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4 NVENTI ON Field of the Invention This invention rel ates
~generally to direct access storage devices and, nore parti cul'ﬁpﬁy,“@o
read/wite head assenblies for use .in sqch storage devi ces.

Descri ption of the Related Art I'n"a conventi-onal conputer direct
access storage device (DASD) having a rotating storage nedium such as a
magneti c or magneto-optical disk, data is stored in a series of concentric
or spiral tracks across the surface of the disk. A magnetic disk, for
exanpl e, ]

DUAL ELEMENT HEAD WITH RADIAL OFFSET OPTIMIZED FOR

MINIMAL WRITE-TO-READ TRACK ERROR

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates generally to direct access storage devices and, more particularly,

to read/write head assemblies for use in such storage devices.
Description of the Related Art

In a conventional computer direct access storage device (DASD) having a rotating
storage medium, such as a magnetic or magneto-optical disk, data is storéd in a series of
concentric or spiral tracks across the surface of the disk. A magnetic disk, for example,
can comprise a disk-substrate having a surface on which a magnetic material is deposited.
The digital data stored on a disk comprises magnetic information that is represented as a
series of variations in magnetic orientation of the disk magnetic material. The varia;tions
In magnetic orientation, generally comprising reversals of magnetic flux, represent binary

digits of ones and zeroes. A read/write assembly produces and .detects variations in



can conprise a disk substrate having a surface on which a nmagnetic nmateri al
I's deposited. - The digital data stored on a disk conprises nmagnetic
Fnformation that is represented as a series of variations in magnetic
orientation of the disk magnetic nmaterial. The variations in nmagnetic
orientation, generally conprising reversals of magnetic flux, represent

binary digits of ones and zeroes. A readiwite assenbly produces and
detects variations in .

2 magnetic orientation of the nmagnetic material as the disk rotates
relative to the head, thereby reading data from and witing data to, the
di sk surface. The surface area of each disk in a DASD may be partitioned

into sectors having a short .servo t.r I t s
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extending fromthe disk center to the disk outer dianeter, or

ci r cunf er ethereby Teadingdata from; ged writing dataite.dhe disk spriaces The rsugfaem area qfsagh

that is used to position the transducing head across the disk surface. The

user data diskan @DASDesdybe padtiticiied sntd séadors havikg aishortbéred trdekt mfarmatioeaaded
by an end user, or disk drive custonmer. The servo track information area of

a_ Sector fofLealbyaldiel it d: SREUP e & be BERRN ByERitnbbihAY ABif Hrd:
and a servo burst
extending from the disk center to the disk outer diameter, or circumference. The servo
track information generates a readback signal that is used to position the transducing head
across the disk surface. The user data area of a sector contains data tracks in which data is
: recorded by an end user, or dislg drive customer. The servo track information area of a
sector typically includes a sector marker, track identification data, and a servo burst
pattern, which are recorded at the time of disk manufacture. The transducing head used
for reading the servo track data is typically the same head that is used for reading the
customer data, but typically a different magnetic head is used for writing the customer
data. Such dual-element heads permit optimal exploitationi of transducer characteristics
for the read and write functions. Increased track densities permit storing; more customer
data in a DASD with no increase in physical disk size. Such higher track densities have
been achieved with transducer advancements such as magneto-resistive heads. A
magneto-resistive (MR) head assembly is a dual-element head that typically includes an
MR element for reading user data and servo pattem information, and a different element
(typically an inductive element) for writing customer data to the disk. | A dual-element

assembly having an MR read element and a write element will be referred to as an MR



pattern, which are recorded at the tine of disk manufacture. The

- transduci ng head used for reading the servo track data is typically the
same head that is used for reading the custoner data, but typically a
different magnetic head is used for witing the custoner data. Such
dual -el enent heads perm.t optimal exploitation of transducer
tharacteristics for the read and wite f3inctions. |Increased track
densities permt storing nore custonmer data in a DASD with no increase in
physi cal disk size. Such higher track densities have been achieved with
transducer advancenents such as nmagneto-resistive heads. A

magnet o-resi stive (MR) head assenbly is a dual -el enent head that typically

i ncl udes a VR, el nt, for, readi ser t.a a ryo .
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witing custonmer data to the disk. A dual-elenent  assenbly having an MR
read el eneptesensd of avchanging magnetic\field. Fhe changeriagesigange offheRR element is

3 head. The MR el enent of an MR head exhibits a change in resistance

when in t hgandf6@ss fffo @f valtagh aiibiah Gy FgsiaE i € cristint biakheurehaigeugin the MR
resi stance of the MR element is transforned into a voltage signal by

passing a gpstanty, Dy as hga'dré’egggate'é Qrfﬂiéﬂﬂuhg %oﬁ@e readback signal as the MR head 1s

passed over the magnetic information recorded on the disk magnetic material. Ina DASD
using digital demodulation, the fluctuating readback signal is digitized and the digital data
values of the sampled readback signal are processed to recover the recorded data.
¢ A disk drive DASD typically includes two signal paths for the head readback signal,
comprising a data channel and a servo channel. When the MR head is over a customer
data field, the readback signal is processed by the data channel so the system can read and
write customer data to and from the disk. When the MR head is over a servo field of the
disk, the readback signal is processed by the servo channel to read the servo pattern
information that is pre-recorded on the disk at the time of manufacture.
A read/write head assembly is mounted on a disk arm that is moved across the disk by
a servo. A disk drive servo control system controls movement of the disk arm across the
surface of the disk to move the read/write head assembly from data track to data track and,
once over a selected track, to maintain the assembly in a path centered over the selected
track. Mamtaining the head assembly centered over a track facilitates accurate reading
and recording of customer data. With the very high track density of current disk drives,

even the smallest head positioning error can potentially cause a loss of customer data.



elenment. The MR head generates a fluctuating vol tage readback signal as the
MR head is passed over the magnetic information recorded on the disk
magnetic material. In a DASD wusing digital denodul ation, the fluctuating
readback signal is digitized and the digital data values of the sanpled
readback signal are processed to recover the recorded data. . A di sk
drive DASD typically includes two signal gaths for the head readback
signal, conprising a data channel and a servo channel. Wen the MR head is
over a custoner data field, the readback signal is processed by the data
channel so the systemcan read and wite custoner data to and fromthe

di sk. When the MR head is over a servo field of the di sk, the readback
signal is pr sed by. he s.ervo ch ser vo_pat.t

i nformation tﬁat?l |5§“f?rgl ‘B‘FHPHeadeaoﬂ ‘glslﬁlsg%oﬁt e“P r%aﬂg? i {egctf’ WPE.

