‘ vari ous state

BN

: N REPLACED SHEETS SG
2 - tra‘c% situated in concentrlc circles like rings on iree
Each track in a disk drive is further ?ngdl vi de Descrlmoo @a tofpaged (’
sectors which i's essentially just 9& t pa/ofamt(g’e leagémf, etetpagéd .20
track. Storage of data on a magnetic disk 3/
portions of the disk in a pattern which rebrese %@(s@%ﬁ%& gtogaged :1{
data on a disk the disk is magnetized. In abstragt 4 §AeAY 'ze' 'ttﬂé’age

magnetic layer, a SyBthoSCARB! APPARAPLUSCKORNPESIFPONTNESTRANSBUBERS
transducer known as a wite elenent Is passed over the surface of the

di sk. " More specifically, the wite element is flow at a height - of
“approximately six mllionths of an inch fromthe sur- face of thes i sk

- and is flown er the track as the wite i s energi zed to_ .

5%, r snethe e aekion DeEFaine oL petRAGRLEIS ooF {61 FERELERE

- the data to beslsicliedare. alsdo &gflléd@vedipéetStotedsoOn SLoPYHEt idedisks a
read el enent (D d fl own over the disk. The magneti zed portions of the -
di sk provide a ﬁ‘d%%\ fromthe read el enent. By | ooking at output from
the read el enent, the data.can be recon- structed and then used-by t he

conmput er Sysrﬁ@@re particularly, this invention pertains to a method and
' apparatus for positioning a read element or a write ele-

ment over a data track for a disk drive.

One of the key:components of some electrical devices-is a
place to store and read data. For example, compact disk
players read data, such as music, from a plastic disk.
Another example is a VCR which readé data from a tape.
Computer syspems also store and read. large amounts of
data. Typicajly computer systems employ a number of stor-
age means to store data. One of the places where a com-
puter can store data is in a disk drive which is also

called a direct access storage device.

Although this invention is not limited t1ov a direct access
storage device one will be described by way of example. A
_dlsk drlve or direct access storage device 1nc1udes sever-
al disks which look similar to records used ‘ori a record
player or compact disks which are used in a CD player.
The disks are stacked .on a spindle, much 1like several
records awaiting to be played. In a disk drive, however,
the disks are mounted to the spindle and spaced apart so
that the separate disks do not touch each other.

The surface of each disk is uniform in appearance. Howev-

er, in actuality, each of the surfaces is divided into

portions where data is stored. .Thére are a number of
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Li ke a record, both sides of a disk are generally used to store data or
otther - iinf or mati on necessary for the opera- tion of the disk drive.
Since the disks are held in a stack and are spaced apart from one

anot her, both the top and the bottom surface of each disk in the stack
of disks has its own read elenment and wwite elenent. This would be
conpar abl e to Mauidks asittarae:@dt haﬁ ekt beihctedeslike Gfinyd e@grdaat

t once. Each side _would | us_whi c ed the rticul ay e of
‘the record. Tt “Di sk 815:?‘\/ o hafe A;ﬁ#‘etqﬁp’n‘@é/tﬁﬁt & esS‘f]% g?%ne
armof a sterearrtm:oad minber . of Heertorar ewhizﬂat;tpeSeséentlamykjdlrsltVMe

rotary and lin Cﬁlrot fiy,&{eskc(wf&/ elhean@la]r&"ﬁﬂ 9.90 048

3 tone armt a eco er. The tone “arm of-
a rotary disk drive,. terrred an actuator arm hol ds ~all the transducers

or read/wite ¢ Qn%ﬂﬁf‘d fora maghathcSWiidceeRiagagh ﬂ&ﬁtlZlng '

supported in a struc ure th
portions of the disk in a pattern which represents - the

data. To store data 6n a’disk the disk is magnetized. 1In
order to magnetize the magnetic layer, a small ceramic
block which contains a magnetic transducer known as a
write element ‘is* passed over the surface of the disk.
More specifically, the write element is flown at a height
of approximately six millionths of an inch from the sur-
face of the disk and is flown over the track ads the write
element is energized -to wvarious states causing the track
below to be magnetized to.represent the data to be stored.

To retrieve data stored on a magnetic disk, a read element - - ---

is flown over the idisk. The magnetized portions of the
disk prévide a signal from the read element. By looking
at output from the read element, the data can be recon-

structed and then used by the computer system.

- Like a récord, both sides of a disk are generally used to
store data or other information necessary for the opera-
tion of the disk drive,. Since the disks are held in a
stack and are spaced apart from one another, both the top
and the bottom surface of each disk in the stack of disks
has its dwn read element and write-element. -This would be
comparablé to having a stereo that could play both sides
of a record at once. Each side would have a stylus which

played the particular side of the record.
Disk drives also have something that compares to the tone

arm of a stereo record player. There are two types of

disk drives, rotary and linear. Rotary disk drives have a
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| ooks like a comb. Sonetinmes the structure is called an E bl ock. Like a
tdne ar'm the actuator arns rotate so that the read el enent and wite
el emrent attached to the actua- tor armcan be noved to | ocations over
various tracks on the disk. In this way, the wite el enent can be used
to magnetize the surface of the disk iJS a pattern represent- _
the data at ond&aste saverthat rzelater Mudhslikme reeerrd plaxsient The u%‘é‘deto '

det ect the magngty zsd i’ai'éﬁéi‘%oalgﬁedﬁlve, tlelaelyr %.%Sa&fua?cdi" Hem FHolds
exanpl e, the needed data ma stored_on two djfferent tracks on one

particul ar di si@llsgthe tFénFQH&etrﬁe YFragirad/ ViR et LaPeRFens oBe daagd i%
actuator - aldads £@Fphed roreane disgk shgp@ittteaerlﬁraclstructurd tshat

shoul d be noted that this invention. is not

~ drives using § IR 2 HRPT s S.E%?Eﬁmersh the %ﬁ}‘%‘%ﬁ%el%a‘?ﬁrﬁnge‘?&%tﬁ: ng
rregi a whi ch Eseﬂ&mai Like a tbﬁenaﬂMCEtheV\/alcd:ha}t@&S aower rdimtreotssd ithpt
media. In thi a ul ar Licati | SCrj as
an exanpl estd’fﬂ fé)aé fc'%m?’?\%egg?oﬁr il 818 rgrén 0 herdc < as%%‘?%{be
devi ces whi ch Hmie atirhf'eannber eudresl etmanlecahdons owert ewaellensnﬂsracks on-
The probl emthi I ontad S t I

thd WEHN | on1addi8g ‘%falj asﬂﬁ% wEPSL ¥l§fﬁﬁnt cgﬂ ig : ttho

showi ng the case of a rotary actuato
drawi ngs. = Fi gracheltiag d’éset%\erface b9€k‘gh@uﬁdsheé@s%rgﬁﬁf@%d‘eﬁm%ﬁ@'ﬁ

4. Figs. 3 shovyél thé @OF4i 9P Shel Be dbokrdil ¢eakff Q.rcrc%.d:ltdﬁsas tﬁe sééacier
26 whi ch hol a read element 40 and a wite el ement 42.

slider 26 is ateclfﬁﬂ?éﬁ: tie et ttuditermtdnitaBrrbized rf@tterrhg’r? P PEL 4.
As can be seen *dHé)rﬂxEcicgfs o¥ ahdikk ! heFdeatkample, the needed data may be

stored on two different tracks on one particular disk, so
to read the magnetic representations of data, the actuator

arm is rotated from one track to another track.

It should be noted that this invention is not limited to.. -
use in disk drives using magnetic media but is useful in
any device having rotating media which uses a pair of
transducers which pass over the rotating media. In this
particular application, magnetic media is described as an
example only This 1nvent10n would be useful in other
storage devices which have dlfferent zead ‘elements and

write elements.

The problem this invention.add;égses is most easiif ex-
plained by showing the case of a rotary actuator as shown
in Figsr 3 and 4. of the drawings. . Fig. 3 provides the
background necessary to understand Fig. 4. Figs. 3 shows
a portion of the disk drive referred to as the slider 26
which holds a read element 40 and a write element 42. The
slider 26 is attached to an actuator arm depicted by line
48 in Fig. 4. As can be seen from Figs. 3 and 4, the read
element 40 and the write element 42 are aligned either

parallel to or along the 1ongitudina1-axis 44 of the slid-
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el ement 40 and the wite element 42 are aligned either” parallel to or

al bng t he | ongi tudi nal axis 44 of the slid- RO 9 90 048

4 _er. However, due to manufacturing m salignnment toleranc- es the
read el ement 40 and write el ement 42 may not be preci sely aligned.
Basically, the problemis that_ when ei ther the read el ement or_the

wite el ement iSF posiHIWINGE . duge? BARRFR¢EYFiRT (PiRALliwReR Bt o beEaRTT
is offtrack fras thet rn&iﬁ 561 emdie qmmaﬁdthait@neleineh&e dﬁieﬁm@t $10tS be

of ftrack varies, a nct i nof the r f.Y the track.in
- case of a radi é?rea‘i?ﬁé][%ra é?ﬂﬁ f ol I%?\%ﬂca$ 8bl%‘?ﬁ]?];em 1skr¥§)\% "éhen'
track m sregi steitiiean thel f@a{daanemﬁt dtf'fﬂﬁ‘é wrxteiaébemmegistyoslﬁiaﬁﬁ
n1sreg|strat|on must_ he corr qﬁ% m/tr |tch et
smal ler, and thus- 2 ¥ ]Ttw 38 t?% aﬁeslf‘%) Vit h%{#%%?"f r€.°q“
Anot her pr dixtaszk |EsD.t hdfhe eposint otharg doee e rnthdnee lemert s Ui toDitrack
and the read f i 00 GheelfACKoH akeS e dBrafud b8Clthe trhdE 43! &n
t hr oughput rat%lﬁe gi tsﬁ<efdéll{ve. 12625 ¢ e ©
- case of a radial actuator being followed.. This problem is
known as track misregistration and can and will affect
- data integrity. Track misregistration must be corrected
to allow track pitch or width to get smaller, . and. thus
allow for increased track density without errors. Another
problem is that repositioning between the write function
and the read function on the track takes time and affects

the data throughput rate of the disk drive.

