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(57) Abstract

A method of producing a position error signal (334, 336) includes storing 2 normal .position error value (282) generated from a
nonm-'xl servo field (402) and a quadrature position error value (286) generated from a quadrature servo field (404), where the normal servo
field is ninety degrees out 9f phase from the quadrature servo field. A position error numerator (294, 298) is created by arithmetically
combining the normal position error value (282) and the quadrature position ervor value (286). A position error denominator (306, 308) is
created based on the normal position esror value (282) and the quadrature position error value (286). The position error signal (334, 336)
is produced by dividing the position error numerator (294, 298) by the position error denominator (306, 308).




fromthe position error signal. If the position error signal is not

| inear, the servo system nust perform further calculations to i
determ ne the position fromthe position error signal. - In sone
devi ces, thweo9gdsss addi tional cal cul ations are avoi ded by péRaédsigsig Non-

| i near position error signal as a linear signal. However, using such

| i near estimations reduces the accuracy of the servo positioning.
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- 2- Typically, the position error signal is created
froma series of posiiERTENDED \RPOSTITION ERROR SI®WAY upon a nornal
position error value, N, and/or a uadr ature p05|t|on error value, Q
Bot h val ues change SLENBARIZATIIONy NORMATISH MHS radi al |y al ong

the disc. If these changes ar ?‘Iﬁ:&.ﬁpB?dTﬁﬁ % r adi al
positi'on, they have the appea 5| nals which-in the
art are known as the nor'Iﬁ’tﬂ Presen%dé#"tein&%-oérlg%:\‘a"ﬁﬁﬁal SWtﬁY@‘iﬁﬁ'ﬁdrature
position esrorid0 steraal devlla:esquadrmhurpaﬁtg:ﬁlﬁlaﬂas tHee prEsenycl i cal
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phase from t he ot e ara cation ere t he
normal signal P¥ShemS. maxi num t he quadrature signal is at zero.
Simlarly, at 15 a differsstrcRooND 0O @HE CUVENETONt he quadrat ure signal

A storage device, such as a magnetic disc

10 drive, stores data on a recording medium that is divided
into a large number of tracks. The data are stored and
retrieved by a head that is positioned over a desired
track by a servo system. This positioning is typically
performed using servo fields located on the medium. As

15 the head passes over the servo fields, it generates'a
servo signal that identifies the location of the head.
Based on this location, the servo system adjusts the

. head’s position so that it moves toward the desired
position. '

20 Preferably, the signals from the servo fields
can be combined to provide a linear position error
signal. If the position error signal is linear, a
change in the position error signal corresponds to an
equal amount of change in the position of the head.

‘25 This allows the servo system to move the head directly
from the position error signal. If the posit'ion erroxr
signal is not linear, the servo system must perform
further calculations to determine the position from the
position error signal. In some devices, these

30 additional calculations are avoided by treating a non-
linear position error signal as a linear signal.
However, using such linear estimations reduces the
accuracy of the servo positioning.



Is at a maxi nrum the normal signal is at zero. The nor nmal
and quadrature signals developed in the prior art have had limted

| i near ranges. Because of this, the art has attenpted to extend their
| i near 20 range. One such extension produces a normal position _
error signal WIR¥1986d a quadrature position error signal pCT/OBIR 464D -NPQ

signal is produced by adding an N and a Q position error signal
together. An NMQ position error signal is created by subtracting a Q
position error 25 signal froman N pe@ition error signal. To produce a
conplete position error signal, the servo system commut at es bet ween

the NPQ and the NMQ sig cadly, tReMRASKTIOR pBFAeE oPigramdd es.
For narrow w dededtesti€rcmhe é&ﬂemd:ﬂ\laasaelonsew Sraaﬁasﬁﬂﬁ& ldzeear about

their respectl r gpﬁj r the
conpl ete yé\ss%?l nerar onr e} 2{&1@1 uce %f é‘NP(J%'.

signal s tends ‘Bff‘qm‘{}ifepaﬁé'ébﬁ%‘l ‘?Eﬁ‘ﬁ é@l@-leeaged Bathy wa ues Cl’@ﬂﬁmt ation
boundari ess  ifheseydcliedntiantidsd @s thee head moves rmmli%ﬁﬁxg
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differences in the magnltu Sich.
di sconti nui ti @Y REFiEdon foﬁ: ey haye, fhe apgparaneesef tcys¥icadecr eased
track followisignals, ashielcin the art are known as the normal

position exror signal and the quadrature position error
10 signal. The quadrature signal has the same cyclical
pattern as the normal signal, except that it is ninety
degrees out of phase from the normal signal. Thus, at
a radial location where the normal signal is at a
maximum the quadrature signal is at zero. Similarly, at
i5 a different radial location where the quadrature signél'
is at a maximum, the normal signal is at zero.
The normal and quadrature signals developed in
. the prior art have had limited linear ranges. Because
of this, the art has atte‘mptéd to extend their linear
20 range. One such extension produces a normal position .
error signal NPQ, and a quadrature position error signal
NMQ. An NPQ signal is produced by adding an N and a Q
position error signal togéther. An NMQ position erxrror
signal is created by subtracting a Q position error
25 signal from an N position error signal. To produce a
complete position error signal, the servo system
commutates between the NPQ and the NMQ signals at
commutation points or boundaries.
For narrow width heads, the NMQ and NPQ
30 signals are more linear about their respective zeros
than the N and Q signals. However, the complete
position error signal produced by the NPQ and NMQ
signals tends to include discontinuities created at the
commutation boundaries. These discontinuities are



5 To renpve the discontinuities at the commut ati on

boundaries, the art devel oped a second extended |inearization for
position error signals, known as "SEAMLESS' . The normal and

quadr at ure Sy§MohSEss signals are described by the fornubasysddhasit -
Equation 1 [err] ' :
Equation 2 15 where SEAMLESS[err] is the normal SEAMLESS
si gnal , SEAMLESSq i s the quadrat urg.SEAMLESS signal, which is

ni nety degrees out of phase from SEAMLESS[err], and [err] and [err]

are the magni tgslesratfed\ lpn i@ farenpest dnekhe magm.tudes of Eﬁemm ess

forml as nor el | a gH?ﬂﬁI““r | .1 In
addition, for w%g‘]rﬁd]%l%q{?m gqﬁe resultin ng'r%a g g %-Jr'%ﬁ-?ﬁe
SEAMLESS . ®¥%R¥ks signal Eésu%r yin I‘Fﬁ?%ase@et \Fé'éﬁk pllowing
Unfort unat el y,adeurdgpni cal heads with narrow magnetic reader w dt hs

SEAMLESS agtually inCleanes £onsss I egk 2%udioRekhigaiLly. aﬁeartlb%SI i on

Thus, the prior art fails to provide Clent
error signal fERWRBEAGER °“’l‘l‘é%’6%eﬁvhaf=héoésr%o§e"$h@m eadi second nui ti es.

The extended linearization for position error signals, known
as "SEAMLESS". The normal and quadrature SEAMLESS
signals are described by the formulas: _ _

10 C . Equation 1

' N
SEAMLESSn - -WITIET

Equation 2
SEAMLESS, %4
IN[ [0]
1s where SEAMLESS, is the normal SEAMLESS signal,

SEAMLESS_, is the quadrature SEAMLESS signal, which is
ninety degrees out of phése from SEAMLESS,, and |N]| and

|Q| are the magnitudes of N and Q, respectively. -
The seamless formulas normalize the normal and
-20 Quadrature signals to +/- 1. In addition, for wider
heads, the resulting normal and quadrature SEAMLESS
traces will be very 1linear between +/- 1.
Unfortunately, for typical heads with narrow magnetic
reader widths, SEAMLESS actually increases cross-track

25 non-linearity. .
Thus, the prior art fails to provide a
sufficiently linear position error signal for narrow
heads that does not include discontinuities. The
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-4- present invention addresses this and other probl.ens, and

of fers ot her advantages over the prior art. SUMVARY OF
THE | NVENTI ON A nmet hod of producing a position error value 5
i ncl udes st oMY/ 1B86Aor el position error value generated  PCI/USssimal nor mal
servo field and a quadrature position error value generated from a
guadrature servo field, where the normal servo field is ninety degrees
out of phase fromthe quadrature sérvo field. A position error 10

nunerator is created hy arithnmetjcally canpining the nor nal... posi tion
error val ue an%r?%%‘%qﬁﬁafﬂ‘#ﬁ?’é ﬁdd%eﬁ%ﬁ this a@%r%‘i“%ﬁ’ﬁ@blﬁmﬁo_ ¥4 on error
denoni nat or i sotfers eather advastdges ovexr rdhergiripasarton error - val ue and

t he quadrat ure positi ongpiRky VEF UsHE TNVBNEGBNL I ON error 15 value is
produced by dividi ng th%p sttron_erro nuner.at or by the pasition