A read/wite head assenbly is nmounted on a_disk arn1that is. noved across

t he di sk byeadévrite trapsducing kead dhdt\servednfoomatinm ingnedigtely fpllewnin e dragley dhent

of the disk armacross the surface of the disk to nove the read/wite head

assenbly f9¢R RRh@Efdati0E hrdaeotltiin® 4 bidely RPfsentitheofalie serdo Gadle(relitd trasky,
mai ntain the assenbly in a path centered over the selected track.
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relative to a single track can be determined. That is, as the position of the head changes
from one edge of a track to the other edge of the track, the magnitude of the readback
signal changes, and this is used to keep the head centered in the track for optimal reading

- and writing of customer data.
Track Misregistration (TMR) Error

A read/write head in a rotary disk drive actuator will exhibit positioning error called
track misregistration (TMR) error, which produces errors in reading and writing data to a
disk. 'I‘he total disk TMR is generally made up of two types of error: (1) write-to-read
error (WR TMR), comprising the error in reading data from a track into which the data
was previously written, and (2) write-to-write error (WW TMR), comprising the error in
writing new data into a data track that is adjacent to previously written data. There are

various types of disk drive characteristics that can contribute to the total TMR.



4 - In the servo information area of a disk sector, the sector marker
indicates to the read/wite transducing head that servo information
Jmediately follows in the track. The track identification area contains a
bi nary representation of the servo track (or data track) associated with
the servo informati on. The servo burst pattern contains data that generates
an anal og vol tage signal whose magnitude 4s such that the position of the
transducer head relative to a single track can be determ ned. That is, as
the position of the head changes from one edge of a track to the other
edge of the track, the magnitude of the readback signal changes, and this
Is used to keep'the head centered in the track for optiml reading and

VI\\/IIr Is'; iegigs'?]; a'f Ilfi(ss% g{r{reamr Hfd?%‘:)?ﬂre types of error S\ontrib te to both TMR ardd %K TMR. These

o) read/wite head in a rotary disk drive
actuator wil|l exhibit positioning erL% called track msre Lstgfgiog.%TNR)
error, whiisgludeshitk spindierBetor rEnqub Y, 5%&‘1‘?&%&%% AY-cHAEL copgihon 1 Ui e
total disk TMRis generally nade up of two types of error: (1) )
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track into which the data was previously witten, and (2) wite-to-wite
error (VW VRN alCEHIP Hlaghatds Ly Sel Adlbe, idhd eMtérhhingistiebiindes sudhndsOsldocktatoather ack

that is adjacent to préviously witten data. There are-

drive. These components of total TMR are generally greater toward the outside diameter
of the disk (OD), and are lesser toward the inner diameter of the disk (ID). Disk
controllers generally include signal processing that is designed to minimize or compensa.te
for such error. Part of such processing may, for example, compensate for the offset
between the disk head write element and the disk head read element. These signal
processing systems may, themselves, contribute a read-write element compensation error
component to the total TMR error, although generally such compensation systems are only
involved in read operations subsequent to write operations, and so such errors will only
contribute to WR TMR.

Some disk drive desién involves minimizing such components of total TMR. For
example, Figure 1 illustrates a conventional MR head assembly in which the read element
and thc;, write element are aligned. The servo control system of a disk with such a
read/write head will compensate for WR TMR such as described above. Generally, the
head configuration of Figure 1 will result in no tracking error at the inside diameter (ID) of

the disk. As the disk head assembly moves. toward the outer diameter (OD) of the disk,

the servo control system compensates for the skew, or offset, between the tracking of the



various types of disk drive characteristics that can contribute to the
total TMR : 5 For
exanpl e, sonme types of error contribute to both WR TMR and WN TMR. These

i ncl ude di sk spindle notor runout, which generates an off-center condition
to the disk rotation, airflow induced vibration of the read/wite head,
head seek settling tine, electrical and Gagnetics system noi se, and
external disturbances such as shock to the drive. These conponents of
total TMR are generally greater toward the outside dianeter of the disk
(OD), and are lesser toward the inner dianeter of the disk (ID). D sk
controllers generally include signal processing that is designed to

xaml o, CEAaNaats 3pf o R Hpideft dfhe aRBIE of ey FiRRFEN {iff Kokl |
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to the total TMR error, although generally such conpensation systens are
only i nvohwerdlteietenieadd 02 ppacat iapars foubs eepdesiemens 1 inepaspmmeaattioven s datantriacko
such errors will only <contribute to WR TVR
106 of the disk 108. It can be seen that the write element and read element are aligned
along the longitudinal axis 110 of the head agselnbly,. which is also the longitudinal axis of
the data track 106 above which the head is positioned. The head assembly 100 has a
separation "d" between the \;\frite element and the read element.

In a different head configuration, the read and write elements of a dual element head
are manufactured with a radial offset, such that the heads do not follow along the same
longitudinal servo track, but will tend to be aligned in the same servo track only at certain
points in the disk arm movement across the disk. Such desiéns are typically used where it
is desired to minimize the read-write element compensation error component of WR TMR.
For example, a system that employs a head assembly with radially offset read and write
elements is described in U.S. Patent No. 5,682,274 assigned to International Business
Machines (IBM) Corporation.

Figure 2 shows a schematic plan view representation of a prior art disk drive storage
system showing a two-element MR head assembly 200 with a write element 202 and a
read element 204 positioned above a track 206 of a disk 208. Figure 2 illustrates that the

write element 202 and read element 204 are radially offset from each other, relative to the

longitudinal axis 210 of the MR head. As described in the 5,682,274 patent, the radial



Sonme di sk drive design involves mnimzing such conponents of total TMR

For exanple, Figure 1 illustrates a conventional MR head assenbly in which
the read elenent and the wite elenent are aligned. The servo eontrol
systemof a disk with such a read/wite head will conpensate for WR TMR
such as described above. Generally, the head configuration of Figure 1
Wll result in no tracking error at the inside dianmeter (1D) of the disk.
As the di sk head assenbly noves toward the outer dianeter (OD) of the disk,
the servo control system conpensates for the skew, or offset, between the

tracki ng of the 6
read el ement and the wite element at the mddle of the disk. Figure 1 is a
vi ew | ooki t@@el%ﬂﬁnfs%ﬁﬂb%él&&ed\@ 408 thinfsiee e istéRe nebsay tdRoMR

head is in as having a wite elenent 102 spaced apart froma read

ca
el enment 104, I.ti on_ _above . .a n be
seen t hat @ﬁmi for gy traf 8’?&8@‘8@88% %erﬁ?d é?qg f(gh“éﬂé%%ﬂ% ]}18%??11{ bnfl
| ongi tudinal axis 110 of the head assenbly, [ is also the I ongl t udi nal
axis of tthe head as midwiy acessathe\diskah il sméatmi 'dl“ ibstwisnithe yrie clemicat aadd
assenbly 100 -has a separation "d" between the wite el enent and the read
el ement. read element is indicated in Figure 2, as is the skew angle "¢" of the read/write element

centers relative to the centerline 210. In this way, the processing needed to compensate for
read/write element offset is minimized when the head assembly is midway across the disk,
and fluctuates generally an equal amount from the ID to OD limits. This is said to make
compensation processing less complicated over the entire range of disk arm motion.

Another component of total TMR error not described above is generally referred to as
servo track writer (STW) error. This is the error in disk head positioning that can result
from using different servo tracks to read and write data from the data tracks. In older disk
configurations, a single set of servo tracks could be used for positioning the read/write
head over several different data tracks. More recently, the track pitch between data tracks
has been steadily shrinking, so that different servo tracks must be used to position the
read/write head assembly between read and write operations.

