY,;;dislodged, and spun off the disk 
/."':··!~ .. 

surface. The small particles which cause probl~itis in today's disk drive devices do not 
_(:\:/ 

dislodge so easily. The prior solutions .h.J.~ not proven effective in clearing disk 

surfuces of such debris. ,t'.,~:r 
.:: .. ·f~}P 

slJMMAl.tf OF THE INVENTION 
/;'.~tW' 

,.<'.Vi:?·' 
It is an object of the J?F-~~·~~t invention to ameliorate one or more disadvantages of 

the prior art. 
/:"=. ·~)--

.~:·.,. '·f 

According to;:pfi'.e aspect of the invention there is provided a data storage device 
.· .. · · .. _,. 

comprising: ~<iJ.~k having a data storing surface; means for controllably rotating said 
;.,::;····>· 

disk in fir~t·#rid second directions; a slider supported adjacent the data storing surface of 

said dis:tc:/said slider transducing data when said disk is rotated in the first direction; an_d 

mean$ -for moving the slider to remove debris from the data storing surface when said 

;::"·."'• 



r 

6 

'..·::·::\~gqofa,:iig:jfij\iffi6.iii~i.~f>~i}tiEm~:1@6iii'rt>rimsfg:·is.'i>t6zyM~!~~-'~ia>~iaf~g~---:a~_·· 
comprising: a disk having a data storing surface; means for controllably rotatiqgt~~id 
disk in first and second directions; a slider supported adjacent the data storing,.~~ of 

~/~-~~~~)" 

said disk, said slider having a surface forming a plowing edge; and m~'.$¥6r moving 

the slider to plow debris from the data storing surface when said dis~f~~f~tated in the 

second direction. 

According to still another aspect of the invention thery/~U~rovided a data storage 
,.(:;:}{.'.·/ 

device comprising: a disk having a data storing surface;_ .. ~~s for controllably rotating 

said disk in first and second directions; a slider s~p~dtted adjacent the data storing 

surface of said disk, said slider having a surface Jq#fu.ing a plowing edge; means for 

moving the slider to plow debris from the data ~t,()ifu.g surface when said disk is rotated 
./(?-}' 

in the second direction; a frame for supportj~g> the disk rotating means and actuator 

means; and a cover sealingly coupled t9£~~- frame for preventing harmful particle 
/·::::::.:,=: 

contamination from entering the data sto~je device. 

/3{f;i;; 
According to still another asP,~t of the invention there is provided a data storage 

..... , l"·· . 
;::.··.:; 

device comprising: a disk hav,i~g··a data storing surface; means for controllably rotating 
,;-.:-.o:··· 

said disk in first and secon9·~L~ff~ctions; and a slider supported adjacent the data storing 
·"'·~··.,::: 

surface of said disk, s~t4':'ifider transducing data when said disk is rotated in the first 

direction, and removing --debris from the data storing surface when said disk is rotated in 

the second directioi:i:~•.•• 

Accor4iJ1g to yet another aspect of the invention there is provided a data storage 
.·.;<: 

device cp)fiprising: a disk having a data storing surface; means for controllably rotating 

said disk in first and second directions; a slider supported adjacent the data storing 

·stlrtace .·of ·said .. di.S'.k;.::saickslia~t.VH~virig>~,~~"trtili~:'i6ihiiii~·-:~.':J1~wirig·:!e<lge;:~ctiia:tor·mcmns .. ~ 
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f<>t::'W.p¥~~::;~~:.:~_iict,~w:_;~~';:p.1g~::4~qr.~~:::·ff:qiri,\ .. ~~::~ta-·•st9~9ii::::~P.!':~9~---:.o/~¢H•>~~- •-diSis~ 
/ ... :·.: .. 

- rotated in the second direction; a frame for supporting the disk rotating mea~:gand 

actuator means; a cover sealingly coupled to the frame for preventing harmt)i,f':~'~icle 
.... ; .. ;~:· ·;"' 

contamination from entering the data storage device; means for monitor~U'ili.e error 
.!..::;·;'-:"( 

rates of the disk drive; and means for initiating the cleaning of the dis~·k6~ed on said 
/: 

·~· .:.• .. .-..•. 

error rates. 
/.·.·: . ·. 

DESCRIPTION OF THE PREFERRED ~l~ 
;:::-::::;· ... 

For a better understanding of the present inven,p.~;b.:~ reference can be made to the 
,:~::.:.>:."· 

accompanying drawings, in which: 
/·."·· ......... 

Fig. 1 iS an exploded view of a disk dfj~t.:device. 
-~---~· ·::. ';·. 

,(.~~:<?" 
/{.;;:_( .. 

