DI SPLACEMENT SEN%CR AND METHOD FOR PRODUCI NG TARGET FEATURE THEREOF fpeene-espes
Rel ated Application This application is a continuation-in-part of U S.
Segfal No. 08/573,170, filed on Decenber 15, 1995, entitled "Non-Contact
Position Sensor"”. Field of the Invention The present invention relates
generally to an optical apparatus for accdrately neasuring m nute 10

di spl acenents of a novabl h] e and, more particularly to a method for
formng a target feature e e PEMBLERAYA.  Backgr ound of
the Invention There is a gry 2 RGE YRETHERROFt 0 nonitor the
positions of a novable object relative to a desired position or positions.
For exanple, it is desirable in disk drive servo systens to 15 accurately
detect the positions of a rotatable read/wite head arm relative to
desired, known Easitiogsl so that the head arm can be noved into alignnent
wi th desir®d ' | ocations on a disk to enable the read/wite head
Ej o read from anmﬂﬂieatibmismwﬂhﬁmim-ﬁﬂ-ﬁdﬂ&fglﬁosédamm ossvasi'ﬁlogﬁldeaﬁmmm €5,

evi ces aine t oV di .posi tignh detection. Displacenent sensors
are positionqg%n?ﬁhﬁyggvggﬁéaﬁﬁggmﬁ%ﬂ$qOr the positions of a novabl e object
by repeat edl Fiehbofsthe Inventiohe di spl acenents of 20 the object froma desired
| ocati on. Exanp ' ' C SPErS | ude capacifance
gage devices, f ilrﬁezjgr?%rgﬁﬁé}{tgérl%iliﬂ%ﬂeg&%@ﬁé&@ﬁ%ﬂ%Pp%g{&ls %51 cmé%nt(réli 5n%§s,um %lﬁ‘u%s

i nt er f er onet displaccanats pfa mesable objentand] more particulzkly do  wethed fov forming & Grgst fedtbrey  of
the prior art_disnl. ¥§8JS ei ther are incapable of achieving the
degree of reso ﬁigéﬁﬁ?gﬁe&msﬁg e€st neasur abl-e di spl acenent) required by
certai n appl Backgrounsd of theghvention s di sk drive servo systens) or require :
expensi ve and/o I | | | j on.
To achi eve. hi gh EECRREEfed £iand orRiontis AUMIoP L furkloll U R ERite
exanpl e, a pretdesiednesitionanpeditans.| Eos examplegihis desisehicia disk daverservpaysiems toose

proxim ty betugehy Mcﬁﬁ@?dsi%nﬂfﬁ%blﬁ%lm&% SrORaB6d to dsBdi RRdwWAD Such

devi ces expensive and difficult to inplenent. Thus, a bal ance nust be
struck bet we®esiinsse hatibe hedd Apnfan bamieved intgaligameny with desired radial rackdegatiops ong

3, 3|15, 372 10 gk endIS Mk kdd@Burite Hekd 16 Feaddfrbm SdSHitElfol sH@ 186G, BosfioR Rntib@devices
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are devices aimed at providing such position detection. Displacement sensors are position sensing
devices that monitor the positions of a movable object by repeatedly measuring the displacements of
20 the object from a desired location. |
| Examples of conventional displacement sensors include capacitance gage devices, fiber-optic
proximity sensoré and optical sensors, such as interfergx;xetric sensors used commonly in disk drive
servo systems. Many of the prior art displacement sensérs either are incapable of achieving the '
degree of resolution (the smallest measurable displacement) required by certain applications (such
25 as disk drive servo systems) or require e:cpensive and/or complex circuitry and hardware to achieve
such resolution. To achieve high resolution, certain displacement sensors require, for example, a
precise and powerful laser light source or extremely close proximity between the sensing element '
and movable object, rendering such devices expensive and difficult to implement. Thus, a balance

must be struck between device performance and simplicity.




optical displacenent sensor. The Tsai device includes a light source and a
phot odet ector array attached, at spaced-apart |ocations, to a rotatable
master arm |ocated externally of the disk drive. Areflector is attached
to a rotatable read/wite head armat a |ocation between the read/wite

- head and 5 the axis of rotation of the aBm During operation, the naster
armfirst is aligned accuratelﬁ with a desired radial track | gcatiqn-on the

di sk using an i HiSePaenNeehd 5874 gt descrifsemprior ar digk drjye s tem dhghergploys an
operates to Qrﬁfcﬁrdigp&&ﬁéﬂﬁsewﬁimmi Bdvick iRILBRAtigRIsBiréednd b phtRodeRctbf ragBST €r
arm so that t'he head arm can be noved |ﬂto al %ﬁ}gntdwth thﬁ_gn?slit [ afm
The |ight sowtagkedeft Spases-3pag (caiopsia A roaiable Bastes gred extemally PR sk SRt beam
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phot odet ect OgesgbesiBial track lokitidn aii thaisiiising 4e MEerfaometrie dévidec Thingthedisplecenag an
anplitude proportional to the jntensit f the recejved |j ) i gnal s -
produced by SREOTAPFATS toERiGENIRG ‘p‘l“’é‘g%’h?f)ﬁle gad agp éﬁlﬁ%"’e °>ﬁé°dr|1 3511"'9%;35? P Hagﬁgho t he
head and nastgy caabemovéd inakiginrat withrtis thdsteyarmecei ves and decodes the signal s
15 output by t rrray to.determne the relative h .
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al i gned. Tde utavilectr onts dietphmﬂetectoxtdmay.Tﬁsa'poqhbtzemmesbdtédswsﬁonr!@mwh\mg%ks%f
drawbacks. Wil e, t Tsai i I S at i k¥ S and
fairly i nexp@fEt Vé'&f%te?ﬁ?f”gd%ﬁ@ ?rel@v%éhl%tf? %@Jr%gﬁheé#g& %{ger a.tlé. The .hl'sai

devi ce requi rphstodetqatos elementbLttieygray Produresanreirstric signat having @n aroplifide propprigeal i m 20
position in qrde | sl A LGl ehBRbe BE piluced by
t he phot odet é%ﬁIB{engé&Pg@.gwﬁeg,%ﬁdugﬁf%&%ﬁgmg‘%g%ﬁtﬁ%%ﬁ ’ ;spa%?ng bet ween t he
reflector andadidlgositend bfht head rsampstgrenm Proressne siroviteyrereiver ABd decedesiths sigaals dual

axes of. rotat] Bkcing 2 e TR Pk o ioniEA bobTRGS QoMLY th S
sacrificed’séV Fhe%t.ll&%%ty?fer, tnhe g"?asp acemagatB soensor of Tsai ains to

nmoni t or radi abtatesheieaharm yntibibis propalyslignedy rot ati ons about the axis) of the

head arm rel ati Vg otdayitdWisclReif the FialbatdRBLBS Borh A fumer of @iWtAEOWhIle e qediS t he
i ncident beamdirectly onto the phot odetector, spaced, si r}iFr%'bCﬁnt{”\ée{?rom

t he refl ect ordevichds sslafvcly stugturally,smplp gnd fajely ingxpeasive &p img f the
head arm but gal.50. e REEdvite rdiBives TBRIG0vEgE BfeatifxhasRe it and felutise hdadermpr eci se
angul ar orientation of the reflector on the head %{}ﬁm h}g cr ug{iglgtle tro reci se
oper at i on.20Angositien in fer fRAFEHTRFlY Wtemaret thesleptaie signals grodyge AY the REPIAFRI 498 1o
‘arm may causeafgl we 1 Wi fEmIpaink BetWeea te reflector agd the read/write head on the head arm -
and, due also to the dual axes of rotation of the head arm and master arm, performance accuracy is
sacrificed severely. Further, the displacement sensor of Tsai aims to monitor radial movements
(those caused by rotations about the axis) of the head arm relative to the master arm. Because the
25 reflector reflects the incident beam directly onto the photodetector, spaced significantly from the
| reflector, the sensor is sensitive not only to radial movements of the head arm but also to angular
movements of the reflector. Thus, the precise angular orientation of the reflector on the head arm is

crucial to precise operation. Any angular movements of the reflector with respect to the head arm

may causé false measurements to occur.



