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Wi ghted Linearization of a Disc Drive
Position Error Signal Technical Field This invention

rel ates generavl,+ %the field of disc drive data storage pcyf8¥b@EaRs, and
nore particul ar ut not by way of limtation, to an apparatus and

met hod for prOV|d|ng a linear position error S|gnal in a disc drive through
the 10 weighting of selected conbinations of servo burst signals.
Background Art Modern hard disc ldrives conprise one or nore
rigid discs that are coated with a magneti zabl e medi um and nount ed on
the hub of a spindle notor for 15 rot ati descriptian const ant hi gh speed.
Information is stored on the discs in a plurality of concentric
circular tracks by an array of WeighsalliCinemriz4tioneafdsDisc Byivat ed to a

radi al actuator for novement of the hPagidon Birexdt $igmalt 0 t he di scs.

Typically, sucl radial actuators enploy a voice coil notor to position the
heads with respectedhflichieldi sc surfaces. The heads are nmounted via flexures

at the
This invention relates generally to the field of disc drive data storage

devices, and more particularly, but not by way of limitation, to an apparatus and
method for providing a linear position error signal in a disc drive through the |

10 weighting of selected combinations of servo burst signals.

Background Art

Modern hard disc drives comprise one or more rigid discs that are coated
with a magnetizable medium and mounted on the hub of a spindle motor for

15 rotation at a constant high speed. Information is stored on the discs in a plurality
of concentric circular tracks by an array of transducers ("heads") mounted to a
radial actuator for movement of the heads relative to the discs.

Typically, such radial actuators employ a voice coil motor to position the
heads with respect to the disc surfaces. The heads are mounted via flexures at the

20 ends of a plurality of 'arms which project radially outward from a substantially '
cylindrical actuator body. The actator body pivots about a shaft mounted to the
disc drive housing at a position closely adjacent the outer extreme of the discs.
The pivot shaft is parallel with the axis of rotation of the spindle motor and the
discs, so that the heads move in a plane parallel with the surfaces of the discs.

25 The actuator voice coil motor includes a coil mounted on the side of the
actuator body opposite the head arms so as to be immersed in the magnetic field of
an array of permanent magnets. When current is passed through the coil, an
electromagnetic field is set up which interacts with the magnetic field of the
permanent magnets to cause the coil to move in accordance with the well-known

30 Lorentz relationship. As the coil moves, the actuator body pivots about the pivot
shaft and the heads are moved across the disc surfaces.

Typically, the heads are supported over the discs by actuator slider

assemblies which include air-bearing surfaces designed to interact with a thin layer



20 ends of a plurality of arns which project radially outward froma
substanti al y .- —ey+indrical actuator body. The actuator body pivots
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Control of the position of the heads is typically achieved with a closed loop

servo system such as disclosed in United States Patent No. 5,262,907 issued

10 November 16, 1993 to Duffy et al. In such a system, head position (servo) .
information is provided to the discs to detect and control the position of the heads.

As will be recognized, a dedicated servo system entails the dedication of one

entire surface of one of the discs to servo information, with the remaining disc
surfaces being used for the storage of user data. Alternatively, an embedded servo

15 system involves interleaving the servo information with the user data on each of
the surfaces of the discs so that both servo information and user data is read by
each of the heads.

With either a dedicated or embedded servo system, it is common to
generate a servo position error signal (PES) which is indicative of the position of

20 the head with respect to the center of a selected track. More particularly, during
track following in which the head is caused to follow a selected track, the servo
system generates the PES from the received servo information and then uses the
PES to generate a correction signal which is provided to a power amplifier to
control the amount of current through the actuator coil, in order to adjust the

25 position of the head accordingly.

Typically, the PES is presented as a position dependent signal having a
magnitude generally indicative of the relative distance between the head and the
center of a track and a polarity indicative of the direction of the head with respect
to the track center. Thus, it is common for the PES to have normalized values

30 ranging from, for example -1.0 to +1.0 as the head is swept across the track and



through the application of a tinme-varying wite current to the head. In
order to '5 subsequently read back the data stored on the data track, the

head detects fl ux transitions in the nagnetic fields of the data track
and converts these to a signal whi ch i s decoded by read channel
circuitry of t‘p‘? Hiz9g drive. _ Control of the posi péfikofborione
heads is typic Fy achieved with a closed | oop servo system such as

disclosed in United States Patent No. 5,262,907 issued 10 Novenber 16,
1993 to Duffy et al. In such a system head position (servo)
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15 analog current to the actuator coil to adjust the position of the actuator.

It follows thai an important consideration in digital servo systems is
accurately determining the relationship between the value of the PES and the
corresponding distance between the head and a known position, for example the
center of a track, in order to effectuate accurate control of the head position.

20 Particularly, it is important to provide a nominally linear PES over the width of a
track to ensure precise servo controf and stability of the servo loop.

A continuing trend in the disc drive industry is to develop products with
ever increasing areal densities and decreasing access times, which places greater
demands on the ability of modern servo systems to control the position of data

25 heads with respect to data tracks. As track densities continue to increase, a
significant problem that results is the ability to manufacture nominally identical
heads for use in the disc drive. That is, a disc drive design typically includes the
selection of a nominal head width as a selected percentage of the total track width,

_such as, for example from 50% to 90% of the total track width. The servo system
30 is then designed to operate with a head having a width that is equal or near to the
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have a val ue of 0 when the head is positioned over the center of the track.
It will be recognized that the PES is generated by the servo system by
conparing t el ative signal strengths of burst signal ener at ed
from preci srﬁ?’f"@gg{ ed magneti zed servo fields of the%g’iq@gmmzo

i nformati on on the disc surface. 5 The servo fields are generally
arranged in an offset pattern so that, through mani pul ati on of the
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decreasi ng access tines, which places, greater L. .
about 2.2 micrometers, 30.25 micrometers (90 microinches, 410 microinches).

As a result, head manufacturers have engaged in time consuming and expensive
15 measurement and sorting operations in order to supply heads meeting the
tolerances required by the manufacturers of new drives. These costs are typically
be passed along to the manufacturers of the drives, and ultimately, to the
consumer.
A related problem which occurs as track densities increase is variation in
20 the width of the tracks. Whereas such variations in track width have not been a
significant factor in obtaining accurate servo control in previous disc drives having
relatively lower track densities, as track densities continue to increase, variations
in track width become increasingly significant. Such variations in track width can
occur as a result of imperfections in the magnetic media of the discs, or can occur
25 as a result of errors in the servo track writing process during manufacturing.
There is a need, therefore, for an improved approach to generating a PES
in a digital servo system of a disc drive which can accommodate ever increasing
track densities, while compensating for manufacturing variations in the width of

the heads, as well as variations in track width.



demands on the ability of nodem servo systens to control the position of
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particularly true with ma%neto remsgﬁ 'e‘z tﬂ whi ch accommodat e
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the track densiti gQefiEdlithdke theiirstictvo pUsitioR errdp Hi%ﬁﬂtﬂd(rﬁéﬁ mfgﬁftud‘éxxmhﬁpe of
disc drives of the present generation nmay require heads ave a nom nal
wi dth of 10 the position of the head relative to the selected track. A second servo position

error signal is also generated by the disc drive as a selected combination of the
servo burst signals, the magnitude of the second servo position error signal being
different from the magnitude of the first servo position error signal for at least a
portion of the width of the selected track.

15 A third servo position error signal is generated from a selective weighting
of the first and second servo position error signals, the third servo position error
signal exhibiting nominally linear characteristics across each track. The servo |
circuit then proceeds to control the position of the.head using the third servo
position error signal.

20 In accordance with a second aspect of the present invention, the selective
weighting of the first and second servo position error signals is determined by
initially establishing the relative weighting of the first and second servo position
error signals and then adjusting the weighting by measuring the gain of the servo
loop as the head is positioned at selected locations relative to the selected track;

25 for example, at the center of the selected track and between the center of the
selected track and at a selected boundary of the selected track. Alternatively, the
selective weighting of the first and second servo position error signals is
determined by accurately positioning the head at a selected position relative to the
selected track, measuring the first and second servo position error signals and then

30 determining the weighting therefrom.



about 2.2 mcroneters, 0.25 mcroneters (90 m croinches, 10 m croinches).
As a result, head rranuf acturers have engaged in tinme consum ng and

expensi ve 15 rmeasurenent and sorting operations in order to supply heads
neeting the tol erances required by the manufacturers of new drives.
These costs_ar ically be passed along to the nman of the
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the tracks. Wereas such variations in track width have not been a
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Di scl osure of |Pﬁef8FfF‘i'8Wb°d““°“‘ of the presm&mgﬁrggogm I nvention provides a nethod
and apparatus for prRIG gdipagyvides a functional block diagram of the disc drive of FIG. 1.