Fig. 2 is a detailed view of a spifitlle and spindle motor assembly for the disk drive 
,<···,,.-

·-"'i:. ·~~~/ 

of Fig. 1. 

,.: _ _..·, 
l."::,··: ,: 

Fig. 3 is a block diagq11~i-:6·f a spindle motor controller . 
. . :··.=·.;. 

Fig. 4 is a persp~~tive view of a disk slider . 
.... .. 

. ·: 

Fig. 5 is a_obii~m view of the disk slider of Fig. 4. 

Fig. §·~a block diagram side view of the front end of a disk slider. 

_.·:Fig. 7 is a block diagram side view of the back end of a disk slider. 
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Fig. 10 is a top view of a disk and actuator. 

Fig. 11 is a block diagram of an actq~tpp/i}ihtdi'~ntroller. 

. . ..,s,J./;;Jf ''" }'!'!'" 

These d.l'.a~~;·ifgshgt .intended as a definition of the invention, but are provided 

:···;'~~~l~~!~:(~t'.~~!\~;~#;:q~,;·:;·:/,5.:TM:J;_;:·;::·;~,'f2i::;E> .. :~~-'.\;.· .. ·:..-::_:.•·.··:.··· · · .. · .. ·. 
-~·-- . ._· ~ . ~ 

. ' 



18 

CL.~.IMS 

ij;;:;_··:_;:;::·:A:~)illii~:lli~~~s:ia~~i~i6::::8ahi~i~~;, .. ·.:::·· 
a disk having a data storing surface; 

{:· ....... ·. 

means for controllably rotating said disk in first and second directions; 
,~·-. ;· 

a slider supported adjacent the data storing surface of said disk;r 'shld slider 
.'····.·. 

transducing data when said disk is rotated in the first direction; and . 

means for moving the slider to remove debris from the data .s:icit~g surface when 
.'°".:"'··( 

said disk is rotated in the second direction. 

2. The data storage device of claim 1 wherein said slid~r··.;ilf>~orts a head for reading 
/··· ... ,· 

and writing data. 

3. The data storage device of claim 2 wherein sai4likci comprises a magnetoresistive 
-:::_:.·:.:."' 

transducer. 

4. The data storage device of claim 2 W:~;ein said head comprises a thin film 
.·::!: ~- ·._~, 

._:'~/.::·>·· 

magnetoresistive transducer. /.<. · 
-{:;;~-;:,.·.' 

5. The data storage device of claim?,2. wherein said head comprises an inductive 
;··-:.:;~:· 

transducer. 

6. The data storage device <:>·i.f~m 2 wherein said head comprises a thin film 

inductive transducer. 
.....: ... ··.·· ,. 

v 7. The data storage d~y';'of claim 1 wherein said slider is comprised of a ceramic 
.•· .• · ... 

material. 

8. The data storag¢ device of claim 1 wherein said slider is comprised of ferrite. 
·;··· ... · ·. 

9. . . The data ~tC;t~ge devjce of claim 1 wherein said slider is overcoated with carbon. 

10. The d~fa:·~~orage device of claim 1 wh~rein said slider supports a ferrite transducer 
..... ·, · ... :.· 

head for;re,aciing and writing data. 

11. .'th~ data storage device of claim 1 wherein said slider has an outer diameter rail 

and a back end surface, said slider further comprising a plowing edge formed by the 

. i11tersection of the surface of said outer diameter rail adjacent the disk surface, and the 
··, .. t 

··.: ; .. ··· ... : 
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diameter edge and a second plowing edge formed by the intersection of the ,~d~:· 
}~~~~;/ 

diameter edge of the slider and the surface of the outer diameter rail adjacent tli¢;?'disk 
,,~ .. :··.:.~· 

,()?' 
surface. .: .. ~::.-

13. The data storage device of claim 12 wherein the angle of intersection 6~;;~e outer 
(-·~:~·-·-:.: 

.1:-:..·.--:·," 

diameter edge of the slider and the surface of the outer diameter rail is su.f:fr'.~i~ntly great 
:'., ...... -;-· 

and sharp to inhibit debris on the disk surface from sliding under the rai!·'.~~face . 
. /···:::'.;? 

14. The data storage device of claim 1 wherein said slider has atJ~t one rail, and a 
~·~ ·:.-_.;.:: 

plowing edge formed by the intersection of the surface of at l~t,f-6ne rail adjacent the 
. ·, · .. : 

disk surface and at least one side of the slider. .·. ·.• ..•.. : .... · ... 
..:·'::· .. 