That is, because of increasing data track densities, disk drive systems may exhibit
STW errors, in which the read/write head assembly will necessarily use one servo track for
positioning the read element and will use a different.servo track for positioning the write
element, even to read and write data from the same data block on the disk. In that case,

each servo track will have an associated servo pattern pitch and runout, or "ruler" scale,



In"a different head configuration, the read and wite el enents of a dual

el enent head are manufactured with a radial offset, such that the heads do
pot follow al ong the sanme |ongitudinal servo track, but will tend to be
aligned in the same servo track only at certain points in the disk arm
movenment across the disk. Such designs are typically used where it is
desired to mininize the read-wite el emeng conpensation error component of
WR TMR. For exanple, a systemthat enploys a head assenbly with radially
offset read and wite elenents is described in U S. Patent No. 5,682,274
assigned to International Business Machines (IBM Corporation. Fi gure
2 shows a schematic plan view representation of a prior art disk drive

storage system show ng t wo- el t MR.head assenbl 00 W t
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208. Figure 2 illustrates that the wite elenment 202 and read el enent 204

are radi al kytabUT¥Ret THer STWERR isatided toradl| atier T@VIR cotmpenentsoamgl contiibuiéds takoth 210

of the MR head. As described in the 5,682,274 patent, the radi al

7 WR TMR and WW TMR. The STW TMR can increase read/write track misregistration
during readback processing of previously written data. 'Because of manufacturing
requirements, most dual element heads cannot be constructed eliminate STW TMR error,
and such error can potentially greatly increase, due to increasing track densities. From the
discussion above, it should be apparent that there is a need for a disk drive storage system
that more effectively compensates for the STW TMR component of total TMR and

- increases the accuracy of disk arm positioning with disks of increasing track densities.

The present invention solves this need.

SUMMARY OF THE INVENTION

The present invention provides a dual element read/write bead for a direct access
storage deviqe (DASD) wherein the read and write elements are positioned relative to each
other such that the same servo track can be used for read and write operations at the disk
outside diameter (OD), rather than at the disk inner diameter (ID) or midpoint. As the
head is moved across the di;k from the OD toward the disk ID, the misalignment between

the head elements relative to a data track gets progressively worse, so that different servo
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offset of the two el ements can be selected so as to mninmze the distance
necessary to nove the MR head for any track on the disk drive to read data
following a wite operation when the head is mdway across the disk. The
separation "d" between the wite element and read elenent is indicated in
Figure 2, as is the skew angle "c" of the read/wite el ement centers
relative to the centerline 210. In this way, the processing needed to
conpensate for read/wite elenent offset is mnimzed when the head
assenbly is mdway across the disk, and fluctuates generally an equal
amount fromthe IDto ODIlimts. This is said to nmake conpensation
processing | ess conplicated over the entire range of disk arm notion.

Anot her co nent of.total. TMR error .not describe i e |
referred tg;%gl? ar§éﬁs%hirrpz9§’19° &ths Tepd R vat ?'S’Fe.m %%qﬁé?’%dzmgr%%o{&)laﬁy%’iesk
head positioning that can result fromusing different servo tracks to read
and wite diskdD.r dmatresultiof this headiconfiguratiory dhe ennimbutiopof ithp P EWM SR taathe
single set of servo tracks could be used for positioning the read/wite

head over $&N¥ETRIR &tithé O mihithirel k@£df6 forhe Beadbackirbaess, sbehdt e totf) TR
bet ween data tracks has been steadily shrinking, so that different servo
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and wite operations h because of I ncreasing data track
densities, disk drive systeqf nag exhi?it STWerrors, in which the
read/ wr i t e CAERENAES SRBIUGIMG the Trad¥gue glqment scompeasalion, GTqr rconpponght of WR

positioning the read el ement and will use a different servo track for

posi ti oni ngMRe Bachtse the hesaignment/beiween theadachantl write elements geisdangehes mne

data bl ock on the disk. In that case, each servo track will have an

associ at ed h3gd ¥QeRBly RbVeshbivard RBAD! thHaQbial TRAR ‘af he gD beebmbLa function of both
the STW TMR and the remaining TMR components. At the ID, however, the read-write

~ element compensation error component of total TMR is smaller than it is at the OD, and

can be more easily dealt with, using known servo readback signal processing methods.
Therefore, optimizing the read and write element radial offset to minimize that offset at the
OD results in a read/write head for which it is easier to carry out the typical signal

processing employed by servo controllers. That is, conventional signal processing

techniques can be used for positioning the head assembly.



8- and using the two different tracks for positioning will generate the
STW conponent of total TMR The STWTMR is added to all other TMR
conponents and contributes to both WR TMR and WW TMR. The STW TMR can
increase read/wite track m sregistration during readback processing of
previously witten data. Because of manufacturing requirenments, nost dual
el enment heads cannot be constructed elinmgpate STWTMR error, and such
error can potentially greatly increase, due to increasing track densities.
From the discussion above, it should be apparent that there is a need for
a disk drive storage system that nore effectively conpensates for the STW
TMR conponent of total TMR and increases the accuracy of disk arm

ositioning with disks of increasi track densities., The present
ipnvent i on go|Iu@§1eta|qpe§t g the invention, t % rad1af:offs,et I&1stance X betwi Wuagleﬁ_@t

| NVENTI ON The present invention provides a dual element read/wite
head for aafH fHeGtad€lE@ER is given by an angle o that is determined by the disk radius distance

Ry from the disk center to a tangent point along the OD data track, the distance P from the
disk center to the disk arm pivot point, and the distance L from the disk arm pivot point to
the tangent point. Thus, the size of the disk and the positioning of the disk arm actuator
uniquely determine the radial offset between t:.he write element and read element, and
permit control of disk arm movement with conventional servo processing controllers.
Other features and advéntages of the present invention should be apparent from the
N following description of the preferred embodiment, which illustrates, by way of example,

the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic plan view representation of a prior art disk drive storage
system showing a dual-element head assembly with longitudinally aligned read and write
elements.

Figure 2 is a schem-atic plan view representation of a prior art disk drive storage
system showing a dual-element head assembly with read and write elements that are
radially offset so as to minimize the distance necessary to move the actuator when the head

assembly is midway across the disk.



st'orage device (DASD) wherein the read and wite elenments are positioned
relative to each other such that the sane servo track can be used for read-
and wite operations at the disk outside dianeter (OD), rather than at the
di sk inner diameter (ID) or mdpoint. As the head is noved across the disk
fromthe OD toward the disk I D, the msalignnment between the head el enents
relative to a data track gets progressivally worse, so that different servo
9 tracks are used for positioning the read and wite elenents as the
head noves toward the disk ID. As a result of this head configuration, the
contribution of the STWTMR to the total TMR at the ODis mnimzed to
zero for the readback process, so that the total TMR at the ODis
primarily a function of only the conventjonal WV TMR and TVR

conponent s, - FagHe g ShEF 4Bl FPR oL @%@ﬁweawsaff%\\@m Il 87 4R nt

of WR TMR. Because the m salignnent between the read and wite el enents
get s | ar gelheadsssdmably hemstiuated énddegrdanecewith thegresentiavériont he total TMR at the
| D beconmes a function of both the STWTMR and the remaining TMR

conponents. AliglB e s sHRWRYE plart h@wrr%ﬁféséfﬁdt{o% ofehe apat el&ﬁ&ﬁq{%ﬁétakéé?nlﬁfr ror
conponent of total TMRis smaller than it is at the OD, and

* 1llustrated in Figure 3.