FIG. 3 is a functional block diagram of the servo control circuit of FIG. 2.
10 FIG. 4 provides a representation of the general format of a servo frame of
the disc drive of FIG. 1.

FIG. 5 shows the four position burst fields of the servo frame of FIG. 4.

FIG. 6 provides a graphical representation of the amplitudes of the A, B, C
and D burst signals from the four position burst fields of FIG. 5.

15 FIG. 7 shows an idealized representation of a linear position error signal
generated from the burst signals of FIG. 6.

FIG. 8 is a graphical representation of a first type of position error signal
generated from the burst signals of FIG. 6 in accordance with the preferred -
embodiment of the present invention. |

20 FIG. 9 is a graphical representation of a second type of position error
signal generated from the burst signals of FIG. 6 in accordance with the preferred
embodiment of the present invention.

FIG. 10 is a ftow chart illustrating a SERVO CALIBRATION routine
performed by the disc drive of FIG. 1 in accordance with the preferred

25 embodiment of the present invention.

FIG. 11 is a flow chart illustrating a BANDWIDTH CAL routine
performed in conjunction with the routine of FIG. 10.

FIG. 12 is a flow chart illustrating an ALPHA CALC routine, the ALPHA
CALC routine performed as an alternative preferred embodiment of the present

30 invention.



nomnally linearized position error signal in a disc drive while

accommodati ng relatively large variations in head width, track width
and the effects of other 5 factors within the drive tending to cause
non-linearities in the position error signal. I n accordance

with a first spech.gf the present invention, a first servo permyfggiot | On
error signal is generated by the disc drive as a sel ected conbi nati on of
servo burst signals received as a disc drive head passes over servo burst

fields of a selected track, the first servo position error signal
havi ng a magni tude indicative of 10 the pesition of the head relative to
the selected track. A second servo position error signal is also

generated by the di sc HGL \IB}pawid:saegrqdﬁuaUrepmsmmimiqﬁm sof oft position errog signal
burst signals, the magniiude . t e r 0,
bei ng ’ di ffer%ﬁi’esgt?'bhﬁaaﬁhggﬁ?ﬁﬁﬁs?%dge 7@«%{3&@% ?%Zr\%ﬁ ésgéctt?%%g‘gér ror

signal for at | eawidtly the set op positiomeradr signal mnmhsrgenﬁratemm mbﬂlancedwlth thek. 15
A third servo positjon_ er ner dfroma sel ective wei ghting
of the first and REtE5sd eE’i’P‘S)B‘eﬂ'goi}a‘k"?BWs%&r“B’F fgnal s, the third servo
position errors S| FIGR /14 idvides fal g?ﬁbmﬁwpﬁdséntaﬁdnrbf&ho(ﬁéweﬁﬁf Sdsitivini epfor
across each track. The servo cuit_then proceeds to control the

position of the hegenl guivayfor ithe hoad Md@%P(/EIG 13 geperated iy park fropy the sefpf) . 20
I'n accordance Wi tBoich&efon dighfiRafves OF Fiti 1P MmO EdtHaricE Witk thO Prefdri@ Sel ective
wei ghting of the tTirst and Second servo position error signals is

det er mi ned by embadiment |of {hecpyesgpt in¥entied t he rel ative weighting of the
first and second servog i tl%tﬂi%ﬂlcﬁrv%rlﬂdéﬂﬁg #dipoplihdih she
wei ghting by neasuring lt?ﬁ% a%degfa %aﬁgsrl{:nerlilo las toe ﬁdﬁ& 'S

posi tioned at 19el hcademnphuhimmby elpapulstiontof dssqeirwes mmﬂx idemtical 'ZBhef or
exanple, at the c (ﬁnvc ff‘ll&e sel ected track and between the center of the
sel ected track an el et ed boundary of the sel ected track.

Al ternatively, the sel ective weighting of the first and second servo
position error si | s, . term ned by accurately positioning the
head at a sel ecte ' ' e sel ected track, measuring

the first and second sRefeinganw todIGel| showni thereinds adisc tdnive 160 cordatetedrimi ng
the weighting ltshegcecoré%nce with the preferred embodiment of the present invention. The disc
drive 100 includes a base deck 102 to which various components of the disc drive
100 are mounted. A top cover 104 (shown in partial cutaway fashion) cooperates
with the base deck 102 to form an internal, sealed environment for the disc drive
100 in a conventional manner.
20 A spindle motor (shown generally at 106) rotates one or more discs 108 at
a constant high speed. Information is written to and read from tracks (not
designated) on the discs 108 through the use of an actuator assembly 110, which
rotates about a bearing shaft assembly 112 positioned adjacent the discs 108. The
actuator assembly 110 includes a plurality of actuator arms 114 which extend
25 towards the discs 108, with one or more flexures 116 extending from the actuator
arms 114. Mounted at the distal end of each of the flexures 116 is a head 118
which includes a slider assembly (not separately designated) designed to fly in
close proximity to the corresponding surface of the associated disc 108.
At such time that the disc drive 100 is not in use, the heads 118 are moved
30 over landing zones 120 near the inner diameter of the discs 108 and the actuator
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These and various other features as well as advantages which characterize
the present invention wi Il be apparent froma reading of the follow ng

detail ed Si7kd ption and a review of the associated d 5
Bri ef Descrlp?lon of Draw ngs FIG 1 is a top plran wevx?of a
di sc drive constructed in accordance with the preferred enbodi nent of
t he present invention. FIG 2 provides a functional block

di agram of the disc drive of FIG 1. -8- FIG 3 is a functional

bl ock di agram of the servo control circuit of FIG 2. 10 FIG 4

provi des a reprassemblptlilOis stuted asipg aaoavenfiomalbitchofrrangomént @a fatahfin o
the disc drive qf quga #e FIG 5 shows the four position burst
fields of thes rlgl of FIG 4. FIG 6 provides a

graphi cal represent afieofadiafl pésittoncsfithd headempfs cbﬁl?oll@d tﬁougm the use amd vacbur st
signals fromthe four pgsitiaon burst fields

shows an i deal i RitmpPOp(¥EM)12f; Whichmas yill Pﬁé“&Pg‘ﬂﬁl typigHlycinglydescy @?\lal%

generated frem ifighdiioSthe 84taiieY asshblf 140 aPwell as one or more ﬂghﬁne tfn?glﬁts
graphical representation of a first type of position error

gener at ed from 13fewhigh §stablish 9amagnetic field in grhich the ealt H%ﬁn:@emmetshdt Feuprthé er r ed
enbodi ment of t fgaRNi&P nlaétﬂ)‘ﬁed?tchﬁ'@m t8Qhe coil 126 cauJéL fagtetlc SnfrdiGP! cal

representation of a se type of position er
between the permanent magnets 128 and the cml 126 so that the coil 126 moves in

accordance with the well known Lorentz relationship. As the coil 126 moves, the
10 actuator assembly 110 pivots about the bearing shaft assembly 112 and the heads
118 are caused to move across the surfaces of the discs 108.
A flex assembly 130 is provided to provide the requisite electrical
connection paths for the actuator assembly 110 while allowing pivotal movement
of the actuator assembly 110 during operation. The flex assembly includes a
15 printed circuit board 132 to which head wires (not shown) are connected, the head
wires being routed along the actuator arms 114 and the flexures 116 to the heads
118. The printed circuit board 132 typically includes circuitry for controlling the
write currents appiied to the heads 118 during a write operation and for amplifying
read signals generated by the heads 118 during a read operation. The flex
20 assembly terminates at a flex bracket 134 for communication through the base
deck 102 to a disc drive printed circuit board (not shown) mounted to the bottom
side of the disc drive 100. '
Referring now to FIG. 2, shown therein is a functional block diagram of
the disc drive 100 of FIG. 1, generally showing the main functional circuits which
25 are resident on the disc drive printed circuit board and used to control the
operation of the disc drive 100.
The disc drive 100 is shown to be operably connected to a host computer
140 in which the disc drive 100 is mounted in a conventional manner. Control
communication paths are provided between the host computer 140 and a disc drive
30 system processor 142, the processor 142 generally providing top level



signal generated fromthe burst signals of FIG 6 in accordance with the

preferred- *enbodi nent of the present invention. FIG 10 is
a flowchart illustrating a SERVO CALI BRATI ON routi ne performed by the
disc drive of FIG 1 in accordance with the preferred 25 enbodi nent of the
present i nventy,Qb43rss FIG 11 is a flow chart ill ugds