In the case of a linear actuator which uses a slider as is
shown in Fig. 3 which has the read element 40 allgned w1th
the write element 42, the heads can stlll be mlsallgned
due to manufacturing error. In addition,- - linear actuators
may alsc have a carriage which may be difficult to mount
perfectly so the read element 40 and the write element 42
remain on a tangent to the tracks of a disk- 34. ‘As a
result, there is a possibility that the read élemént 40
can be tracking over a desired track in a disk drive while
the write element 42 does not track over the same desired
track. Again, this is track miéfegistration. It is im-
- portant to minimize track misredistration to assure that
the data is being read from or written to the desired
track. It is also important since a well known goal in
designing disk drive devices is to increase capacity.
This translates into smaller track pitch or smaller track
width. Thus, any problems with. track misregistration must
be overcome to allow increased capacity of disk drives.
In addition, since the data throughput is affected there
is a need for a method and apparatus that minimizes the
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In the case of a Iinear actuator which uses a slider as is shown in
Fig. 3 which has the read el enent 40 aligned with the wirite el enent
42, the heads can still be msaligned due to manufacturing error. In

addi ti on,

| i near actuators may al so have a carriage which nmay be

_dlfflcult t o _munt p_erfectléﬁso the re® el enent 40 and the wite

el ement 42

PSS RY 2ERYREPT Bushe Movec ke Jferesh kiomsthe pzegd or

result, there h&l&;@%ﬁerﬁéﬁttﬁlhéhatswhh%hﬁﬁéd ﬂoﬁm‘%{ltwﬂﬁe orC2Bale 6;@0&0 ng
over a desired tracls r]ta d| k drive wite el enent 42 doés

not track over ¥ &
m sregi strati omamourtt isf | repositponingt dietanienwid 1t ey na:sraglﬁirfo;ili“cﬂﬂ

d f the desired
R iR e i e e e 8N

to assure that
track. It is é’l

1"be‘es(? T oPer? Hin °1Agiéﬁ‘ﬁ S‘?ﬂ?sthcl‘rac§1n°e the-

drive devices itdamo ¢ficmenuéactpadingy toleraTwes A rdnestant ks antmeedrafber a

track pitch or s%rﬁfﬂforn ttrhbe minim¥ - th@%o@l%l%ﬁqgl e@is\ﬁﬂahget %’%(i'k all

nlsreglstratlon nmust

dri ves.

overcone to a |ncrease capacity

| nodddhe diwackisndd e dhitsk Wnisieghput ~i s -af fected there

a need for a nmethod and apparatus that mnimzes the RO 9 90 048

| Sheet Has Been Replaced
R0 5 50 oss "G

Disclosed.is a method and apparatus which -allows for cor-
rection of track misregistration and which minimizes the
repositioning distance needed to switch from a read opera-
tion to a write operation in a disk drive or other infor-

" mation storage and retrieval device which uses a separate

read element and write element.

The actual offset of the read .element with respect to the
wrlte ‘element is measured which includes the manufacturing
tolerances. The position offtrack that either the read
element or write element is when the read and write ele-
'ment are.alighed along the longitudinal axis of the slider
can be mathematically described as a function of the cyl-
inder position of the track. This distaace is calculated
using values measured and stored at the time the disk
drive is manufactured and then summed with the read/write
centerline offset so that the actual repositioning dis-
tance is then determined and the slider can then be repo-

sitioned..

In addition, the read element is intentionally offset at
an angle from the write element rather than being aligned
along the longitudinal axis of the slider for a rotary
actuated disk drive. Of course, the write element could
also be offset from the read element. The angle of offset

is selected to minimize the distance necessary to move the

“is



5 distance an actuator nust nove to reposition the read or wite el enent
wh'en switching froma wite or read operation to the other operation on
the sane track. Since the anount of repositioning distance will vary as a
function of the radius of the tracks on a disk drive and as a function of
manuf acturing tol erances, there is a need Bor a solution that mnimzes
tSBﬁ/NLeRE{osi ti onhra:g;uijtﬁixarm faty aiﬂacﬂi drhecHe alilek idritvee. diSsinady ithee repo-
OF THE I.NVENTI ON an. abj.ect, o he enf i ti o]
anel i orate one thWé‘%lébﬁ%ﬂ?sgé? SHOHESH | %hg m%u?ﬁ: <];“"‘A?ég'rgd P&%p
one aspect of dne prceysdosdirbismtingn Jtshtmewnaqadnw ded a met hod for
determ ning an anount of distance to nove an actuator armto correct fdr
track misregistration when a slider attached to said actuator arm i ncl udes
_ a'separate reads & enesultndtvaskpmiaregietratippnean We @Hrdmd zesharhiey

by a distance %1 \Me)scfkaxs BQ@teP'&é@QCEnQEQPQtﬁ sﬁagaatlow anlaads ¥rabk

9 di sk, said rea enen and wrte el ement Used a data recordi ng device
with a rotating@ifksdi-a, EhlédﬂéFaPPngﬁhﬁM%%Qﬁ(ﬂqu H%t&hFﬁuﬁhPHFué%|4%F%ﬁ

discrete concepfifd Crdr aghechiabd spadhelEnénf ar dreast ngah nber feid wi Addm
a : .
for a rotary actuator that uses a separate read element

and write element.

For a better understanding of the present invention, ref-
erence can be made to the accompanying drawings, in which:

-

Fig. 1 is an exploded view of a disk drive.
. Fig. 2 is an exploded view of the actuator arm assembly.

Fig. 3 is a bottom view of a slider showing a regd element
and a write element which are aligned along a radial from

the actuator arm.

Fig. 4 is a schematic of the actuator arm with the read

element and write element as shown in Fig. 2 attached.

Fig. 5 is a top view of a disk With an'actuatof arm having
a slider attached thereto shown schematically.

¥

Fig. 6 is a top cutaway view of a slider with the write
element on the radial from the actuator pivot point
through the center of the slider and the read element

offset therefrom.

;——_______________.
cet Has Been Re laced

i
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particular track of a plurality of tracks, said wite elenment for witing
ifformetion to a particular track, said actuator arm being pivoted about
an axis parallel to the axis of rotation of said rotating nmagnetic nedi a,
wherein an of fset between said read element and said wite elenent in a
~direction radial to the axis of rotation ofZ.said.disk varies with angular
pﬁsi tion of s?i]di@ct Jatbs , asaschemdticd dboaprami rgntilearst bps-Fdfg. nadior ng
the anount of said offs tween. sai d4r el akd _wri e nt
at a first posi?f%%eroﬁlghsgﬁg%t%ﬁlggs%lgﬁg gcéﬁﬁﬁgééﬁgﬁ%g Fﬁg éﬁ%ﬁ%téggg_'
said offset betmemb.said read elenment and said wite elenent at a second
position on a selected disk surface; determning an adjustnent distahce to
nove said actuator armfromthe anount of offset at said first position
and the anount Bhesef serwingsaiareedold ipdwindesh, asheér edaf sl Eiondjofst Heat
di stance varies;AgeRt{Chlen st ROV Hordfl A6+ URKET RGHMRRN SAl h -

first position and sald second position; and piivoting said _actuator armin
response to t helustrating the preferred embodiments  of the invenfgion

"described below.

' The invention described in this application is uséful with
all mechanical configurations of disk drives or direct
access storage devices ("DASD"). Fig. 1 is an exploded
view of a disk drive 10. It should be noted that'although
a rotary actuator is shown the invention described herein
is applicable to linear actuators. The disk drive 10

includes a housing 12, and a housing cover 14 which, after

assembly, is mounted within a frame 16. Rdtétably~at— Tai I

_tached within the housing 12 6n an actuator shaft 18 is an
actuator arm assembly 20.  One end of the actuator  arm
assembly 20 includes an E block or comb like structure 22
having a plurality of arms 23. Attached to the separate
.arms 23 on the comb or E block 22, are load springs 24.
Attached at the end of each_load spring is a slider 26
which carries a pair of magnetic transducers (shown as a
read element and a write element in Figs. 3-7). On, the
other end of the actuator arm assembly 20 opposite the
load sprinﬁs'24 and the sliders 26 is a voice coil 28.

Attached within the housing 12 is a pair of magnets 30.
The pair of magnets 30 and the voice coil 28 are key parts
of a voice coil motor which applies a force to the actua-
tor assembly 20 to rotate it about the actuator shaft 18.
Also mounted within the housing 12 is a spindie shaft 32.
Rotatably attached to the spindle shaft 32 are a number of
disks 34. In Fig. 1, eight disks are attached to the
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According to another aspect of the present invention there is provided a
di’sk drive, conprising: a housing; a rigid disk rotatably attached to said
housing, said rigid disk having at |east one recording surface for
recording data on a plurality of separate tracks; an actuator assenbly
rotatably attached to said housing, said a®& uator assenbly having an .axis
of rotaU(Nlpasphhdldcshéﬁtazzs OMSWEhmwmnlanigidlugﬁhbddskksséﬂdare

act uat or assenbl Q r|S|n r and
writing data oft %’&c giﬁ ezg’t c?ﬁ’em recor f\fr#g %rﬂ’ sal?fl rans ucer Q’head
conprising a rAadisitermatl andcr Sepdr athown) tzmtaetlme &lsdks 3dad el enent
for reading information froma single desired track of a plurality qf
tracks on said at least one rigid disk, said wite elenent for witing
“information toFigsi Bgdeteddis die rmptiaiior umegdenply 44 dék@rbr?@dmeét

| east one rigi @&e@f skpa3d G Qafk AhViF SEHAEH HIRRINDB1S LHMEA R b 15

di stance d, said actuator being rotated to position said transducer. head -

at any one of 2&.d $XERRFi theofaxmacks, UheFRen toph andt bottem REnthsi &
read el ement . apd o G2 ida8: 18} ARRNIHY S@pﬁﬂqﬁnsmf:ejmheqﬁmﬁdma disk .

o e Bl 5 2 S ek, b Sl Sl VLK. Ml o
bet ween sai d r eagfRlc@TRif edvh sef dthe i dksksl 84ent The saipd andalsdicsr arsed,
said offset beizgg Af.n @hdl Ee%t | otk Sﬁlgsflgggl %UlXI oqu aioic? spring 24 since
these are used for the top surface of the top disk and the
bottom surface of the bottom disk in the stack of disks
34, Attached to the load springs 24 are sliders 26 which -
include magnetic transducers which magnetize the surface
of the disk 34 to represent and store desired data. As is
well known in the art of disk drives, each of the. disks
has a series of concentric tracks onto which the magnetic
i information is recorded. The sliders 26 and the magnetic
transducers incorporated therein are moved over the sur-
face of a particular disk 34 so that a magnetic represen-
tation of data can be stored in any of the tracks on the
disk 34. “In this particu1af disk drive 10, the transducer
movement is rotational and about the aciuator shaft 18.
Rotating the actuator arm assembly 20 causes the slider 26
and the transducer therein to be repositioned over surface
- of the disk 34.

Fig; 3 §hows~a slider 26 which has a read element- or head
40 and a write element or head 42. The slider has a lon-
gitudinal axis 44. The read element 40 and the write
element 42 are aligned along the longitudinal axis 44 of .

the slider 26 within_a given manufacturing tolerance.