A general object of the present invention to provide a method for formng a
target feature enployed within a sinple, yet accurate, optical displacenent
sensor. Sunmmary of the Invention One enbodi nent of the invention is
directed to a device for neasuring the displacenent of a 5 noveable
object. In the device, a stationary |ight $Seurce produces an incident |ight
beam A target feature, ,attached to the object, reflects the inoi_gent | i ght
beam and f or ms a‘%ﬁ?&‘% qbﬁﬁtd’gﬁﬁp"fﬂb‘nwwm B‘Bﬂf’%’e‘“?‘h“c@béﬁmﬂg piarest feghunss ¢ he
target featur @mplped wikih Nimple;yat detiftd, Ystial ldlipladeimestisedssage and reforns the
first image as, a secoBlg t maﬁe of the I1ght source on a photodetector. The
Vi . . . .

phot odet ect or ; obj ect, receives the second inmage and, in
response t her et 0,0Ongkembiadiraent afthehenfion icdifettedtala dévice fodrasasuiihg 2helisplateient ofat | C
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feature is forfeande,agtached to tig objeq; reftects theiidchiien lipitdeanbine forms laifir irsage obthellighent |,

the target feature .l S -cvyl.indri,cal in,shape. | e odi pent ,
t he target feé?‘ﬁ?eem%g’geoégﬁlgy ‘?Jfgﬂgot?rg%‘u vat ﬁ‘f‘é‘"ﬁ"fgﬂ?"ﬁ ¢ ‘evesrtgen%g[ %’ggeb aﬂgg?%mtrsnﬂ
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att ached t aot rhevings charactgristic which is popottfomabto ageecivediochtion od thejphotdsletaster ofithear get
feature, atta s i 'g&gg ' '
forms a first %%&%%W@ﬁf@?ﬁ%@%‘%ﬁ?ﬁ?@%ﬁ g% m tyfe%) ﬁ]fga?gr%%?tﬁgga
feature. An i respvayithiahe obisetat ed in a light path between 20 the target
feature and phot qgﬁ{neﬁtgﬁb?&imeﬁt,eﬁﬂa}ﬁ@ﬁe&:ﬂggﬁ&feEs%&h?-é}lih&rﬁ:@ltin?kﬁaﬁé“. and refocuses

the first -imge o I ght source as second_I'nmage on the phot odet ector.
The phot odet ect orln opg smhediment; e target feature bas 2 sadiys of upvatugssyithin e magenicl-5-Aae

and, in resgonse Aﬁmeﬁé&odmegwf%%ve&ﬁoﬁis%e&éd%ﬁ!%aax péfi6h Ihsig device for
characteristic which is proportional to a received |ocatiagon gn

t he
phot odet ect or sspsingapositionifa readiugite beadpomprlative todhst efaapaster amyig pdisk gdven dB% t i on

of the head ardgicd ielaalight shea] sasheld & thethdiRarYthit\prddages an Hiderd ligRbEamM A hi n
the object. Another enbod1 nt of the invention is directe net hod, of

)| ) to
forming a tar geBeEANEA 0 ths head ag reflegts th%lm&fi%“b}‘%@??é’rﬂ“dg?mﬁﬁ rageefa o
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i ght source that produces, an i ncident, |ight_ beamthat r ects fromthe
target featdr e‘héﬁfﬁp °WPH)§‘P@E?3P"W¥%%§{P@H § refcuses the firgj frpage
sour ce pr oducesk thelighb@uicaisgrsecoh@itagé éh the photodetector. The photodetector, attached to the
master armi, receives the second image and, in response thereto, produces an electric signal having a

characteristic which is proportional to a received location on the photodetector of the second image

and which represents a relative position of the head arm. The target feature is formed by ruling a
25 groove within the object.

' Another embodiment of the invention is directed to a2 method of forming a target feature within
an object, a displacement of the object to be sensed by a displacement sensor, the displacement
sensor including a light source that produces an incident light beam that reflects from the target
feature and a photodetector that receives an image of the light source produced by the target feature.



-4- The nethod conprises the steps of bringing a ruling surface of a ruling
tool into contact with a surface of the object; and while maintaining
pressure on the ruling tool against the surface of the object, ruling the
target feature into the surface of the object. In one enbodi ment, the step
~of ruling includes the step of retaining-#he object stationary. 5 In
anot her enbodi nent, the step of ruling includes the step of retaining the

tool st at i orEeynethpd gomigrises thesiepsofl bringingn riliegsurfhcerofie ruling wakintoicopiashwvitton wi | |
be more r eadéukﬂ%el#gﬁxle EV Iéért]‘:??l% ik Mﬁhﬁ%ﬁnﬁs&ﬁ%%@uﬁ&'twwﬂ& HEfAhde @he

description o n, ch be read’in conjunction W|ththe
acconpanyi ngotiech iling the taagetifeptius inte the swrfags ofshegbiesh are appended to the end of

the detailed degpehi Eﬁﬁoaﬁxent;l-@ie sty drdlinPoRfidkbdthd Q& afreMEngamedag&oEa.? l is a
bl ock di agram of aﬁg%ne embodi nent  of a di spl acenent s§§sor enpl oying a

target fedture P <ot g step of ling ipsjudss the step of refaining the topl Sipfjoparga 51| ed
di agL amI f’f ? SFﬁ&lednﬁchHbﬂ?h:ﬂﬁBi ofie ﬁr&&tﬂiﬁxﬂiog&?lm&ors esamrundet?st@dfaﬁdl s a
graph illustratin electric si ce romithe .o uts, of a

bi -6l | 15 SAEpRGRd Fnvachiis 5%@9@&1"“““ eavegtions whic i Pt Rock

di agram of acdjunktiod With theaedorPartying dfirigh,20d SO tiR)HlaREs whitlodr@fiperdedio the@nd 6 med
according to tbfquh’ggentl.on Fig. 5is a part structural, part functional

bl ock di agr aff 'fsﬁ’{‘ﬂnﬂ& operation of the disk drive servo systen 20
Fi gs. 6A gndgsil the Dadwitigsock di agrans of the processi ng circuitry

embodi ment of HE f*aféféfsé’“e”%f@ss%lsvé%*ﬁwgf%%ﬁ%ﬂg' e o e

Fig. 8 is a (Hamerfamedhccoiding s teinvéndon;of the target feature and head armtip
shown in Fig

Dre. det ai.l ' portion
of an enbodi rrenf‘ggflstaﬁ'émad: ddgaéﬁgn%a‘ Lgﬁemé d‘?‘ﬁ%"gt?’ggg %E:rg‘%)np%ﬁqggt i on;
Fig. 10 is a di axgrmefapbxﬂesmnﬁpﬂlehmcszgdalgodtmedﬁomateoummsmh:-séh to ruI e
the target, feat Ul R acgaldidg to the invention;

Fig. 4 is a detailed block diagram of a disk drive servo system also employing a target feature

formed accordmg to the invention;
Fig. 5 is a part structural, part functional block diagram illustrating operation of the disk drive
servo system;
20 Figs. 6A and 6B are electrical block diagrams of the processing circuitry of the disk dnve servo
system;
Fig. 7 is a detailed diagram of one embodiment of the target feature employed in the disk drive
servo system;
Fig. 8 is a diagram of the side view of the target feature and head arm tip shown in Fig. 7;
25 Fig. 9 is a more detailed diagram of the portion of an embodiment of the displacement sensor
of the present application; '
Fig. 10 is a diagram of one embodiment of a tool that can be used to rule the target feature

according to the invention;



-5- Fig. 11 is a part structural, part functional diagramillustrating the
ruling of the target feature according to an enbodi nent of the invention;
Fig. 12 is a part structural, part functional diagramalso illustrating the
ruling of the target feature according to_an enbodi nent of the invention; 5
Fig. 13 is a diagramillustrating a parti'é'ul ar tool with which the target
feature can be juled agcording to.an.e i A e L.nventi on: d Fig.
14 is a nore dé‘{’%\i‘FEaP |g1t§“rcg¥n§’3fmqﬁ"?gmrnﬁ ﬁ%@%@h@é@% m{l eoqp%(‘ﬁgél(‘)? I'g. 13.
Det ai | ed Desseéordifg toran Embpdinfent of the igendoral bl ock di agram of one enbodi nent of

a di spl acenent sensor. ﬁq’g ' op ﬂ%a; I : E gl to the
I nvention. As f%&n,‘"t e %@ﬁg%&a?nc tﬁ&d‘g{s stgﬁ%&%ﬁ‘@%ﬁ%{'@g@r %%aéggo, a
movabl e obj efeituré dscomlingttan embadimentrofithe inyedtions 26 and a stationary

phot odet ect or AL g?E | AGNRHh R tarBEt fdafileRh Bd ruidli t D,
novabl e oBj ect %g%.‘é\dﬂa‘{é ) %G%Hﬁr%a\)%%c{éﬁfﬁgtvﬁeh@% ecttlalgn s?hown bymarrow X
and the di spicemrdingtotan smbesdimentofthe ipventieniengosi ti on of object 14 by neasuring

di spl acement s gl QREk&Ghord fetdifed Wagka S e ARG sRBSL bttt 4PFig. 181 ght source 10
produces an ingliflﬁggtl |%hte‘%eeama%§ﬁ ?‘ch igsr ef | ect edo by 1%ar get feature 16

as a refl ectBetalledPescriptiom 18. A first point-like or line-line imge (not

shown) of the Sﬁgfﬁ?a 3EelaPulb R i3 find oF ofid QR AMeRIdfHidIsMlainedt déndstlembhgls € 18
due to a small ¢ I

rved reflective surface thereon. e fi Euat i mage quﬁes
wi t h noverpentarget featere farmpdpccordiag o thednvention (As saoHR. the synsordngh %ssaé&“g‘m 5 26
such that a GReeENE aimbvate dfject M,K@taﬁd%ﬁgfiﬂnﬁgﬁﬁg ARG QNd Ditatiohey pHoHétecin00.CR i S
formed on a surface of photodetecgtor 20. 20

. C Phat odet ect oy, .20, Lnh.response
to receipt oferaehigatyraif iscarhed to e integzal withanovablg o é%gﬁo&?%g'éf?‘bw@éfh‘g E an
el ectric si gp@lridiPhbwibyParfoaX addithy displdcemdns seabor afonitoihé positien effobjectddbency)
that is proportiognal io t he gositio on the surface of photodetector 20 at
whi ch the refieeserRgispiagempenisof st 14 om p RIISNEF PO hor o t he second i mage i s
formed) anpg, .t hepefanee 105dréducesen ik FBRNGH: betin 1 D@hiok Bsefiettedyirgdt eatunf1 6ahe

obj ect 14. Processing circuitr é}g artj.cul ar en‘googi nment .of ich.is
descri bed beF&i#Ftst ‘Eal?%?eé‘f‘ég'eﬁéégéf’ tFlﬁij or %ﬂgﬁ)‘mﬁi g shoysy of g‘é tséh etCl g 'gtf%%ned
phot odet ect 0kp diéke pRAIRIitY Of takiRt fRhtere 18 i t6 b gmall curyed exfleaivel susfcetthreeoph Theduist ect or
and process such signals to det I ne Q_grp Sition.,of ot iqgj be SR naY
di spl acement %?gePW@gd’thé’é‘ive‘f’F'g Prf é%‘/éﬁa &f g\g%tr%%m E)g’ss Fﬁ.cpsg R The Clrcurtry
can include Rebhdiaagd I9likatte flistimagd) ofithglight squras dsefosmed gn & surfaesi of phyotodetector 20.
20 Photodetector 20, in response to receipt of the reflected light beam 18 (and second image), produces

an electric signal having a characteristic (such as amplitude or frequency) that is proportional to the

position on the surface of photodetector 20 at which the reflected light beam is received (i.e., where

the second image is formed) and, therefore, also corresponds to the present position of the object 14.