BANDW DTH CAL routl ne performed in conjunction with the routine of

FI G 10. FIG 12 is a flow chart illustrating an ALPHA CALC
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FIG 13 provi des eongnai¢atiomind controb fomtthe disdrive laoosiatconiﬁnqsios'wiﬂbn error

si gnal o BrobAmplIag for the brdZeehlr 13 YorlP it mdilaly (MR TE 750 ViEM

respect to track p05| on er Signal" curves
generated in accot@wmdnndﬁddRAhEROM an¢h ther saupcks ef besitenememordy foh ehepr esent

i nvention. 5 (i\ 14 provides a graphical representation of another
set of position ePPEFSOrI42. gi gnal curves for the head widths of FIG 13

generated in part fromihe Gaisfefied betweed e iHobtQUdnhte® 145 hifithe disdrdrive 106 FI G
13 in accordance vmth the preferred enbodi nent of the Bresent

i nventi on. by way of-p é!sc figive, inigrfage 444, ‘Q}&E&E’P%"’ﬂf‘@l“f’@oﬁ pifsT a0dr ve
i ndicative of a pprsdiftd RMtdWire to facilitate high speed data transfer between the host

computer 140 and the disc drive 100. Data to be written to the disc drive 100 is
thus passed from the host computer 140 to the interface 144 and then to a
10 read/write channel 146, which encodes and serializes the data and provides the
requisite write current signals to the heads 118. To retrieve data that has been
previously stored by the disc drive 100, read signals are generated by the heads
118 and provided to the read/write channel 146, which performs decoding and
error detection and correction operations and outputs the retrieved data to the
15 interface 144 for subsequent transfer to the host computer 140. Such operation of
the disc drive 100 is well known in the art and discussed, for example, in United
States Patent No. 5,276,662 issued January 4, 1994 to Shaver et al.
The discs 108 are rotated at a constant high speed by a spindle control
circuit 148, which t}'pically electrically commutates the spindle motor 106 (FIG. 1)
20 through the use of back emf sensing. Spindle control circuits such as represented
at 148 are well known and will therefore not be discussed further herein;
additional information concerning spindle control circuits is provided, for example,
in United States Patent No. 5,631,999 issued May 20, 1997 to Dinsmore.
As discussed above, the radial position of the heads 118 is controlled
25 through the application of current to the coil 126 of the actuator assembly 110.
Such control is provided by a servo control circuit 150, a functional block diagram
of which is provided in FIG. 3.
Referring now to FIG. 3, the servo control circuit 150 includes a preamp
circuit 152, a servo data and decode circuit 154, a servo processor 156 with

30 associated servo RAM 158 and a VCM control circuit 160, all of which cooperate



10 heads supplied for use by a popul ation of disc drives nomnally
identical to the disc drive of FIG 1. Modes for Carrying Qut
the I nvention Referring nowto FIG 1, shown therein is a disc
drive 100 constructed in 15 accordance with the preferred enbodi nent of

the present i nvention. The disc drive 100 includes a b k 102 to
whi ch varioﬂ@”?gﬁﬁﬁnents of the disc drive 100 are nﬂﬁﬁﬁgﬁmm top
cover 104 (shown in partial cutaway fashion) cooperates wi th the base
deck 102 to forman internal, sealed environnent for the disc drive

100 in a conventional manner. 20 -10A spindle notor (shown generally
at 106) rotates one or nore discs 108 at a constant hi gh speed.

| nformation is;iyg idahfidt tb Be ARGussAPHR SreAeP detailClictow RPEontrol the PSitiGNaf @) on the
discs 108 through the use of an actuator assenbly 110, which rot ates

about a bear i n§eadhtiB: wigh eespast {p the dispd08+ P@h&ierameasmremclm%lsﬂms The
actuator asse\:@}% aﬁ%@odaf}moHQEé Anted B &l ﬂo\ir(pfSZa(ﬁGai)od’s iPhdtbeld foifdit6 h

extend 25 he di scs 1 8, wth one or nore flexures 116 extendi ng
from t he act uabegenerally adaamgemszlto Ingatethe @preamp m@umléz &) redative proximity tof t he
flexures 11& i theth F whi ch includes a slider assenbly (not
separately designated deS|gned to fly in close proximty to the
correspondi ng surf aktewilifbetrbepgaized thatisezeb cintrol §é8rally includes two maintypesich ti nme

Rt (1 9 0l ol et B B R B e ) 01 o
WO 97/ 43758 selected head 118 from an initial track to a destination track on the associated disc
PCT/ 1 B97/ 00720 . . .
surface through the initial acceleration and subsequent acceleration of the head 118
10 away from the initial track and towards the destination track. Once the head 118
is settled on the destination track, the disc drive enters a track following mode of
operation wherein the head 118 is caused to follow the destination track until the
next seek operation is to be performed. Such operations are well known in the art
and are discussed, for example, in the previously referenced Duffy U.S. Patent
15 No. 5,262,907 as well as in United States Patent No. 5,475,545 issued December
12, 1995 to Hampshire et al. In order to clearly set forth the preferred
embodiment of the present invention, however, the general operation of the servo
control circuit 150 during track following will now briefly be discussed.
With continued reference to FIG. 3, analog burst signals are provided by
20 the head 118 at such time that servo information associated with the track being
followed passes under the head 118. The burst signals are amplified by the
preamp circuit 152 and provided to the servo data decode circuit 154, which
includes analog-to-digital converter (ADC) circuitry that converts the analog burst
signals to digital form. The digitized signals are then provided to the servo
25 processor 156, which in the preferred embodiment is a digital signal processor
(DSP).
The servo processor 156 determines a position error signal from the
relative magnitudes of the digital representations of the burst signals and, in
accordance with commands received from the disc drive system processor 142
30 (FIG. 2), determines the desired position of the head 118 with respect to the track.



- 8- assenbly 110 is secured using a conventional |atch arrangenent (a
latch pinis shown at 122). The radial position of the
heads 118 is controlled through the use of a voice coil nmotor (VCM
124, which as will be recognized typically includes a coil 126 5 attached
to the actuat AIa$eP! y 110 as well as one or nore permanen

) cThsH
128 which establish a magnetic field in which the coil 126 |g |nneﬁgﬁ%

Thus, the controlled application of current to the coil 126 causes
magnetic i nteraction bet ween the permanent nmagnets 128 and the coil
126 so that the coil 126 noves in accottdance wth the well known

Lorentz relationship. As the coil 126 noves, the 10 actuator assenbly 110
pi vots about the Ioadll bagecopmited thats gerisrally] 2 thimal pmsitiwefdsthe head 118Bwiah e

caused to nobve a A flex
assenbly 130 is plﬁegpseﬁtd&)gﬁﬁ &H{E%\iﬁdfgﬂ{“ﬁée&]?ege&ga egﬁe'écb[u} offsgts (as a
connection pat hs peovcentape ofithie iwitithrof aleesesdk) yanlsbtheriftiel be Mﬂaﬁ%@s@leﬁﬁﬂ@ed
novenent &he a tuator assenbly 110 duri g‘grqsoeratlon The fl ex

assembl y incl udes uring S 1or gxample, Lrpqr TECAVErYFSUngs-1 BORSF 1 Fheflesiged felative (ot

shown) are conseciRidionlob thelRadl 118, the Wﬁ@prob@k&gls‘scwpa& PhdRa EoRmagd vat or
arns 114 and the flexures 116 to the heads The printed circuit

board 132 typi cal 503} icthe M coptealicireyit 460, V@B?h%‘“ﬂ?srﬁj‘ %cﬁ’@mf drivernpt e

currents applied deparhRf Je@%ﬂﬁedbk&tdgﬂwa&uﬁewmeseﬁe@a Hapiitude 3d 4REction to
anpl i fying r ead Slgﬁa enerated by the heads 118 during a rea

operation. The fl@%coibl B‘s'@?ﬂ?ﬂ?e todhe Fyrsane soramang signak. br acket 134 for
communi cation t hr ough 1i&e /38 $formation Yate %IQ& 1R 1§‘r&bﬁl§?§(exh}é§ﬂ{3“ nt ed

circuit board (not shovvn) mounted to the bottom he di sc drive
100. 10 wpanufachiring of dhe disc drive, 100 using avhighly presisa seryo aratk maitérorbtie

bl ock di agram of . S IV sho .ng the
mai n functi onal cﬁefv(?ulflfogﬁs\ﬁnc%r% talg?%ggléeg%%ﬁh ’fies]of %&1 %{t@% s\?@ Sr| nt ed
circuit board andividediciraumfeneotially iothe number obframes, gehetah fornhias of \dlncMs 100.