Figure 5 is a block diagram representation of the disk drive storage system illustrated

in Figure 3.

DESCRIPTION OF THE PREFERRED EMBODIMENT

4]

Figure 3 shows a disk drive storage system 300 represented in schematic form, with a
disk actuator. arm 302 that moves a dual-element MR head assembly 304 across the
surface of a recording media disk 306. The head assembly 304 is represented in Figure 3

by a single



can be nore easily dealt with, using known servo readback signal processing
nmet hods. Therefore, optimzing the read and wite elenent radial offset to
m nimze that offset at the ODresults in a read/wite head for which it
is easier to carry out the typical signal processing enployed by servo
controllers. That is, conventional signal processing techniques can be
used for positioning the head assenbly.

10 In one aspect of the invention, the radial offset distance x
between the wite elenent and the read elenent is given by an angle [err]
that is determ ned by the disk radius distance R err] fromthe disk center
to a tangent point along the OD data track, the distance P fromthe disk
center to thebP'Sk arm pivot point, an the istance L from.the disk arm

pi vot poi nPoablor splicHy; @Eﬂlals%iqvtandfﬁh novipg thejgsamglry myelvad.diut thoge gkifled -
positioni'ng of the disk armactuator uniquely determ ne the radial offset
bet ween t hin theiattewd] emderstarginitat thachead essembly eomprispe b separate vritelelepfentiand ar m

novenent wth conventl onal servo processing controllers. Q her
features apggafh h Gfe oo ANEH FRArSNOhe Bheell M
the follow ng escrl pt]flone ol%%wﬁ re%rerreld en%ﬂal ment, g\gﬁrﬂaﬁpﬁﬁgust raltltqes,

by way of lglgurrrspi Shows the disk radius distance Rx from the disk center 308 to a tangent point that
coincides with the position of the head assembly 304 in Figure 3, at the OD data track

310. A tangent line A 1s drawn in Figure 3 through the tangent p.oint 304. Also shown in

Figure 3 is the distance P from the disk center 308 to fhe disk arm actuator pivot point

312, and the distance L ﬁ-c->m the disk arm pivot point 312 to the tangent point 304. These

- ’ parameters Rx, P, and L are determined by the size of the disk 306, the track pitch, and the

positioning of the disk arm actuator 312.



the pr| nci pl es of the invention. BRI EF DESCRI PTI ON OF

THE DRAW NGS Figure 1 is a schemati ¢ pl an vi ew representation of a
prior art disk drive storage system showing a dual -el ement head assenbly
with longitudinally aligned read and wite elements. Figure 2 is a

schematic plan view representation of a prior art disk drive storage
system show ng a dual - el enent head assenpy with read and wite el enents

that are radially offset so as to mnimze the distance necessary to nove
the actuator when the head assenbly is m dway across the disk.

Figure 3 is a schematic plan view of a disk drive storage systemwith a

di sk arm and . head assenbly constructed in accordance with the present
i nvent i on. : . .
In accordance with the invention, the radial offset x between the write element and

read element of the head assembly is uniquely determined by the parameters Ry, P, and L,
and the separation g between the read and write elements, such that the same servo track 1s
used for read and write ope;ations at the disk oqtside diameter (OD), and different servo
tracks are used for the read apd write elements as the disk head moves toward the disk
inside diameter (ID). As a result of this head configuration, the contribution of the STW
TMR component at the disk OD is equal to zero, and the total TMR at the OD is primarily
a function of the conventional TMR components, including read-write element
compensation error. Because the STW TMR gets larger as the head assembly moves from
tﬁe OD toward the ID, the total TMR at the ID is a function of both the conventional TMR
components (including the read-write element compensation error) and also the STW
TMR. At the ID, however, the read-write element error TMR is smaller than it is at the
OD, and many of the other conventional TMR components are also smaller. As a result,
the TMR computations can be more easily dealt with at the disk ID, using servo readback
signal processing methods known to those skilled in the art. This is due to the fact that the
magnitude of the TMR error components are more equally spread out between the OD and
ID of the disk, so that STW TMR is zero at the disk OD and other conventional TMR error
components (including read-write element compensation error) are greater at the disk OD,
whereas STW TMR is greater at the disk ID, but the other conventional TMR error

components are smaller at the ID. Thus, conventional signal processing techniques can be



Figure 4 is a schematic plan view representation of the dual el enment head

assenbly illustrated in Figure 3. ~ Figure 5 is a block diagram
fepresentation of the disk drive storage systemillustrated in Figure 3.
DESCRI PTI ON OF THE PREFERRED ENMBODI MENT Figure 3 shows a disk drive

storage system 300 represented in sche ‘ic form with a disk actuator arm
302 that noves a dual -el enent MR head asSenbly 304 across the surface of a
recordi ng medi a di sk 306. The head assenbly 304 is represented in Figure 3

by a single 12
point for sinplicity of illustration and for show ng the geonetry invol ved,
but those skilled in the art will understand that the head assenbly

OO ok ot . E e oy e S o e 5 L
invention. In this way, the present invention provides a disk drive storage system that
more effectively compensates for total TMR including STW TMR, and increases the
ac;:uracy of disk arm positioning with disks of increasing track densities.

Figure 4 shows the dual eleﬁent MR head assembly 304 illustrated in Figure 3 with
the write element 402 radially offset from the read element 404 by a lateral distance x. The
head assembly 304 is shown as it would appear suspended over a data track of the disk,
with the disk ID and OD indicated on the drawing, along with the longitudinal centerline

- 406 of the head assembly. The radial offset x is shown in Figure 4 as the lateral distance
between the center of the write element 402 and the center of the read element 404. The
longitudinal separation g between the write element and read element is generally
specified within the limits of head manufacturing tolerance. The skew angle o is
determined from the disk configuration (disk size and track spacing) such that the write
element and the read element will use the same servo track at the disk OD data track 310.
Thus, the lateral separation x is determined by the disk size and g, the longitudinal
separation between the read and write elements. Figure 4 also reproduces the tangent line

A, with the angle « indicated.



Figure 3 shows the disk radius distance Rlerr] fromthe disk center 308 to
a tangent point that coincides with the position of the head assenbly 304
tn Figure 3, at the OD data track 310. A tangent line Ais drawn in Figure
3 through the tangent point 304. Also'shown in Figure 3 is the distance P
fromthe disk center 308 to the disk armact uat or pivot point 312, and the
di stance L fromthe disk arm pivot point 1312 to the tangent point 304.
These paraneters Rerr], P, and L are determ ned by the size of the disk
306, the track pitch, and the positioning of the disk arm actuator 312.