.. ·. ·. ~. :.· 
/·" .. /::.• 

15. The data storage device of claim 14 wherein the angl~':tfr intersection of the outer 
.'.•:.·'' 

., ... ::=:.,/ 

diameter edge of the slider and the surface of said rail ,.j$.:._:S'ufficiently great and sharp to 

inhibit debris on the disk surface from sliding under ~~'.fail surface. 
'·.··.-·· 

16. The data storage device of claim 1 and furth6(&mprising: 

means for monitoring the error rates of tb,~.-disk drive; and 
.. ·;~.=:,::/ 

means for initiating the cleaning of t4¢:di~k based on said error rates . 
. ' ·' ~- · ... 

17. The data storage device of claim t:@<i further comprising: 
:~. '·: 

means for monitoring the numl)§f,'.,fif start-stop cycles of the disk drive; and 
·' ~.-:'•' .,. 

means for initiating the cleapf~·:· of the disk based on said count. 
~s?·~.:;/ 

18. The data storage device 9f¢faim 1 and further comprising: 

means for monitoring:~·tlj.kerror rates of the disk drive; 
~:·(::·_:~ ... · 

means for initiating'::·tff~ cleaning of the disk based on said error rates; 
-t~~- :_;:...-

means for mo:o.i~btlng the number of start-stop cycles of the disk drive; and 
..-...-;<':···· 

means for JµJ$ting the cleaning of the disk based on said count. 
. - -~ .•.. • . 

19. A data.siora~e device comprising: 
_.: .. =.:··. 

a di,sk. having a data storing surface; 

:'itil;~iIQr:'.@.titt§Xl3~lii1!:9:tit.mg:~li.gI~F.iji!;t~f~@~r~~rr4jtfreciions.;.· 1 
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;:a,~-~1mgiC~~~~Bll&t~~j~J~at !fli~~:;<fu\rafstdt:-irlg;:$1ltfii~:.&f~hitf: disk'.~, sa:iJ:~iiaer•·lia.v~t!~ 
,:•'.·.=.·,. 

./~;·:·\!,)>·· 
surface forming a plowing edge; and .<:-:-1 

means for moving the slider to plow debris from the data storing surface w,~h,said 
/."].>·:·/ 

disk is rotated in the second direction. 

20. A data storage device comprising: 

a disk having a data storing surface; 

means for controllably rotating said disk in first and secon~:I;,~tions; 
.--:-·!,~(::;·:.? 

a slider supported adjacent the data storing surface of s,clid.>disk, said slider having a 
.::'...."'.-:. 

surface forming a plowing edge; ·-<> 

means for moving the slider to plow debris fr~pi·!~~ data storing surface when said 
.. ·.:.':· .. 

,; .... 

disk is rotated in the second direction; 
./' 
:·:·:, 

a frame for supporting the disk rotating IP~ and actuator means; and 
~';-::;·:;.::-

a cover sealingly coupled to th~~§::'tfame for preventing harmful particle 
/''·:·· . 

..-··:···,···." 

contamination from entering the data st9f~~ device . 
.• §.,""-;:::·.~·· 

21. The data storage device of cla~·;lo wherein said slider supports a head for reading 
,.. : .. ·.,. 

and writing data. :·'.:.: .;· 

22. The data storage dey!~{;?of claim 21 wherein said head comprises a 

magnetoresistive transducer:::'·):-· 
.•: .. ·,,·:·~.· : 

23. The data storag~o:4~\;ice of claim 21 wherein said head comprises a thin film 
.:·: . . ··· 

magnetoresistive traJJ~4li'Cer. 

24. The data stota~e device of claim 21 wherein said head comprises an inductive 
.. :;•·:;-

':• 

transducer. 

25. The difta'storage device of claim 21 wherein said head comprises a thin film 

inductiv~: transducer. 

26. The data storage device of claim 20 wherein said slider is comprised of a ceramic 

material. 

'],7. The data storage device of claim 20 wherein said slider is comprised of ferrite. 

~ .. :2s~- -. /The aata: s1:o¥A!e:~a€~I&~::6:f ,'.a1ifu:;2o<~H~t~r1i::~~ia:-:~liaer-:is~uveiCoated~witJi::-¢ar1>01t -. 
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:~9~ ·'.; tlie <l~~--,J~bi~~~{'~aei~:gf.::et~bif&a·;~h¢t~·m.:sai(J·'~H~t.:::llitS;:1it;.c>~fui.::afuhieu;r-• ~~~-, 
and said plowing edge is formed by the intersection of the surface of the rail adj~~f_i"fh.e 

... ~<~'' 
disk surface, and the back end of the slider. 