The disc drive 10 ?ﬂ\;m 0 cted to st co ut er

140 in which the gw{;vﬁ "?r 1%%38&%‘3}%?%2@& 43k 8‘5?135 eglggcf 2

Cont rol plurality of fields, including an AGC & Sync field 172, an index field 174, a track
15 ID field 176 and a position field 180. Of particular interest is the position field

180, but for purposes of clarity it will be recognized that the AGC & Sync field
172 provides input for the generation of timing signals used by the disc drive 100,
the index field 174 indicates radial position of the track and the track ID field 176
provides the track address. Of course, other fields may be used as desired and the
20 format of the fields in a servo frame will depend upon the construction of a
particular disc drive. '
The position field 180 compi'ises four position burst fields arranged in an
offset, quadrature pattern for a plurality of adjacent tracks, as shown in FIG. 5.
More particularly, FIG. 5 shows the position field 180 to comprise burst patterns
25 A, B, C and D having selected geometries and magnetization vectors, defining a
plurality of track boundaries identified as 0-5. Thus, each track comprises the
area bounded by two adjacent track boundaries. Additionally, the head 118 of
FIG. 1 is represented in FIG. 5 as being centered on the track bounded by track
boundaries 0 and 1 (said track being identified at 182). The direction of rotation
30 of the discs 108 (and hence the position field 180) relative to the head 118 is



communi cation paths are provided between the host conputer 140 and a disc
drive 30 system precessor 142, the processor 142 generally providing top
| evel WD 97/ 43758
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communi cation and control for the disc drive 100 in conjungtl |
pr ogramm ng VO ¥ processor 142 stored in menmory (MEM 1%?[%@5%M

143 can i nclude RAM ROM and ot her sources of resident nenory for the
processor 142. 5 Data is transferred between the host conputer 140
and the disc drive 100 by way of a dijgc drive interface 144, which
typically includes a buffer and associ ated hardware to facilitate high

speed data trangfo@mn Beirveengd.ne host conputer 140 and the disc drive
100. Data to be witten to the disc drive 100 is t hus. passed fromthe
host conputer 140 toBchéhel‘ﬁtaéﬂﬁa‘&EStlD!ﬁer&ﬁafetsﬂ%‘H“t“be’&e@Of“"Pé‘éFd?%qrtoé°E‘hanne|

146, which encogdgesg @NRe Séfidralfiah SRndeliatel idjaceitdraek OWithl Bitsd Piterns offsbfUi Site
wite current signals to the heads 118." To retrieve data that has been

previ ously storsewsy Additienally, te G andiDdurst patierns; exiemd Jrom engyednky hovedarpy t he
heads 138 ghfle REQ\hR oﬁlﬂia% QrilteAe Waltlrhs 5196 BRE: ad SbwnTRf2, REMEOT B

decodi ng and error detect and correction operations and outputs the
retrieved data hexdtlN@ paSses bverehd pasitiohAitld b$0 etutmé:ql@nthethe@wﬂbpassmvcme host

computer 140, SubioRpS b Olhch g el HpBfr 4 136380 148 b '
5, 276, 662 i ssuethed aneraC \budst pdttod 190 Hoaeear, e hedd 118 will not encounter D burst
pattern 192, as this pattern is on an adjacent track. For reference, tracks having C

10 burst patterns are referred to as "even tracks" and tracks with D burst patterns are-
referred to as "odd tracks”.

Generally, it will be recognized that when the head 118 is centered at the
mid-point of track 182, the amplitude of an A burst signal induced in the head 118
by the A burst pattern 186 will be nominally equal to the amplitude of a B burst

15 signal induced in the head by the B burst pattern 188. Moreover, the amplitude of
a C burst signal induced by the C burst pattern 190 will have a nominal maximum
value and the amplitude of a D burst signal from the D burst pattern 192 will be
nominally zero. Further, when the head 118 is positioned over the track boundary
1, the amplitudes of the C and D burst signals from the patterns 190 and 192 will

20 be equal in magnitude, the B burst signal from the pattern 188 will have a
maximum value and the A burst from the pattern 186 will be zero. Thus, as the
head 118 is swept from one track boundary to the next, the amplitudes of the A;
B, C and D burst signals cycle between zero and maximum values, as generally
illustrated by FIG. 6.

25 FIG. 6 provides a graphical representation of the amplitudes of the A, B, C
and D burst signals as the head 118 is moved from track boundary O to track
boundary 4 in FIG. 5. More particularly, FIG. 6 plots eéch of the burst signals
along a common horizontal axis indicative of radial track position and an aligned
vertical axis indicative of the amplitude for each of the burst signals from a value

30 of zero to a maximum value. As in FIG. 5, the track 182 is shown in FIG. 6 to



The discs 108 are rotated at a constant high speed by a spindle control
circuit 148, which typically electrically comutates the spindle notor 106
(FIG 1) 20 through the use of back enf sensing. Spindle control circuits

such as represented at 148 are well known and will therefore not be
di scussed furt ejqfasfsgi N; addi tional information concer recigmeidoRdl €
control circuits 1s provided, for exanple, in United States Patent No.
5,631,999 issued May 20, 1997 to Dinsnore. As di scussed above,

the radial position of the heads 118 is controlled 25 through the
application of current to the coil 126 of t-hd actuator assenbly 110.

Such control is provided by a servo control circuit 150, a functional bl ock
di agram of wisbmprisesthe injervalchgtwaen theyahgs of 0 and 1 on the hpgifoatal axig. now t o

oo ot s sooson, Mo 410, anSho % A 152,
associ at ed servo REMiAIPENhciree 143\ganerateddrons thedwirst sighals ofiFIG.06. The PES
E,%?Pleng;?OO?zo curWe) 1 Z /hfl'ﬁ3 ZnS E\gmplitude that generally ranges in a linear fashion frpg a
in a manner to e nilhiktins sside o106 aahimoatvaive dfed Dus the heahisIpobitibiea gefussh ki on
O ol ATRINE 1 MR SN (R DO o L
132 (FIG 1) as ifofk&s WiRarhd Readd 1B Gs positionftPatfié Sémér! of adleaiell QIO Wd e
locate the preanp Pcl:?.iSrirCul:Jrieztnscsl gnzd écrérera(saés?}'eisge%tiegly? ,Xiinrg ltil}éa; I%shion as the head is
positioned toward the track boundaries. In this way, the amplimde and polarity
10 of the PES curve 194 readily indicate the relative distance and direction of the
position of the head 118 with respect to a selected track center and can thus be
used to generate the appropriate correction signal to move the head to the center of
the selected track. It will be understood that, in the digital servo control circuit
150 of FIGS. 2 and 3, the PES comprises a range of digital values across each
15 track from one track boundary to the next; however, it is conventional to express
the relative values of the PES in a normalized, analog fashion as shown on the
vertical axis of FIG. 7.
With this background concerning the general configuration and purpose of
the servo position field 180 of FIG. 3 during servo operation of the disc drive
20 100, the first aspect of the present invention will now be discussed. Generally, in
the practice of the preferred embodiment of the present invention, the servo
processor 156 receives digital representations of the burst signals illustrated in
FIG. 6 and generates a first type of PES therefrom which will be referred to
herein as a "seamless PES" (or "SPES"). Particularly, the SPES value at any
25 given sample of burst signals is determined in accordance with the following
relationships:

_ {(B—-A)
SPES=—_— "% _
A-BHC-D (1)

for odd tracks, and



5 the heads 118. It will be recognized that servo control

general ly'incl'udes twe main types of operation: seeking and track
foll owing. A seek operation entails noving a sel ected head 118 from an
initial track to a destination track on the associ ated disc surface

through the initial acceleration and subsequent accel eraty Hoobdee head
118 10 a\/\d‘ﬁp?"f‘a'ff’ist he initial track and towards the destination track. Once
t he head 118 is settled on the destination track, the disc drive
enters a track foll ow ng node of operation wherein the head 118 is
caused to follow the destination track .ugd| the next seek operation
Is to be perforned. Such operations are well known in the art and are
di scussed, for exanple, in the previ ously( € )erenced Duffy U S. Patent 15
No. 5,262,907 as well as in Uniteds#Estes-Parent No. 5,475,545 i d8ded
Decenber 12, 1995 to Hanpshire et i rder to clearly set forth
the preferred enbodi nent of the present I nvention, however, the
general oper affbp&eﬂfm&ﬂe vABIA 0B, C, andD %ﬁr@&enﬁlhg’ b infaghfllies Uf iHacA ! BACK
following will now brie | scussed Wth contjnued
reference to RpED Blrstaﬂlﬂlai;gaﬂ)ﬁm&fat%q #riGs 6ar Ehﬂr‘&vﬁoﬂé%i’hb?mﬂ? offWEsthead 118
at such tine t Slav |

fol |l oned passe unded&ﬁéﬁ%‘g%%lvgﬁt&% ?Eﬁgg@m%%glayﬁiaiﬁnﬁﬂh?% by the
preanp circui tthel &2vapmicessarviSGegineratcs e SEES valueiin accawenntawith theui t 154, which

I ncl udes anal q I ?E’ﬁf (@?@ ircuitry that converts the

anal og bursfl glahorgﬁfg%je% atbg‘(')dl gl OR5F M as[‘he digitized signals are then
provided to the serUstngZEe headald 8 and thelfk 18R iof FFIG nS by avayrof example, wadkodi ment
156" det or m ne<i®3 TEIRBIARGRA EAch il feEiqenized s the SPES Wil n S8 ilPCESCCL
the digital repRsEER(SPES ©10) when therliehd Sl&;isqiositiami oventhe centenofthedance -

with commands received fromthe di Y sor FI G
2), det er m nedrackd 8Zcas; the magpitides Gﬁ'ﬁﬁg‘ 'P@i?é'é?hs@ P‘@?B@i‘f e‘[“(‘}ft he
track. 10 as shown in FIG. 6. For this reason, track centers are also sometimes referred to

as "AB mulls".

It will be further recognized that the SPES will have a nominal value of
one (SPES = 1) when the head 118 of FIG. 5 is positioned over the track
boundary 1, as the magnitudes of the C and D burst signals will be nominally

15 equal and the magnitude of the A burst signal will be nominally zero. Likewise,
the SPES will have a nominal value of negative one (SPES = -1) when the head
118 of FIG. § is positioned over the track boundary O, as the magnitudes of the C
and D burst signals Will also be nominally equal and the magnitude of the B burst
signal will be nominally zero. Thus, track boundaries, such as boundaries 0-5

20 shown in FIG. 5, are also sometimes referred to as "CD mulls”. At each CD mull,
the SPES will have values of both -1 and +1; however, the particular value used
by the servo .processor 156 will depend upon whether the track boundary serves as
the "innermost” or the "outermost” boundary for the selected track. For
reference, such dual values of + 1 are illustrated in the idealized PES curve 194

25 of FIG. 7.

Finally, it will be recognized that at locations halfway between each AB
null and each CD mull (i.e., halfway between the center of the tracks and the track
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It will be recognized that, generally, the optimal position for the head
118 with respect to the track being followed is over track center, but
of fsets (as awgoyqsp@r centage of the width of the track) canpspmesoms be
advant ageousl y enpl oyed during, for exanple, error recovery routines.
In response to the desired relative 5 position of the head 118, the servo
processor 156 outputs a current comrand signal to the VCM contr ol
circuit 160, which includes an actuator dril®er (not separately

designated) that applies current of a sel ected §?n| tude and direction to

the coil 126 in reouplsris®). the SPES will haxe nomimal,yalyes of gh 9)5; that is, where the T,
servo informati onduk R&1ue ioB e htélQ@fAs B) 3¢ pormiaaliycetua '@ tﬁ@ﬂm&ﬁm mwmﬁé uring

of the disc drive 100 using a precise seérvo track witer.
servo i nformati ortese(wed): then equation {Harednsentdapithess +815 1O, @ppqrﬁmgtupa@ks and

i s di vi ded gj I gﬂmsegfﬁgé\#@ilg!nyE%){(‘;}e?%:@ncﬁfg{rﬁg&r lrioh{ ?r@‘iﬁmeﬁrﬁfsé@ﬁﬁﬁéhom a

format of which is |cu
frame 170 to cﬁ)rrmsﬂqearter-track pqmﬁﬁmxa'l i as theodisthnoes ﬂ'sm uraeklbadmdageatw th&gu&teSy nc
field 172, an index,fie track 1

|e d 17 a position
field 180. O parﬁ &W%{b ‘Frﬂ"g’l“é“z‘F wg‘pf'ﬂeeés%gpmeoer? ¥4 46 g‘%ﬁﬁl‘ 180, but for
pur poses gf clarity i tIn‘snF]dMaﬂyettreeSRBﬁane;qdatiohatl)tahé (a@ﬁll&a&'gmgﬁﬂ edlges of
172 provides in r t era rrm nal s use I SC
SR 000 e P Brash B0 37 8t ovetih Rtacipas e Bl TlsSuetes orot the ok ; o

and the track ID fg2atdn a%&rack bouﬁa?/od@ﬂletth@kbbﬂﬁkryaﬂdeSRﬂv:d@s)urse
ot her fields may be used as desire format of t

f d
servo frame wilP| seapralized SIES qurve %Q;nﬂm%{lﬁ'%‘i‘l‘eéﬂ“‘ére]a“°"3bﬂép?t§’8ﬂi §‘F I n :

drive. valubRdRAS pdsitfoR df itk KkadG@g conpri ses four position burst
fields arranged in an of fset, quadrature pattern for a pl urallty of

adj acent tracks, as s Pagticularly Fibg graph of FIG. Riinciudss ahorizmial jagis cprrespondigg ows
the position field y8QadiO18UFRIESS ahlt 2 VertRaH £6 RPresenting the corresponding value

of the SPES curve 202. As shown in FIG. 8 (and with reference to FIGS. § and
15 6), the SPES curve 202 has a value of -1 (at point 204 on the SPES curve 202) at
the track boundary 0, a value of -0.5 (at point 206) at the quarter-track position

adjacent the track boundary 0, a value of O (at point 208) at the track center, a
value of +0.5 (at point 210} at the quarter-track position adjacent the track
boundary 1, and a value of +1 (at point 212) at the track boundary 1.