13 I n accordance with the invention, the radial offset x between the
wite element and read el ement of the head assenbly is uniquely determ ned
by the paraneters err P, and L, and the s parat 0 bet wegen t he_read
and write el &g R[ls‘af@ﬁf eniepre RS thiroRbia) Jerd Wake Flsment defereb itenes S
wite operatlons at the di sk outside dianeter (CD), and different servo
tracks ar ereading dndr wtitieg rdated framdthersatne shentadsatathetdisk A3k Axadedubeose,
toward the disk inside diameter (ID). As a result of this head

confi gur at ¢ RendidiE! s%g«rﬂr IQHésbfﬁ Wil ﬁe{i‘;ﬁ g&rl%n iSO IR Q@ M mdved B6mIns o

equal to zero, an t al ODis primaril

track toward the ID. In accordance with the invention, the rad1a1 offset x is easily
determined, as follows. For disk configurations having the geometry illustrated in Figure
3, where P > L, and where Rx is the radius at the disk OD data track 310 as described

above, then the skew angle o is given by Equation (1) below:

a=90"-6, Equation (1)

where 6 is shown in Figure 3, and then 6 can be derived with Equation (2) below for the

conditions listed above:
ccos 0=Rx*+L2-P?/2R«L, ' - Equation (2)
which gives the equation for skew angle o by Equation (3) below:

o =90"-cos? [Rx*+L2-P>)/2RxL ]. Equation (3)



a'function of the conventional TMR conponents, including read-wite el enent
conpensation error. Because the STWTMR gets |larger as the head assenbly
-moves from the OD toward the ID, the total TMR at the IDis a function of
both the conventional TMR conponents (including the read-wite el enent
conpensation error) and also the STW TMR At the I D, however, the
read-wite el ement error TMR is smallerl®han it is at the OD, and many of
t he ot her conventional TMR conponents are also smaller. As a result, the
TMR conput ati ons can be nore easily dealt with at the disk ID, using servo
readback signal processing nmethods known to those skilled in the art. This
is due to the fact that the magnitude of the TMR error conponents are nore
equal |y spread qut_ between, the COD.an Ig of .the disk, so that STWTMR is
zero at t hohangford sl offsrtx hagie FBREPN¥WR error  conponents (i ncl udi ng
read-wite el enent conpensation error) are greater at the disk OD, whereas
STWTMR is greater at the disk ID, but the other conventional TMR error
conponents are snaller at the ID. Thus, conventional signal processing

t echni ques c n__% Equation (414
used for pos?ti ﬁ“.nﬁ?'the head assenbly having the configurati onqspeci(f?ed
by the present

Thus, the radial offset x between the read and write elements becomes a function of the
read/write element separation g and the skew angle o, where the separation g i1s a
characteristic of head design and manufacturing tolerances. The radial offset x is generally

specified on the order of microns.



invention. In this way, the present invention provides a disk drive storage
systemthat nore effectively conpensates for total TMR including STWTMR,
-and i ncreases the accuracy of diskarmpositioning with disks of increasing
track densities. Figure 4 shows the-dual elenment MR head assenbly 304
illustrated in Figure 3 wwth the wite,elenment 402 radially offset from
the read el ement 404 by a | ateral distah? The head assenbly 304 is
shown as it woul d appear suspended over a data track of the disk, wth the
disk 1D and OD indicated on the drawing, along with the | ongitudi nal
centerline 406 of the head assenbly. The radial offset x is shown in
Figure 4 as the | ateral distance betmeen the center of the wite el enent

402 and th ft de I '
etween t he JRAFRERPBAIES MR PRCRD F%%%%?d%n@Svelf%‘etﬁﬁﬁ‘;e“@%{ﬁﬁ*cﬁsfsfﬁé%rﬁ/{tﬁ in”

the limts of head manufacturing tolerance, The skeM/an [err] s
det er m nedddterarine the langstadinnh Sepsation; betvean thy readAnd Jitet %E%’t%ﬁ‘ phigin tgch
that the wite elenment and the read elenent will use the sanme servo track

at the di siisloRifaparaidedsk for U intdtded, dislhepplitationl Iépar diesopaxameters are _
determned by the disk size and g, the longitudinal separation between the

read and V\?étérg]lgéc? ??J'ﬁe?ad Bhflifich Al S8nd 6REYERSt bOGebAR BAREite! didifientAndW t h

t he angle

read element are easily specified in accordance with the invention, as described above.
The separation g is generally a function of head design and manufacturing tolerances.
Consequently, the invention optimizes the radial offset x given the separation with which
the head designer must work. A paﬁicﬁlar advantage of the present invention is that
conventional servo control signal processing techniques may be used. Another advantage
is that the magnitude of required compensation for tracking error is more equal across the
surface of the disk, making processing techniques easier. Those skilled in the art will
understand how to implement the required servo control techniques for such a head
assembly configuration without further explanation.

Figure 5 illustrates the direct access storage device (DASD) 300, first shown in Figure
3, w1th greater detail to illustrate the DASD components. In Figure 5, reference numerals
duplicated from Figure 3 should be understood to refer to the same elements. The DASD
300 includes multiple disks 306, although the top surface 307 of only one disk 1s shown.
The surface of each disk is coated with a magnetic recording medium for storing

magnetically encoded information.



15 The radial offset x represents the optinmal read/wite el enent
| ateral distance for reading and witing data fromthe sane servo track at
the disk OD. As noted above, conventional signal processing will help
position the disk armas it noves fromthe OD track toward the ID. In
accordance with the invention, the radi ?% offset x is easily determ ned,
as follows. For disk configurations having the geonetry illustrated in
Figure 3, where P > L, and where Rlerr] is the radius at the disk OD data
track 310 as described above, then the skew angle [err] is given by
Equation (1) bel ow [err] =90 - O,
Equation (1) where 0 is shown in Figure 3, and then 0 can be derived
wi th Equatio w, for the it i st oye:. . =
(Rlerr] + L[ ]r) OwaPZ"rP % 7ss51ﬂPlé/ ﬁ?l’ii }ngﬂfftecll of 1 tRE RO &uator arm BEfsanng
(2) whi ch gives the equat| on for skew angle [err] by Equation (3) bhel ow
[err] = 9omered across dfecpurface (bdhe disk 309 iy ]thD[i@k rrpsatqs arsepgback signal 1s
Equation (3)

generated from the head assembly 304, which is constructed with magneto-resistive (MR)

read elements. Those skilled in the art will appreciate that the head assembly repeatedly
passes above the surface of multiple servo fields and data fields of the disk, generating
either a servo readback signal or data readback signal. Alternatively, a write signal can be
provided to the head assembly for recording data m the disk surface.

" The disk arm 302 is moved under control of a disk servo controller 502 to move from
the OD data track 310 and across the disk surface toward the ID, or disk center. The OD
data track 310 is shown in Figure 5, as are additional disk servo and data tracks 501. The
controller 502 serves as the interface between the disk drive 300 and a host computer 504.
The host computer may comprise, for example, a desktop computer, a laptop computer, a
mainframe computer, or any other digital processing device for which storage of data on a

disk is desired.