0 ) .
error denoni nator. method °fli”é‘?‘£9?:'él‘9 PG RR seHFOX HE e sent
i nvention 5 . inclidess&biingrehoteal posiltiilon grror salleet ghedywed a -

poSi i on €1 or ¢Gh U $2akal dR-0004E e dh Mo dilr d G416 T OF
val ue. ERI EF DESCR%{I’}O\I OF THE, DRAWNGS | P S FIG
1 is a conbi naf¥ERF bYBLRE dPERFEhShE I He® Tuadraihing apxiescfinide under
the present irwheté othe normal servo fiBl@ i2 ninatyajestedsrowr [@Ftion of
one type 25  ©haS€M4Quf LRE Quadrature sexrvo field. A position error
10 numerator is created by arithmetically combining the
normal position error value and the quadrature position
error value. A position error denominator is created

based on the normal position error value and the
quadrature position error wvalue. The position erxrror
15 value is produced by dividing the position error
numerator by the position error denominator.
Preferred embodiments of the present invention
. additionally include the ability to select between 'a
position error wvalue described above and a SEAMLESS
20 position error value. )
B.RIEF DESCRIPTICN OF THE DRAWINGS
FIG. 1 is a combination block diagram and side
view of a disc drive under the present invention.
FIG. 2 is a layout for a portion of one type
.25 of servo field.
FIG. 3 is a servo read signal created by a
head centered on a path of type zero.
FIG. 4 is a servo read signal created by a
head centered on a path of type 1.
30 FIG. 5 is a servo read signal created by a
head centered on a path of type 2.
FIG. 6 is a servo read signal created by a
head centered on a path of type 3.



FIG 3 is a servo read signal created by a head centered on a path of

type zero. FIG 4 is a servo read signal created by a _
head centered on a path of type 1. 30 FIG 5 is a servo read
si gnal creat e 9ok head centered on a path of type 2. pernisosmasin -
FIG 6 is a servo read signal created by a head centered on a path .of
type 3. WD 99/ 19866 _

PCT/ US98/ 14611 FIG 1IgLs a layout for a portion of a
second " type of servo.field. FIG 8-1is a graph of a
read signal produced FIby 2 bead H}g?g iﬁgﬁza! @Bﬁﬁi\oﬁré\ﬁka Céﬁtﬁcﬁx][d ?L the g
| ayout 5 in : . -2 is the conponent o e rea
Si énal of t&?g °§- fef-ﬁgtfll'%l%:r eated by the outer radial half of

the head. . FE¢c 88l 38 & garBopbonasadosignal rpxntiwieghal 10
of FIG 8-1 thaly iashea@atesveyifdiealditpra nadic clatérobs the idipdtead.

FIG 8-4 ig a squasl Wgve used in synchronous rectification of the
read signal. v FIG 9 is a graph of gain ratio versus 15

magnetic reader width foFI@.pds?tisrthe eampsingmdl off theéeread signal
of FIG. 8-1 that is created by the outer radial half of -

the head. .
FIG. 8-3 is the component of the read signal
10 of FIG. 8-1 that is created by the inner radial half of
the head. '
FIG. 8-4 is a square wave used in synchronous
rectification of the read signal.
FIG. 9 is a graph of gain ratio versus
15 magnetic reader width for a position error signal of the
present invention and for a SEAMLESS position error
signal. )
- FIG. 10 is a block diagram of a position error
signal generating system of the present invention.
20 FIG. 11 is a second embodiment of a position
error signal generatﬁing system of the present invention.
DETAIL.ED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 is a combination block diagram and side
view of storage system 120 of the present invention. In
.25 system 120, a disc 122 spins about a spindle 124 under
the control of controller 126 acting through motor 128.

Controller 126 is connected to motor 128 through motor
control conductors 130 and 132.

The rotation of disc 122 causes a head 134 to-

30 lift off the surface of disc 122. Head 134 ‘is

positioned over the surface of the disc through a

suspension assembly consisting of gimbal 136, £flexure

arm 138, load beam 140, and actuator 142. The
. /



present invention and for a SEAMLESS position error si gnal .

FIG 10 is a block diagramof a position error signal generating
system of the present invention. 20 - FIG 11 is a second .
enbodi nent of a position error signal generating systemof the present
i nvention. YO%¥I9SHETA| LED DESCRI PTI ON OF THE PREFERRED ENIKHYS9BMfet -
FIG 1 is a conbination block diagram and side vi ew of storage system
120 of the present invention. In 25 system 120, a disc 122 spins about a
spi ndl e 124 under the control of c¢@®mtroller 126 acti ng through not or

128. Cont i i .. 128 thro nmot ot

control conduct g%é&i%%&grﬁ%fg@?gegl&&é 2Rt %mﬂ%ep?b?téﬁ%{}ncﬁuf‘sa’f‘gc. 122
causes a head 38adti38Eo mpyetin gaf arReovern Yhcsurfaceiaf disg2122. Head
134 is posiltioned W_aﬂdﬁfﬁ@f fi&ﬁila.u?ﬁegt hxfalgﬁéﬁsctaéséﬂﬂlﬁ 148 | oad
suspensi on ass istin gi exyre . arm, -138, oa
beam 140, an%HHa%?%rg orC ?&% q“"’aTthﬂ ggneglé- cq%gﬁé/ 1§ggrmed on

PCT/ US98/ 18611an actuator arm extending opposite of load bsampdai On

assenbly pivot acebsst pRv¥et pBehbt 1344 Cattidittors 1*5%616&&@31252 H?xg in an
I ncluaes

arc over the syrf of disc 122, Act uat or
magneti c asse F?gég%eé to Wagp S5 &8 afEB.tMGHEFPiJ'EBi L2848 is
formed on 5 #hrawghmanduntorsxibfdind G ospatrolléenddshparsesla
current through magnetic coil 148 causing magnetic coil
10 148 to produce a magnetic_field that interacts with

magnetic fields generated by the magnets of magnetic

assembly 14s6. This interaction causes suspension
assembly 120 to pivot about pivot point 144 and thereby
moves head 134 in an arc across disc 122.

15 The dJdesired speed for motor 128 and ‘the
desired 1location for head 134 is communicated ‘to
controller 126 by a processor 154 that communicates-to

. controller 126 through a bi-directional bus 156. ‘In
addition, controller 126 receives signals from head 134

20 along read conductors 162 and 164. As head 134 passes °
over a servo £ield, it generates servo signals along
read conductors 162 and 164 that controller 126 uses to
determine the current location of the head. Based on
the current location of the head, and the desired

.25 location received from processor 154, controller 126

' generates a current used to control magnetic coil 148.

_ FIG. 2_shows'a layout for a servo section 180
used to position a head over disc 122. 1In Fig. 2, the
radial dimension of disc 122 is shown vertically and the

30 angular dimension of disc 122 is shown horizontally.
Servo section 180 includes four split sexrvo burst
fields, 182, 184, 186, and 188, which are labeled A, B,
C, and D, respectively. The servo burst fields extend
in a radial direction and each includes a plurality of



acroés pi vot point 144. Conductors 150 and 152 are connected to

magnetic coil 148 and to controller 126. Through conductors 150 and .
152, controller 126 passes a current through nmagnetic coil 148 causing
magneti c coi Iw@®09198d88 t o produce a nmagnetic field that interegciosostiidin -
magnetic fields generated by the nmagnets of nagnetic assenbly 146. -
This interaction causes suspension assenbly 120 to pivot about pivot
poi nt 144 and thereby noves head 1347+ an arc across disc 122. 15

The desired speed for notor 128 and the desired |l ocation for head 134

i s communi cat ediselated trapgibionranekspy Eopr 6Xa8pde . 1 BervRaturst
comuni cates tofield geptiachaded2@sbhuaesghtaahbitiont besak hye e In

addi tion, cont rgg% r Rgg_gl vggﬁégnaélefc{ orilsgeagn&gud%é)v&@%l?q rdead :

conductors 162 an asses
gener at es servot’é@g%‘li%oral angas 19149aop-%ndaﬁtior1§3162 Eﬂshlaésqlmled
controller 326 tf8Asi®ion afiehcifichadebe o€ Wdris |OFakhaAges hhe thead.