Processing circuitry (a particular embodiment of which is described below with reference to Fig.

25 6B) can be connected to the photodetector to receive the electric signals produced by the
photodetector and process such signals to determine the position of the object and/or displacement

of the object from a known reference position. The circuitry can include both analog and digital

signal processing circuitfy.



As described in greater detail wth reference to Fig. 9, target feature 16
I ncl udes a curved surface 17 which reflects incident |ight beam 12 such
that a first small, preferably point-like or line- like, imge of source 10
is formed in close proximty of the target feature and is reformed by | ens
26 as a second inmage onto the surface of pi#eotodetector 20. Photodetector 20
i's increasingly sens di splLacenments as the size of .the
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_OL t he plr es e][‘treﬂd&téﬂ Bﬁtﬁﬂi& phétb&e&cte* S&H:Bdh RldEcrealesA@ditichally, &erdﬁﬁﬁédmdthrbsoldnyn of the
i dentical reference charagters 1o thase t he SO
i ncl udes | aser=¢%ﬁ°5’&gf=?sfsgaﬁ§‘°§‘8fffk§fe° A5 i ‘E?j“&tgg l%ﬂm “F’c?%s%’fa‘fsgfhge‘fe ot g hrget
feature having a curved surface greatly reduces the size of the light source image (i.e., to a point-like
or line-like image) reflected onto the photodetector surface, the requirement for a highly efficient
25 and expensive laser light source is greatly relaxed in order to achieve a high degree of displacement

resolution. .

Fig. 2 is a more detailed diagram showing a particular embodiment of the displacement sensor
of the present invention. Like elements in Fig. 2 are referred to by identical reference characters to
those in Fig. 1. As shown; the sensor includes laser diode light source 22, object 14, to which target



-7- feature 16 is attached or with which target feature 16 is forned

I ntegral, and bi-cell photodetector 28. Also included are a gradi ent index
(GRIN) incident |aser diode beamcollimting |lens 24 and refl ected beam
focussing | ens 26. Laser diode 22 convent.ionally produces incident |aser
beam 12 (shown in F|g 2 as two 5 separatg Iaser beans) which is provided

t hrough GRI N ?ol | i 'tpaghed %“%a"hl %F g%_ﬁf Sflngﬁgﬁgac{]%‘%t%éﬂ%&eg&we

22, GRIN coll freRE%
conventi onal @B. emsu irsludd:dme Figradientt mﬂe&r(Gmmmdbat lase:f diadetbedm collimating leds 24anflace

17 of target ffreﬁfl 5?«%@0&9&%%:{?2@ first small point-like or line-like inmge

(not shown) o source | 0Se proximty to the target feature and
reflects inci denmmmmomnmmum@chd:smwml&&beéﬂn& shaviml in Figo? #sttwp i ke or

line-like first ' on
upper surf ate ?fmo? %r-cegiﬁz{ﬁ%%g%@%ﬁgeigh @‘jfgggf%/e igggrnﬁlgﬁland
focusses the ﬁdmfdasprrrb@e teolliprhting -C otGiatertor < S ERF 0§ EQRVIO
target feature?%@m@” 1a§er%@£xl 2:&19&@%:mch1]$ lé&gf?ée 19%f4a}§&€fedn!}@ﬂ@to3&m0£ﬁr§the

| i ght source 7 be re ocusse on surface hot odet ect or .
expl ai ned i n gmeHpeint-likecpline-like irage (ngt shown) of the meell%'e{Pseﬂ’Eﬂ"E@'tY‘? 05 taggebfeatiened

within the objg ?F}eﬂ Tlémclké?@bé‘ahxe?ias'ém@:@dbémi% scibtt, bOiR:-like befRa ke FRPinREe

convergence of ht beans reflected fromthe tarlﬁ@-tc feat;ﬁt %
contrast, WPt Hsrefasmed desaémaﬁ@émafem@msvé@ného ell-Rpotagat ghens
outwardly fromggecied iems P ankl BRuREY thdecond bﬁ?& 34 Slto pHERRGecSt R8laCrYed sirfate 17
virtual image at a point within the. tar t reature from% e the reFIected

beans appear (o5 g frate 10spblr aamall ‘P‘?‘é © prdinfdiks image 3G RigE ¢ SPES A2 O

cl ose proxim trgfog.jssgdmsﬁrﬁegntoffpg@sdéfeamzshe syst emis 20 significantly
I nsensitive to rmverrenis of the object and target feature .(such.as.ragdi
movenents) not soittFplaiagd ‘Bé"ﬁ@é‘?ﬁﬁﬂ@ahwf—‘ﬂfh Gical targef Teafse é'ér[ne'iff“@n eoge

IsI i ghtl é ablfaUtth@-ﬁrsﬁﬁaf ge i§ EnHiETht ke idtdtsection@t Ecatéridate dfiiflizht beamd refldctzd from the
ongi tudi nal axis 2 t target .feature measur.enent ;Wi

affected. Thi staiggt feafurpye i??fg‘f F¥ith 3 GyLinds ‘%?ltﬁ"fge ?F‘F%it{a‘élﬁgg"eag m%@"? 7 st
i mage) on the ﬁmﬁaﬁacoéftnmjac:lﬁems{mmejlbmumdtmqgeaﬁatgomnwmm@m

i mage 30 on ph tod tector rgﬁéhd not cha Thus, 25 the system of the

i nvention is | f"i‘(’}'@“’t bpaiERRea, mtﬁ‘t s of the object. Bi-cell
detector 28 i ncI uﬂeﬂusbuﬁrspbniﬁtdxteizmgexslformedhslokmoﬂn&sﬁemratté@ﬂwthqmw

sur f ace- 31 Bt BPERERTY HERHATdp Potbiehs B uite B8 iy e otk R BoGEL S
to cell B. Thendanighrto bé mpasunad Foregenpl3(if otsecshhmates slighilypbowt ap axipformed in e Xt ed
on Strip 32 beLyQel Goulet o Bk Rs FHIREe FRME], Rmbilinfididol @ “haVE 2

affected. This is so because the portion of reflected beams 18 (and first image) on the surface of

lens 16 will change but the position of second image 30 on photodetector 31 will not change. Thus,

25 the system of the invention is insensitive to small radial movements of the object.
Bi-cell detector 28 includes two photodetector cells A and B separated by narrow strip 32. As
object 14 moves in direction X, point image 30 moves across surface 31 of bi-cell detector 28 in the -
opposite direction X' from cell A to cell B. The center of point image 30 is shown in Fig. 2 as being

located on strip 32 between cells A and B. The sensor could be calibrated to have a null or




reference position (a position in which object 14 is at a desired | ocation)
when the center of point image 30 is focussed on strip 32 between cells A
and B. Each cell A or B of bi-cell photodetector 28 produces an anal og

el ectric signal having an anplitude that depends upon the |ocation of the
point inmage 30 on the cell surface. Each ceBi 5 produces the strongest