16 Solving for the radial offset x then gives Equation (4): X =
g tan([err]).

LEquation (4) Thus, the radial offset x between the read and wite
el ements becones a function of the read/wite el enent separation g and the
skew angle [err], where the separation is a characteristic of head

desi gn and manufacturing tolerances. Th&radial offset x is generally
specified on the order of mcrons. :
17

In Ithe preferred embodiment of Figure 5, the disk drive controller 502 includes a
readback signal pre-amplifier circuit 506 (“pre-amp”), which receives electrical
representations of the data recorded on the disk surface as sensed by the MR read/write
head assembly 304. The readback pre-amp 506 serves a dual purpose by amplifying either
data signals or servo signals, depending on whether the associated read/write head 304 is
positioned over stored customer data or over servo pattern data, respectively. Thus, the
amplified signal from the pre-amp 506 is directed to two processing channels: a servo
channel 508 énd a customer data channel 510.. A write circuit 512 1is provided to supply
the read/write head 304 with customer data signals from the data channel 510 for
recording onto the disks 306.

The data channel 510 generally writes and res;tds data to and from a disk 306 in
response to requests from the host comput& 504 to read or write the customer data. The
write circuit 512 is connected only to the custorer data channel 510. In the data channel,
the pre-amp. 506 amplifies the readback signal from the MR head and directs the readback
signal to an automatic gain control and filter circuit (AGC) 520. The output from the
AGC is. provided to a data pulse detector 522 that forms digital pulses corresponding to

the analog readback signals. Next, a pre-



I N designing a disk head assenbly in accordance with the invention, it is
necessary to determ ne the |ongitudinal separation between the read and
wite elenments and obtain the disk size paraneters for the intended disk
application. Wen these paraneters are determ ned, the head configuration
internms of radial offset between the wjite element and read elenent are
easily specified in accordance with the29nvention, as descri bed above. The
separation g is generally a function of head design and nanufacturing

tol erances. Consequently, the invention optim zes the radial offset x
given the separation with which 'the head designer nust work. A particular
advant age of the present invention is that conventional servo control

signal processing techni ques nmay be used. Another .advanta is that the
magni t ude OPSt EREPrRRFSIH n%oé’c"f!"%%i‘eoaatlarﬁlgfﬁsnlé‘ S aniia F‘i (ﬁglrgméléﬁgﬁata%ﬁgoss
the surface of the disk, making processing techni ques easier. Those

skill ed i ncorpatihi¢ wih the hestdeomspuderddUdowFerowiiteponsrasions.tdasa reregeivedifromy the
control techniques for such a head assenbly configuration w thout further

expl anat i ORest computrIsidEiOpiovideattoad @fite Broddbsor I30aMRES fahalage dirtyiand
(DASD) 300, first shown in Figure 3, with greater detail to illustrate the

DASD conponents.. lLn.Fiqure.5.. rence:nu Sa: icated fromFigure 3
shoul d be ﬁla‘gfss{tg)%ﬁletv%ﬂ?@fr‘é ﬁ#@?’ﬁ&%@ﬁ%%ﬁéﬁ%n ISS&%E&DASD 300 i ncl udes
mul tipl e disks 306, although the top surface 307 of only_one disk is shown.
The surface ofheseryp ehaskel; 52)80%91@83%8@& servagiadiom theedisk 40040 Addn BRoReslY
storing nmagnetically encoded information.

positioning the read/write head 304. When operating in conjunction with the servo

channel 508, the pre-amp 506 amplifies servo signals produced when the read/write head
transduces servo pattemns. The servo channel 508 includgs an automatic gain control
(AGC) and filter circuit 532, which may comprise any one of various known circuits for
automatically adjusting the readback signal gain and filtering it. The output of the AGC
and filter circuit comprises processed analog A, B, C, D servo data. The AGC function of
the circuit 532 is typically performed by a variable gain amplifier and gain control
circuitry.  Such gain control is intended to automatically adjust for relatively sléw
amplitude variations in the readback signal. These variations are usually caused by
changes in the MR head-to-disk spacing, drift in the MR head bias current, drift in the

gain from the pre-amp 506, and the like.



18 The read/wite head assenbly 304 is nounted on the disk actuator
arm 302 and is noved across the surface of the disk 306. As the disk
rotates, a readback signal is generated fromthe head assenbly 304, which
is constructed with nmagneto-resistive (M) read elenments. Those skilled in
the art will appreciate that the head assenbly repeatedly passes above the
surface of nultiple servo fields and da?&.fields of the disk, generating.
either a servo readback signal or data readback signal. Alternatively, a -
wite signal can be provided to the head assenbly for recording data in
t he di sk surface. The disk arm 302 is noved under control of a disk
servo controller 502 to nove from the OD data track 310 and across the
di sk surface_toward,the {D, r(gis center. The OD data track 310.is shown
2{s{epocst

in Figure 5, NeXtapdlempgn sEPTSCRif BRCEset deidbadh iangh ederives
controller 502 serves as the interface between the disk drive 300 and a
host conpudigitizéd44, Bih€, T shurstompluese randaprodoegsr Psand Q@ rquestatnst edata déb&t op
conputer, a |aptop conputer, a nmainframe conputer, or any other digital
processi Ngd&gydutitor &S0 YdhefdlesH PIsRHRA epfor SeHstgQPES) signal that indicates the position
of the MR head 304 relative to a track center of the disk 306. Those skilled in the art will
understand how to derive the P and Q data and how to generate the PES signal, from the
digitized readback signal samples, without further explanation. The PES signal is then
provided to a servo controller 536, which uses the PES data to generate a control signal
that is provided to the actuator motor 312 and thereby controls the position of the MR head
304. |
The ‘present invention has been described above in terms of presently preferred
embodiments so that an understanding of the present invention can be conveyed. There
are, however, many configurations for disk drive control systems and head assemblies not
specifically described herein but with which the present invention is applicable. The
present invention should therefore not be seen as limited to the particuldr embodiments
describgd herein, but rather, it should be understood that the present invention has wide
applicability with respect to disk drive control systems gnd head assemblies generally. All
modifications, variations, or equivalent arrangements and implementations that are within

the scope of the attached claims should therefore be considered within the scope of the

mvention.



dISk is desired. ' ' 19

In the preferred enbodi nent of Figure 5, the disk drive controller 502
includes a readback signal pre-amnplifier circuit 506 ("pre-anp"), which
receives electrical representations of the data recorded on the disk
surface as sensed by the MRread/wite _head assenbly 304. The readback
pre-anp 506 serves a dual purpose by an%?ifying either data signals or
servo signals, depending on whether the associated read/wite head 304 is
positi oned over stored custoner data or over servo pattern data,
respectively. Thus, the anplified signal fromthe pre-anp 506 is directed
to two processing channels: a servo channel 508 and a custoner data
channel 510. A wite circuit 512 is prOV|d d to supply the read/wite head
304 with customer data signals from t G&AIMR channel 510 for recordi ng
onto the disks 306. The data channel 510 generally wites and reads
data to and froma disk 306 in response to requests fromthe host conputer
504 to read or wite the custonmer data. The wite circuit 512 is connected
only to the custoner data channel 510. In the data channel

1.A read/write head for use in a direct access storage device (DASD), the read/write
head comprising:

a write element that receives a write signal and causes data to be recorded onto the
surface of a recording disk in a write process; and

a read element that transduées data recorded on the surface of the recording disk from
servo tracks and data tracks, and generates a readback sigﬂal in a readback process;

wherein the read and write elements are radially offset to each other such that they are
aligned in the same servo track at the outside diameter (OD) data track and the same servo
track is used for read and write operations at the OD, whereby the contribution of
servo-writer TMR at the OD is minimized to zero for the readback process and total TMR
at the OD is primarily a function of conventional read-write element error (WR) TMR and
write-write error (WW) TMR, and wherein different servo tracks are used for the read and
write elements at the disk inside diameter (ID), such that the total TMR at the ID i1s a

function of both the WW TMR and WR TMR components, and the servo-writer TMR.