Poce ved 1rom pRSESEEET pf Rl Bikdls WAEAIRIE ndifihe o fgit ‘S oo vo
cont r ol rragnetlercdf-#al’lsﬂsilonsl_ are aligmed; in shadsadlyayexkerndima servo

section 180 c5§6ﬂné QviQsid e@@hat BeAsi 0V6s aeke%p si%&t ﬁhﬂggé.ﬂ -entidd1e
an e a

r adi al dlnen5|on isc,122 i,s sh \Vi rtlcal ul ar

di mensi on of di ’§ g cs?lgﬁgwr%’aﬁor%%nt 3 gny% S VBPRERY 1 on % ncl udes
f our splltlgervﬁrbuﬁstlons preduee §8!ea4841948$ agndhesheathindssese .

| abel ed A, B, ovef aapEansitdisiveddalel y. The servo burst fields extend

in a radial dlrectlon ancﬁaéﬁﬂburégl#%éidasphsoﬁakex tranS1tlon areas
are radially offset from the transition areas of other
burst fields. Specifically, the transition areas in
15 servo burst field 184 are radially offset from .the
transition areas in servo burst. field 182 by a track
width; the transition areas in burst field 186 are
radially offset from the transitions areas in gervo
burst field 182 by one-half a track width; and the
20 transitions areas in servo burst field 188 are radially
offset from the transitions areas in servo burst field.
182 by one and one-half track widths.
As the head passes cicumferentially over the
layout of FIG. 2, it produces a servo read signal that
.25 can be used to identify the location of the head within
a two-track wide range. Thus, if the position of the
head is known to be within tracks 3 or 4 of FIG. 2, the
servo read signal provides the head’s location within
those two tracks. Since the radial patterns of the
30 servo burst fields repeat every two tracks,
circumferential paths that are two tracks apart create
the same servo read signal. Thus, track 0 and track 2 .
of FIG. 2 produce the same servo read signal.
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-7- I solated transition areas. For exanple, servo burst field 182

i ncludes isolated transition areas 190 and 192, and servo burst field

184 incl udes isol ated transition areas 194, 196, and 198. Each .

i sol ated 5 MR on area includes a series of changes i RCT/H&98/14611

direction of the disc's magnetic nonent. These changes, or
~transitions, are aligned in radially ‘extending colums within each

transition area such that an entire ~8tadial colum has the same magnetic

nonent . These 10 trapsitiQns,produc I gnal .as t.he head passes
PR FHE752P BANE Bl E ORIl Pl el ™

over a transition area. i ) ) _

transition ar@xe shownrwitin@ horjzontabidattnd diaet Fhatiinteregatss of ot her

burst fields. 5 Spegdii adhbdyr. t NerHd APESLAADIL 6 CBELWEerd S trasREY G arst fiel d
S

184 dially of fset f i1 b field
182 by a (racRocates Bene- PRk Prinere; BRCA Dat Y Soho i are

radi al | y & f sG@hef paths lanmbsackorentarddnes ard hpundarigsseatikd d° 182 by
one-half a tr upledt Bnt8NfotiPer@ils,t ANt 2QNeras faghéRe SEdtKs Tug st fiel d
188 are radial; . _,offset fromthe tr@nmp ofns, areas.in serv QHur st
field 182‘%?t&ﬁ81aﬁ¥ip%‘ﬁé’- Uce LAERCIFHT RS g t he head
passes ci cunf eeavo dbugstser Foer exampleioutradk Feenter pathsodiees a servo
read signal thalacka o GHA e UL Dhdth Wi iF Yodies | omtdpgHy it téie head
w thin a two-track de range. .Thus, if t osition of the, - head
is known b b@WPnFﬁgf‘?inc%°é31?$318flgﬁ?’fhfgﬁh ype ar?e%%‘_”?e’é'ﬂ si gnal
provi des the BFI&$.s3l,0éat Fonandt®i n those two tracks. "Since the
radial patterns of the 29g. $ednds RUrehd sid@ilprodiRR@dby &vedad two
tracks, head passing along a path type of 0. Along this path
type, only half of the read head passes over transition
15 areas in servo burst fields 182, and 184. Thus, the
servo signal of FIG. 3 has a magnitude of one-half for
both servo burst field 182 and servo burst field 184.
“The head does not pass through a transition area ‘in
servo burst field 186 xresulting in ' essentially "no
20 magnitude in the sexrvo signal for this servo burst
field. The entire head passes through a transition area
in servo burst field 188 resulting in a full magnitude
servo signal.

FIGS. 4, 5, and 6 show examples of the read

.25 signal produced along paths of types 1, 2, and 3,
respectively. Note that the full-magnitude pulses and
the half-magnitude pulses are associated with different
servo burst fields in each of the FIGS. 3, 4, 5, and 6.
This allows the servo signal to be used to identify the

30 location of the head within a two track range. _

To produce a normal position error value using
the layout of servo section 180, the magnitude of the
read signal in each region is determined. This can be
achieved by rectifying the read signal and performing



circunferential paths that are two tracks apart create t he sane servo
read signal. Thus, track 0 and track 2 of FIG 2 produce the sane
servo read signal. WD 99/ 19866 o '

PCT/ US9B/ 146 : - 8- i

2, paths that %‘1”1986\/‘\5/ a track center are shown with a horTZEH*A14bi t ed
line that intersects a track, nunmber. The boundaries between tracks
are | ocat ed hal f-way between each hQBi__ZOI’]t al dotted line. 5 The paths
al ong track center |ines and boundaries can be grouped into four types,

0, 1, 2, or 3emheﬁ¢epaakhaeefectlonl aentmeébfata&a BhOgHee redenisiedl read
S|gnals over the ervo bursts track._center paths for

tracks 0 and zséﬁéla%oﬁﬁ’ FYB2te ?)a??%lt’@rép?i%rr%eq Ft 72108 Forsegrh
produced al ongregéhnpat Theypmlaee ofhovie i read sEGSL 8t 4exbo bootsé.

FI G 3fsgows af&ea.d sia;maispbqsueaétéa ffr‘cﬁcﬂldtf:h%f vta%adr%%ead%ggggeg 832 ?
type o S

t?/gnm tion 5?5 g ls" 8?“’8 BH\?{'@? f‘ h’és 1% ﬁ’&"’%ﬁ&e thgy Zorimad

servo signal OPOBD-GJD& ervon velge .t ulle ptodueehalctuafdrature pbtsh.lt:.mr VO

burst field 18%&6@ +81Ne, S rahbe! df e read sIBﬁ sgass

through a tran n rea V. ur st d 186 resuP’tln I n
essential |y no%l '18. is subtractes, f%:'om the vallue of the rea

signal at servo burst field 186.
10 FIG. 7 shows a layout for a servo section 400,
' which shows an alternative layout for a servo field.
Specifically, servo section 400 shows a "null" pattern
"that includes a normal phase pattern 402 and a
quadrature phase pattern 404. Each pattern is
15 constructed from blocks of uniform magnetic moment. For
example, normal phase pattern 402 includes block 406,
which as a uniform magnetic moment pointing to the right
side of the page, and block 408, which has a uniform
magnetic moment pointing to the left of the page; In
20 FIG. 7, all portions of the -disc that have the same
magnetic moment as block 408 are shown in white and all
portions that have the same magnetic moment as block 406
are shown in black.

Note that both normal phase pattexrn 402 and
.25 quadrature phase pattern 404 are constructed from rows
of alternating blocks of magnetic moments. Neighboring
rows are offset from each other so that a transition in
the magnetic moment in one direction in one row is
aligned with a transition in the magnetic moment in the
30 opposite direction in two neighboring rows. Also note
that normal phase pattern 402 is radially offset £rom
quadrature phase pattern 404. In fact, the two patterns

are offset by ninety degrees.



20 magnitude in the servo signal for this servo burst field. The
entire head passes through a transition area In servo burst field 188
resulting in a full magnitude servo signal. "FIGS. 4, -5,
and 6 show exanpl es of the read 25 si gnal produced al ong paths of types
1, 2, and 3,WO9198fespectively. Note that the full-magnitudRCTsosas1ANd
the half magni t ude pul ses are associated with different servo burst
fields in each of the FIGS. 3, 4, 5, and 6. This allows the servo
signal to be used to identify the 30 -RBcation of the head mﬁthin a two

track range. roduce a n osi tijon error value using
the | ayout of servo sect%%ﬁlkog'tgguﬁaﬁﬂ? nd‘r%rtsl*leo' ?ea'ﬂl Sgnal in
each region i saxetshowmedA Thad signik 418 pmc@debybyheelo&ad )hemgl the read

signal and per§9rig heses along t¥AtRMLAHEOS 2 is shown in FIG. 8-1.
PCT/ US98/ 14611 g_eak

det ection.or- | AEHRNT RRFIRS SFPRERpormal gg@ﬁ%lp?‘bt%éO@ thosition
error bursf vapoeddices ssignal pontdgnod20Thwhighudsoéssdmtiakly degeal at

servo bur st acrbi®!thel @htliSeSHBEMAL SR 4L Cﬁﬂt@&nval YRe Ofeddbin iRAd S

signal at servg burst field 182 tOf duce he. nor_mal rélltlon error

val ue. To prodtRt® CYuRE PSR Hosh -2 %‘F‘?o‘? IalRich RhRthe of the
read signal atpesxtionducftread ’sughdllaaal $hatb tarzc tperbducad tiye thel ue of

the read radially outer-half of the read head and the radlally

10 inner-half of the read head, respectively.