Fig; 4 is a schematic of a disk drive that uses the slider

shown in Fig. 3. Fig. 4 includes the axis of rotation 46
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sai d di sk when said transducer head is positioned at a plurality of

di*f ferent positions on said at |east one recording surface of said disk,
said offset being different at each of said plurality of different
positions; and nmeans for rotating said actuator assenbly in response to
the determ ned of fset. According to ®till another aspect of the
present inventiofh atrh%etizatproarﬂedsaenlbik atbbute anC @gbuationy: slmﬂ‘tbusi'mge

~at least one ri skr at abl t sai-d housin ai d
di sk having at ﬁ%eé% o]'”ne"’ur(‘2 c%%dlsxlé)%g“uasf ac%aftd"r a?le]t?or%ﬁ’ ni 'ggt gﬁén a]'rn gthls,
plurality of sepdriatwldr atkguranthet tmtlfmmaaasaem:myuam:at abiny 48t tiar heltow
sai d housi ng, t ) v ,S 20 T

to the axis of %'?{oﬁ:vi&oﬁ ?Els%llg% ggbg% g?skﬂgug%gg{act ug%og%%:?sg‘{rﬁ)%ﬁ 1%
conprising at Imest ighethe Mmraﬁéﬁphor T@m%m@waqtlﬁgt%t%\rmo‘kﬂ

sai d recording jjufatss tRled F AESdeaenen?a0ds £ ORI SERE aréa‘%f‘deilaﬁ@ﬁ'&t 4’(5‘0'

a separate
which are shown along line 48 and are separated by a dis-

tance d. The read element 40 and the write element 42 are
shown on the schematic actuator arm depicted by line 48
since the axis of the slider 44 is colinear in this exam-
ple with the radial from the centerpoint of the axis of
rotation 46 of the actuator arm assembly. In general the
head is not required to be in line with the radial. Fig.
4 also shows a data track 50 which”is on one of the disks
34 shown in Fig. 1. The data track 50 is at a radius RT
from the center of the disk 34 (not shown in Fig. 4). The
‘radius RT is shown to the write element 42 in one of the
positions of the schematic arm depicted as line 48 and the.
radius of the track RT is also shown to the read elément
40 in the sécond position of the schematic actuator arm
48.

As can be,seen'in Fig. 4, when the actuator arm is in a
position where the write element 42 is positioned over the
track 50.then the read element.40'is off of the track 50.
Fig. 4 also shows that when the read element 40 is posi-
tioned over the track 50 the write element 42 is not posi-
tioned over the track 50. This presents problems when it
is required to switch from a read operation to a write
operation for data that is on the same track 50. To
switch from reading with the read element.40 positioned
over the track 50 to writing on the same track 50, the
actuator arm 48 must be shifted to the position shown in
Fig. 4 where the write element 42 is now positioned over
the track 50. Rotating the actuator arm 48 between these

two positions takes valuable time which affects the rate
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wite elenent, said read and wite elenents being sepdrated by a di stance
d,’ sai d- actuator being rotated to swtch between a read head and a wite
head of said transducer head in response to switching froma read to a
wite operation at. any one of said plurality of tracks on said at |east
one surface, wherein, an offset between sanpg read elenment and said wite

el ement in a digrecthpBugHpatads abhyar adi dhet agpddt dogk diais epatttiikular
angul ar position of said_actuator; neans.for surin n a nt of said
of fset bet ween 18XPHICRY dezlenyithypinimdzipg; ijl‘&l &%ﬁ'\"'ﬂi n°’gD§F§EEPF8ha _
sg_bst ?nt I ?I ly rsa.Q%u@r tﬁh sél fothh By attaator sisr;pesfti-@ﬁkon Meeied ithpokrtant-
adj ust nent neans for i ng .an_adj.ust nent vafue_to.correct. t.he angulaf
position of sai'd-act Lﬁ’tlc?r V\/{M%%Clé)ggi néiteﬁtsa oﬁug’ht rag'l%,nlg'élz&ngd?ug%ﬁgr}ft
val ue being dediemddietdatarersai d anount. of of fset measured at said first
position, wherein said adjustnent value is dependent on the angul ar

position of said actuator; and neans for rotating said actuator “assenbl y -
in response toRilge dbt etedlmdwathustkevht anglee wpdal shews t kbatr sEReuske™t o

read or wite fa&lgngﬂefé‘gx{é’ﬁe% A DAL YaPh BBACKSsses thé\CPERI B 1O

still another aspec present 1nvention there is provided a _nethod
for operating & ¢t a€inl Afighbere @rsk armWet Rty o‘égi‘éé’FasEFac}‘ﬁt 2Cing

magnetic di sk ¢ring St UGS St Cos hpuFagedd atrhERrst apaealioi dygighally
rotatably attached to _

: written on a disk 34. In Fig. 5, the outermost data track

50' and the innermost data track 50" are shown. Fig. 5

also shows two'positions of the schematic actuator arm 48.

One of the positions of the.actuator arm has the write

element 42 at'the back of the slider 26 tracking over

track 50' and the other of these positions is with the

write element 42 tracking over the track 50". The skew

angle is the angle between a radial of the disk 34 through

‘the midpoint of the back of the slider 26 and a line per-

pendicular to the longitudinal axis of the actuator arm

48. In Fig. 5, the skew angle A is associated with the

slider 26 when it is positioned over track 50' and the

skew ahgle B is associated with the-élider 26 when it is

positioned over track 50".

Simple geometry can also be used to find angles equalling '
the skew angle as defined above. For example, an angle
equal to skew angle A occurs between the longitudinal axis
of the load arm depicted as line 48 and a tangent to the
track at the midpoint of the back of the slider 26 which
contains the write element and which is positioned over
the track. Knowing this it can bé seen from Fig. 5 that
for larger skew angles the offtrack distance between the
read and write elements will be greater than for a smaller

skew angle.
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a housing, said rigid disk having at |east one recordi-ng surface for
recording data on a plurality of separate tracks, and (b) an actuator
assenbly rotatably attached to said housing, said actuator assenbly having
an axis of rotation parallel to the axis of rotation of said rigid disk,
sai d actuator assenbly conprising at I'east 19ne transducer head for read| ng

and writing dafa;ongsahdyEeGOni:S Ud atbving! thd " £8agUEEEnBRRI460PRELS! N

‘a ment
and a separ at etipned ewayerfromather danaitddimale @Kéﬁe#ﬁs Q}‘él h@eséé&ﬂéﬁed

by a distance gg sai @gactmvw oéeleﬂerogﬁtd%cfthposwwrpnlﬁalndléraasdwea

head for reading writing data, said nethod for operating a rotatlng
magnetic di sk @ut%@agtﬁiagefaem|éée tepnpLi $hegsihdest éfs of ABZLEr PnédSan

e; ; eCt ive ragla{af,@{lféaeb yathad hhilk B@%’wbbﬁntﬁ‘% sdliderst 1angdEaEinalabstis
Cl et ve a0l gl Sl set LR Eseig.a Thar el Lotl on Dgtvecn spLdnite
of said disk, elemedtefifpective radial offset varying with angul ar position
‘of said - actuator; calculating an : o
Now turning to Fig. 7, the type of slider 26 shown in Fig.
6 1is depicted in Fig. 7 -as. a straight line from the
‘centerpoint of the axis of rotation for the actuator arm’
assembly 20 and then the line 52 making the same ahgle C
between the read element 40 and the write element 42. By
:offsetting the write elemént 42 at an -angle C from the
read element 40 the distance that the write element 42
goes off track while the read element is tracking over a
track 50 closer to the inner diameter or tracking over a
"track near the outer ‘diameter is lessened considerably.
By lessening the distance that the actuator mudt be moved
to switch from a position where the read element 40 is
tracking over the track 50 to a position when the write
element 42 is tracklng over the track 50, the time neces-
sary for this change is also lessened which -aids in data
throughput. It should be noted that tue angling of the
write element with respect to the read element also pro-
duces fhe same benefits when switching from a write opera-
tion on a particular track to a read operation on a par-

ticular track.

»

The angle C can be selected to minimize the off track
distance that either the read element 40 or the write
_element'42 is off track when the other head is in opera-
tion. When the angle is properly selected, the distance
and time necessary for repositioning bet#een reading with
the read element 40 and writing with the write element 42

or vice versa is minimized in the disk drive for each
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effective radial offset at a second position of said transducer different
frdm said first position, said calculating step using the effective

radi al offset value neasured at said first position; and positioning said
transducer to access data in a track |ocated near said second position
using said effective radial offset calcul ated by said cal cul ating step.

According to yeloanoi &gl agellaqhythany e BYER WAy N Cahd B Ok ged
a nethod for calibrating an effeclive radial offset of a rotating nagnetic
di sk drive storbel ddipiBizeshhey dishanrag kthahethe wrdkecsibamentordgevwill

device having (58 akfl easdclPNghéhJithediSdad M elahahty 4 t 86hed10Qwa NP USARI,
said rigid disk havi ngpat | east one reeording surface f recording dgata

or
on a plurality FakpaPars thecidisknts (Bstarminedabyr neasuring fdisit H6eY
~attached to saighdDelsh ngt ©ifé dirdt atodi ks Setil ok B Nith FLPXi%5) Gnd 0fledy; on

~parallel to the I s,of .rqtation of said rigid djsk, ,said actuatoQr
“assenbly conpri N aF Pad et)n(éunt?l? a’ﬁ%‘biﬁ‘t’:%r?hgaﬁi‘f gro're’rﬂii]?]l an%]?vvri T
data on sai d recotwe nfosurdrayles €aiics tthasdwhdch heiadincigs | theg digteatce
el emrent ‘and a WL Lenment, -8aj d and wijte..,elenrents._bein

. separ at ed by aS%P‘?E g{r:\fé% 3&?3??2%5&"&%%%&%%%?& Eﬁp%’glfo:gglgﬁn n%§§%‘d 2

- transducer headrdast opexidbicmntiowki vrhedapraratapd. ef Didiflerencadiial wifket

~representing a_odgsrf&iﬁfﬁéw Rebpaetesdit i Wsl t BefhbBRN +tR0d £ LT 6tk
elenent in a direction radial to _ _ )
' outer data tracks may make the optimum angle C slightly

different than the calculated angle C.

When the angle C is. selected_ to minimize the distance

which the actuator arm must move to switch between a write

operation and a read operation or vice versa, at approxi-
-mately midway between the track 50' at thé outer diameter

and the track 50" ‘at the inner diameter, ‘the read element

40 and the write element 44 will both pass over a track at

the same.time. At this track, no movement will be neces-

sary to switch between reading with the read element 40

_énd writing with the write element 42.