" electric signal_when t. I, 0] | n the ur face
of “that el | TEReTRGROTRT G5 se i Hiiroige Pade BaReRreipetom ot RS st of P
respectively daag&mxsfoeuswdphlslmde&twéentcbl&iemarl C si gnal S pr oduced by
cells A and B of tect 0 Q 30|nt |, e the surface
of phot odet ect or %gh%gl %egﬁng’h%{}ﬁcﬁhgtag ck? Q?W@?“ °§ %5%“’?‘?%21‘ J ect
14 (relative taﬁlphhﬂc ﬁx’amepmdauppn thegdchtmmﬂtle@omndxagﬂmroadetdhﬂﬁac): Bicheelt an be
o 0T o0 T o 3 SR e SR o ot o R o Bl PR e of e
posi t :c on of olhaetll mmﬁmnmm¢ Btiebf (M)E)\#anﬂgremnespmebdpwtr#t h the
use o roces
Comnect ed 1 o (s Fleldlnl SER{ybgeRiby L o el 3 B o
i ncl ude di gi t dinags memeﬁhwgdewwpmmmmmhmmmw@w opjgetd 4
comput er havi g, ﬁgg&aﬂé SafioRf etk Btbend GiloafiEl PhIBAS domofliaitid | Tl R Vel e

t he position ect 15 The sen I's Inmsensitive to novenents I'n
the Y, Y', B che msgranaf the poiwimage(3@ oty th surface ofiphetodefegior28 may be reiatad linesrly &b o

the sensitivi tela?n Ogogﬁoémﬁ&momea&amhmxw Be thANGA SR & of OWar d

the | aser di o phot odet ect o of the oObject, the plane forrred by the

i nci dent | aserpreressiRgeireyiiry (spekig- évatw%beebefemllxsoqnsﬂ@d%@s aptpytsafibiycell

orthogonal to fRcRxbs dudh Ei&.dm@%zﬂ@ﬁ@lu&@&g:&?ﬂérﬁ[ M&sﬂﬁg&r&fﬁyﬁﬂ toull bRle6hnésled
cell B and is substanti all E)lara el to stri 2. Thus, for exar:%lndfolf t he

obj ect 14 movetd acPBRYer heyipgs display; spchshat aysee o ailbrénsawéne eppst ect
vertically (sawpy fromthe |aser diode and photodetector) in the direction:
of arrow Z to a second positign, then the point,inmage 30 wou |r1the
direction of arr OW"\F“EHP I [psensigys t&c‘,‘?é"’ﬁ?‘e"ﬁ% a(eirer’b?“g‘ﬂg (abﬁfé?%fcj’ﬁﬁ?%g? |
direction X ang giedtotedit the kdnsitivity JTtheQbrR6Hth ’véitxdilkh&#dinexﬁs (@WE fom0dr tdvaed the laser
phot odet ect or t feat 16 may, hav
| ongi t udi nal a?(‘P‘g‘ 3 E’P“@teffggmﬁh%&-‘fcb%‘ﬁimﬁ %eb(y tﬁ“ﬁ&"%? ﬁ%ﬁegﬂse%ed
formed by inci s bednatsds sdbaatﬁanﬂomdomab hesﬁﬁmieahamdndam& points of @Il A and
parallel to str tor .2 erpen
formed thr o%?g h® #%‘%&?ggm&’)’? t%ﬁtgﬁg%aﬁus’%fr %8’?%1% %ﬁfcttg % ? %lfﬁsa 65‘5‘
that the sensopositioh)sukheas ithesone shiotvin ‘uel'-‘xga varthaally (aah;efrm therfasee dipdretand photodetectory
direction or ip zﬂehae;recu on of gt%;w 2 ?c) d second position, then the poxnt image 30 would move in the
direction of arrow Y’ on the surface of photodetector 28, perpendu:ular to du'ectmn X and would not
effect the electric output signals of the photodetector. '
25 As shown in Fig. 2, target feature 16 may have a longitudinal axis that is parallel to the plane
' (shown in dotted lines) formed by incident laser beam 12 and reflected laser beam 18 and is parallel
to strip 32 of photodetector 28 and perpendicular to an axis formed through the center point of each
cell of the bi-cell detector so that the sensor will be insensitive to minor lateral movements (in the Y

direction or in the Y’ direction).




-9- The arrangenent described advantageously provides insensitivity to
novenments of the object in the Z (upward), Y or Y (lateral in plane forned
by incident and reflected |ight beans), and radial (about axis formed in Y
diTection) directions. Only novenents of the object in the X (perpendicul ar
to plane forned by I nci dent and reflected"eams) direction will be .

neasured. s af}mgﬁmg,ﬁ Schillean ' ﬂké&&ﬁﬁﬂ&ﬁo&ﬁm&} ofrhe bYject
a

anplitudes of sign ver sus |rre as 0 éect 1

ved in th
direction of mme@&uwvéhé'm’ﬁ {(ntqraldn plane formed byipg %k’&#rfﬁﬂéc“’q E‘%sﬁﬁé@“ﬂ hat

obj ect 14-°is hﬂédqm%e&fo &@iofs. Vi IndveRintd dPeheRBjetiin thedge 30 is
focussed off ?"sur?ﬁ ?yédél °phot qQdet ectnor 28e (Bjte)eﬁgre reaghl ng the

surface of ce@hmﬁ)dxcuhsw@éqne&maﬁbymg ﬁ“ﬁ“&?‘i‘@@ﬁ%ﬁd‘%ct‘w "30 first

reaches surface gl f agRbh showihgtheldiffiten nﬂ&ﬁosammdmwes cel
B. V\henthgleadlﬁé ed ebof poI nt i nage V\:hl hlagﬁflnl e.ln. 5|zea

appr eci abl y | timeyasobjey "Eﬁé"%“ﬂ?‘ﬁd‘&f’“‘{“ﬁf’é Fhowhia Figa )aﬁ%ﬂ’ﬁ)ex%lr’eaches
the edge of cgllhmdithabbjedt 12 is%aﬁ&smoﬁh@i&ﬁher(:@uﬁ)hahﬁ@pd&ﬁ irhage B0 Bifecassed 6fF ofn

zero, reaching its I8

tinme 2). \Wenswfiee ?IEB}'%%%‘L‘%'P%°$ ‘é‘“‘?gggcsﬁ%%“ Pﬁcéh R%gbﬁém%%ﬁné‘%% Ps A
and B (at ti Ngiredtion X/yirfh irgigabo fisst reicﬁest)rfdﬁegH ofaelmamlemanem;:espem5|5m 3R ough
zero when the p0| nt inmage is centered on the gap between cells A and B, and
l'ies equal 1 gRBells A and B. As the poi nt i mage continues on to cell B,

the signal (A-B) mﬂmeweagmedemmmg(wmammmmandappmahlwma@hmbﬁ t he

| whol Wh
cor P8 (c1 e Sy pfiBe &P grPer A ey oot lle ol ofteh W o RAE BB AT ueghos |
curve (A-B) Veginesast trameempaeaching its insximom alweantien therimge is whioly sl & (Fﬁt@%e %n 20
both A and B il e 1ehER38R dr ofﬂxe ,Qirgggef.ata%%%ggﬁpm@enghﬁt@a@cantme 3RS sifrl

reduced, Wml he 'w c(I;ap bet vveen
cells A ands B(AZB)msgmwdmdamsswmmhembSM|w=SﬁW the gaphgtveen

osition of po f {oqe B8he and
Itohﬁls Ithe i ngékﬁvuﬁ&%ﬁrgﬁh&wé'{e&g%é%%nA{# &’?tkn%b%mgﬁ&be . nlet 0 ed
‘Sinmlarly, a digml(a@mtnubeom@memadmstsmmWea«hwtaeg'@ébm“ﬁ 5

obj ect 14 can %&m\?\ﬂ g acc rat"-’“bsnw&%&d & \Gfe g%bﬁswg@]apfmmsﬂabms of

the object wt asurements can be nade) of .the sensor

falls within tdms. Thasdepe of thegurve(A-Bherses imags position iz ¢ when He ApEe B he
graph of F' ugqu&iﬁkk&%&xwaﬁéaslﬂ%t%?zksﬂhé}%&mémw,emﬂebﬂms
times 2.5 nd Addi tionally, th st em has m ni nrum capt ure range
which is a ni riagenthandhewidthof the gan ketyespeedls A and

Thus, it can be seen that by observing signal A-B, the position of point image 30 on surface 31
of bi-cell photodetector 28, and thus the linearly related relative position of object 14, can be
monitored. Similarly, a displacement betﬁreen a first position and a second position of object 14 can

25 be measured.

The dynamic range (the range of positions of the object within which accurate measurements
can be made) of the sensor falls within the linear range of the A-B signal curve and is shown on the
graph of Fig. 3 between dotted lines labeled DR (approximately between times 2.5 and 3.5).
Additionally, the system has a minimum capture range which is a minimum accurately detectable



-10- level of signal A-B. This capture range is illustrated between dotted
lines | abeled CR The slope of the A-B signal curve in the linear dynamc
rapge (in mllianps/mcron) corresponds to the responsivity (or
sensitivity) of the bi-cell detector. As the slope of the curve in this
regi on increases, the resolution (the mninum detectable di spl acenent of

the object) aabidrvighilesBf Thib €a ;ﬁuustratscr&aﬁe%ﬁ déusll 1ihiQatdA TR Theé ab@ar Of
t he sensor decreases., Thus be appreci ated that W%‘I]é?l e sensor

descri bed, a A -BitenalsEys "‘B%‘ lgﬁrg Sp milamps(misronkcoprEsRg
di spl acenent résp&@ivuy (oD SensitiVigy) amﬂ uxicumateecﬁr AsGheelopbabthé w&imnluﬁs Rfioh iRGLes30

is focussed on su 31 of tecto :

appr oxi mat el Y L"‘l’ &h def?ﬁt(ﬁel?lf Ysn ”r‘i@f“?“h%f‘g%f%b”&‘) G‘fh“(vﬂ’q%?tn %%%m can be