Since each half of the head passes over an
equal portion of the transitions the head encounters in
normal phase pattern 402, the signals shown in FIGS. 8-2
and 8-3 have pulses of the same amplitude. However,

15 along track center 2 of normal phase pattern 402, when *
the outer-half of the head is encountering a transition

~in one direction, the inner-half of the head’is
. encountering a transition in the opposite direction.
Thus, the respective read signals in FIGS. 8-2 and ‘8-3

20 have equal but opposite pulses within normal phase”
pattern 402. Because of this, when the two portions of
the read signal are added together, they cancel each
other. _ _ '

In quadrature phase pattern 404, along track

.25 center 2, the entire read head encounters the same
transitions. This results in pulse of the same
magnitude and polarity in the signal portions of FIGS.
8-2 and 8-3, resulting in full amplitude pulses in
signal porﬁiqn 422 of read signal 418 of FIG. 8-1.

30 The read signals provided by normal phase
pattern 402 and quadrature phase pattern 404 can be used |
to provide position error values by mixing the read
signal with a synchronous clock signal, such as the
clock signal shown in FIG. 8-4. By mixing the two



signal at servo burst field 186. 10 FIG 7 shows a layout for a

servo section 400, whi ch shows an alternative |ayout for a servo field.
Specifically, servo section 400 shows a "null" pattern t hat ‘i ncl udes a
nor mal phasewpadohiege 402 and a quadrature phase pattepprasbihasi: - Each
pattern is 15 constructed from bl ocks of uniform nagnetic nonent. For-
exanpl e, normal phase pattern 402 includes bl ock 406, which as a

uni form magneti ¢ nonent pointing to the-xi-ght side of the page, and

bl ock 408, which has a uniform magnetic nonent pointing to the left of

the page. |n sbdgngls tagetiigr.pbhei vead Figned disstecthifiedimuchhehatne
magnetic noneng1asoll eak éﬁﬁsééeféﬂownpla&t‘i/&hb.ﬁraﬁﬁaQU pattepﬂrﬁt‘GQS t hat

Not o that bot heRBr REey ERIERHer nifes: e @ es HHt.  Lhs nBOEMh ( or n
404 are constrpbasd fpattemwswill oeibhexr ket i adlbl pokbtofe magneall
monents. Nei ghaegaagve. r U1 P40 fERE . fpm&b@a%ptbﬁé SRablatude
transition in etl nent.jn O ction, | one row.1s
aligned with apf‘f“ﬁﬁsﬁ? P'Hgg'naﬁﬁ‘éif‘?f ﬁ?ﬁreﬁ‘ll i PPPRLE “S‘CF Spotile
direction in twegaeighborl ng rows. Also note t hat normal phase. pattern
402 is radially offset fgpem thlgug?ﬁ@hg{,ﬁoggaﬁgx@ﬁét etRe4R4 g}lég t he
two patterns andart%eOf{Jgfarzt.)gy () Q/he eguises together prov:.de an866
PCT/ JS98/ 14611
10 indication of the location of the head. Thus, if the
head is off-center from track 2 toward track 1, the
magnitude of the pulses from the normal phase pattexrn -
will increase, and the pulses will have a positive
polarity. If the head is off-center from track 2 toward
15 track 3, the magnitude of the pulses from the normal
phase pattern will increase, and the pulses will have a -
negative polarity. ’
To generate a pos:.t:l.on error value for each
. phase pattern, the synchronously rectified read signal
20 is divided into a normal phase section and a quadrature
phase section. The two sections are then inte'grated to
produce a normal pos:Lt:Lon error value and a quadrature
position error wvalue.
Those skilled in the art will recognize that
.25 other servo patterns beyond those shown in FIGS. 2 and
7 are possible. The servo patterns shown in FIGS. 2 and
7 are merely illustrative. Any servo pattern that
provides a normal position error value and a quadrature
position error wvalue that are ninety degrees out of
30 phase can be used with the present invention.
Under the present invention, an extended
normal and an extended quadrature position error signal
can be generated. The normal position error signal,



-10- ' In FIG 7, four track centers, 0, 1, 2, and 3 are

shown. A read signal 418 produced by the read head as it passes al ong
track center 2 is shown in FIG 8-1. As the head passes through nornal
phase pattern 402 it 5 produces signal portion 420, which is essentjally
zer.o ayQes¥198déc entire normal phase pattern. The reas®GTU§ps/14611 "t hi s
can be seen in FIGS. 8-2 and 8-3, which show the portions of read
signal 418 that are produced by the “radially outer-half of the read

head and the radially 10 inner-half ofl2he read head, respectively.

Since each half of the head pgsses over an ~equal portion of the
transitions t YL dSXEEERE ast‘?ﬁby the ﬁ’d"rer'?tflntpﬁgg nb‘g’f? éth 58:?, *t he

si gnal s shown SERMIESS, "3- £s defined 83 have pul ses of the sane anplitude.
However, 15 along track center 2 of normal phase pattern 402, when

the outer-half of the head jppengeaMresisng. on I n one
direction, the inner-half of the head isI¥-Ql+ ountering a transition
in the opposite direction. -Thus, the respective read signals in FIGS.

8-2 and B-3 20 have equal but opposite pulses within normal phase
pattern 402. Because of this, when the two portions of gquddi®n gad signal
are added together, they

cancel ,each ot her. . n
quadr at ur e®>phase pat t er IFERFE ?ﬁlloﬁﬁpf?ﬁﬁﬁt§5tr}éeema§fu§}1dfhgfe’ﬁti r'IJger ead head
encount er s t heqsadmature tpogidiidronerrorThisignadsulafs Hhe pongsensf the

same rraglniﬁx&@i&_ﬁw ﬁ)' %f%yréaa EBeIa@i el ol mréﬁmszf,--%ﬁta; is 4228i f2
and 8-3, resulting j.n e.pul-ses im  signal portion 0
read signal 41‘ée%$rﬁéliﬁff$r%é°aio‘"i‘%g equ?héo?éad signal s provided by -
nor mal phase pattern 402 and quadrature phgsg pattern-404 can be used

to provide position error viP@es Eiﬁ-ﬁag'tw[gm signal with a

synchronous cl ock signal, such as the

10 Equation 4 |
o Note that the numerator in Equation 3 is equal
to the NPQ position erxror signal of the prior art and
' that the numerator of Equation 4 is equal to th__e_“_IfIIMQ
position error signal of the prior art. Also note that
15 the denominators in' both Equatioh 3 and Equation 4 are
equal to the sum of the magnitudés of the NMQ and NPQ '
position error signals of the prior art. By dividing by
these magnitudes, the present invention produces two
position error signals that are limited to wvalues
-20 between +1 and -1. _
The normal and quadrature position error
signals of the present invention may be used alone or
may be used together by commutating between the NPQ +
. SEAMLESS, and NPQ + SEAMLESS, position error signals
25 defined above. . This commutation occurs when - the
position error signals are both equal to +/-0.5.
Although the position error signal described
above provides better 1linearity for narrower heads,



cl ock signal shown in FIG 8-4. By m xing the two WD 99/ 19866

PCTI US9S/ 14611 -11- si gnal s together,
the read signal is rectified such that all of the pulses for a '
particular p tern have the sane polarity. Thu t | ses
for 'the nor rraaﬁ)sﬁng?‘tﬁphase pattern will either be all positi 3’«9-6&%5?%" 5.
negati ve. Simlarly, the pulses for the quadrature phase pattern wll
either be all positive or all negat i yg. Wth this
synchronous m xi ng, the magnitude and the polarity of the pul ses

toget her provi geamne$s posi€ién Orexfort heigamals 08£oftlidie giqagd aFbus, if
of the pul ses FPARLEHS Kor REPURRES BebsEro tens b0 ok, widEx headg "™
pul ses will . haPeea pspeerveof the| apregenti ipeentdan. spgovidestes from
track 2 towardméehahisfk Brohhesweshinge Eét&@@npuﬂ&§5§ﬁt9@Ehﬂ$§89rWm
ol arity. 5 Posicidh'ER38r Glnglf O cHE phlsepl tSyhtion GRACERR”
phase pattern, SERMLESSchpahblonerxer igignleof thgnprion axts difhided into
a normal phasepaeahn®Bmand Bagdadsal thé gain PR@SEo SEEHH relpRct¥ReseCt i ONs
are then Inteoralsdty errol 2088813 L EneP R YLakh Yo hioeRY @
storage system. The gain ratio is the ratio of the
10 signal’s maximum slope over its minimum slope within a
valid region of operation. Thus, if a position error
signal has a maximum slope of 4 and a minimum slope of
2 over a selected range, it would have a gain ratio of
2. The preferred gain ratio specification requires a
15 gain ratio below 2. : - _
FIG. 9 is a graph of gain ratios for a
NPQ+SEAMLESS position error 'signal and a SEAMLESS -
position error signal as a function of magnetic reader
width normalized to the track width. The gain ratio is
20 shown on vertical axis 240 and the normalized magnetic -
reader width is shown on horizontal axis 242. Graph_244
shows the relationship between gain ratio and magnetic
reader width for an NPQ+SEAMLESS position error signal
and graph 246 shows the relationship between gain ratio
.25 and magnetic reader width for a SEAMLESS position error
signal.
From the graphs of FIG. 9, it is apparent that
for a normalized magnetic reader width below .65, the
present ‘invention’s position error signal of
30 NPQ+SEAMLESS should be used by the servo system in
positioning the head since it has the lowest gain ratio.
Above a normalized magnetic reader width of .65, the
SEAMLESS position error signal should be used by the
servo system.



position error val ue. Those skilled in the art will recognize
that 25 other servo patterns beyond those shown in FIGS. 2 and 7 are
possi ble. The servo patterns shown in FIGS. 2 and 7 are merely
illustrative. Any servo pattern that provi des a nornmal position
error val ue WRA@Ya988Gadr at ure position error val ue thatP@f&Wlmty
degrees out of 30 phase can be used with the present invention.