l'·.":;!.:• 

30. The data storage device of claim 29 wherein a second plowing edge ~(jf6rmed by 
.(;_t~·; 

the intersection of the outer diameter edge of the slider and the surfaq¢':~6f the outer 
/ ··/:·'..:..~ 

diameter rail. / .. ,:. ~-.;· 

31. The data storage device of claim 30 wherein the angle of in,~t~~tion of the outer 
... -c:;;-~/ 

diameter edge of the slider and the surface of the outer diamet,e,ti~fi is sufficiently great 

enough to inhibit debris on the disk surface from sliding un4~~i~fu~ rail surface. 
~<.·i::'ii/ 

32. The data storage device of claim 20 wherein the .. 8-Uder includes an outer diameter 
"..::. .. :;;.: 

rail and an outer diameter edge, said plowing edge f~ttie<I at the intersection of the outer 
. .<<.>?' 

diameter edge and the surface of the outer ~!~eter rail, the angle of int~rsection 
:'·:· .. ::· . 

between the outer diameter edge of the slid7t':i~d the surface of the outer diameter rail 
/~x;~.·· i 

being sufficiently great and sharp to inhi1"~fatlebris on the disk surface from sliding under 
:-<·{~{~~? 

the rail surface. ,.-;: .·,.;· 

33. The data storage device of cl~iffit/30 wherein the angle of intersection of the outer 
. /f/~~~~;::;· 

diameter edge of the slider and ~~;isurface of the outer diameter rail is sufficiently great 
,/:'..'.:.~~:· 

and sharp to inhibit debris on-::t!1-'¢''disk surface from sliding under the rail surface. 

34. The data storage devJ~+bf claim 20 and further comprising: 
...-t·: .. ·::,t./· 

means for monit<?-~f#~;· the error rates of the disk drive; and 
,:'"-: 

means for initµitjlig the cleaning of the disk based on said error rates. 
, .. :; 

35 ._ . The data stp*~~~ device of claim 20 and further comprising: 
/::<.:· 

means fofJhonitoring the number of start-stop cycles of the disk drive; and 
: .·., 

mefill:S '_fo~ initiating the cleaning of the disk based on said count. 

36. The_,~ta storage device of claim 20 and further comprising: 

means for monitoring the error rates of the disk drive; 

.-means for initiating the cleaning of the disk based on said error rates; 

<- .· r:meansc:t().tJ1loiiitbitifg;itb:eiihU.Piti¢ilc>tsta±i~sfuit,,dY.c1e~ ,of. tA~4~k: 4fiye; _ana 
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37. A data storage device comprising: 

a disk having a data storing surface; 

means for controllably rotating said disk in first and second directiqpjMt~d 
. · .. ·. ~: .. ,. 

/l;·,:(·.:: 

a slider supported adjacent the data storing surf~ce of sa~2Jiisk, said slider 

transducing data when said disk is rotated in the first directio.Q.{(~~~ removing debris 
/ .. :,:~·'.·' 

from the data storing surface when said disk is rotated in the ~~hd direction • 
. ;\_·:::·i:.: 

38. The data storage device of claim 37 and further compjij'b;.g: 
.';·:··-;;x:--

,:·r·:· 
means for monitoring the error rates of the disk ~.iVe; and 

.·:;.~: :;.:~;··':· . 

means for initiating the cleaning of the disk b~&i on said error rates . 
. . • ! :.:· ~··· 

39. The data storage device of claim 37 and W{~~r comprising: 

· means for monitoring the error rates qfi~ disk drive; 
/:~ :.~~~::;·. 

means for initiating the cleaning o~ ... tfitdisk based on said error rates; 
,·'·.-.:.::.· 

means for monitoring the numb~t?~f' start-stop cycles bf the disk drive; and 
,.{:':'.):"./ . 

means for initiating the cleaQj~~::~f the disk based on the count. 
.···,.:.:,. ... 

j'· _. .... -~.;:. 

40. A data storage device coi:p.~ff~ing: 

a disk having a data stQtIBg surface; 
: ~ . •' .. . . 

.. ~ . -. 
means for controll~tihfrotating said disk in first and second directions; 

/-·.··· .. 

a slider suppora.~d>.~ajacent the data storing surface of said disk, said slider having a 
/···. ·': 

surface forming a..1>'.f~~ing edge; 

actuator D,l~S for mo:ving the slider to plow debris from the data storing surface 
.. ~- . 

wh~n said diSk .fs rotated in the second direction; 
. .' ,·· .. 

a fy~e for supporting the disk rotating means and actuator means; 

a ':·cover sealingly coupled to the frame for preventing harmful particle 
.".·' ·. 

oo.n.tillnination from entering the data storage device; 

means for monitoring the error rates of the disk drive; and 

···· .,,<m:e~ris';:f(jf\,:.friitiatrn.g::m~t!}t~ootg~:f!ti~:·:~u~~: ~~~~t9n·s~q._~rr9~ pt~, .. ·: ...... . 