As mentioned previously, when switching between reading
and writing or vice versa, the actuator arm generally must
be moved so that the head about to be used is positioned
over the track. Even though the angle C has been opti-'
mized and set, there éan..be differences in the actual
offset between the read element 40 and the write element
42 in a particular slider 26. There are many possible
reasons the offset between the write element 42 and the
read element 40 will not be the same as the offset associ-
ated with the angle C. Manufacturing tolerances will
cause the actual offset to be slightly different; In
addition, the physical center of a read element 40 or a

write element 42 may not correspond to its magnetic cen-
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the axis of rotation of said disk, said effective radial offset varying
wi¢t h ‘angul ar position of said actuator, said method for calibrating a
rotating nagnetic disk drive storage device .conprising the steps of:
witing first servo reference information at a first transducer position
in afirst substantially radial direction; yreading said first servo .

reference infqdpmtifgfedd HE ajti’st?l éérﬁétoﬂ‘-ﬂﬁﬁe @d&rﬂtﬁ&ﬂ%ﬁﬁ%ﬁbéetw@
reference information at '

6c said first aqRdRErsebsPEi dhe Write QMePebsTLAT they Teas glement

direction, sai dsaendifHaubstPoth i ethé Yed Pelipdtsl rendé on bei ng- opposi te said
first substantlally radial direction; reading said second servo referénce
information to obtain a second bias val ue; and deriving said effective
radi al of fset atrisfirbriétsy taandhicesedosit ivireld oans &isgehitistl lyndlineaond

bi as val ues. function whDET?C%escr ecs]: tHE QBEEEBBED&\PCP{'W%S)wrlte '
element 42 is with respect to a read element 40 (as shown .
in Figs. 3 and 4) while the read element is on track as a
function of the particular cyllnder. The cylinder loca-
tion is defined by the servo tracks on the servo surface
in the disk drive. The same linear function will describe
the amount offtrack a read element is when the write ele-
ment is on track as a function of the cylinder location
except for the sign of the offset. To quicken the time
necessary to move the actuator from a position.where the
read element 40 is over a track to a position where the
write element 42 is over the same track the linear func-
.tion is used to detefmine_the amount of offtrack for the
case where the read element and write element are aligned.
" This is a fast calculation as a constant is multiplied by
the cylinder location. The actual offset as measured and
stored for each head is then summed with the calculated
result to determine the amount of 'distance the actuator.
must be moved to reposition the other element over the
same track. Advantageously, the distance needed to move
the actuator can be quickly determined which facilitates.

data throughput.

Determiﬁation of the-actual offset of the write element 42
from the read element 40 is accomplished by writing tempo-
rary servo reference information along the edge of the
diek 34 beyond the outer radius of the data region. The
servo reference information is temporarily written from
outer edge of a disk toward the inner radius of the disk
34 over a few tracks in the reference area. The servo

reference information is then  read using the read element
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For a better understanding of the present invention, reference can be nade
te the s acconpanyi ng draw ngs, in which: ~ Fig. 1 is an exploded view
of a disk drive. Fig. 2 is an exploded view of the actuator arm
assenbl y. Fig. 3is a bottomview of a slider showing a read el enent
and a wite element which are aligned al ong.a radial. fromthe actuator
arm Fi gand Itenea §ﬁbﬁﬁﬁt Idf Ofnhbe meidiabpr them read elemeadd €0 edent

and wite elenent .as _sho 2_attached. S t Lew
of a disk wit hrﬁﬁaéEFf}at or ’é’rmrh%vfﬁﬁm té’ﬁ d%\;t%’ftggﬁed %weafre(% tﬁe %)m\é
schematical | y. radius Ebgcofisidezetiopovingndn aupmsgtlaesﬂud@ptwpmh the .
wite elenent on the radial from the actuator pivot -point through the

center of the slider and the read el enent offset therefrom
The next step in determining the actual offset is to write

permanent ‘servo reference information toward the outer
radius in the region of the disk beyond the data tracks.
Again the read element 40 is then positioned to the center
of the cylinder as defined by the servo tracks on the
servo surface. The servo reference tracks are then read

and the amount of bias is then observed and rétained.

By writing the servo reference information initially in
one direction and then in the other direction, the actual ™
offset between the center of the read element and the
center of the write element can be determined. 1In addi-
tion the total width of the write element can be deter-

" mined.

The slider is then moved to a position near the inner
diameter of the disk 34 and the above steps are repeated.
Namely, a temporary servo refefence track is initially
written in one direction, then in- the other,_ From thié;
information the write width and the oxfset between the
write element and the read element can be determined. The
offset at the inner radius and the outer radius are sig-
nificant due to the distance d between the read elemenﬁ'
and the write element and the angle the heads are rotated.
Thus the'difference in the offsets at the inner radius and
the outer radius gives the effect due to the distance d.
The offsets at the extremes are generally positive and
negative in sign and are statistically comparable in mag-

nitude.

It should be noted that this invention is applicable to

any system having a separate read element and write ele-
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7 Fig. 7 is a schematic diagramsimlar to Fig. 5 for a slider with

the wite el ement offset fromthe read ele- ment . These draw ngs
are not intended as a definition of the i nvention but are provided
solely for the purpose of il- lustrating the preferred enbodi nents of

_ the invention descri bed bel ow. Thg g nvention described in this _
appl i cation i syapef UboW hinimi2L! {?&a@niﬁ% R QWA OnS B diRiq (i dryes
or direct - access storage devices ("DASD r.eQﬁFi g. illhs an expl Ocﬁiéldﬁdﬁ’,

view of a di skodFPeEting Ithansard & iGTLEe t phementheagh be wsedtdny any
actuator is shewyitbamehteihére das@othad, heéBidtor is HHYd cEd! sct:%séi near
actuat ors. The di sk drive 10 i ncl udes a housing 12, and a housi ng*
cover 14 whi chCIEFHIAT oo SRimAY trackpfveh ast flR=abLeafdsks, optical
Rotatably at- diskachkedadiskl witthe rieusdtid: 1ay@rsaAn actuator shaft 18 is an
actuator arm assenbly 20. One end of the actuator arm assenbly 20

includes an E block or conb |ike structure 22 having a plurality of arns
23. Attached to the separate arms 23 on the conb or E block 22, are
| oad springs 24. - Attached at -the-end of each load spring is a slider 26
which carries a pair of magnetic transducers (shown as a read el enent
and a wite elenent in Figs. 3-7). On the ot her end of the actuator

arm assenbly 20 opposite the | oad springs 24 and the sliders 26 is a
voi ce coil 28.. _ :
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Attached within the housing 12 is a pair of nmagnets 30. The palr

maghet§ 30 and the voice coil 28 are key parts of a vo laced
whi ch applies a force to the actua- tor assenbly 20 to ral || m

t he actuator shaft 18. Al so mounted wi thin the housing

shaft 32. Rotatably attached to the spilgdl e shaft 32 are a nunber of :
disks 34. In Fig. 1, eight disks are ausmmMsed to the’ RO 9 90 048

8 spindl e ‘shaft 32. As shown in Fig. 1, the disks 34 are attachéd

to the spindle shaft 32 in spaced apart relation.

An i nternal

not or -

(not shown) ratatean henfhskst Ben storagéi gnd2rdéraeislt Heviceustomprism

assenbly 20 i'n an exp] oded view. Each of the arns 23 of the E blofk or
conb assenbly except the arns 23 on the top and bottom of the E
bl ock 22, carry two Ioad springs. In this particular disk

. a rotating media;

an actuator for reading and writing information which

cooperates with the rotating medi

a, said actuator

rotating about an axis and further including:

a read element for reading information from'the

rotating media; and

a write element for writing information to the

rotating media, one of said read element offset from

said write element in a direction

substantially -

perpendicular to a radial from the axis of rotation

.of the actuator.

2. The information storage and retrieval device of Claim

1 wherein the offset also occurs along a line paral-
lel with etradial of thé axis of rotation or the ~

actuator..

3. The information storage and retfieyal device of Claim

2 wherein the read element has a center and the

write element has a center, wherein a line drawn

between the center of the read element and. the cen-

ter of the write element forms an angle with respect

to a line parallel a radial of the axis of rotation.

4, The information storage and retrieval device wherein

the angle formed between the centers of the read and

write elements and the line parallel to the axis of

fotation is selected so that the distance needed to

S

L]
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This Sheet Has Been Replaced

drive 10, there is a slider for both the top and bottom ch
of» th'e di sks 34. The top and bottom arns 23 of the E bl }EH!"ZB[WEHB%' MEy
t

one |oad spring 24 since these are used for the top sur
di sk and the bottom surface of the bottomdisk in the stack of disks
34. Attached to the load springs 24 are sliders 26 which  include

magneti c tragsducersepbbdhimagmﬁézacth&tsnréamewhen(ﬁhaﬁuinbsheBWeen a
represent and st desired d : ' kot . .di
b of ereglals rkgperﬁ%m ASanldS a wrolf leL gggﬁgtﬁgnt mes a'fn&n&in:.@\'ﬂ?.lkich

drives, each of the | as a seriles onténtric tracks onto

t he magnetic i nforneevery | posétioudetvekhesaid deotatd ngnomadiee bhbgnaec
transducers incorporated therein are noved over the sur- face of ;A%
particular disk 34 so that a magnetic represen- tation of data can be
stored in any of the tracks on the ~disk 34. In this particular disk
drive 10, the &r ansqyeen nrormXRYSHE R JrageOhalil 2aek1a74d 1ahavt cehd raetiuakor
shaft 18. ot ati ng the actuator  arm assenbly 20 causes the slider 26 -
and the transducer th |ﬁh§ﬁ)qgﬁﬂﬁﬁﬁiﬁqi%nﬁ%PQﬁ%ragﬁ??%%% to the ardyudisk
34. Fig. 3 shewy are, daridGnuiah Nasiny rassl etageslenenteadd thedl

34 The read o endfith SHPeTL RETEh Saidnghioss £nd GEatarhey
the |ongitudinal axiahigdé ofith réebpesti der @fe wehbi nimegimeest npoutachurifng
e g, o e AR IR UL, dhhe e Seiel o Al

respect to the outermost portion of the rotating

magnetic media, wherein the angle between the cen-
ters of the read and write elements and:the line -

parallel to the axis of rotation is equal to half of

the difference between the skew angle at the outer-

most portion and the the skew angle at the innermost

N portion. .

6. The information storage and retrieval device of Claim

3 further comprising a slider attached to the actua-

tor arm, said slider having the read element and the

’ Wfite“éleﬁéﬁﬁﬂtherein, said slider flying at a skew

angle With'respect to the.the middle of the rotating

magnetic media, the middle being halfway between the

outermost portion of the rotating magnetic media and

the innermost portion of the rotating magnetic me-

dia, wherein the angle' between the centers of the

" read and write elements and the line parallel. to the

axis bf rotation is approximately equal to the skew

angle at the middle of the rotating magnetic media.

7. A method for determining an amount of distance to
nove an actuator arm to correct for track
misregistration when a separate read element and a

separate write element which are separated by a

/ .