Under the present invention, an extended normal and an extended
guadrature position error si gnal ca¥tbe generated. The normal position
error signal,

PCT/ US98/ 14611 F1” 10183 Block diagrpm of a pPfitiAni €T W erred to

by the presentsiignadnt gesexat ingPQeircuit SRAY EBSiwd r Withis defsexb as:

[err] system of the present invention. Eq%%b@f‘léal
where [err] re resents the ma qua ra;ti_J1 05|t|on

error signal Shfcugt %ﬁ/éﬁt ?8ﬁ1%e$é:f°e‘r"?e‘bs? £e3
SEAMLESS| & r ] paé:miarms such as the pattern showrn in FIG. 2 above.

Generating circuit 258 produces a position error signal
based upon a servo read signal 260, which is provided to
generating circuit 258 by read circuitry (not shown).

Read signal 260 is provided to " a

10 synchronization circuit 262 and to a peak-detect and
hold circuit 264. Based on transitions in read signal
260, synchronization circuit 262 generates a clock
signal 266 that is provided to a timing circuit 268.
Timing circuit 268 generates timing intervals 270, which
is5 are provided to peak-detect and hold circuit 264.
~ Peak-detect and hold circuit 264 uses timing
intervals 270 to isolate the portions of servo signal
. 260 assigned to each servo burst field A,” B, C, and“D.
Peak-detect and hold circuit 264 isolates these “four
20 portions of read signal -260 and latches peak amplitudes
within these portions so that the different portions of
read signal 260 can be arithmetically combined. Peak-
detect and hold circuit 264 produces servo burst values
272, 274, 276, and 278 which relate to servo burst
25 fields A, B, C, and D, respectively.

Servo burst value 274 is subtracted from servo
burst value 272 by arithmetic unit 280 to produce normal
position error value 282, also known as N. Servo burst
value 278 is subtracted from servo burst wvalue 276 by

30 arithmetic unit 284 to produce quadrature posn.tion error
value 286, alsoc known as Q.

_ Position error values 282 and 286 are provided

to combinatorial logic units 288 and 2390. Combinatorial

logical unit 288 provides the NPQ+SEAMLESS position



descri bed by the foll ow ng equation: [err] 10
Equation 4 Note that the nunerator in Equation 3 is equal
to the NPQ position error signal of the prior art and that the

nunmer at or ofwdreg/idkéeon 4 IS equal to the NMQ posi tion erpefusdstdgih of
the prior art. Also note that 15 the denomnators in both Equation 3 and

Equation 4 are equal to the sum of the magnitudes of the NMQ and NPQ
position error signals of the prior artts-By dividing by t hese
magni t udes, the present invention produces two position error signals

that are |ini exdor vajamof2bheppropent Anvantion and combinatoriafhe nor mal
and quadr at ur eo§98i139PProkides the SHAMIESS Pbsibiomerdit valuesioon muy be

used al one or may be used together by comrutating between the NPQ +
SEAMLESS| er-r]tﬁﬁdpﬂt‘gf‘%BAl\/LESlS[ err] position error signals 25 -defined
above. This commut af® oncowbipatendalt hdogic p@Aa, ongeadrrtuggnal s are

both equak top#hifidn error value 286t hBIgBubBeagesd! iIFRBmErAd¥mEl gnal
described —  2bOVE, PLOYLIC ARl Hed | %aair&)éh&‘)g “a”oﬁ’s(r)zlé%eacl;% |
99119866 BeT? US8ghaeTE
produce NMQ position error value 294. Position error
values 282 and 286 are added together by arithmetic un:l.t
296 to produce NPQ position error value 298. )
10 NMQ position error value 294 and NPQ position
error value 298 are provided to respectiv'e rectifiers
300 and 302, as well as to arithmetic unit 304.
Rectifiers 300 and 302 create the absolute values of NMQ
position error wvalue 294 and NPQ position error value
15 298, respectively, to produce position error magnitudes
306 and 308, respectively, which are provided .to
arithmetic unit 304. Arithmetic unit 304 uses NMQ
position error value 394, NPQ position error value 39:'8
"and position error magnitudes 306 and 308 in equat;ior;s
20 3 and 4 above to produce normal NPQ+SEAMLESS, position
error value 310 and quadrature NPQ+SEAMLESS, position
error value 312. -
Combinatorial logic 290 directs non_n_él
position error value 282 and gquadrature position error
25 value 286 to rectifiers 314 and 316, respectively, and
to arithmetic unit 318. Rectifiers 314 and 316 provide
the absolute values of position error values 282 and
286, producing position error magnitudes 320 and 322,
which are provided to arithmetic unit 318. Arithmetic
30 unit 318 uses equations 1 and 2 above to produce
SEAMLESS normal position error value 324 and SEAMLESS
quadrature position error value 326.
Although combinatorial logic 288 and 290 have
been described as using rectifiers to produce magnitude



- 13- 'SEAMLESS position error signals of the prior art continue to
provide better linearity for w der heads. One aspect of the present
i nvention, provides, a mechanism from swtching between  the
NPQ+SEAMLESS 5 position error signals of the present invention and the
SEAMLESS po¥@P¥8€ ror signals of the prior art. This RETAISES 46 i" s

based on the gain ratio of the respective position error signals for
the head width used in the storage system The gain ratio is the ratio
of the 10 signal's maxi mum sl ope over1i®s mini num sliope within a val i d

regi on of operation. us, if. Si,t error ... signal .has Taxi mum
sl ope of 4 and 2aitni ;glt.'}ﬁ\sgl 8?)‘@‘33‘%8_ 1 %%gvearr%a e 1ec egz(?g%&e,t - woul d
have a gain raoire sephisticathd lggétanredegusedr apecipictllrathen requires
a 15 gain rabeaQ@Eg\’SVo%- the normal and dquddrathreS pot3Rh @xrrdai N ratios

for a NPQ+SEAM_E sition rrar.sign and a SEAML . _position
error signal Y& Heﬁuﬁéﬂp%? o‘fs?‘r‘agﬁgt rs@lFSgdgh’e YRR cﬁ%r? q.girstr?ﬁr'qtz.gg to the
track w dSh. Opergainnrperforme@on ttheypositiont pradr axaluesl0 Fed t he -
normal i zed MagRRiie, if FIRAGRIrmM10bBskE:EN W vAOLEZPDlgave 242.

G aph 244 hogs t he_rel ationship between‘galn ratio a1[_1dg neti.c
reader width SR NBREERES PRI PRRTEPT oF2 1My A8 POSitivg, aph 246
shows t he rel acrordhppshbiorcaryar value wmays beasubhugneed cEramddre wi-dth for

a SEAMLESS Poﬂutaicﬁ'atﬁ&'é ositioR ¥ r value to achieve Eh@MddiGmaphs of
FIG 9, |to S %%rent t hat a for a normalized magnetic reader width
bel ow . 632 t h® ely, BgRtt“9Pfvention'.s position error  signal of

30 NPQ+SEAMLESS shoul dPbgitited eyrohevalareso 33Pst 8ARi n324, ampbsiaé oni ng t he
head since it HaspkBeibedass stk Bbgfe 328, whbON S AcBAEPBLIZEBy™AgNEti C
reader wi dth of, .55, t he %EAM_IE P2 Ttl on gLrar 3ilzgnalsslhoui__l d be wused
by the S M5°§§'§’F8ﬁ1s°r 330 through contro ine . elec

logic 328 either provides NPQ+SEAMLESS, position error

15 value 310 and NPQ+SEAMLESS, position error value 312 at
its outputs 334 and 336 or provides SEAMLESS normal
position error wvalue 334 and SEAMLESS quadrature
position error wvalue 326 at its outputs 334 and 336.
Microprocessor 330 chooses between the two sets of

20 position error values based on criteria such as which
corresponding position error signal provides a lower
gain ratio for the particular magnetic reader associated
with the servo system.

Although select logic has been shown in FIG.