* [+ L N S *



the pre-anp 506 anplifies the readback signal fromthe MR head and directs
the readback signal to an automatic gain control and filter circuit (AGO
520. The output fromthe AGC is provided to a data pul se detector 522 that
forms digital pulses corresponding to the anal og readback signals. Next, a
pre- 20 host read
processor 524 converts the data pul ses PAto formatted data strings that are
conpatible with the host conputer 504. For wite operations, data is
received fromthe host conmputer and is provided to a wite processor 530,
which formats the data and delivers it to the wite circuit 512 for
recordi ng onto the disk surface. The servo channel 508 generally reads
servo data fromthe disk 306 to aid in properly. _pasitioning the read/wite
head 304. WharA dised asidefinedh ie slgimnbt Whereipi the ltaﬁ’@l petor 1t Hignlatgralsdigtanes, o
pre-anp 506 anplifies servo signals produced when the read/ wite head

t r ansduc e ShebRESHhS akriter dThe White Slemut shdaentel oS08 readodledan, ad 8 sperifidd by gai n
control (AGC) and filter circuit 532, which nay conprise any one of

various k 15 rcuits f tcal.l i: j '
vari ous KNQUNGKECYIL 3 A0, BHLRMRE Bl Spdlit? bbeideh e FB YRR ShEAE
write element, ois the skew angle between the write element and read element such that it
is a function of Rx, P, and L,-for P > L, and wherein Ry is equal to disk radius distance
from the disk center to a tangent point of the head at the OD data track, P is the distance

from the disk center to a pivot point of the disk arm, and L is the distance from the disk

arm pivot point to the tangent point.

3.A head as defined in claim 2, wherein the skew angle « in degrees is defined by the
equation:

o =90"-cos? [Rx*+L*-P? /2R« ].

4.A head as defined in claim 1, wherein the head comprises a magneto-resistive (MR)

head.

5.A data storage device comprising:

a magnetic recording medium; and.

ORER ) D



and filter circuit conprises processed analog A, B, C, D servo data. The
AGC function of the circuit 532 is typically perfornmed by a variable gain
amplifier and gain control <circuitry. Such gain control is intended to
automatically adjust for relatively slow anplitude variations in the
readback signal. These variations are ;i‘gal | y caused by changes in the MR
head-to-di sk spacing, drift in the MR d bias current, drift in the gain
fromthe pre-anmp 506, and the |ike.

21 Next, a denodul at or/ decoder 534 receives the processed readback
signal, derives digitized A, B, C, D burst values, and produces P and Q
quadrature data. The denodul ator al so generates a position error sensing
(PES) signal that indicates_ the posi_tiohn of Ht*?e VR, head 304 relgiive.to a
track center aofualplerams headbaving g wridg plement ppd agad, clemnf  WhegeiR PE 1A how
to derive the P and Q data and how to generate the PES signal, fromthe
digitized &lemehndceiveynakrirasiphasandibdusesidatautat be recordsidaonio itber sutfiee HES
signal is then provided to a servo controller 536, which uses the PES data

to generat Fec@rd‘ﬁ@ﬁfsﬂlinsai Qi process and the read element transduces data recorded on the
surface of the recording disk from servo tracks and data tracks, and generates a readback
signal in a readback process;
wherein the read and write elements are radially offset to each other such that they are
aligned in the same servo track at the outside diameter (OD) data track and the same servo
track is used for read and write operations at the OD, whereby the contribution of
servo-writer TMR at the OD is minimized to zero for the readback process and total TMR
at the OD is primarily a function of conventional read-write element error (WR) TMR and
write-write error tWW) TMR, and wherein different servo tracks are used for the read and

write elements at the disk inside diameter (ID), such that the total TMR at the ID is a

function of both the WW TMR and WR TMR components, and the servo-writer TMR.

-
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that is provided to the actuator notor 312 and thereby controls the
position of the MR head 304. The present invention has been descri bed
.above in terms of presently preferred enbodinents .so that an understanding
of the present invention can be conveyed. There are, however, many
configurations for disk drive control systens and head assenblies not -
specifically described herein but with ich the present invention is
applicable. The present invention should therefore not be seen as |imted
to the particular enbodi mrents described herein, but rather, it should be
understood that the present invention has wide applicability with respect
to disk drive control systens and head assenblies generally. Al

nodi fications,, variatio -Or, eg\d L . Alel b CofFsaPk RUAkiHNS

that are wt ﬁf/?\ da{ahsgor% é(;%eew%f 2% %elﬂl %ﬁlg%ler% Sbﬁglgl%[s}?@hgﬁ 5'1 tfﬁser e?g(;!r?l e ﬁ%

considered wwthin the scope of the _ invention. . )

22 distance between the center of the write element and the sgniey of the read element, and 1s
specified by the relation x = g tan(cx), wherein g is the separation between the read element
and the write element, a is the skew angle between the write element and read element
such that it is a function of Rx, P, and L, for P > L, and wherein Ry is equal to disk radius
distance from the disk center to a tangent point of the head at the OD data track, P is the

distance from the disk center to a pivot point of the disk arm, and L is the distance from

the disk arm pivot point to the tangent point.

7.A data storage device as defined in claim 6, wherein the skew angle o in degrees is
defined by the equation:

o =90"-cos? [Rx* +L*-P?)/2RxL ].

8.A data storage device as defined in claim 5, wherein the head is a magneto-

resistive (MR) head.