=



RO 9 90 048 = 9 ~ dhis phmd
arm‘assenbl y about an actuator shaft. The act uat or arml
schematically as line 48. 1In this particular figure the

actuator arm48 is shown .in two positions so as to illustrate a poi nt
that wll be made in the next paragraphl8The schematic actuator arm 48
|PcludFs the wite edtstancd?2dandhtiibh nsacthel ehissttante alowdizhtangenhohn
along line 48 and are gseparated by IS 40
and the wite el enent i 3 F‘ on” 2 Jgsv\g oﬁaf‘ﬁerts?%ﬁ |mceH£t%rg?g$P£?geeie
depi ct ed byI | i ne 48 mentsuaed tihe aaﬂas:aofremﬁnqjéie\ﬂmﬁ! SWEER | %eﬁptﬁﬁ}flﬁl S
exam ple with t di r t Xpg . of o
rotation 46 of the a@%ua brgé}%1§§2%§§ Esm#ﬁiggﬁgrgﬁé Ehépé bﬁead i s not
required to be inline with the radial. Fig. 4 al'so shovvs a data track

50 which is on one Oﬁe%gﬁrgh kfne amaﬂnﬁh@fﬂoEBsEEgbeiwegﬁeadﬁéadtéﬂéheﬁﬁ
is at a radius RT ron1t e center of the disk 34 t. . shown in FIQ k
S

0
The  radius RT i saBfo@n Wil ke hppent e%tfﬁﬁan%Bﬁétafmﬂ?
positions of the schgpgtic armdepicted as line 48 and the radi us of
the track RT is al so shown to the read el ement

: measuring the amount of offset between a read element

and a write element at a second position on a disk.

8. The method of .Claim 7 further comprising the steps .
of:

determining a .constant and a multiplier to apply to a
particular cylinder number to find the distance
necessary for repositioning., the actuator arm to
correct for track misregistration, the constant and
the multiplier determined from the measured amount
of offset from the first position and the second

position; and
repositioning the actuator arm.

g. -The method of Claim 7 further comprising the steps
of: )

.determining "a function from the measured offset at:
the first position and the measured offset at the
second position which describes the change in off-

set; and

" repositioning the actuator arm.

I ——————
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40 in the second position of the schematic actuator arm 48. As
cah bé geen in Fig. 4, when the actuator armis in a position where the
wite element 42 is positioned over the track 50 then the read el enent
40 is off of the track 50. Fig. 4 also shows that when the read
~elenent 40 is posi- tioned over the tragk 50 the wite elenent 42 is

not posi - g 't ioon?ﬂhe¥ﬁéthba bfgckam ZThhatreiﬁsenbtssl&é@bb@rrae\&aeﬁuhting
is required to switcg rama.r operation to a wite er at
data that is on the® g ‘{H%%ﬁt eRa reag)i¢ ‘T’f“‘FIFBmana(ﬁp ®t-fe
i read el ement 40 posmehtned a fipwer poBettibAcknbluBiesw iting on the sarre '
| track 50, the actuator arm 48 nust be shifted to the position shqﬂ%'ln -
Fig. 4 where the wite element 42 is now positioned over ~ the track 50.
| Rotating the actuatweriting48ebebweefierbnse infotrmaetponi inoasfiakésdiakouabl e

“tinme which affects £anrate RO 9 90 048
10 :

reading the servo reference information in a first

direction;

writing servo reference information in a second di-

rection; and

reading the servo reference information in a second

direction.

11. The method.of Claim 10 wherein the step of determin-
ing the offset  between the read element and the
write element includes comparing the position error
signal from the read element from the step reading
the servo reference information in the first direc-
tion with the the position error signal from the
read element ffom_the,stép reading  the servo refer-

ence information in the second direction.

12. The method of Claim 7 further comprising the step.of
' selecting an angle to minimize the distance an actu-
ator arm having a slider carrying a separate read
elefient and a separaﬁe write element must be reposi-
tioned to correct for track misregistration in a

rotary actuator.

13. The method of Claim 12 wherein the step measuring the
offset at a first position is done at the outer edge

SERCRI 1111171 — /
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of throughput of data. One aspect of this particul ar i nvention deal s
wi*t I 'mni m zi ng the anpunt of distance a slider on a rotary actuator is
of ftrack. Mre inportant- ly, this i nvention deals with

mnimzing track m sregi stration. Fig. 5 deals with skew angles
and shows that the skew angl es vary as _me actuator arm 48 crosses the

%It ﬁk 34. y On ahdl olf Q:fhé heet £k aéﬁdﬁtﬁé' BiRpl Q:lft e sty ttskerBlet at .
er tracks such as reference tracks are a typic witten

Giok 34 in Fo 5 thfe SRhoRpe deten: tackone St “The dnneth dndbef ok a
track 50" are showntheFdgsk? al so shows two positions of the schenatlc
actuator arm 48. One of the positions of the actuator arm has the; wwute
el enent 42 at the back of the slider 26 tracking over track 50° and the
ot her of theselposi Thenmeithodi tdf tQlemim 18 iwkeemstignetite 42tep acki rglecsinghe
track 50". The sk s]P e.angl tween a radial of the disk 34
t hr ough t he nldpgﬁ%ﬁngﬁg ﬁc gg%@O ﬁ?hg%g Ed§? 26 and a |line per-

pendi cul ar to the Iongltudlnal axis of the actuator arm 48. In Fig. 5,

the skew angle A i Sd%%%%' %{%ﬁq \ﬁﬂeh dﬂﬁereﬁ!el Rt Rn'hedle 'éff§e90§ht Itﬁaed

over track 50" and t ew ang IS assocliated with the slide

“when it is posi tﬁéh‘é& d%‘é‘il'ﬂ%ka!}é" the offpgRE| elyebhet rfpnd aP§’§15e

used to find angl est@gual bihag t he skew angl e as defined above. For

- exarrpl e, an angle . equal to skew.angl e A occurs bet:ween the | ongitudinal
axis™ of the load armdepicted as |ine 48 and a tangent to the track
~at the mdpoint of &bkaektdkgofan kmglld ddiat?hadimioduces an offset about

midway between the offset assoc1ated w1th the first

.._.,..s

position and the second position.

I —
. ' eet Has Been Re laced =
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contains the wite elenent and which is positioned over t he track.

Knowi hg-this it can be seen fromFig. 5 that for larger skew angles the
of ftrack di stance between the read and wite elenents will be greater
than for a smaller skew angl e. RO 9 90 048 Fig. 6
~shows a slider 26 having the read el enent 49 posiz- tioned away from
t he | ongi tudi nal axMETAODOANDhAPPARATUS FOR2POSITHONINGVTRANSDECERSder 26
shown in Fig. 6 is a cutaway view fromthe top of the slider 26. An
angle Cis defined by the angle between the sliders |ongitudinal axis
‘44 and a line 52 between the read el eneABSZTRAGmd the wite el ement 42.
Now turning to Fig. 7, the type of slider 26 shown in Fig. 6 is jf‘ -

depicted in Fig. 7 as a straight line fromthe
Disclosed is an apparatus and method for correcting for

track misregistration when a slider or head assembly con-
tains a separate read element (40) and writée element (42).
Basically, the offéet is ‘determined at a first position'
and at a sécond position of the actuator arm (48) assem~
bly. From these offsets a constant and a multiplier are
determined for determining an offset as”a furiction of the
cylinder location. Also disclosed is a method and appara-
tus for minimizing - distance traveled to prevént
misregistrétion‘when repositioning between the read ele-
ment and a write element. The read element is intention-~-
ally offset from the write element at an angle so as to
minimize the.distance traveled across the diSk,

(Fig. 7) i

Sheet Has Been Replaced
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derterpoi nt of the axis of rotation for the actuator drm assenbly 20
and-tken the line 52 making the sane angle C bet ween the read el enent
40 and the wite elenment 42. By offsetting the wite elenment 42 at an
angle C fromthe read el ement 40 the distance that the wite el enment 42
~goes off track while the read elenment is tracking over a track 50
closer to the inner diameter or trackingver a track near the outer

di arreter ‘is | essened consi der abl-y.. By | essening the distance that the
actuat or nust be noved to switch froma position where the read el enent
40 is tracking over the track 50 to a position when the wite .
el-ement 42 is tracking over the track 50, the tine neces- sary fer this
change is also | essened which aids in data t hroughput. 1t should be
noted that the angling of the wite elenent with respect to the read

el ement al so pro- duces the sanme benefits when switching froma wite
oper a- . tion on a particular track to a read operation on a par- .
ticular track. The angle C can be selected to mnimze the off track
di stance that either thesread elenment 40 or the wite = élenment 42 is off
track when the other he®@d is in opera- tion. Wen the angle is
“properly selected, the distance and tinme necessary for repositioning
bet ween readi ng wi (ead el ement 40 anﬂjwwiting with the wite

el ement 42 S M ni m.zed i:{;be di sk drive for each = RO
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-2 " position. Basically,

the angle Cin Figs. 6 and 7 that wi ||

mnimze the distance that the wite element 42 wil |l be of f track when
. the read elenent 40 is foll ow ng any
angle A at the inner radius (track 50" in Fig. 5)
. and ‘skew angle B at the outer radius (track 50" in Fig. 5). The

. value for angle Cis that which mnimzes the distance ‘that the

?aMUMOraHnmwtnmmforrémmiHOMngﬁgmna
wite operation. Difference in vari-
outer data tracks may nmake the optinumangle C-
slightly different than the cal culated angle C When t he angle C
is selected to mnimze the distance

" by measuring the skew

bet ween the i nner and

to switch between a wite

track 50 on the disk is determ ned

read operation to a

ous performance characteristics

whi ch the actuator arm nust “nove
operation and a read operation or vice versa,

at approxi - mately m dway between the track 50" at the outer dianeter
and the track 50" at the inner dianeter, the read el enent 40 and the
‘'wite elenent 44 will both pass over a track at ,]8the sane tine. At this

track, no novenent -will
the read.el ement 40

be neces- . sar
and witing wth

y ﬂ‘

¥t ch between .reading with . ..
'fe el ement 42. : :




As mentioned previously, when switching between reading and witing or
. vice versa, the actuator armgenerally nust be noved so that the head
' about to be used is positioned over the track. Even though the angle C
has been opti - m zed and set, there can be differences in the actual

of fset between the read elenent 40 and the wite el enent 42 in a
particul ar slider 26. There are many possi bl e reasons the offset
between the wite el enent 42 and the Bé&d elenent 40 will not be the
same as the offset associ- ated with the angle C. Manuf acturing *
tol erances will cause the actual offset é{éllghtly different. . In
addition, the physical center of a read eIe 40‘3% wite elghbnt
42 may not correspond to its magpetic cen- 048

16 A et hod for
determ ning an anmount of. di stance td mv@ia actuat)r afmto
| - __ //26

44

FIG. 3

50
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correct for track m sregi stration when a slider attached to said actuator
armincludes a separate read elenent and a separate wite el enent which
are separated by a distance d,  which is the distance along a tangent to a
track on a disk, said read elenent and wite elenent used in a data
recording device wwth a rotating nedia, said rotating nedia storing_data _ __
inaplurality of discrete concentric tracks, said read el enent for reading
information froma particular track of a plurality of tracks, said wite
element for witing information to a particular track, said actuator arm
bei ng pivoted about an axis parallel to the axis -of rotation of said,
rotating magnetic media, wherein an of f $ot5 bet ween said read elenenyfand
said wite elenent in a direction radial to the axis of rotation of said

di sk varies w tth angul ar position of said actuator, said nethod conprising
the steps of: measuring the anount of said offset between said read
element and said wite elenent at a first position on a selected disk

surf ace; measuring the anount of said offset between said read

el enent and said wite elenent at a second position on a sel ected ‘di'sk

surf ace; determ ning an adjustnent distaf to nove said actuator arm
fromthe amount of offset at said first posi#fon and the anobunt of offset
at sai d second positijion, wherei

FIG. 5



éhjuétnént di stance varies as a function of position of said actuator
betweén said first position and said second position; and _ pivoting
said actuator armin response to the determ ned adjustnent distance. 2.