25 10, those skilled in the art will recognize that
microprocessor 330 could control enable inputs ‘in
arithmetic units 304 and 318 directly instead of using
select logic. In such embodiments, the respective
outputs of arithmetic units 304 and 318 are tied

30 together. _

FIG. 11 is a block diagrém showing signal
generating circuit 500, which is a second embodiment of
a signal generating circuit under the present invention.
Signal generating circuit 500 is useful with sexvo
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- 14- FIG 10 is a block diagramof a position error
signal generating circuit 258 found within a servo system -of = the
present invention. Speci fically, generating circuit 258 is .
desi gned to BROYLESH with servo 5 patterns such as the pat t BFHUSHB4f i n
FIG 2 above. Cenerating circuit 258 produces a position error signal
based upon a servo read signal 260, whi is provided to generati ng
circuit 258 by read circuitry (not show) Read signal
260 s %k:@%@ns @ch alehe Sﬁﬂi’ﬂﬁoﬁéﬁé‘éi—:@é‘ Shduftli in P angl 10 a
peak-detect a 8

circult ,264. Based ansitions in f€ad si gnal
260, synchr onPgPRdn SFPE’&?‘E’-%Z "tj@ﬁé‘l"ﬁt e309 c‘? rs IremgsignAs that s

provided to ageneragiagreir¢ub@258 of FIGML0gini theinanted dgandtitles timnm ng

intervals 270, 5""%‘ ﬁ%r%ﬁes Eﬁ@z 6%??%&&%@'&&%&%&1&2%“%&} Gid cui t 264

Peak- det ect an circuit I'mn i nterva 0-toisolate
the portidns SMaSEAFYTE BRALtion exxgy ¥ P@n@d tXhe Femnex; 48 Wik field A

B, C, and D. signaReagjerdeiatdhgaedrbaid BDOCPirbdd6dsi posit bon téesexr f our 20

portions of r¢ad 5003 200 300 e g,cRes:pesk BPRLLLMRSee n gk IgI 1 these

portions so th erent port read signal n be
arithnetical | y«.scgﬁﬁ fape q;%eggxat describe for generat:.ng c:.rcu:.t 258

of FIG. 10.. Thus, those circuit elements that perform
10 - the same functions in both FIGS. 10 and 11 are numbered
the same in both figures. .
In generating circuit 500 of FIG. 11, a read
signal 502 is input to a synchronization circuit 504,
which produces a base clock signal 506 that is input to
15 a signal generator 508 and a gate circuit 510. Signal
generator 508 uses base clock signal 506 to generaté a
mixing signal 512 that is  preferably, but - not
_necessarily, a square wave. ' - :
Mixing signal 512 is input to a mixing circuit
20 514, which also receives read signal 502. Mixing
circuit S14 multiplies read signal 502 by mixing signal
512. Because mixing signal 512 is synchronized to read
signal 502, the multiplication results in : a
synchronously rectified signal 516. Rectified signal
25 516 may have both positive and negative portions.
However, for any portion of the "read signal
corresponding to a single phase pattern in a single
servo field, rectified signal 516 should have a single
polarity. This type of rectification is discussed
30 further above in connection with FIG. 8-4.
Rectified signal 516 is input to an integrétor
518, which integrates the rectified signal to produce an
integration signal 520. Integration signal 520 is



detect and hold circuit 264 produces servo burst val ues 272, 274, 276,
and 278 which relate to servo burst 25 fields A, B, C, and D,
respectively. - Servo burst value 274 is subtracted from servo
burst value 272 by arithmetic unit 280 to produce nornal position
error val ue Y8391%6&0 known as N. Servo burst val ue 27BCt/usesakmr act ed
fromservo burst value 276 by 30 arithnetic unit 284 to produce
guadrature position error val ue 286, al so known as Q

Position error values 282 and 286 are'&ﬂGV|ded -~ to conblnatorhal | ogi c
units 288 and 290 I nat or . cal _unit 288 rOV|d s t e
NPQ+SEAMLESS SoSPLE §O "By "1 - SRp%dFitadgeconvertor ~ 822,

PCT/ US98| 1461 tonverts the samples into digital sigrnal 524 error val ues of the

present inventi on and Cﬁi@it’f@l Ofighal 524 ogg gAYl g;}pvd[éj&s dieEAMLESS

posi tion error es o0 I'n _conbi natori al
| ogic 288, &§ gt?ﬁ% Jg‘teﬁé’éq‘ls gﬁaﬁr?’fﬁ uRASHresoysing haRe SXEK fr om
nor mal 5-po§|016| orader curcaiUGsnBalbyraatehrhauveemgati’ﬁg dJ‘Igital pr oduce

NMQ posi tion ehgag1vabye 11%9431 Rosat bQQcﬁiﬁOB% an\ia ﬁ 5486 are
added together 0 produc posi |on er.ror

r tic u
val ue 298. 10°% ighal LR AR g‘él‘ﬁrﬁ’ﬁléﬁ' ga - v3nsEergklyn t3I®Gi ti on
error val ue 248tervaprdei tived csuads et ddoikeli 8ignsl 524 is at a

maximum when the value is gated, corresponding to the
10 head reaching the end of a servo phase pattern.: Through
this process, hold circuit 526 holds the normal position
error value, N, and hold c¢ircuit 528 holds the
quadrature position error value, Q. :
Hold circuit 526 is coupled to arithmetic
is5 units 318, 292, and 296, and rectifier 314, and thus
provides normal position error value, N, to those
elements. Hold ecircuit 528 is coupled to arithmetic
_units 318, 292, and 296, and rectifier. 316, and thus’
provides quadrature pos1t10n error value, Q, to those
20 elements. : ' Tl
Although the - present invention has been
described using a specific arithmetic relationship for
generating the numerators of the NPQ+SEAMLESS normal and
quadrature position error signals, those skilled in the
25 art will recognize that these equations can change
within the scope of the invention. The critical aspect
of the invention is that a normal and a quadrature
position error signal are used together to generate the
numerator of the position error signal. The way in
30 which the normal and quadrature signals are
arithmetically combined depends upon the particular
implementation of the servo system.
In summary, the present invention- prov:.des a
method of producing a position error wvalue 334, 336



300 and 302,

as well as to arithnetic unit 304. Rectifiers 30

create the absol ute val ues of NMQ position error value 294 an
position error value 15 298, respectively, to produce position er

magni t udes weoooiigfs and 308, respectively, which are proyided
arithnmetic unit 304. Arithrmetic unit 304 uses NMQ position

val ue 394, . NPQ position error val ue 398 and position error ma

306 and .308

NPQ+SEAMLESS|
NPQ+SEAMLESS[
Conbi nat ori al
and quadr at ur

n equations 20 3 and 4 apbpve to produce normal
err] position error value 310 and quadrature
dndficpeivel of a teansduvert uhedl?s position over a

Fobling Waslh 9502 idhernod, BIOLIAdY S4EIng oL

0 and 302
d NPQ
ror

gnde1n -

error-
gni t udes

ue 282
316,

respectivel y, ioF@al posibigr|qukan Valys; ?83133n$¥§ﬁ¢4|ﬁ§Q$-31&°§ﬂ%1316

provi de
produci ng fos
arithnetic un
to produce

idegvabfdlkede 402l aad of qmﬁlrhtmeprﬁﬁ.t!ahueir882vaDde

o BgREhdt el B halede il deguo sandidonl e

ningta\iegreas ot fopbasent EPPth%d}Q}éﬂEQQ&e&We EEAMZ

286,
ovided to
2 above
ESS

quadr at ure posigzi.on Erﬁ@élﬁ/ﬁmeeﬁf&: numerator 294, 2$&hosghreasganatori al

| ogi ¢ 288 and

magni t ude

PCT/ US9S/ 1461
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A1y BEORABIALEEHnES nd3hRY pERLELLE" 8xb8r
palue 282 and the guadrature pos;tlgpgerror value 286.

A position error denominator 306, 308 is created based
on the normal position error value 282 and the
quadrature position error value 286. The position error
numerator 294 is divided by ° the position error
denominator 306, 308 to produce the position error value

' 310.

The present invention’s servo system, which is
located in a disc drive, comprises storage means 526,
528 for storing a normal position error value 282 and.a

 quadrature position error value 286. It also includes

20

25

- 30

pr oduce

first arithmetic means 296 for .combining the normal .

position error wvalue 282 and the quadrature position
error value 286 into a first position error numerator
298. Second arithmetic means 292, 296, 300, and 302
creates a position error denominator 306 and 308 based

quadrature position error wvalue 286. Third arithmetic
means 304 divides the first position error numerator 298
by the position error denominator 306 and 308 to produce
a first position error value 312.