20 However, as shown in FIG. 8, the SPES curve exhibits significant
curvature between points 204, 206, 208, 210 and 212. Although the amount of
the curvature is a function of the relationship between the head width with respect
to the track width, an SPES generated in accordance with equations (1) and (2)
will generally provide a shape such as shown by the SPES curve 202. Of

25 particular interest is the fact that the portions of the SPES curve 202 between
points 204 and 206 and between points 208 and 210 have “convex" characteristics,
in that the midpoints of these portions lie above straight lines (not shown) defined
by the points 204 and 206 and by the points 208 and 210, respectively. Further,
the portions of the SPES curve 202 falling between the points 206 and 208 and

30 between the points 210 and 212 have "concave" characteristics, in that these



25 A, B, Cand D having selected geonetries and magnetization vectors,

defining a ol wrat+ty of track boundaries identified as 0-5. Thus, each
track conprises the. area bounded by two adjacent track boundari es.
Additionally, the head 118 of FIG 1 is represented in FIG 5 as being
centered on ck bounded by track boundaries 0 . d track
bei ng identw%?gﬁﬁgﬁ 182). The direction of rotation 30 of ﬁé’%@gés 108
(and hence the position field 180) relative to the head 118 is WO
97/ 43758
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shown by arrow 184. Both the A and B burst patterns are shown to

e)é-t end fromt Eq;oa_mﬁ am;]s)xhidpams whicH fa@lﬁéldvﬂstt'dﬁgxt iped ﬁm ﬂfowzgg@aﬁﬁéﬂdiylaf@ y ]
adj acent track, wt ese _patterns q a snhown. It1on y, the
C and D burst ﬁ!%?Qéa@ﬁoéﬁ&dﬁ’N‘i‘ﬁ Eﬂl’é“"?ﬁé@'ﬁf%’@unﬁ&?‘?’ e amguatipf SHE ¢+ * ¢ 1 ack

boundary, wi th cuR@afe R ?S{eﬁa‘llfvﬁies&té?ﬂn‘é@%yfiﬁe feliidhship! batweerthe hOR width head
118 passes over the position field 180 on track 182, the head will pass

over  porti @nd th trackewidths but gher facterspstich ap glsciricalcandimechaniead offsgs and 188,
respectively apg chgngg% L st Saif-with tébed? 3 (r&dipobdn chlf WRY Gffect (he gﬁad 118

w Il not encounter pattern 192, as this pattern 1s on
adj acent track.cuofature of thediPES. tracks having C 10 burst patterns are

referred to as " EVEI?? %&adgﬁégfto g%ﬂé}a{iﬁfﬁi(ﬁ?ﬂg,ttﬁh Qrp&’ﬁrﬁ:esg&'t 158" diRiesdHeS a

referred to as "odd
second type of PES from the burst signals illustrated in FIG. 6, which will be

referred to herein as a "seamless-one PES” (or "S1PES"). The SIPES vaiue at
10 each sample of burst signals is determined in accordance with the following

relationships:

- {B-A)|A-B
S1PES= 3
(Ja-8) 2+ (jc-0) 2 )
. for even tracks, and

. (A-B)jA-H
S1PES= 4
(1a-8) %+ (ic-1)* “

for odd tracks, with A, B, C, and D representing the magnitudes of the A, B, C,
15 and D burst signals, as illustrated in FIG. 6. That is, for each sample of burst
signals received by the servo processor 156, an S1PES value is generated in
accordance with the relationship given above in equations (3) or (4), depending
upon whether the track is even or odd.
From equations (3) and (4), it will be recognized that at each AB null
20 (track center) the S1PES will have a value of zero (that is, SIPES = (), and at
each CD null (track boundary) the SIPES will have a value of positive or negative
one (SIPES = + 1). Furthermore, at each quarter-track position, wherein
| A-B| =1 c-D |, it will be recognized that the SIPES will have a value

of jaositive or negative 1/2 (that is, SIPES = + 0.5). Thus, like the SPES of
25 equations (1) and (2), the SIPES of equations (3) and (4) will have values of



Generally, it will be recognized that when the head 118 is centered at the
m d- poi nt - of track 182, the anplitude of an A burst signal induced in the

head 118 by the A burst pattern 186 will be nomnally equal to the
anplitude of a B burst 15 signal induced in the head by the B burst
pattern 188. My#ayRE. the anplitude of a C burst signgleripdtieeRs by
the C burst pattern 190 will have a nom nal - nmaxi mum val ue and the

anplitude of a D burst signal fromthe D burst pattern 192 will be

nom nally zero. Further, when the head 118 is positioned over the track
boundary 1, the anplitudes of the C and-D burst signals fromthe
patterns 190 and 192 will 20 be equal in magnitude, the B burst signal
fromthe pattern{1388.5j 0,0.5aljeat&known locatiorisirum vaI ue and the A burst from
the pattern 186 wl|l e zero

S rom one
track boundary to the ﬂ‘&‘fer’ @ﬁﬁgﬁ%wﬁfﬁﬂﬁ@t l?“‘icﬁeé's > vg'mgh ag dsﬁggﬂtcfr%’burst
S: Ignal S Cyglg bethmaraa@ﬁsmarod mnmmmk m%om&cmmeahﬂm of the track.
Illustrate y FIG, 6. ovi des resentation
of the anpli tudega’G’F“‘Pﬂ%' IXG Ighaébee“ P’°‘c’1‘ﬁg‘[ a%‘lg eﬂ“&"‘%&? ﬁ epingd 118

is moved fromg r afkcchRIdnsakith Qﬁiaﬁoﬂsr@)?hd @) abd@eumobaﬁuh F1G. rs Ehcﬁmizoniybre
particularly, FIG GEE!OtS each of the_ burst S|Lgna S a commn

horizontal axis AN8OEEIG\S representsths track pesition,with respect oy tragk ]e§2| g 5
vertical axis indhfeivégical axid'6f AGlo %W?tﬁe@oxr@%ﬁd F% vﬁlh@s Mﬁéglm&ﬁw

froma value 30 of zero to a naxi mum val ue. he track 182 is
shown in FIG 6 £32. As with tho\SPES cyye282 of FIG. 8 the SIPES curve 222 has a value of
PCT/1B97/ 00720 3 (at point 224) at the track boundary 0, a value of 0.5 (point 226) at H ~
10 quarter-track position adjacent the track boundary O, a value of O (point 228) at the
track center, a value of +0.5 (point 230) at the quarter-track position adjacent the
track boundary 1, and a value of +1 (point 232) at the track boundary 1.
However, the SIPES curve 222 exhibits different curvature between points
224, 226, 228, 230 and 232, as compared to the SPES curve 202 of FIG. 8.
15 Particularly, portions of the SIPES curve 222 are concave between the points 224
and 226 and between the points 228 and 230, and portions of the SIPES curve 222
are convex between the points 226 and 228 and between the points 230 and 232.
Again, the amount of curvature at these portions is dependent primarily upon the
relationship between the head width and the track width, but other factors can
20 affect the amount of curvature as well. It will be recognized, though, that the
relationship between the head width and the track width and other factors affecting
the generation of the curves 202, 222 will generally be consistent for both of the
curves 202, 222 in the same disc drive 100.
Once the SPES and S1PES are generated, the servo processor 156 proceeds
25 to generate a third type of PES therefrom, which will be referred to herein as a
"seamless-two PES" ("S2PES"). More particularly, the S2PES is generated in

accordance with the following relationship:

S2PES=(a) (SPES) + (1-1_!) (S1PES) (5)

where SPES is generated in accordance with equation (1) or (2) above, S1PES is



conprise the interval between the values of 0 and 1 on the horizontal axis.

Referring to FIG 7, shown therein is a graphical representation of an

i deal i zed PES curve 194 generated fromthe burst signals of FIG 6. The PES

curve 194 has an anplitude that generally ranges in a linear fashion froma

5 mnimumyv 1 to a maximum value of + 1 as the head is positioned
Wiy

across a fromone track -boundary to the next. THSTAPYOORPe PES
has a nom nal val ue of zero when the head 118 is positioned at the
center of a selected track and the PES i ncreases and decreases,
respectively, in a linear fashion as the_hgad is positioned toward the

track boundaries. In this way, the anplitude and polarity 10 of the PES

curve 194 readi gexeratediifi atorddnte with@ghation $3)56r2@F Sb¥80aridi d RC4 V4l Of the
position of the,head 118 with respect to a selected track center and can

t hus be usSRFTIEe JR @ manpey Wé’%ﬁ?ﬁ‘f‘ﬂ’ﬁ? below. Genceally; howeverthe valge gbve t he
head to the Cen&‘i’sf sefcted to prévide HE Eﬁﬁé gdin T(il@;ﬁg acrb&s t‘ﬁé leldd?%f 9%%‘;&&%%8 st hat,

in the digital servo control circuit PES
conprises a ranfgexbibitdhe;nemimalylincas c%#%m@%@nrei@nedtbyaﬁhk PESaureni94t ofack
boundary to ghegpext; however, it is conventional to express t he

rel ative values of the PES in a nornalized, anal og fashion as shown on the
vertical axis of Fl @naordance with a secondiaspect bf the lpaeskntriovention, awe gireferred,t he

general cont! 9ihiale ARMoRYERRE fie Hisciosea naBBSS) U9 s2P el PBroprinte.valigo o1