The nethod of claim 1, wherein said step of determ ning an adj ust nent

di stance conprises the steps of: determ ning a constant and a
multiplier to apply to a particular cylindgy/gwunber to find the distance
necessary for repositioning the actuator armto correct for track

m sregi stration, the constant and the nul.tiplier det ined fromthe -
measured amount of offset fromthe first gositijon E%élhe second position
17 3. The nethod of claim1 wherein the\step measuring the of f &t
between a read elenent and a witg 5 on includes:

26\




-reference information in a second direction, {

—TTTRg Serve reference information in a firs] g REAGRMENT SHEETS 30 -

the servo reference information in a first .dire §r7iP mj?ﬁg Tt ngggr\zo

a WShd PSS 5@? g

opposite said first direction; and r eadi HoDraydng@) v Bage 6t tonpaged S

information in a second direction. 4. The de sterct | apaged whter pagedt e
step of determ ning the offset between  the redd

elenent and th e 1996 |
el enent includes conparing the positi 8hBerror SiDAEH dmmcmp'rr_z_a_x%,e,nent
fromthe step reading the servo reference infprmation 1n tne 11151
direction with the position errordsignal f the read el ement formthe
step reading the servo reference |nfornp fon j%4Qthe second direction. 5.
The met hod of claim 1l wherein the

offset at a first
position.is done at the out [ and {t he step of neasuring
the offset at the second pogiti¢n i e i nner radius of the disk.

6. A di sk drive, conprising: i ng; a rigigkrdi sk
g, saidjrigid disk pavin | east one

rotatably attached to said h

......



recordi ng surface for

assenbly having an axis of
- said rigid disk,

sai d actuator-

rotation parallel

recording data on a plurality of separate tracks;
an actuator- assenbly rotatably attached to said housing,

sai d actuat or
to the axis of rotation of
| east one transducer

head for

sai d transducer
- el enent, '
track of Zd%p urafi

-~ element fgfoprd

. of tracks

~ being sepamas@dl ob YepbstionimeRtadce wall &

sai d transducer

M S

assenbly conpri sing at
reading and witing data on sai @ at |east one recording surface,
head conprising a read elenent and a separate wite

g S oa.inf ; ; :
S w0 st Blovh T8 eihddh’ L TRAd B w0 Blehcil 3o SEENERY
Wd'ﬂgtor' Paar dpRtdR IRt SthBObferdGS bRGhé 'safk Rickd RikdAkHe Y

' | east "one rigid disk, said read and wite el enents

on sai
aBCisuA figictioe b the fadiustafahé erapRs bhiaon
head at - any one of said plurality of tracks, *C L

disk drive and as a function of manufacturing tolerances, there is a need for a solution

de

that minimizes the repositioning distance for all of the tracks in the disk drive.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the pfior art. |

According to one aspect of the present invention there is provided a method for
determining an amount of distance to move an actuator arm to correct for track
misregistration when a slider attached to said actuator arm includes a separate read
element and a separate write element which are separated by a distance d, which is the
distance along a tangent to a track on a disk, said read element and -write element used in
a data recoriding device with a rotating media, said rotating media storing data in a
plurality of discrete concentric tracks, said read element for reading information from a

particular track of a plurality of tracks, said write element for writing information to a

. particular track, said actuator arm being pivoted about an axis parallel to the axis of

rotation of said rotating magnetic media, wherein an offset between said read element
and said write element in a direction radial to the axis of rotation of said disk varies with
angular position of said actilator, said method comprising the steps of: measuring the

amount of said offset b_etWeen said read elein_ent and said write element at a first position

‘on a selected disk surface; measuring the amount of said offset between said read

element and said .__Writé__; element"' at a second position on a selected disk surface;
determining an adjustment distanc;e to move said actuator arm from the amount of offset
at said first position and the amount of offset ét said second position, wherein said
é.djustment distance varies as a function of position of said actuator between said first -

position and said second position; and pivoting said actuator arm in response to the

determined adjustment distance. REPLACEMENT SHEETS  SG 6
' L ,E: Description : paged .%to paged BC

L i stivet Claim(s) :paged 0. to paged ..

This is the replacemen O Drawing(s) : paged ... to paged ...
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18 i wherein, an offset between said read elenent and said wite

el ement on said transducer head is in a direction substantially radial to
said disk, said offset varying with angular position of said actuator;
means for determ ning said offset betmeeg said read elenent and said wite
el ement on said transducer head, said offset being in a direction
substantially radial to said disk when said transducer head is positioned

at a pluralitys@ordingt6a8othePRpetd Gfie Phese iflvedion RS bs @%cfea(ho(‘ciilgk WBive,
surface of said disk, said offset being different at each of said
plurality comptisidger @aiousiagt tal A dislodotatably attdtBeéfo 508 Houbing] BHdSid disk
actuator assenbly in response to the determ ned offset. 7. The di sk
chive of dlasing atd¢astione eecordiag durfeenfor frecordieg dati on aglwalitg offskpbte tracks;
conpri ses: means for nmeasuring said offset when said transducer head

i s positi cWeastuptorsassembly rofatably agachod tes sdidi hausing, said actuatoreasemblyrhanigsan i ng

said offset when said transducer head is positioned at a second position

on sai d di&Xi& ofratation parallel to the axis of rotation of said rigid disk, said actuator assembly
comprising at least one transducer head for reading and writing data on said at least one
recording surface, said transducer head comprising a read element and a separate write
element, said read element for reading information from a single desired track of a
plurality of tracks on said at least one rigid disk, said write element for writing
information to' a single desired track of a plurality of tracks on said at least one rigid
disk, said read and write elements being separated by a distance d, said actuator being
rotated to position said transducer head at any one of said plurality of tracks, wherein, an
offset between said read element and said write element on said transducer head is in a
direction substantially radial to said disk, said offset varying with angular position of said
actuator; means for determining said offset between said read element and said write
element on said transducer head, said offset being in a direction substantially radial to
said disk when said transducer head is positioned at a plurality of different positions on
said at least one recording surface of said disk, said offset being different at each of said
plurality of different positions; and means for rotating said actuator assembly in response
to the determined offset.

According to still another aspect of the present invention there is provided a disk
drive, comprising: a housing; at least one rigid disk rotatably attached to said housing,
said rigid disk having at least one recording surface for recording data on a plurality of
separate tracks; an actuator assembly rotatably attached to said housing, said actuator
assembly having an axis of rotation parallel to the axis of rotation of said rigid disk, said
actuator ass'embly comprising at least one transducer head for reading and writing data

on said recording surface, said transducer head comprising a read element and a separate

This is the replacement sheet
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nmeans for determining said offset when said transducer head is positioned
at a third position internediate said first and second positions from

- values of said offset nmeasured at said first and second positions. 8. A
di sk drive, conprising: a housi ng; at | east one rigid disk
 rotatably attached to said housing, sai®aigid disk having at |east one

. recording surface for recording data on a plurality of separate tracks;

esonbly THBRERRY iftatalaly i A6Rat: bnE iR BY A, Bl EhRley
said rigi %eﬁigsﬂ&atéé‘it& s@ﬁ&ﬁ'ﬁ&ﬁfgg{lgﬁgﬁ&"gg%ﬁ d&ri?l”l’%s)rﬁ% R8acPbf & @%n&ﬂh%e%ﬁ@a{?lsﬂlucer

- head for reading and witing recordi ng surface, sal
- transducenedpnse & SwittBing FrémLAAd b Wilte dpskaBord 8P ahy lofe Wi Jafl pRILEITE NS
said read and wite el enents being separated by a distance d, said actuator
bei ng r ot ataells bn saididt ddasbete\arface, whadin)aadffserbetwsdn said feaddlehers and said
transducer head in

write element in a direction substantially radial to said disk varies with angular position

of said actuator; means for measuring an amount of said offset between said read element
and. said write element in a difection substantially radial to said disk at a first position on
said disk; adjustment means for adding an adjustment value to correct the angular
position of said actuator when accessing data on a track, said adjustment value being
determined from said amount of offset measured at said first position, wherein said
adjustment value is dependent on the angular position of said actuator; and means for
rotating said actuator assembly in response to the determined adjustment value to allow
the transducer to read or write from any one of said plurality of tracks.

According to still another aspéct of the present inventibn there is provided a
method for operating a rotating magnetic disk drive storage device, said rotating
magnetic disk drive storage device having (a) at least one rigid disk rotatably attached to
a housing, said rigid disk having at least one recording surface for recording data on a
plurality of separate tracks, ;md (b) an actuator assembly rotatably attached to said
housing, said actuator assembly having an axis of rotation parallel to the axis of rotation
of said rigid disk, said actuator assembly comprising at least one transducer head for

reading and writing data on said recording surface, said transducer head comprising a