In preferred embodiments of the present
invention, the servo system further includes sixth
arithmetic means 314 and 316 for producing a second
position error denominator 320 and 322. The sexvo
system further includes a seventh arithmetic means 318

. on the normal position error wvalue 282 and the



val ues, those skilled in the art will recognize that nore sophi sticated
| ogi c may be used. Specifically, the polarity of the normal and
guadrature position error val ues can be used to select the type of
arithnmetic 5 operation perfornmed on the position error values. For_
exanpl e, if WO8/¥86nal position error value is negative PCTAISYS/td6E1 -
quadrature position error value is positive the normal position error
val ue may be subtracted fromthe guadrature position error value to
achi eve the addition 10 of their nagRPtudes. Posi tion
error values 310, 3 324, and 32 are provided to sel ect_ |ogic 328,
whi ch is contF8FI éﬁ"’é)‘c"ng %i EPdR ocﬁ%ss’ﬁr“‘?soe?’ﬁ?%ué{ﬁ nt?¢t P¥ne 332.
Sel ect | dgrtd B8RP eheheprpaévmﬁastNBQﬁSEﬁNtESﬂlua]zmmst|mheerror 15

val ue 310 a”dsé’?&i&%’iﬁ%ﬁé&kow&éﬁéﬁhﬁcﬁor:’.z‘éaLH& 3¢, 8lrurthed S
out puts 334 and, 3 6 or {j éi" SEAMLESS, nor np position error value
r

334 and SEA e ingeabipp,. E‘?}Rd?/al"he sglection; s oyt put s
334 and 386. mechaMmomm(msthB?;fblckm:b@ etwveiene theo fdafst of 20

posi tion erro?omys& b2ser! PG 48] | dhe Ul Ahithl Hosition CULRgpondi ng

position erro nal provides a | ower al n f1o for the particul ar
magnet i c r ead¥rlU€3r¢ i grod uce\/\?t‘FPr’tq?é’]s"é'F’gopg%'E%‘H? error value
Al t hough sel eBB4Logi ¢ has been shown in FIG 25 t hose- Skl Iled in the

art will recognize thaty, rrg,_grcggogﬁaépgtgg@ qzq)lgltd g.?gﬁr QYncgab! e i nputs
I n arithnetic unit 34an 318 retlylnsteado u5|n sel ect
logic. *Pn sﬁl‘fﬂeﬁ%’édi%ﬁaé’terﬂﬁélf’ﬁsp@é‘f pevantaggg; of 8 hriet i ¢
units 304 andefib8diments exf 8Be prexmithénvention have been §¢'Gfolrj:h s a bl ock

di agram show pg Ehgn%regomggf‘dlf‘é&fly%%ﬁ' rEHb&tﬁQP w:‘!\’&h Eed118 H2cond
enmbodi nent of al geperating circujt und t.he gr es nth I nventi on.

Si gnal generaf"?‘ﬁg;;s"rf"?L 339 funciian, PE YIRS & odimen

invention, this disclosure is illustrative only, and
15 changes may be made in detail, especially in matters of
structure and arrangement of parts within the principles
of the present invention to the full extent indicated by
_the broad general meaning of the terms in which the
appended claims are expressed. For example, the
20 particular elements may vary depending on the particular
application for the position error signals while
maintaining substantially the same functionality without
departing from the scope and spirit of the present
invention. In addition, although the preferred
25 embodiment described herein is directed to a magnetic
disc drive, it will be appreciated by those skilled in
the art that the teachings of the present invention can
be applied to other systems, like optical disc drives,
magneto—opt.ical disc drives and tape drive systems,
30 without departing from the scope and spirit of the
present invention.
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-17- patterns such as the "null" FI G 7. Si gnal
generating circuit 500 differs from5|g !lm B H CII‘CUIt 258 of
FIG 10 in t@igdspbger in which it nor«nal ey L Or
value N and the 5 quadrature p05|t|on error vaI ue Q The manner I'n I ch
signal generating circuit 500 produces position error val ues 334 and
336 fromposition error values N and Q23- is the sane as that describe for
generating circuit 258 of FIG 10. Thus, those circuit elements that
perform 10 tIWHATATS CLATMEDNES} N both Fl GS. 10 and 11 .are nunber.ed t he
same in both f'g‘”es A method of p ?d&tﬁd“é‘éro@ogr j.fueFI G 11,
a read 5Q2 1's | nput to s nchront Zat1on Gl rouit 50

whi ch pr oduce§g‘§hﬁé§é‘@| Rk & gﬁﬁi’n%‘é‘éc?ﬁathqa@ iShpRPsibieon qvey gaal

generator 508 xawbraigst medimaulthé]:ﬁ)eth&g:fmi\pnsn@nerator 508 uses base

clock signal 506 to gengraten, 3% gﬂloélzer%ggt \Jaiue
preferably, but not necessar i M xi ng
signal 512 is input to a ni xgﬂ@e’é?“l"%‘%lt I’HB“ 514n°méh st r &deildes read
si gnal 502. M Xi ng Ci lotatedlénmuhid précardinny medgiwh &AA By M xing
si gnal 512. Because m Xéﬂ? as4 ggﬁé 51%&s§_t%gchro&_§§g to ‘iﬁg

signal 502, the multipli Ion sync ronously

rectified signal 516. Recti fgéﬂeﬁ'fﬁ% fr°m a quadrature servo field
located on the recording medium, t.ha

normal servo field being ninety degrees
out of phase from the quadrature servo
field; _
creating a position. error numerator by
arithmetically combining the normal
position error value and the quadrature
position erroxr value, .

- creating a p051t10n error denominator based
on the normal position error wvalue. and
the quadrature position error wvalue;and

dividing the position error numerator by the
position error denominator to produce
the position error wvalue.

2. . The method of claim 1 further comprising
creating a second position error value by creating a
second position error numerator different £rom the
position error numerator, the second position error
numerator formed by arithmetically combining the normal
position error value and the gquadrature position error
value, the second position error value created by
dividing the second position error numerator by the
position error denominator.



25 516 may have both positive and—hegative portions. However, for

any portion of the r ' corresponding to a single phase
pattern in a single ?ﬂﬂ"m’,ﬁm"w‘igﬂt ified signal 516 shoul'd have a-
S

single VE’Ol arity. THi s¢t yipe w0 ification is discussed 30
abo

further PA*Ennection with FIG 8-4. RETAUSIY 14611 si gnal
516 is input to an integrator 518, which integrates the rectified
signal to produce an i ntegration signal 520. I ntegration signal 520
i s WD 99/ 19866 -22°

anal og-to-digital conver nverts I'esinto

PCTUS9S/ 1461 -8, sapmled By
T .eo rmq\_.i);}:f:d vﬁ'nfl Ccﬁlalm 2Cgﬂ1§re1n E‘.ﬁg g:‘a@%}s.%QOQ.
di gital signa@rsy denominator is the)isuh Sfgkhe wagnitudat e§ bhegate

Ci)% cuic;;. _ Pdéi ﬁoﬁe&rbﬂt@&m@&&dﬁahaatne Wa euefmémma?ck- 5
506. te circuit, 510 altern ween gating digita sigpnal 524 to a
hold circuit é‘g%l%lnocfl& |9ngp§|£“§? g‘?& signal 524 to a hold circuit 528.
Preferably the gating interval is timed such that digital signal 524 is
at a maxi ygum when the wWetkdbd SoflagBdim Cor whepeidi ket @ddieibh head:

reaching the end of a servo phase tter T L hi I ss,. hold
circuit 526 hBFHe t REHGTHRA ’[t?osﬁl”#agln to rk_ktlaer %O%H'\%g'l é’,s ,log’n% r%o dcircuit
528 hol ds t hevalue (piah &ther qusekiatuss PPPdEiQR| errox)value and the

second position error numerator is equal to the normal

position error value minus the quadrature position error
value.

5. The method of claim 1 further comprising using
the position error wvalue to determine a transducer
head’s position over a recording medium.

6. A servo system in a- disc drive, the servo
_systen for posit:i..oning' a head relative to a medium, the
servo system comprising:
hold circuits capable of storing a normal
position error value and a quadrature
position error value read from the
medium by the head; and
combinatorial logic coupled to the hold
circuits and capable of:
combining the normal position errorx
value and the quadrature position
error value to form a first
position error numerator;
creating a position error denominator
based on the normal position error
value and the quadrature position
error value; and



Hold circuit 526 is coup,ed_tﬂ_a,u_Lhn%{—w——lJS units 318, 292, and 296, and

rectifier 314, and thus position error value, N to
t hose el enents. Hol dJﬂl ‘H I“ @Eﬂiﬂ upled to arithnetic units
318, 292, anwo38fsseand r e hus provi des payarbidadie -

position error value, Q to those 20 el enents. Al t hough the
present invention has been descri bed using a specific arithnetic

rel ati onship for generating the nuwaEsators of the NPQ+SEAMLESS nor nal
and quadrature position error signals, those skilled in the 25 art

Wi Il recognize that these eq@avi@mgcaﬁh@har@é-%t peshtiaonhe esgpe of the

I nvention. The critical aspect nu;ﬁéritlf@rl n%ent;hgn pSsibdéna é}_QFd’{BJ hand a
quadr ature " position error sigpal are use gethe to generate the
numerator of the position error s %%Tmat%e t\"/%y BEP V\A%IF} %i nor nal
and quadrature signals are positiommeri¥enlvralusnbi ned depends upon

the particul ar | npl-enentati on of the servo system . I n

summary, t he esent inyention rOV|d S t.hod of rodu0|n a
position err oP’r "val ue 33%le1 r‘P 59/"%{% erein the

PCTI US98/ 1461 Fombinatorial log:l.c is capable of: 19- i ndicative of a

transducer head' s posi tgg]atgggf:,_gg thd e%q%@&-gqug%dlﬂgbi.@gon s-deet hod

includes storing a value from the normal position error
value to produce a second position error
numeratoxr; )

adding the normal position error value to the
quadrature position error wvalue to
produce the first position error
numerator; and

creating the position error denominator as
the sum of the magnitude of the first
position error numerator and the second

position error numerator.