FIG 3 during servo operation pect
of the present ofrovemath oﬁwmchlw:ﬂ(bwdixeusiecSmEﬁedGeﬁeﬂ@r abwyver] fhe first the

practice of the rred enbodi pent of th sent nvention, the servo
processor 156 rtggt@?%ngquqowppgﬁs SFEE E’rﬂ“a?f‘ﬁ‘aﬁg eI} (FPEtitive |y aiiysting

i1 lustrated10n the valu&bfo untibie ageﬂagé of @8 gainfat tifel AB YRS Efeqﬁ’ﬁ% Tﬂ%ﬂ ROM
which will be referred to in as a "seanl ess PES' ES")

Particularly, t e qugstes track E@a%ansar{hezscogflm&hogamy EOMMPrisss, ﬁ%‘t“faﬁlgnal s'is
determ ned in aﬁﬁﬁfoﬂﬁhﬂ(ﬁt Ndall witthRspeet toQdeh@ted trackrﬁka%&h@ﬁiﬁﬁm S1PES

SPES= [err] odd tracks, and
at this position, and then calculating an appropnate value of o therefrom. For
both methodologies, once o. is determined, it is thereafter used by the servo

15 control circuit 150 to generate the S2PES signal, from which positional control of
the head 118 is achieved. |
Referring now to FIG. 10, shown therein is a flow chart for a SERVO
CALIBRATION routine to carry out the first methodology to determine o.. The
routine is representative of programming stored in RAM 158 and used by the
20 servo processor 156. Alternatively, the SERVO CALIBRATION routine can be
stored in disc drive memory (such as MEM 143 of FIG. 2) and performed by the -
system processor 142 in conjunction with the servo processor 156. As will be
recognized, the SERVO CALIBRATION routine will preferably be performed
during the manufacturing of the disc drive 100, and can further be performed as
25 desired on a selectivelyl periodic basis during the operational life of the disc drive
100.
The routine of FIG. 10 begins at block 240, wherein the value of o is
initialized for each head to a selected value (such as o= 1). The flow continues
to block 242, wherein the first head to be measured is selected. It will be

30 recognized that in a dedicated servo system only the servo head will be selected,
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SPES= [err] (2) for even tracks, with
A, B, C, and D representing the nmagnitudes of the A B, C and D bur st

signals, as iwbysissted in FIG 6. That is, for each sanpl epeimidtibsito
signal s, and dependi ng upon whether the selected track is an even or an odd

track, the servo processor 156 generates an SPES val ue in accordance
with the 5 relationship given above in equation (1) or (2).

Using the head 118 and the track 182 of H®-5 by way of exanple, track
182 being an even track, it will be recognized that the SPES will have a
noni nal val wheress ip ap emp&ided serve pysiane all heads wél de salectedsinoym.t | oned over
the center of the  NediAELickiA nel? id by R!sbidclED ullc, WD PRbGLOUT St
signals wll be nom nally equal, as shown 1 n 6. For this reason,
track centers ar2d4alAlthougintheiroutinerofflHGr 49| could be perfermed 46 mplurality of

It will be furt ni ‘1. BYAP ve, a_nomi.nal .val .ue of

b ( SPES = 1" WidekS Of R it fted Btbodip thE e el 4818 B0 BBl 5 D

boundary 1, as tthecemgrofitheiesordingttand 6f tediso 1081 For plugposds of Miistration, the

nom nal ly first selected head will be considered to be the head 118 and the selected track will
be considered to be track 182.

The head 118 is then further positioned over the center of the track 182, as
shown in block 246. The servo control circuit 150 utilizes the S2PES described

10 above to position the head 118 at this time.

Continuing with FIG. 10, once the head 118 is positioned over the selected
track 182, the routine proceeds to measure the gain of the servo control circuit 150
a total of four successive times, as indicated by block 248. More particularly,
block 248 calls a BANDWIDTH CAL routine, which is illustrated in FIG. 11.

15 As shown in FIG. 11, the BANDWIDTH CAL routine operates to measure
the gain of the servo control circuit 150, which can be defined as the localized
slope of the PES curve; that is, the gain represents the change in the PES value
with respect to track position. Accordingly, the idealized PES curve 194 of FIG.
7 exhibits constant gain across the width of each track.

20 Generally, the BANDWIDTH CAL routine of FIG. 11 measures the gain
by injecting a sinusoidal test signal of a predetermined frequency and amplitude
into the S2PES. The resulting sinusoidal test signal will cause the head to oscillate
about the track center at the frequency of the test signal. The routine then
measures the gain by mming the change in the value (voltage, v) of the S2PES

25 with respect to the resulting change in track position (x). That is, the gain is
measured by determining Av, which is the change in magnitude of the S2PES at
each maximum excursion of the head 118 about the center of the track 182,
determining Ax, which is the total radial distance the head 118 moves between
successive ma_x'mmm excursions, and then taking the ratio of Av/ Ax. The

30 injection of sinusoidal test signals into 2 PES is discussed, for example, in



15 equal and the magnitude of the A burst signal wll be nomnally zero.

Li-kew se, the SPES will have a nom nal val ue of negative one (SPES =
-1) when the head 118 of FIG 5 is positioned over the track boundary
0, as the magnitudes of the C and D burst signals will also be

nom nal | y e%’&&v-ﬂ%‘?& t he magni tude of the B burst i gﬂﬁ%ﬁ'@’?ﬁf’.ﬂghom in

nom nal |y zero. Thus, track boundaries, such as boundaries

FIG 5, are also sonetines referred to as "CD nulls". At each CD nul |,

the SPES will have values of both -1 and + 1; however, the particul ar val ue
used by the servo processor 156 w |42@epend upon whether the track
boundary serves as the "innernost" or the "outernost" boundary for the
sel ect ed track.copading United cStatescPatent Applicatidn 88/49862F filedfJuly17, 4905 by | ust r at ed
in the idealizgﬂ PES cnfrve 194 25 of FIG 7. Finally, it wll
be recogni zed on¢t A'ocat i ons hal fway between each AB nul | and each

CD nu; | (i.e., half refriigi W6t FI® 1eattest sighaltof prdderfilfinedfigqiehey andack
WO 97/ 43758
PCT/ | B97/ 00720 amplitude is injected into the S2PES at block 250. More particularly, a fgsine

boundari es), 5t RglSRiEen inl MEBY $43'@Fothet di¥eiHRSmemofyeldt khéwidin theat is, where
t he absolute value of the term (A - B) is nomnally equal to the

absol ut e val ue dsawingy is utilized torggnerate digital samples gepseseatiVe1f thetestctignal.o eit her
0.5 or -0.5, Ciﬁm?efmfegreuré%odime?‘té pfféegaéde%f%o ,ﬁeﬁm@is ol TAS wheRce

these |l ocations are sonetines re d to°5 as "quarter-track positions"”,
as the di st anceascdgnized,tthebadold§rwitlraseilate @bout ghepgeater of the track 182 agtheposi ti ons

nomi nal | 'y Conprsi‘:lsv% c%ﬁtrg/f chcuh *1?0 %Bérktre? i Ed?fe%t f% %Bation of the head 118 in
' 10 response to the combined S2PES and injected test signal.

As the head 118 oscillates, the value (voltage, v) of the S2PES at the
extremity of each excursion is measured and the difference (Av) is calculated, as
shown in block 252. Next, the gain is calculated in block 254 from the
relationship (Av)/(Ax), with Ax representative of the distance that the head 118

15 moves between successive extreme excursions about the center of the track 182.
The calculated gain is then temporarily stored, as indicated by block 256.

As previously discussed, the operation of block 248 of FIG. 10 results in
the operation of the BANDWIDTH CAL routine of FIG. 11 a total of four
successive times, and the temporary storage of four successive gain measurements.

20 The flow of FIG. 10 then continues at block 258, where an average gain at the
track center (AVGTC) is determined from the four previously stored gain
measurements.

Once the value of AVGTC is determined, as shown by block 260 the head
118 is moved to a first quarter-track position halfway between the center of the

25 track 182 and the track boundary O, as shown in FIG. 5. Once the head 118 is
positioned over the first quarter-track position, as set forth by block 262 the
BANDWIDTH CAL routine of FIG. 11 is performed twice, so that two gain
measurements are temporarily stored as a result of the operation of block 262.