This is the replacement sheet -
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19 reSponse to switching froma read to a wite operation at any one of

said plurality of tracks on said at |east one surface, wherei n, an

of fset between said read el ement and said wite el enent i_n a di rectipn
substantially radial to said disk varies wi th angular position of said

actuat or;

means for measuring an a®bunt of said of fset between said

read el enment and said wite elenent in a direction substantially radi al

sai d di sk rgid 8lefent hnd® 9 SbpdraR WiteSAbMlentds5iliread and witd YEHIRR beRANS af2Ld
i | &1

addi ng an adjustnent value to correct the angular posi

on of

act uat.or Viyes distae d, ngidladtaaton being rdGked ABRIRA skt BNV 18d 36F Phding
determ ned from said anobunt of offset neasured at said first position,

wher ei n saind vefing tatensaid ahetisod for opereing @notating gnafOdisR drive Stdrad \d&hices ai d

actuat or;

and means for rotating said actuator assenbly in Tesponse

‘to the detcomprising thej sepsnafnt measuring ameffedtives radial bifsenaduckist posifieRéf @aid
wite fromany one of said plurality of tracks. 9. ~ The disk drive of
clai m 8, flADSERGEr.cHigeffectivng radial offsetorepresemsingna aisregisgation between saifl wiifeset |,

in a direction sugsta ti

Ilgradjal to said . . L
said read elément in a direction radial to the axis of rotation of said disk,

element an
said effective radial offset varying with angular position of said actuator; calculating an
effective radial offset at a second position of said transducer different from said first
position, said calculating step using the effective radial offset value measured at sai.i& first
position; and.positioning said transducer to access data in ;1 track located néar said
second position using said effective radial offset calculated by said calculating step.
According to yet another aspect of the present invention there is provided a method
for calibrating an effective radial offset of a rotating magnetic disk drive storage device,
said rotating magnetic disk chive storage device having (a) at least one rigid disk
rotatably attached to a housing, said rigid disk having at least one recording surface for
recording data on a plurality of separate tracks, and (b) an actuator assembly rotatably
attached to said housing, said actuator assembly Having an axis of rotation parallel to the
axis of rotation of said rigid disk, said actuator assembly comprising at least one
transducer head for reading and writing data on said recording surface, said transducer
head comprising a read element and a separate write element, said read and write
elements being separated by a distance d, said actuator being rotated to position said
transducer head for reading and writing data, said effective radial offset representing a
misregistration between said write element and said read element in a direction radial to
the axis of rotation of said disk, said effective radial offset varying with angular position
of said actuator, said method for calibrating a rotating magnetic disk drive storage device
comprising the steps of: writing first servo reference information at a first transducer
position in a first substantially radial direction; reading said first servo reference

information to obtain a first bias value; writing second servo reference information at
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di sk, between said read el enent and said wite el enent at a second position
on sai d disk; wherei n said adjustnent neans determ nes said

adj ust mrent value fromsaid amounts of offset at said first and second
positions. 10. The disk drive of claim@8 wherein said neans for neasuring

an anmount of offset at a first positions%orrpri ses: means for witing
servo reference information in a first direction; . means for reading
the servo &ef ¢r&NGanddibar ﬁ?éikieﬂ inNa S@béhd ShbstantibiiP thdid direction, &@%%c{yfﬁf
witing servo reference information 1n a secon I rection, sald secon

di rection daBitagtiARP&dihle dfrettibr ibefily -SppRab i Al AN substantiallf ¥adial Uirdcgidfi NY
the servo reference information in sal'd second direction. 11. A method for

. oper at i ng readiag adaidgecondnsirve rdfesdncdr infernaition ageobdsivi £ aecondi bliak ofalid; Ngnd
. magnetic disk drive storage device having (a) at |least one rigid disk
r ot at abl y derivinghsald teffectivéh cadialnaffses ai daid i fisttransdiscen spositipnafrommesasd fivsteand
~ recording Szgcl;lida‘t():iis L;)lzlesr.ecor ding data on a
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

For a better understanding of the present invention, reference can be made to the
accompanying drawings, in which: |

Fig. 1 is an exploded view of a disk drive.

Fig. 2 isan exploded view of the actuator arm assembly.

Fig. 3 is a bottom view of a slider showing a read element and a write element
which are aligned along a radial from the actuator arm.

Fig. 4 is a schematic of the actuator arm with the read element and write element
as shown in Fig. 2 attached.

Fig. 5 is a top view of a disk with an actuator arm having a slider attached thereto
shown schematically.

Fig. 6 is a top cutaway view of a slider with the write element on the radial from

the actuator pivot point through the center of the slider and the read element offset

therefrom.
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20 plurality of separate tracks, and (b) an actuator assenbly rotatably
attached to said housing, said actuator assenbly having an axis of
rotation parallel to the axis of rotation of said rigid disk, said

actuat or assenbly conprising at | east onigtransducer head for reading and

witing data on said recording surface,

I d transducer head conprising a

read el enent and a separate wite elenent, said read and wite el enents
- being separated by a distance d, sai {cpgjM8gtor being rotated to position
said transducer head for reading and witing data, said nmethod for

operating B r oAaetidd"Rgngdtetnidingk asl ramouns b rdigencdeti fove CATACtuStoR Garin €o

steps of:

nmeasuring an effective radial offset at a first position

. of said treorssgtuder trackimisregisiration when adslader aftdched to epidestwatomarna includes a
- msregistration between said wite element and said read elenment in a
~ direction sepaiatd read el¢ementand pseparate wirise elgmentiwlichi ase sepazated b facdistanee d,

- radial offset varyi ng W th angul ar position of said actuatar;

' cal cul at i nyhigh isfthe:dis

alNgad taneenleo airagk 9B @otisk.pwid readrelomentaand write

transducer different. frogm said.first, position, said calcu)ating step.,
e b eRt PR i G Geeading, dpried Hith 2 RLAIIg, Mol ShId, LR e,

- and

storing data in a plurality of discrete concentric tracks, said read element for reading
information from a particular track of a plurality of tracks, said write element for writing
information to a particular track, said actuator arm being pivotéd about an axis parallel to
the axis of rotation of said rotating magnetic media, wherein an offset between said read
element and said write eleﬁent in a direction radial to the axis of rotation of said disk
varies with angular position of said actuator, said method comprising the steps of:

measuring the amount of said offset between said read element and said write
element at a first position on a selected disk surface;

measuring the amount of said offset between said read element and said write
element at a second position on a selected disk surface;

deternmiining an adjustment distance to move said actuator arm from the amount of
offset at said first position and the amount of offset at said second position, wherein said
adjustment distance varies as a function of position of said actuator between said first
position and said second position; and |

pivoting said actuator arm in response to the determined adjustment distance.
2.  The method of claim 1, wherein said step of determining an adjustment distance
comprises the steps of:

determining a constant and a multiplier to apply to a particular cylinder number to
find the distance necessary for repositioning the actuator arm to correct for track
misregistration, the constant and the multiplier determined from the measured amount of

ffset from the first positi d th ond position. _ o
offset from the first position an esec_n positio This is the replacement sheet
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positioning said transducer to access data in a track |ocated near said
second position using said effective radial offset cal culated by said
calculating step. 12. The nethod for operating a rotating nmagnetic di sk
drive storage device of claim 11, mherei said step of neasuring an
effective radial offset at a first position of said transducer conprises
the steps of: witing first servo reference information at said first

position i3 a Thd sletifidPst BRihal Wherdif®iedltep Vf 'RGEWRD the offset teWédida AL

first servo reference information to obtaln a first Dbias val ue;

writing sedenentwmdvowtied elemeseatianfigt peitichinaludesai d first position in a
- second substantially radial direction, said second substantially radi al

di recti on bei ngritipg esivbeaefesaice ififormaticaLingi first disédtipny adi al direction;
readi ng said second servo reference information to obtain a second bi as
val ue; and readigig thes seryo sefextned informationrimdifixst difektien; from said first and
second bias Vavlvyigilslg servo reference information in a second direction, said second direction
being opposite said first direction; and
reading the servo reference information in a second direction.
4. The method of claim 3 wherein the step of determining the offset between the read
element and the write element includes comparing the position error signal form the read
element from the step reading the servo reference information in the first direction with
the position error signal from the read element form the step reading the servo reference
information in the second direction.
5. The method of claim 1 wherein tﬁe step measuring the offset at a first position is
done at the outer edge of the disk and the step of measuring the offset at the second
position is done at the inner radius of the disk.
6. A disk drive, comprisi_l_lg:
a housing;
a rigid disk .rotatably attached to said housing, said rigid disk having at least one
recording surface for recording data on a plurality of separate tracks;
an actuator assembly rotatably attached to said housing, said actuator assembly
having an axis of rotation paralle! to the axis of rotation of said rigid disk, said actuator
assembly comprising at least one transducer head for reading and writing data on said at
least one recording surface, said transducer head comprising a read element and a
separate write element, said read element for reading information from a single desired
track of a plurality of tracks on said at least one rigid disk, said write element for writing
information to a single desired track of a plurality of tracks on said at least one rigid

disk, said read and write elements being separated by a distance d, said actuator being

rotated to position said transducer head at any one of said plurality of tracks,
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21 13. The nmethod for operating a rotating magnetic di sk drive storage
device of claim 11, wherein said step of calculating an effective radi al
of fset at a second position of said transducer conprises nultiplying a
cylinder number of said second position ﬁy a nultiplier and adding a
constant, at |east one of said nultiplier®and said constant being derived
fromsaid effective radial offset value neasured at said first position.

14. The met hodyhdEinO PRI tfis&tdbetwebh 6!;’aid1 geaHH&?ﬁEhtC afid §§1dd Wre e?élﬁérﬁgcgn dgyd ce

of claim 11, furthér conprising the st measuring sai

ef fect i ve tragiwler 6B4c &t inat d@edd@nrsdbmmany Qadiflf toSsaidIdisIE, ad&ﬁfiyffseét v%hﬁ &gﬂf
fromsaid first position and said second position, wherei n sai

cal cul at i rmpgelae positibn of sdidacwaiod; ef f ecti ve radial offset at said second
position of said transducer using the effective radial offset val ue
measur ed at saheansifosdetepnining said eoffistt betweeh Said readeclermentaind shidswtite/element
measured at said third position. 15. The nethod for operating a rotating
nmagneti c dbstaidy Fﬁaﬂﬁfi@ﬁb\g&?@e saighoffset being|injandlirersion substantially radial to said disk

when said transducer head is positioned at a plurality of different positions on said at
least one recording surface of said disk, said offset being different at each of said
plurality of different positions; and .

means for rotating said actuator assembly in response to the determined offset.
7. The disk chive of claim 6, wherein said means for determining said offset
comprises:

means for measuring said offset when said transducer head is positior}ed at a first
position on said disk;

means for measuring said offset when said transducer head is posiitioned at a
second position on said disk; and

means for determining said offset when said transducer head is positioned at a third
position intermediate said first and second positions from values of said offset measured
at said first and second positions.
8. A disk drive, comprising:

a housing;

at least one rigid disk rotatably attached to said housing, said rigid disk having at
least one recording surface for recording data on a plurality of separate tracks; |

an actuator assembly rotatably attached to said housing, said actuator assembly
having an axis of rotation parallel to the axis of rotation of said rigid disk, said actuator
assembly comprising at least one transducer head for reading and writing data on said
recording surface; said transducer head comprising a read element and a separate write
element, said read and write elements being separated by a distance d, said actuator

being rotated to switch between a read head and a write head of said transducer head in