8. The servo systeﬁ of claim 6 further comprising
second combinatorial logic capable of producing a second
position error denominator equal to the magnitude of the
normal position error walue plus the magnitude of the
quadrature position error value and capable of producing
a third position error value by dividing the normal

. position error wvalue by the second position errxor
denominator. .

9. ‘The sexrvo system of claim 8 further comprising
a selection mechanism that selects either the first
position error value or the third position error value
as a controlling position error value capable of being
used to control the position of the head.



normal position error value 282 generated froma nor mal servo field 402

and a quadrature position error value 5 286 generated from a quadrature
servo field 404 that is mllmﬂﬂummmtmn t of phase fromthe nornal
servo field 402. A positFieh I8y \wwglat or 294, 298 is created
arithneti calV9o¥P8onbi ni ng the nornal position -error RCHWUSISESM and
t he quadrature position error value 286. 10 A position error denom nator
306, 308 is created based on the normal position error value 282 and
t he guadrature position error val ué%86. The position error

nuner at or 294.i,s divid Y. e Ll [1Qr .denon nat or ., 306, 308 to
produce the p(])"gi't i on e‘ra'?%éf) s\?%esggééglﬁn cs'_.a_l% 6 surtidl TREPEHIB5BAt

i nvention's s@r ¢entyeller capable of using fhey nosisienserdeckvealeenpri ses
stgr age nmeanstb26detexrmbd faor t&hﬁéauglem nlggaéaisplqﬁdéﬂiarbxﬁr bl%gvaégg 2?2

and a quadr osition error val ue 286. t al so includes irst
arithnmetic negﬁgggégngdie%%ﬁ%ining the nornal "position error val ue 282
and the quadrature position error value 286 into a first position error
numer at or 298. Second arithmetic nmeans-"292, 296,:300, and 302

creates a position error denom nator 306 and :308 based 25 . on..the nornal
position error value 282 and the ~.quadrature position error val ue
286. Third arithnetic means 304 divides the first position error
nuner at or 298 by the position error denom nator 306 and 308 to produce
a first position error value 312. 30 - . In preferred enbodinents
of the present i nvention, the servo system further includes sixth
arithmetic neans 314 and 316 for producing a second position error
denom nator 320 and 322. - The servo . system further includes a seventh
arithnmetic neans 318
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- 20- for producing a third position error .value 324 by dividing
the normal position error value 282 by the second position error

denom nat or 320. Further -enbodi ments of the in ¢l ude
a sel ection ‘gaéechgsm sm 328 and 330 for selecting between tﬁgp@ éﬁ[‘zkﬂ
position error value 312 and the third position error val ue 324 to
produce a controlling position error,yal ue 334. It isto
be understood that even thoygh 10 numerous characteristics and

advant ages of vari ous %godinents of the present invention have been
set forth in the foregoi description, together wth" details of

the structure and function o?q\srlous enbodi nents of the;~. invention,
this disclasure is illustrativeYpnly, and 15. changes nay%be made i-n
detail, especially in matters ofing & structure and arrangénent of parts
within the principles of th sent invention to the full -extent

i ndi cated by t he broad gend} meani ng of ‘the terns in which the
appended clains are expressed exanpl e, the-20 particul ar

el ements may vary dependi ng_on t qul ar - application for the
position error signals whi&&

functionality w thout par
pr esent i nvention. EQ I g
embodi ment descri bed her e\ d

the scope and spirit of the
al though the preferred 25
0 a magnetic disc drive, it

w Il be appreciated by ose I in. the art that the teachings of
the present invention ¢
.
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be applied to other systens, |ike optical disc drives, magnet o- opti cal
disc drives and tape drive systems, 30 without departl ng fromthe scope
and spirit of the present invention. WO 99/ 19866

PCT/ US98461 -21- VWHAT |S CLAIMED | S: 1.

A net hod of ]‘5?3%{93?%9 a position error value indicative ofP@'lﬂﬁfm#nJUCer
head's position over a recording nedium the method conprising:

storing a normal positio error, val ue generated from a
normal servo field &ﬁ,at ed on the re i ng medium and a
guadr ature posi t| vaI ue : nerated froma

guadrature servo f| | ocat ed Qhefecor di ng medi um the
normal servo field ? ty ﬁagrees N out of phase from

t he quadrature serv% field; \V) eatN&y a position
error nunerator by rit hrret i cal C ni ng nor mal
position error val u%m th qu ature Q) oSy on error

val ue; pt BONn error deﬁm’ ba

on the nornal p05|t| .Lal ue and <

Fig-5

- PATH TYPE ZERD
A 8 ¢ D

Fig3
-mmmw

8o

l
1

“\ EERRERE
P .

%‘r—_‘ 1 ‘ .1
& 1 [} {
U N

Sl TLT AT

i

N ' ' | :

R—1=<__| | |
Y1 T |

6 —— — — e

|
l
>



t he quadrature position error val ue; and di viding the position
error nunerator by the position error denom nator to produce
the position error value. 2. The nethod of claim1 further
conprising woeahdseg a second position error value by creat ipggaosfigHaond
position error nunerator different fromthe position error nunerator, ‘the
second position error nunerator for by arithnetically conbining the
normal position error value and thegﬁﬂadrature position error value, the
second position error value created by dividing the second position error
nunerator by the position error denom nator. WO 99/ 19866
PCTAUS98/ 14611 -22- 3. The met hod of
claim?2 mhereln tE 05|t|on error denom nator is the sumof the nagnitude
of the 03|t|on rraq n nerator and the magni tude of the second "position
error n§§era o : “The met hod of claim3 wherein the position
: [ 4
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error nunerator is equal to the normal position error

guadrature position error value and the second position error nunerator is
equal to the normnal

position error value mnus the quadrature position
error valqu

5. The nmethod of claim1 further conprising using
t he position @M% al ue to deternmine a transducer head' s pewussgssidbver a
recordi ng nmedi um 6. A servo systemin a disc drive, the servo
system for positioning a head reIaE}ge to a nedium the servo system
conpri si ng: hol d circuits capable of storing a norma
position error value and a quadrature

val ue plus the

position error val ue
read fromthe medi um by t'he head; and _
conbinatorial logic coupled to the hold circuits and
capabl e of : conbining the normal position error
val ue and the quadrature position -error value to form
a first o -

position error nunerator;
creating a position error denom nator :
normal position_error

position ¢rror

~ based on the
val ue and 't he quadgeture;
Yal ue; land '
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-23- dividing the first position error
nunerator by the position error denoninator to produce
a first position error val ue. ; er-vo
syst em of Clvgf)%y/g %erei n the conbinatorial logic is capabl"gr’éJ &?‘é .
subtracting the quadrature position error val ue fromthe
normal position error - val'ue to produce a second position
error nuner at or ; 5/6 addi ng the normal position error
value to the guadrature position error value to
pr oduce i rst positign rreo nunmerator; and '
creating té{e ti@ error?-\ﬁé‘ha t‘&l as the sum of the
magni t ude ' posttfon error nunerator .and the
second K: positio rror nuneratjor. 8. The ser.vo
syst em of er conprising second jconbi natorial |ogic capabl e of
pr oduci ng nc d pogition er¥r denom natdr euyal to the magnitude of
o

P
by di vi ng g@e normal positio §%«€r val ue by the second tion error
denomi ngt or. ™ _L
— ._5___21___.__._.__ —_—

the norna ashlon er ot Iml He i tyle of the uadrat ure
positiqn error v pabl ¢ tﬂE{ error val ue
N
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9. The servo systemof claim8 further conprising a selection
mechani smthat selects either the first position error value or the third
position error value as a controlling position error val ue capabl e of
being wused_to control the position of the head. WD 99119866

PCT/ US9/ 146 99/19866 -24 - 10. The PSTUSY/46Mt om of
claim6 further conprising a controller capable of using the position

error value to determ ne a transdgﬁfr head's position over a recording
medi um
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