ZTB elg i npl y tmt 588 birtsimadynaniit yanltyofﬁiagéris&rdbdies&l ﬂi@l it ﬁ;ogud bwhpméeﬁaatedlthug;vhhglaalt
constant_ can conpl i con | e nsi t i npu

| aser beam 17°HE] %ﬁcng%fe%ﬁ% |€B§%E%WP"5F" ﬁ&‘;‘fqu dr‘i}] ? °1u °rrgnt

of which is desdméhtepimlublot'mgmAmMﬁepﬁt&mg&@OEfgmaG&bneirﬁcﬁithﬂ-de}l coupl ed

to the |
(0 the| aser oot SRS IR LG EECCIEEM AL KT 560m)
in order to nmbetsvmpmwcqomlmbmwMumsmlr&-mé&msmAr'anl tor| ng

th t put, el

Gircut o " odg Bt e S aliedty REkioftl BY ot R npllagef i Uopnk ol

sour ce t hat mammm (Aeﬁﬁ)mem@eme mlvg&metteawiuhiamdcsgn@dfoﬂpmveﬁhtreﬁm% ﬁPslflzy to

be det ect ed bé’AT) 63.{% ﬁf&?ﬁs& BodER8! &H&c&?@ﬁél&& ‘(ﬂxet)(Gé @!‘P&ﬁktfﬁ-ﬁ%ﬂ&i of a
Ear O, t es,

partlcul ar a source can or exa i ncl ude a | aser
di ode, a Ii grmgnelrmﬂ Vhils cmt@a@g@@mmyer peavidediD thedasen diogist &hus) ingrer BaRrREmPlEY an

optical fiberyl ) ghtsputaey nekéssapfopﬂsd,faaag the Qﬁ%m Abetridal SEHals PRIHSR b Sn—cen

enpl oyed, then a pair of optical bers, or a bifurcated fiber, would be
enpl oyed t& ddetester 2% W%F%qubv%eans to the photodetector. In one

enbodi ment, the 'ﬁﬁ\ﬂ%&ﬂh&ﬁ%ﬂ&%ﬁ@éﬁﬂ%ﬁs&&%ﬂt?&h Yeef 2 ihdideht fight BeanMavih@nge

of .1 mlllwatt | i wat t tren of the incjdent | aser

beam pr ef er abffficieat SRty a hedetested hthreahotp@testomepv @W“’["%‘Fﬁy]feq“\?%ﬁ“?"ﬁ?g types

of focussing ﬁﬁ&dmﬁﬁippﬁ&aﬁm the hﬁﬁEbuR@ Pk Q&ﬁxﬂleﬁ heflidé sﬁsermee, alightémittingand 25
reflected Iight I asei eans. For exa convent i onal ?ﬂses%cﬁls heri cal

or cylindri cafiod (HEB}’%“ |aN"qE§H151§§t SOpyFe, Hb?“d’@ﬂcabg Hght soureen, 0

errpljoyed iBhelrfdflﬂiuﬁ:d estemptoged ﬁxamaﬁaoaapﬁcam&s,e.hmueealﬁbah@bmu ennloyedtohl ch
produces an el ect Sj avi n racteristi as_a ude or
P equency 1 ofEs e EREe it bPago B BsORep e o SRR s R o e
surface of th@udzmmrymtsmmwwdzﬂm@m :tn&ﬁlnwaihmsphbémwbaﬁtm can,
for

incident laser beam preferably is approximately equal to 1 mwatt/100 .
Various types of focussing optical elements can be employed to direct the incident and
25 reflected light or laser beams. For example, conventional lenses, spherical or cylindrical mirrors,
GRIN lenses, or molded aspheric lenses can be employed.
The photodetector can be any type of optical photodetector which produces an electric signal
having a characteristic (such as amplitude or frequency, for examples) that is proportional to the
position on the surface of the detector of the received light beam. The photodetector can, for



eXanple, be a position sensor in which the anplitude of the electric signal
produced is directly proportional to the |ocation on the sensor where the
refl ected beamis received. The photodetector preferably includes a
spatially arranged photodetector capable of generating a signal or signals
fromwhich a ratio (such as (A-B)/(A+B)).j¢an be generated. For exanple, the
phot odet ector can be'a bi- s cell detector, a quad-cell detector, a CCD
array or ot hghmplé\ibe apysitivh 3@eori whiktethe nislitide dLthe eledificlsigml prdicediy direody t or i ng

St reng! L"o?fnré@hF 110 5 lpionOn o s e B TR S PR e 14 o iesor
L he s ? In S Idt j[ Vﬁr%ﬁ!raﬂ 1ﬂcheesphﬁ&:ﬁn§earﬂﬁged photddateetmecapmmfigammg esigral weigmlnfom he

i -ce et ect or S en
Phe cel | o ( twtidhg men e OrEROS 5 oo oo Fop ARk Prorddd e ith MWD
wi dth of ismegf déletsrpdiquadicdl] datettin, aCCDammgpﬂxet)f 50 [err]m 100 [err]m A
standard sensitivi H forg%uchog r%(gg M&;ma&o &gﬁtlg%g}‘_\é)@%lmgo .

anps/watt. In I on, ase VO'S m appl i cation (as
will be des cgehhae& shﬂevﬂ!anaietlml\)etoﬂlestanﬂﬁofthyhgbestwmaﬁle{#ﬂ ithedargat feature

equi di st ant b%té,\é\f/eenlév?% aé]’f%%%e&?rw and phot odetector 28, 15

appr oxi mat el ‘ected beam |l ens 26 conventionally has a
10 nm f ocal Ienlytdne eriibrdiment] pash cellfof the bireellidetecterthag dimensions of 6 Feby 172 B apghe

target f eaot uge %PGEER&‘%I‘ &Q éthj @idh‘?l,f%%m) %Fﬁ,xmm,eeqqh to 70 OTREWiét o NE

enbodi ment ram-s er enbodi ment_in which the
optical di spime&%mfélenﬂw ¢§n!9§§§0#1n'18° Hins & standard sapgitivily for uehphptodetecton o\

the servo sysf CODMERELLPRAL dnpsivag! udes rot atabl e 20 rraster arm 40
(1 ocat ed ext & ngt\é? H?P ﬁg

drive (not shown]) and re Ite}"ﬂg%g arm
42 (located wi ttnmnppéamhgth@rsw@;asesetswtmmpbﬁanai* m@l%@ ﬁﬁ
rotate about E&TB% @?cﬁte&ﬂpprd%ﬂﬁ&?&ﬂxdﬁs&nﬁ&ﬁvééﬂﬁ?ﬁet febtifed 6 endphotodutectod 28) f
oug

head arm 42 t'h | exure (not” s

d/ d
A Lar get | s anpuroximaiely 39 Mo et Refeqid e s Sapbviairal A dp gt BEF FREE.
invention. The, guﬁkoﬁﬁ}vaﬁmrb@&mwa@m)u 11 6 tikrS N Feditird1 6 preferably fallnwhitinithe range

which data is read, is | ocated above the 25 head arm As is conventi onal
in disk drlve’féeer/@mé??fFé’WE" et naster armfirst is rotated to a reference

position in ali G{yreia dighh snomgian%theianmmxdeﬁt@mnmeapm displacénsent segsouis r ead
from Then, through use of the opti ;Cl% | acenent senson #ﬁ&e@?&nﬁ{ 4 he
present i nverrstddna diskh@rvgasype syFiEm; 4s T8 SYFET PR Rne i
Mast er  ar mgyS Quishpbrmid0QotRAktemhltyof BR Ak didve [fictakbvin])oim exadwritetheadtapm th@ocated
desired within the disk drive). Both master arm 40_and head arm 42 rotate about common axis 44 _
Attached to the upper surface of end 54 of head arm 42 through a flexure (not shown) is a read/write
head (not shown). A target feature is formed integral with the head arm according to the invention.
The disk (also not shown), to which data is written and from which data is read, is located above the

25 headamm.
As is conventional in disk drive servo systems, the master arm first is rotated to a reference

position in alignment with a radial track location to be written to or read from. Then, through use of
the optical displacement sensor system of the present invention, the head arm is rotated to be in
alignment with the master arm so that the read/write head can read from or write to the desired



-I2- radial track location of the disk. The head arm and master arm al so
can be rotated in other orders including, for exanple, in alternating
fashion until precise alignment is achieved. The master armfirst is
alligned using an interferonetric optical.jgystem The interferonetric system
includes a | aser source 46, a fold mrror 48, a laser interferoneter 50, a
retrorefl ectrgial &2k l&caao:td'chehlskt The Head armalad m'asjbamialmu ba rotatedringther erdefs an

i nterferonmeter out u I~ Qah@d Mast er arm VCM
drive circuil ﬁl‘ﬁflr@sm ég%g’ﬁeenml nfﬂg& gs?"gh Er out put” si gnal det ect or
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retrofl ectsoranmyd toatmlmderstéé ermnhd&end mamferm:tewutpﬂwwetacmrm éshown

di stance, a@& sd-n.evmﬁafe ceau&,ges lgeo}gieas&wgeat thterohi& o target.