* C L M S *
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viherei'n said step of measuring an effective radial offset at a first

position of said transducer conprises the steps of: (a) witing
first servo reference information at said first position in a first
substantially radial direction, (b1) reading said first servo
reference information to obtain a first B as val ue, (c) witing

second servo reference information at said first position in a second

subst ant i gbdpbnéeatl Mvitchin@FFdR, r&idi aS%Ré‘Qgé’gf?éﬂ anhhglohy Jf%‘éi@bln@%l&?céfi on

bei ng opposite said first substantially radi direction,

readi ng saradkses e4id a$ fsavOoneciefagece information to obtain a second bias
val ue, and (e) deriving said effective radial offset at said first

posi tion fromwisatid, hn offsettedwearecaid teadi ddamet lané Saidamrdte elementviner éirectoal d
step of neasuring an effective radial offset at a third position of said
t r ansducersul jallygediahte ssid:disk ohries with angulg position afisaidSictuator;
means for measuring an amount of said offset between said read element and said
write element in a direction substantially radial to said disk at a first position on said
disk;
adjustment means for adding an adjustment value to correct the angular position of
said actuator when accessing data on a track, said adjustment value being deterrﬁjned
from said amount of offset measured at said first position, wherein said adjustment value
is dependent on the angular position of saici actuator; and
means for rotating said actuator assembly in response to the determined adjustment
value to allow the transducer to read or write from any one of said plurality of tracks.
9. The disk drive of claim 8, further comprising:
means for measuring an amount of offet, in a direction substantially radial to said
disk, between said read element and said write element at a second position on said disk;
wherein said adjustment means determines said adjustment value from said amounts
of offset at said first and second positions.
10. The disk drive of claim 8 wherein said means for measuring an amount of offset at
a first position comprises:
means for writing servo reference information in a first direction;
. means for reading the servo reference information in said first direction;
means for writing servo reference information in a second direction, said second
direction being opposite said first direction; and
means for reading the servo reference information in said second direction.
11. A method for operating a rotating magnetic disk drive storage device, said rotating
magnetic disk drive storage device having (a) at least one rigid disk rotatably attached to

a housing, said rigid disk having at least one recording surface for recording data on a
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22 ) (a) witing third servo reference information at said third

position in a first substantially radial direction; (b)
reading said third servo reference information to obtain a third bias
val ue; (c) witing fourth gervo reference information at said

third position in a second substantial?? radial direction, said second
substantially radial direction being opposite said first substantially

radi al di piaediitP of separate tracks Qgcli ééﬁ%g;#gagf&;%é&ﬂbﬁt Fbtélﬁﬁl‘{roat?é;c{h@& ggcﬁid

information to obtarn a fourth _ ! d- _ “deriving
sai d ef f endusufy, rsaidl AruNdd £8EmBly IRt 4haxiél oPFstAtionOparalicd b Had skil OF rékatigmd

fourth bias values. 16. The nethod for operating a rotating magnetic di sk
drive st oofiggid digid adislqf said attwator assembly comprising at least one transducer head for

reading and writing data on said recording surface, said transducer head comprising a
read element and a separate write element, said read and write elements being separated
by a distance d, said actuator being rotated to position said transducer head for reading
and writing data, said méthod for operating a rotating magnetic disk drive storage device
comprising the steps of:

measuring an effective radiall offset at a first position of said transducer, said
effective radial offset representing a misregistration between said write element and said
read element in a direction radial to the axis of rotation of said disk, said effective radial
offset varying with angular position of said actuator; :

calculating an effective radial offset at a second position of said transducer different
from said first position, said calculating step usirig the effective radial offset value
measured at said first position; and

positioning said transducer to access data in a track located near said second
position using said eff;ctive radial offset calculated by said calculating step.
12. The method for operating a rotating magnetic disk drive storage device of claim
11, wherein said step of measuring an effective radial offset at a first position of said
transducer comprises the steps of:

writing first servo reference information at said first position in a first substantially
radial direction;

reading said first servo reference information to obtain a first bias value;

writing second servo reference information at said first position in a second
substantially radial direction, said second substantially radial direction being opposite
said first substantially radial direction;

reading said second servo reference information to obtain a second bias value; and

deriving said effective radial offset from said first and second bias values.

—_—
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14, wherein said step of calculating an effective radial offset at a second
position of said transducer conprises multiplying a cylinder nunber of
said second position by a nultiplier and adding a constant, said

mul tiplier and said constant being derizfd from said effective radial

of fset val ues nmeasured at said first poSition and said third position. 17.
A nethod for calibrating an effective radial offset of a rotating nagnetic

di sk drives StRd sefnélPYdrCeperaidigla TofaRhs MohoHEMGisk Cdr%séfoﬁgé vtk Urad8im
device having (a) at least one rigid disk rotatably attached to a housi ng,

sai d ri gi th,dikdecinasaid geplof lcaRtlatins an ecfobrivédi radial 6£fsdtaca sbndr RBaIcH fsagdt a

on a plurality of separate tracks, and (b) an actuator assenbly rotatably
attached transdacet bomprisey, mudtiplyimgt aadybinders slembery ofiasaid gseeondapositioh byptat i on
parallel to the axis of rotation of said rigid disk, said actuator assenbly
conpr i si ngultiplier and tadding a constant.casrlest ade b saidenultinlieraand said consgantzheangn

said recording surface, said transducer head conprising a read el enent and
a separ at @erieftfeom saideaffective radial offsetavplue mpeaspeedat spid first pasitig- separ at ed by
a distancg, d,_said actfyator being rotated to, pgsjtjon said transducer head
for readi f?g ahee Fstho érd&%at%g dogfing Magpetic a’dk vgryiQrage depice A laigy  a

m sr egi st{ﬁ';tj Otﬁ bet ween sa%l?d wite element and said read elenent in a
di rect i on'4UTHFT CUIPTHRE HEELOE 1 ot ati on of said disk, said effective

radial offset manggsaﬂ efecRVI AR offset at a third position of said transducer different

from said first position and said second position,

wherein said calculating step calculates said effective radial offset at said second
position of said transducer using the effective radial offset value measured at said first
position and the effective radial offset value measured at said third position.

15. The method for operating a rotating magnetic disk drive storage device of claim
14,

.wherein said step of measuring an effective radial offset at a first position of said
transducer comprisés the steps of:

(@) writing first servo reference information at said first position in a first
substantially radial direction,

(b) reading said first servo reference information to obtain a first bias value,

(c) writing second servo reference information at said first position in a second
substantially radial direction, said second substantially radial direction being opposite
said first substantially radial direction,

(d) reading said second servo reference information to obtain a second bias
value, and

(e) deriving said effective radial offset at said first position from said first and
second bias values; and

wherein said step of measuring an effective radial offset at a third position of said

transducer comprises the steps of:
This is the replacament sheet
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23 position of said actuator, said nethod for calibrating a rotati ng

magnetic disk drive storage device conprising the steps of: writing
first servo reference information at a first transducer position in a first
substantially radial direction; Eadlng said first servo reference

i nformation to obtain a first b| as valu witing second servo
reference infornmation at said first transducer position in a second

substantially radigl dirftRgtthR8 sefdi dfepdiee IsfoPHMPa R ll}ﬁidr;ﬂﬂitﬁﬂn idid ﬁf‘sft' on
being opposite said first substantially radial direction; readi ng

sai d secosubsa@tiyldy rafiglrdreedon;nf ormation to obtain a second bias val ue; and -
deriving said effective radi al offset at said first transducer position
fromsaid first ¢)d semdingdsdid athird adernas referkice infommdtiod fooobtaml abthirtdi bigs an
effective radial offset of a rotating magnetic disk drive

value;

(c) writing fourth servo reference information at said third position in a
second substantially radial direction, said second substantially radial direction being
opposite said first substantially radial direction;

(d) reading said fourth servo reference information to obfa_in a fourth bias
value; and |

(e) deriving said effective radial offset at said third position from said third
and fourth bias values.

16. The method for operating a rotating magnetic disk drive storage device of claim
14, wherein said step of calcuiating an effective radial offset at a second position of said
transducer comprises mulﬁpiying a cylinder number of said second position by a
multiplier and adding a constant, said multiplier and said constant being derived from
said effective radial offset values measured at said first position and said third position.
17. A method for calibrating an effective radial offset of a rotating magnetic disk drive
storage device, said rotating magnetic disk chive storage device having (a) at least one
rigid disk rotatably attached to a housing, said rigid disk having at least one recording
. surface for recording data on a plurality of separate tracks, and (b) an actuator assembly
rotatably attached to said ‘housing, said actuator assembly baving an axis of rotation
parallel to the axis of rotation of said rigid disk, said actuator assembly comprising at
least one transducer head for reading and writing data on said recording surface, said
transducer head comprising a read element énd a separate write element, said read and
write elements being separated by a distance d, said actuator being rotated to position
said transducer head for reading and writing data, said effective radial offset representing

a misregistration between said write element and said read element in a direction radial

to the axis of rotation of said disk, said effective radial offset varying with angular
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Storage device of claim17, further conprising the steps of: witing
third servo reference information at a second transducer position in a

first substantially radial direction; reading said third servo
reference information to obtain a third Sias val ue; witing fourth
servo reference information at said secdfd transducer position in a second

substantially radial direction, said second substantially radial direction

being op i WoERA s t i-al j i Lection: S i ng
cai A 1 our P g (34 elilor® TR BRI, Rblsfne Y KGN Praanctic GIT RS

deriving swtdgecfeviRetdovirisafdi @k s@bgsgt at said second transducer position
fromsaid third and fourth bias val ues; and deriving at |east one

coefficient feouritingl first aervegrefereatd dformationaati alfirgf frassduedr position ¢h a first
transducer position intermediate said first and second positions, said at
| east onesubstaatiplly radial dissicrignderi ved from sai d effective radial offset at
zgicgn]:ji [ f;n;{jgggzgn% (p)s(s§ :qégvgr}efe?grijce Sirzlitjo?mgt];c:netgtgb\t/a?n L.%?'istabliasox];;lge?t at said
writing second servo reference information at said first transducer position in a
second substantially radial direction, said second substantially radial direction being
opposite said first substantially radial direction;
reading said second servo reference information to obtain a second bias value; and
" deriving said effective radial offset at said'.t;lrst transducer position from said first
and second bias values.
18. A method for calibrating an effective radial offset of a rotating magnetic disk drive
storage device of claim 17, further comprising the steps of:
writing third servo reference information at a second transducer positiion in a first
substantially radial direction;
reading said third servo reference information to obtain a third bias value;
writing fourth servo reference information at said second transducer position in a
second substantially radial direction, said second substantially radial direction being
opposite said first substantially radial direction;
reading said fourth servo reference information to obtain a fourth bias value;
deriving said effective radial offset at said second transdﬁcer position from said
third and fourth bias values; and
deriving at least one coefficient for calculating an effective radial offset at a third
transducer position intermediate said first and second positions, said at least one

coefficient being derived from said effective radial offset at said first transducer position

and said effective radial offset at said second transducer position.
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24
METHOD AND APPARATUS FOR POSITIONING TRANSDUCERS

ABSTRACT

Disclosed is an apparatus and method for correcting for
track misregistratibn when a slider or head assembly con-
tains a separate read element (40) and write element (42).
Basically, the offset is determined at a first position
and at a second position of the actuator arm (48) assem-
bly. From these offsets a constant and a multiplier are
~determined for determining an offset as a function of the
cylinder location. Also disclosed is a method and appara-
tus for minimizing distance traveled to prevent
misregistration when repositioning between the read ele-
ment and a write element. The read element is intention-
ally offset from the write element at an angle so as to
minimize the.distance traveled across the.disk.

(Fig. 7) i
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