9.A method for determining the skew angle o between a write element and a read
element in a dual-element head assembly for a disk data storage device having an arm that

moves the head across the disk, the method comprising:

A



1A read/wite head for use in a direct access storage device (DASD), the
read/ wite head conprising: a wite elenent that receives a wite

<si gnal and causes data to be recorded onto the surface of a recording.disk
in a wite process; and a read el enment that transduces data recorded on
the surface of the recording disk from servo tracks and data tracks, and
generates a readback signal in a readbadk process; wherein the read and
wite elenents are radially offset to each other such that they are
aligned in the sanme servo track at the outside dianmeter (OD) data track and
the sane servo track is used for read and wite operations at the OD,
whereby the contribution of servo-witer TMR at the ODis mnimzed to

zero for the readback Hroces: T, ' ORI

function of cgﬁmmngrg’f’?ﬁee%glf \?ﬁ}#e&é@é%ﬁ@ne@ér gfrsE?s@ {?%Rag%%ﬁ p|\(/?/irnlxto‘iel-ﬂ%/\%ri te
error (WN TMR and wherein different servo tracks are used for the read
and writ e headassamblyaat ardisk entaide figmetrs (@P)da%dracky D), such that the total
TWVMR at the IDis a function of both the WWTWMR and WR TMR conponents, and
t he servo-w i g&emfiMRg P, the distance from the disk center to a pivot point of the disk arm,;

detennining L, the distance from the disk arm pivot point to the tangent point; and

calculating the skew angle a specified by the equation

o =90 - cos™ [(Rx2.+ L2-P%) /2Rl ],

such that the read and write elements are radially offset to each other such that they are
aligned in the same servo track at the outside diameter (OD) data track and the same servo
track is used for read and write operations at the OD, whereby the contribution of
servo-writer TMR at the OD is minimized to zero for the readback process and total TMR
at the OD is primarily a function of conventional read-write element error (WR) TMR and
write-write error (WW) TMR, and wherein different servo tracks are used for the read and
write elements at the disk inside diameter (ID), such that the total TMR at the ID 1s a

function of both the WW TMR and WR TMR components, and the servo-writer TMR.

[0. A method as defined in claim 9, wherein the radial offset x is the lateral distance
between the center of the write element and the center of the read element, and is specified

by the relation x = g tan(co), wherein g is the separation between the read element.

A



23 2A head as defined in claim1, wherein the radial offset x is
the |l ateral distance between the center of the wite el enent and center of
dhe read elenment, and is specified by the relation x = g tan([err]),
wherein g is the separation between the read elenment and the wite

el ement, [err] is the skew angle between jhe wite elenent and read el enent
such that it is a function of Rerr], P,2 and L, for P> L, and wherein
Rlerr] is equal to disk radius distance fromthe disk center to a tangent
point of the head at the OD data track, P is the distance fromthe disk
center to a pPUAHL BbEMENT HEAD fVHIH RARIALNAFFSEE OPHEMIZEDA QR MINIMADe
disk armpivot point to the tangent point. 3. A head as defined in
claim 2, wherein the skew angWRITEfFTQ-REAINdRAEK BRRORf i ned by the

equati on: a =90 - cos[err] [(Rx[err] + L[err] - Plerr]) / 2Rerr]L].
4. A head as defined in claim1l, whereamsirerndrgad conprises a

magnet o-resi stive (MR) head. 5. A data storage device conpri sing:

A dual read/write head (304) for a direct access storage device (DASD) positions the read and
write elements relative to each other such that the same servo track (310) can be used for read
and write operations at the disk outside diameter (OD). Different tracks are used for positioning
both elements in the same track as head moves toward the disk ID. The STW TMR portion of the
total TMR at the OD is minimized to zero, so that the total TMR at the OD is primarily a
function of the conventional WW TMR and WR TMR components. The STW TMR increases as
the head assembly moves towards the ID, so that the total TMR at.the ID becomes a function of
the STW TMR and remaining TMR components. As the compensation error component of total

TMR is smaller at the ID than the OD, known signal processing methods can easier be applied.

FIG 5



é‘naénetic recordi ng medi um and

24 a dual elenent head having a wite elenent and a read el enent,
Mherein the wite elenment receives a wite signal and causes data to be
recorded onto the surface of a recording disk in a wite process and the
read el enent transduces data recorded on the surface of the recording disk
fromservo tracks and data tracks, and generates a readback signal in a
readback process; wherein the read apgi wite eLEpean are radially _
of fset to each other such that they are aligned ithe sane servo track at
the outside dianeter (OD) [data track andythe same servo; track is used for
read and wite operationsfat the OD, mheJ 2t he contrijpution of
servo-witer TVR at the ADis n1n|nlze§ vo zeroff t hel readback process

and total TMR at the ils prlimagilyd unctiop off conventional read-wite
elemrent error (WR) TMR®YNG wrfite{wit 184 (W |{TMR | and wherein
different servo tracks arg usgd for the read anfl witel el ements at the

di sk inside dianmeter (1D).] sugh that theftotal TMR|at the IDis a function
of both the WWTMR and WR|TMR {conponentsy and the gervo-witer TMR

-108-

|
|

~108-
110 106
|
FIG. 1
200
/
\|_ 202
NV ~208-
d—d
J: A —204
206~ ~ 206

-208- 210

|
FIG. 2




25 6. A data storage device as defined in claim5, wherein the radial
offset x is the lateral distance between the center of the wite el enent
and the center of the read element, and is specified by the relation x =g
tan([err]), wherein g is the separation between the read elenment and the
wite elenent, a is the skew angle between the wite el enent and read

el ement such that it is a function of Rerr], P, and L, for P> L, and
wherein R err] is equal to disk radius dygtance fromthe disk center to a
tangent point of the head at the OD data track, P is the distance fromthe
di sk center to a pivot point of the disk arm and L is the distance from

the disk armpivot point to the tangent point. 7. A data storage
device as defined in claimég, —wherein the skewangle a in degrees is
defined by the equation: [e —=—906ferr] - coslerr] [(Rerr] + L[err]
- Plerr]) / 2RxL]. 8 A data storage devi~ge as™~defined in claim5

wherein the head i s 4a nagreto-

310 A

306

- | / | 302
312 ~—

300

FIG. 38



Tesistive (MR head. 9. A nethod for determ ning the skew angle a
between a wite elenent and a read elenent in a dual-el errent head assenbly
for a disk data storage device having an armthat noves the head across

t he di sk, the nmethod conpri.sing:

26 determning R err], the disk radius distance fromthe disk center
10 a tangent point of the head assenbly at a disk outside dianeter (QOD)
data track; determining P, the.distapmMe fromthe disk center to a

pi vot point of the disk arm determining L, the distance fromthe disk
arm pivot point to the tangent point; and calculatin he skew angl e
[err] specified by the equation = r] T(Rxferr] + L[err]
-P2) | 2RxL], read and wite elenents are¢ radially
offset to each othe} such that they are aligned in the samd servo track at
the outside dianetef (OD) data track and the same servo track is used for
read and wite operations at tmg OD, whereby the contributioh of

304

402

1D~ — 0




servo-witer TMR at the ODis mininized to zero for the readback process
and total TMR at the ODis primarily a function of conventional read-wite
-elenment error (WR) TMR and wite-wite error (WN TMR, and wherein
different servo tracks are used for the read and wite elenents at the
di sk inside dianmeter (1D), such that the total TMR at the IDis a function
‘of both the WW TMR and WR TMR conponents, and the servo-witer TMR

10. A nethod as defined in claim9, wherd4n the radial offset x is the

| at er.al di stance bet ween the center of the wite el enent and the cent &
of the read elenment, and is specifigg by the relation x = g tan(a),

wherein g is the separation between® he read el enent. o
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