The | aser so‘ﬂ pro uces a | aser beamwhich reflects from oI mrror
48 t hr ough |m:6mm:esmwcv5ma 65, wich egnirpls ghetrefatiogal moyementof Mpsterarm
reflected by,yetroreflector 52 and |s conmbined with a reference beam by
interferometer 50. Interferoneter rovi des the conbined b

detector 61 \Ahiztiﬁho‘ilﬁb?‘é@ﬁ@ﬁ%alaé@ ter qmploysiafiest IS Bram, W Fﬂf°6‘r°f5hange
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of the p03|t|on change to drive circuitry 63 whic turn ‘&Ipow des a
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ﬁ el gct ed 2 fzid béa'h?@llﬁcﬂ :@ﬁétslmfo@aﬁeorubms%& me:mi&;}a sodqa rewpefbyoraki gned,
eaa arm then is ali mast er_ . ar USIn t he )
sensor deschWW@?ﬁf’QﬁFe“P‘iﬁ selpg & and it fombinadb e & §6¢nf°pbfg?§¥ FFNE'?EFI

i nC: ugi ng a E@&ﬁ{efflsibﬁﬁt&)so prBAdeStit mbiiRd Beachs thedeeton] witich,lingespdhse, peteﬁﬁrea]l?l y

i ncludi ng a bi-cell photodetector,). attac rface o
mast er ar i 4the displpesmeptdo i Poiti¢ a‘ﬂ?ﬁ’f“@f‘{btﬂ-@ &ecf agigénnedrzi"t%Lg ensor
descri bed abgWdRativelohthe g«sﬁroamnmé 1 dffvegsrcuitty 687eihizh, irchum mrn@esmal 0/VCM Agto

| aser di ode within sour duce I aser beam whi ch
is reflect ed"%‘}’e?‘éﬁréﬂg(fm’gg‘tfs ?3%8‘? eﬁ%%flﬁ%éﬁ% ?%&Lown) integral with,
or attached to, %Eahwnﬁb&rrsmdm19f>mpaﬂ§iaﬁghed)heddead4aﬁm142hsnﬁ&5mﬂmast¢em40bed
above, the tar ture has sur f ac [ dent

| aser beam i é‘s‘g%‘ﬁ‘F %camfrg sﬁ?’%ﬁﬁﬁb”\é o ‘Fﬁ‘é&g gét?r'c\gglol&ﬁe% fe&%ilyOXI mty
of the tanrgetinciuditigdlmer didde), refibdtarSs ewll destor mdsiaber60(prefrrably n\e’eﬂmetbleallf rom

refl ector 58#’%? ‘f"ﬁ (‘)t aq{f ttg&gng{g%nggpa e oFBEGer lafin g@fﬁgpﬁg@eﬂerg%bodmmmf

phot odet ect o
the displacement sensor described above with reference to Figs. 1 and 2, during operation, the laser

diode within source module 56 produces an incident laser beam which is reflected by reflector 58 to
a target feature (not shown) integral with, or attached to, the underside of end 54 of head arm 42.

25  As described above, the target feature has a curved surface from which the incident laser beam is
reflected to form an image of the source in close proximity of the target feature. The reflected laser
beam then is reflected from reflector 58 to detector module 60. The image is refocussed on

photodetector within module 60.




-13- The systemis calibrated such that when head arm 42 is'properly
aligned with master arm 40, a small, point-like or line-like imge 30 (see
Fig. 2) is focussed on the surface of dividing strip 32 between cells A and
B of the bi-cell detector within detectorthndule 60. Di spl acenent sensor
processi ng control C|rcu r 7 (shown in Fig. is electrically connected
'b%‘é‘? Bk e
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42 until it Pgs %‘Eﬁg ?‘ﬁcﬁ?ﬁ%fﬂ?‘s I?Wﬁ‘ﬁ‘g&%dw B égeg(??"} geg SR eat er
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ui i ai nl g’ SoRerns foRns AR 8 BB S M Rt RSk Yl et |
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detect or 62 (ngh 00 1 NS4 6 Ty ANIE 0N B0l 6555, 81 08 fRcres

(included w ' h sour ce no pt1on conveni ence.
circuitry i nddgreats detaihbelow with sdferenaetoFig. %Mhmmlmdlép@mcmmuﬂed

connected to be&R ' 4gom bi - cel |
detector 62. °RA Pﬁﬁégﬁe&d& | er s!i 4 angclfog%m?delg%g%t | vel 4|fy anal og
signals A and BFlﬁgéshﬂYﬁIWPIP@tﬁlmfegmﬁegmrsWCﬂm"B iigy/is shosmas
outputs angd %&au@rbﬁzcar&\%?@h ﬁrmu&ﬁ@nﬁtnraeﬂea&r ule 86) aﬁ&ﬂﬁs& Hfoﬁé‘ﬂ(mZﬁdé&ons' sts

od
of anal og Sunm ng circuit | aser contr(;l|Z power circuit 70, Summ ng
circuit 68 prjdirseyrcemaiy ?@&rdﬁmnomgmenmﬁhwmmw%ﬁc?fé}femméranaéesqtro|

power cCi rcui tgaall aiplifdis 640166 Eshnbdd@ z&rﬁq:eetw? ﬁegmeoo\?e@ %%rﬂﬁ Al andBBrof Wi-cell N

turn, provides an output signal to control | aser di ode 72

signal A+B |§°%P'i’ﬁ2ar‘ﬁé‘83§‘ﬂ ifiess ot apd G6yrespestivalyamplify andlpg tigndisdeand Bo T8 at ed
that the int %@hﬁaa ﬁﬁlo% ammmm% &aab&@mm@mmdprwdedh@mewmmode

may vary as the 2 t ance of the target for ex nP \(arles I n, order

‘that signa® Aﬁ@ﬁié"‘ﬁ‘?a Fensists Qfierelo symmipg cineyit 68 aglases optrol power ginyit 70, Summing

form head ardi?cafssc;emmuﬁ@igﬁamhscsrgwmwp@&mwtoq&mawgbﬁerhm7ar m VCM
71. As shown, signals ﬁ&and receive bl ock 74 which i

amplifiers antShfpesto Hdae o signal & tag frgpmpravdes A '%‘Fﬂ%ﬁ?cﬂ\n@land

A+B. Signal Andpdwer pfiaset di6dé 72 Qignal A+B is maintained substantially constant. It should be
appreciated that the intensity of the incident laser b@ produced by the laser diode may vary as the
25 reflectance of the target, for example, varies, in order that signal A+B be maintained constant.

Fig. 6B shows, in block diagram form, head arm processing control circuitry 69 which controls
head arm VCM 71. As shown, signals A and B are received by block 74 which includes amplifiers
and adder and subtractor circuits for producing signals A-B and A+B. Signal A-B is provided to
an analog-to-digital converter (ADC) 76 which converts analog signal A-B to a digital signal. The

-




an anal og-to-di gital converter (ADC) 76 which converts anal og signal A-Bto
a digital signal. The digital signal is provided to a conventi onal

butfer 78 which provides a digital output representing signal A-B. Signal
A+B is provided to conparator 80 whi ch corrpares signal A+B with a reference
signal (a mninmumthreshold level (i. Zﬁl’o]) and provi des a status
output bit indicative of whether SI gnal A+B is greater than the m ni num
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nmoni tori ng sighal Wth reference t

h co ator. 8 [
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isr ea\cMh ed Y@ Qﬁbr&iﬂdiistd&ctﬁgdg&a&? with refd?enzebt 0 CFxg’:lB}ihﬂlsiliﬂm AEB_'hBo nfay gave ahﬁﬁe éthan
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Sero. & ot AR v e e L i soRee B Antlecaied AR he AgeeSer i ptive S pEh el seledl by
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ead harm nd nas arm are ali.gne
otai | ond_ sASGEIRS S af ePirpouie Spls feafted BEorfiorit dipals 8 A seballB
to illustrat e go.awikreféreme torRig. 3,6t shéuld be uhderstbddabial e aBpkoprmtezzbrbamlssmg point 6fhe
upper surface of 4 we
slider and reé‘&f‘%e?%rﬁiéggg%% %gng%; % uélgdfzonnecign%g‘[%ﬁ%ﬁg{t‘%lp 0 W@(ure
84. Such aigo ms:hpamon 80 deterininel thatfsigaal U +B is grkdtet dhvan aerd, arstatid bitds outputy Jhvus, the
conventional . F’I]@& 86 is
formed integr éif & w‘{&ﬁm@{% %MMW Pﬂcﬁ%@%@%%“%&ﬁ%?gkﬁ%al I
bel ow, the tanghqatefmwéhmmwmaststm%uamabgr@darowlmf 25 -head arm 42
using a rul ing t gl 7.l dhA0UARS e sk U ReaHarilh! TPodibIsRRRDDhelifN 4912

| ongi t udi nal axis ar all el Itudin axi s of head arm The target
feature can, fshowrtpilinstrate taget feptuge 86 Achiifier Aexuracimattagiged i the pnpes sefach efhsadiirm

42, as shoup. 4 Iftgvﬁmmgndﬁdt@ahs smsw@&mdeafandmmﬁaﬁwm&dh&m f86shn&ikedt he
target feature 86 that reflects the incident |aser beam The radi us- of
curvature of ttpthegsinpeffigrure 84. Such a construction of the flexure, slider and readlwnte head is

conventional.

In one embodiment of the invention, the target feature 86 is formed integral with end 54 of
head arm 42. As described in more detail below, the target feature can be “ruled” into end 54 of

.25 head arm 42 using a ruling tool that produces a curved surface preferably having a longitudinal axis

parallel to the longitudinal axis of head arm. The target feature can, for example, be 2 cylindrical
indent 88 within the head arm 42, as shown. The cylindrical indent 88 provides the curved surface
of the target feature 86 that reflects the incident laser beam. The radius of curvature of the curved
surface preferably falls within the range of 0.5-5.0 mm in this embodiment.



surface preferably falls within the range of 0.5-5.0 nmin this enmbodi ment.
-15- Fig. 8 is a side view of end 54 of head arm 42 show ng slider 92
attached to flexure 84. As shown, slider 92 is | ocated beneath target
feature 86 at approximately the sanme |ongifjsdi nal point along the head arm
42. Al so shown is a shoulder 90 which el evates target feature 86 slightly
above the remmi nFigr8 ioa siticvielv of emi 400f head arm 42 Bliotying3lide 92 atpalidd té fiexmieiSaNAk
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target feature 16 as reflected beans 18. A small, point-like first inmage
| OOA of the | i ghTweaesitioss pfdarges feqturr 16areshopein Figo%:i Arifirsy pesition §in which ghetargsbat ur e -

16. As tarqet glagadissidwhth SRy Bifes) 4ridWskdofid pdsitioh (P Fhich ihe tardel RbEIiEModnPInAS
position A) to its _second position (referred to_as position B), the first

poi nt - 1i ke i mitpstom)s ShS5RPES PRFHOR shoxs Histareed frpiyredisplaced feom irsfisst ppsidon inBg ¢ i on
(denoted as 1Q{N direutibd X, WIREQIK}aPREent ik B/be rHtaRAHBH 1R SystADEDthe iiNVeneC h
position, a portion of the reflect Fef-g beans 18 is_received ?y [ m%% ngeclgéns
26 and focused offsheimsigromingPegn 17, F%%é‘i"éf:‘{‘ﬁfl surfpce 01 ta58R8 fepfugs 0 s re cond
i rmgedloON | pednaariged s};ﬁﬁll,&@igt-mwfﬁ's’ﬂﬁ@ageﬂoqmlﬁd@hﬁﬁw is ZimediarclopfitalimitylofB, a
second i mage 100B. js forned on surface phat odet ect o 0. As gcan, be.
seen, as t drgd¥EY FARE IS f‘%%@%@“’? ?%)WPYJ"S g’f’?"i"ﬁ ﬁ‘“ﬁ?“?ﬁ‘%%ﬁéﬁ%ﬂ 2PoFIHoR %ﬁg )
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In the servo stem ' hown,d s Fi Q... 4),, _onl v.rot apd ment s
of the head amiFaRonp Lauiel S ol ot bchiionb o Soonl sefie b Itom RN ™, °
in the X dizectifsa of phodeiectop 20.\ifok position B, a second image 100B” is formed on surface of

photodetector 20. As can be seen, as target feature 16 moves from position A to position B in

lateral direction X, second point-like image moves from position 100A” to position 100B’ (which

corresponds to movement in the X' direction of image 30 on surface 31 of photodetector 20 in Fig.

2). It should be appreciated that second image 100A” (and 100B’) corresponds to second image 30

25 inFig. 2. _ _

In the servo system embodiment (shown in Fig. 4), only rotational movements of the head arm
about axis 44 (which corresponds to movements of object 14 in the X direction in Fig. 2) will be
measured. None of radial movements of the target feature with respect to the head arm
(corresponding to rotation of object 14 about axis Y in Fig. 2), movements of the head arm



measured. None of radial nmovenents of the target feature with respect to
the head arm (corresponding to rotation of object 14 about axis Y in Fig.
2). novenents of the head arm vertically away fromor toward the naster
arm (correspondi ng novenents in direction Z.in Fig. 2), or novenents of the
target feature in either direction formed b‘)ﬁ a Iongitudi nal axis of the

head arm (corre t LN

det ect ed E)y theﬁgﬁwﬁ‘?{#ﬁep}t&%ﬁ”w °m£ °B£n§'3?vrﬁen d?rl‘:rn(g V\nfigeﬂhe
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have any cross &@{ntlonal shape |ncI ud| ng rectangul ar (as shown), square,
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204 pref cze(r) Zbl ;Sunbmsl mgrqcuhguhg(asshgh_a);n;uﬁe,&c?%onhhmmwm ‘n:egﬂmkpemohmls ul i ng
portion in G8a &8 e e nment round_suc

sem -cylindri cﬁtfa art?;ae lgtgleg? ure ‘hvﬁ o?%lﬁ%nyrsﬂﬁ%%& Nliog:t ?& E%éﬂi‘)npﬁé obj ect .

I n the enbodi nedhesivdlioatiached, ok othey. BulingipomtioR P04 rtaybe 2etfimiaigRly within distad enddfy

flat. Extendin e onlWays from
20 the distal ga'nd rogqmsétuirtﬁ acefe%‘%e%;éalgs%mgace % Hmﬁﬁé% porti odn

204. Handl elﬂoﬁandmzobe made fromsteel or any other suitable material that

has jihe strength. gl el 'y inR LOBES Tl B CEILRE st it U1

bendi ng. The ruling portion, or at’least ace of the ruling
portion, shoul gortien Pidel Bulingsiface %ﬁxepmmbpmmusmwfmmmw%m%m% han

the nateri al wmxcbbnnmmﬁe@ofaﬁo&ﬁ& E&hbd eaﬁsﬂ &a&néohﬁasa

t ar get feature vvrII be ruled 25 into ace

th
bel ow descr i bedecppti pesfsrablyflay @%@W@M@?%W Y awas from
typically, biie s ek 8@t R0eH Siak 006 oRIH pofia 84 ached and into a

surface of ich the_ target feature wll be formed, is nade from al ym num
Preferably, the raiaptﬂ@g({;my, g Fadsr from steel or any other suitable material that has the strength to

withstand the ruling process (described below) without bending. The ruling portion, or at least the
ruling surface of the ruling portion, should be made from a material that is sufficiently stronger than
the material from which the surface of the object is made such that the target feature will be ruled

25 into the surface of the object by the below-described process. In a disk drive servo system
application, typically, the E block object to which head arms are attached and into a surface of
which the target feature will be formed, is made from aluminum. Preferably, the ruling portion of
the ruling tool is made from diamond and the ruling surface portion thereof is polished such that the
interface between the ruling surface 206 and the flat face 212 is a sharp line. Insuchan




the ruling tool is nmade fromdianond and the ruling surface portion thereof
I's polished such that the interface between the ruling surface 206 and the
flat face 212 is a sharp line. In such an -17- application, the ruling
portion alternatively could be nade from tldngsten, sapphire, or other

materi al s capabl e.of .rulin roove i nt |l um num_ Fig. 11 is a,part
structural, ﬁ?‘f‘%‘tih@ﬁf“&‘ﬁé&@'&é‘?‘&?ﬂ‘?‘i’ﬁ&@? 6%‘[‘%3"’?‘}?@35' T PRS0 ‘wpff'ch t he
t ar get f eat urRateriats cagablewf siing £groove intealbmigum11 i s ruling tool 200 and object
220. nject 220 j.nglude urface.222.inta,which the target. [
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200 is from tineludingloandlFR2¢p and fulidgpastion04.sFlenfacei2é2 facns ik dirttinndn whicl e targgt
surface 206. . . . Q6. ' | is
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by noving obj gets datfe bftuifhigs@fkd 98, Y2 toward ruling surface 206 of tool 200,
preferably while maintaining the |ongitudinal axis of handl e 202 :

per pendi cutdar t olndhg FTeRsEs, Sufsce 20fefuling|tooh 40043, brpyughtintasgntacs with sxfaen 222 Af epiect
contact W th siy HfGRankedc®mpRiteEBy m todl 460 i Air&tibd RE RwaldGuitick b2@deE by

position S. 15 Then, ruling surface 206 is noved further in _the direction
Y1 in i ncr enemeyng shigsh#AY imdireptignoY 2 toward sling susfaes; 206 Attacl 390, pistrably wiilsI 200 in

the directi onpYiheafivh/tRd lokpitudiRAl ki JofBRidRC102 fePendidulhi 6 si@fabERb] WhenRlingNurfhdei S
poi nt, surface 206 w.l| have dy

i nto_surtace 222 of aobject 220 and.will be
at position S29635 PPRught iR foptact yith syriace)222 of phject 220, ‘B’r“éﬁ“s@‘ff?‘}éao%‘f?ﬁéd P"rPé’Fffm‘b#' t he
i nvention, qu fraél i, fulitig iu]E’fad% 2‘0218 gtoamdfm.t{ijbai&aion% ifitrerdéhtal ?]mounﬂfﬂ.emﬂ;a‘;g:&l f
nmovenent -of ruling,suyface, war.d .and ipfo.contact wit tfac 0
obj ect 220 ocesPERiBeL T inE oot b dffhen T et Y S5eesrlr RN Bt BERR ng
poi nt (]gne of Ynhﬁtﬁihlcbohqglﬁfas_émlifwill hwelﬁﬁyigﬁtsmroeoﬁjatm andivitlche afjosition t he
target featur rul e vi.ng t.00 .in rection and/.o
ob] Sct 290 | nSch Peakalh SRRl T euee egtineh oh v K o i foe RES B
the desired en?tpdsmm.of the target feature to be ruled. During this step,
pressure i s maintain | . 200 in 25 .directi.on Y1l an Le ' 220
PG Teot g v 5 PSR or Al ek s i Ahd R cotacf RN Blnd322bY e
ruled target 2e@bcnms atptaging@oini d Whittepoint & thbajstited beginming pointone B eod polnts) of
Preferably, t %&8&9&%5 g@l‘uled. Then, the target feature is ruled by moving tool 200 inditection_ X1

and/or moving object 220 in direction X2 a distance D to point D-+d, which point D+d is the desired

end point of the target feature to be ruled. During this step, pressure is maintained on tool 200 in

25 direction Y1 and/or on object 220 in direction Y2 so that surface 206 is maintained at level S+A and
the ruled target feature groove will have a depth from surface 222 of A. Preferably, the longitudinal
axis of handle 202 is maintained perpendicular to surface 222 to ensure symmetry of the resulting
groove. The resulting groove will be semi-cylindrical in shdpe and will have a radius approximately



axis of handle 202 is maintained perpendicular to surface 222 to ensure
symmretry of the resulting groove. The resulting groove will be

sem -cylindrical in shape and will have a radius approxi mately - 18-
equal to that of the rounded ruling surface 206. The radius preferably
falls within the range of .2- 5.0 mm WhelB-surface 206 reaches end poi nt

d+D, then either tool 200 is moved in direction Y2 and‘[ﬁ% ‘ﬁCt ZOOQj S
moved in di reﬁ?ﬂ‘%ﬁ‘“ﬁ%ﬂ“@ﬁi“?&%’éﬁﬁ?@ i Thesadus greferably "“\%‘4 $%¢Ee 222,

thus 5 conyghing the ruI ing of the groove target feature. Tool 200 rray be

retai ned stationar noVi n onJ ect, . 200. fern £l 220
may be ret ai ned”é’f'%l"ﬁy‘m 9"% K‘E‘&)h‘ ﬁﬁ?‘“&@%&'ﬁﬂ??’%ﬂé‘ c %roulnn use

of a vise. J&cquﬂﬁsvmdMnmnmﬁlhﬁmdoebchmMsprfmezzmhusgh aid
of a machi ne Such a‘gl machi ne i.n_which the object is retained by the

stage of {5h eCOFPIeting, Hﬁ‘é‘ﬁf’ﬁ% ﬁ?ﬂvett?féetlfﬁfﬁ'f‘ is mounted vertically on the 10
m | 1ing machi netoof2@®. méy%elréthxuectstmbmyivlii&mmgoﬂybbjadzoo:aﬂutegumiyeoﬁwmul ed

250 'Fi g 13sniERa Sricaiina e/ ien Sy By riibiahe iy inn BB o e BERS ng
ah handl e 302mayisk aecdmpng:qd@m: aran@ly or thioeghraid ofagzagmqsucms mhnmome fn vs‘g'lél
shown in nor Gern@fly ofthk | at
face 312 ands’éd?écp‘esrr% ?J‘e:i’ e%‘aggg%gg)@hﬁ%&g%gm qjIlue mte%%ge bety/vgen
ruling porotlmm:ﬁﬁmacamd handl e 302. One such tool can be obtained under the
product nane 113 “%& BRAER200 of Alingpoktionl &
Sons, Inc. |loca d I'n ev @&%ﬂ%%léé%ﬁ’s%gc” bed gt Iedz?st one
illustrati vezmmemﬂ’fh‘a@%nt ion, various alterations, 20
modi fications aggl m}] lswa{m&ﬁuwah&?&ﬁaﬂkmne&swoomum@smwmaﬂmm.gt he
|

art For exanple, e the sensor of the invention was described as one
whi ch noni topemom@"'pom tion in one dinmension (or direction) of an object,

by enpl oying a e ﬁﬁll:é p&ﬁ'&nesmghool 300 8Wntin Bﬁre@ﬁil Q’ﬁ‘ £16 ehdibchides dunling
T e oo ksS4 395 e 5 Gl M 7o
Such al terat 'Seﬁém 30MH hhradd 3021 On@§idh toBIaR ¥egBRiHeS witetthdfroductiase d 135-020 be
escri pti on’ Netey DHEPod Fo e SO B tw ke 4565t Hetieh ngetme e’ "3,
invention is |i I’Habﬂﬂ mhéécﬁ&ddﬂEésﬂﬁﬁ illustrative embodiment of the invention, various alterations,
20 modifications and improvements will readily occur to those skilled in the art. For example, while
the sensor of the invention was described as one which monitors the position in one dimension (or
direction) of an objecf, by employing a bi-cell detector, it should be appreciated that the invention is
not so limited. By employing a quad-cell detector, the sensor could respectively monitor the
- position of an object in two dimensions. Such alterations, modifications and improvements are
25  intended to be within the spirit and scope of the invention. Accordingly, the foregoing description
is by way of example only and is not intended as limiting. The invention is limited only as defined
in the following claims and the equivalents thereto. |
What is claimed is:



in"the following clainms and the equivalents thereto. Wiat is clained is:
CLAI-MS 1. A _device for neasuring the displacenent of a novabl e object

coppri sing. a stationary |ight source that produces an incident |ight beam
a tar4;E!, ﬂ m umrmmed wi thi.n the object, that reflects the incident
| i ght WelE® first image of the |ight source in close proximty

of the target feature; an imaging | ens, thl receives the first i mge and
reforms the first image as a second img@g&#he | ight source on a

phot odet ector; and the photodetetor, sp omthe object, that receives
the second image and, in response thereto, produces an electric signal

havi ng a charact eri,st.i ' I r rti I oMpdkidgocat i on on the
phot odet ect or of ‘tﬁe&%‘gﬁ%gﬁlg}ung%b@%%&%#gﬂ&%%r%%eﬁis a position of the
obj ect; wherein t he stationgut lightsetuge thatipsodiices ancincident light ¥4%: a gr oove having a
substant i al |y STOOLfye Wil s Af e Widel LAl it gt boam Flomtzuifre. o
claimed intlaim1 rein target tea ar groove is sem - cylindrical in
shape. 3. Tingge b this dightsourey in closepraximitylofithetateetf¥Ei n t he target feature
has a radius of Cura}{%éﬁfg1¥Hs}thit?ec£i@£ﬂ{e%’§§mgémQ-r&'orms&eGiﬁrimagdrasammdme
optical position sensing device for sensing a position of a read/wite head
armrel ati ve wbthelight seurerpsnaghogdatctonaed di sk drive, the device conprising: a

i ght source, at t aGHefholoRetbdiét, $FBSH Sbm He Bhjeds, Ak rebi e the e imegRpd mTesgonssht

beam a target feature, attachecj to the head arm,.t.h A Q6ed
i nci dent | itghtthen@arpmﬁEFS%Flﬁféﬂ%ﬁ@ﬂrbéYmsWW“W‘E“}'? ﬁ&éﬁ%g:{cn cl ose

proximty of tfgubRéndes pﬁo&:ﬂw&;ofﬂi@sm&ghﬁ ahdwtsich reresensia pasitign ofthabissht h
e

between the target feature and_a photodefector, t 26806 Mes, the reflected
li ght beam and refm@“faﬁé‘ﬁ‘?‘gf‘f? &W‘ﬁb’?g’h‘ﬁ‘g g

| mage on the photodetector, and
| 2. The device as claimed in claim 1 wherein target featurs groove is semi-cylindrical in shape.

t source as a second

15
3. The device as claimed in claim | wherein the target feature has a radius of curvature within
the range of 0.2 - 5.0 mm.

4. An optical position sensing device for sensing a position of a read/write head arm relative
20 to that of a master arm in a disk drive, the device comprising: |
a light source, attached to the master arm, that produces an incident light beam; -
a target feature, attached to the head arm, that reflects the incident light beam and forms a
first image of the light source in close proxmty of the target feature;
an imaging lens located in a light path between the target feature and a
.25 receives the reflected light beam, and refocuses the first image of the light source asa second image:
on thé photodetector; and
the photodetector, attached to the master arm, that receives the second image and, in
response thereto, produces an electric signal having a characteristic which is proportional to 2

photodetector, that
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the photodetector, attached to the master arm that receives the second
|rrage anﬂ“‘mmm !e “!Lereto produces an el ectric signal -having a
characte oportional to a -20- received | ocation on the
phot odet ect of of the second i mge and which represents a relative position
of the head arm wherein the target featu® is fornmed by ruling a groove
within the head arm 5. The device as clainmed in claim4 wherein_ the.target
feature groovescived logatipn oqthe photodetestor pfhe;sesond image and whiglptepregents @ relptiye pasitiqn,

cl aim 4 wher gefhehbl@ abr get feature has a radius of curvature within the
range of 0.2 - A et hod of form ng rget feature in an

obj ect, a displ ac&’ﬂiﬁ“‘éﬁ%ﬁé‘%‘é@(mid&yﬂ@mgér%@&eﬂ‘ﬂuﬁ be3diaxBenent sensor,

t he di spl acenent sensor |nclud|ng a Ilght source that produces an incident

l'i ght -beamto be r_ﬁ_;l ected fro t he é feature and a photodet ectaqr that
receives ah i mage 05 I‘Fégﬁtf‘ﬁm‘ﬁr%"fvf SERYHpdncaldn
target feat ursgapef he net hod conprises the steps of: 15 bringing a

ruling surface of a ruling tool into contact with a surface of object; and
whi | e nmai ntai ning pressure on the tool against the object surface, ruling

t he target featwreIHerde\dcetahelaxmadmmohh&aﬁm@mfmm&hﬂhadmafmwamkm&ﬂ&d in
claim?7 \/\/nerg*ﬁr:l the ﬁtzeﬁ ruling includes the step of retaining the 20
obj ect stati e et hod claimed in claim7 wherein the step of
ruling inabudes the step of retaining the t ool stationary.

7. A method of forming a target feature in an object, a displacement of the object to be sensed
by a displacement sens;or, the displacement sensor including a light source that produces an incident
light beam to be reflected from the target feature and a photodetector that receives an image of the
light source from the light reflected by the target feature, the method comprises the steps of:

15° bringing a ruling surface of a ruling tool into contact with a surface of object; and
while maintaining pressure on the tool against the object surface, ruling the target feature
into the surface of the object.

8. The method claimed in claim 7 wherein the step of ruling includes the step of retaining the
20 object stationary.

9. The method claimed in claim 7 wherein the step of ruling includes the step of retaining the
tool stationary.