Next, the head 118 is moved to a second quarter-track position by block

30 264 of FIG. 10, the second quarter-track position halfway between the center of



In summary, the SPES of equations (1) and (2) will have known val ues of
{-1, -0.5/ 0, 0.5, 1} at selected locations as the head 118 nobves across

the track 182 fromthe track boundary 0 to the track boundary 1. FIG
8 provides a 10 generalized SPES curve 202, which illustrates this
rel ati onshi p bgpwegsss he SPES val ue and the position of pigsdreewdo 118.

Particularly, the graph of FIG 8 includes a horizontal axis correspondi ng
to the track 182 of FIG 5 and a vertical axis representing the

correspondi ng val ue of the SPES curve 202. As shown in FIG 8 (and
with reference to FIGS. 5 and 15 6), the SRES curve 202 has a value of -1
(at point 204 on the SPES curve 202) at the track boundary 0, a val ue
of -0.5 (at poi nt 20k 482 aibthgurack boundaryck ap@htrwn wFIG. 5. Hhej BANPWIDIEH

track boundary O cALYAbE: i, (3 Agh BbxrgRRh rBlep Wi Y Gl AU B 2

val ue of +0.5 (at poin t the qu rter rack 05| I'on ‘adj acent the
track boundapgsition, ao thattwoagaie nm&sufexﬂen(saare pi3o mm;ﬁ:i:ﬁ)ly atorddh‘er theasetond

boundary 1. 20 ver. as _sho S curve exhibits
oot ant . GYESPATGGLIoRaS A RO it uhe tperacogor blgk 2687 L1 1, 7
Al t hough the amsount ofThe ﬂowbm?l@um/ﬁinﬂﬁlﬁslaﬁblacli D68; twhefei® in hWeRageqIAMGQ@TS hi p
between the head width with respect to the track width, an SPES

generated in accoPﬁg‘ﬁcgé‘W%“réﬁ’ﬁﬁ'P ifor fae figs) and, spcond quarter-tragk gositionps.fram, |/

provi de a shape sypbksT62541aVP86 Y/ dététhinedESTRS F¥R ptbotedso bidtk 270 viHefdin ah
interest is the fact that the portions of the SPES curve 202 between

poi nts 204 and ZOBIPH?THOWI%M“%@FCM@OQGF valees of & V{zlfe and 4V RXT; more
characteristi cs, gamculm s aueﬁnm:di H‘ain'"thé dmerénbésawea{ AVENT AddCA®
straight |ines (n t s ovvn) defi ned points 204 and 206 an by
t he poi nts 208t0andivided by resghs &9t Mseng/elgm(ﬁlmdlwsor establighep @sitablgstise- t he
SPES curve 202 falg&h&ﬁt R & AvErBench OF BeSvanidGr N ds %%s %Eél\t %tﬁﬁ{e)géesﬂ%ﬁ@ b he

poi nts 210 and 21 ave 'concave™ characteristics,
converge the value of a at a controlled rate to account for the effects of noise in

the system and to minimize the time required to reach a final, converged solution.
Once ac is determined, a new value for o is determined by subtracting ac
15 from the previous value of o, as shown in block 272, Additionally, a new value
for (1-a) is also determined by block 272, as shown.

As the routine of FIG. 10 operates to iterate to a final solution for o,
decision block 274 determines whether o has been calculated a total of 10 times,
in order to determine a final, converged solution for . If not, the routine passes

20 from the decision block 274 back to block 246, so that a new value for o is
obtained, in accordance with the foregoing description. In the preferred
embodiment, the routine of FIG. 10 determines the value of o a total of 10
consecutive times to ensure a converged solution; however, it will be readily
understood that other suitable conversion methodologies could be performed, such

25 as using another total number of passes, or continuing testing until the difference
between successively obtained values of a falls below a predetermined acceptance
threshold. It will be recognized that the selected methodology in any particular
application should desirably provide a converged solution in a controlled manner,
while requiring a minimum amount of time.

30 Continuing with FIG. 10, the routine then passes to decision block 276,
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portions have m dpoints which fall below straight |ines (not shown) defined
by the poi nts 206 and 208 and by the points 210 and 212. Again, the

anount of sych curvature will generally be determ nedr‘ﬁ*@{}

rel ationshiﬁ&?@f%n the head width and the track w dtIr, Wher
factors, such as electrical and nechanical offsets 5 and changes in system
gain with respect to track position can also affect the curvature of

t he SPES. In addition to genemating an SPES, the servo processor
156 generates a second type of PES fromthe burst signals illustrated

in FIG 6, whi whereinl the bstitine detélemesr\enhtm tieseiicteddeadiis the RSl kadtobe PES' (or

"S1PES"). The SI PES v ue t each sanpl e burst signals is determ ned
in accordance WEiYedhetmgh | °H§“e passes dp gﬁ‘% ?rgév Wherein the next head is

SIPES= [err] selected and ¥ rodMfdcdniifbdsSas d%&‘i'lbed heremabove to determine o and
S1PES= [err] %1 odd tracks, with A B,
C, and D repr eSle®t valtpsiforceash grieqtedibandoin e Qﬂc@“ Qf the Beads havebesar st

signals, asgl géﬂ#;‘%ﬁ%‘“@s Gdéimifed, BAoulite erld® at ﬁ@@‘é&‘(ﬁ”p' e of burst

signal s recelv e servo processor 156, an Sl value is generated in
It will be recogmzed that the embodiment described above with reference to

FIGS. 10 and 11 can advantageously be performed by the disc drive 100 without
the need for external test equipment and thus is suitable for use during disc drive
manufacturing, as well as during subsequent disc drive operation, as desired.

10 Having concluded the discussion of the first embodiment for determining
the value of o, the second preferred embodiment will now be discussed with
reference to FIG. 12, which provides an ALPHA CALC routine. As described
below, it is contemplated that the ALPHA CALC routine will be performed during
manufacturing of the disc drive 100 in conjunction with an external positioning

15 system to accurately position the heads, such as a laser-based positioning system
used to write the position field 180. One such laser based positioning system is
model 137K15, manufactured by Teletrak, Inc., Santa Barbara, California, United
States of America.

Referring to FIG. 12, the ALPHA CALC routine begins at block 302,

20 wherein the value of a. is set to a selected value, such as a = 1, for each head.
The first head to be measured is then selected at block 304; again, for purposés of
illustration, the first head will be considered to be the head 118, as shown in KIG.
5.

At block 306, the selected head 118 is positioned over a selected track,

25 which again can be ahy track, but preferably is a track substantially in the middle
of the recording band of the disc 108. For purposes of illustration, in the present
example the selected track will be considered to be the track 182 shown in FIG. 5.

Once the head 118 is positioned over the track 182, the flow passes to
block 308, wherein the head 118 is moved to an eighth-track position, which

30 comprises a position halfway between the first quarter-track position and the track



accordance wth the relationship given above in equations (3) or (4),
dependi ng’ "upon whether the track is even or odd. From
equations (3) and (4), it will be recognized that at each AB null 20
(track center) the SIPES will have a value of zero (that is, S1PES = 0),

and at e ofd7z&yl | (track boundary) the SIPES will haVFcﬁlﬂé%d-}ﬁ] of
positive or ng‘ggt lve one (S1PES = [err] 1). Furthernore, at eac
guarter-track position, wherein A-B = C- D, it wll be _
recogni zed that the SIPES will have a val ue of positive or negative

1/2 (that is, SIPES = 0.5). Thus, |ike the2®PES of 25 equations (1) and
(2), the S1PES of equations (3) and (4) will have val ues of WO
97/ 43758 boundary 0. The positioning system is used to place the head to the eighth-track

(1, 0.5, 0. o, ot Rrlembly,by Goxing fifchead 118 to he comigy f he rack s, pe

wi || exhibit char(deteuinat by Beangahe arBenl utl) i them hedukaeTy movnig!‘tg% Eeadflltsha
characteristics t he SP ocat i ons .across e W 0] e
track. Part i c‘{ﬁt ﬁ%‘é} &p htEE 2y FRrm the Fepigr Q%&ﬁ/ trank 48HEOnee;5q ¢
222, deternine§ ﬁ)dsiﬁloﬂé‘d}ﬁrmiﬁﬂﬁt? ofbbih SPBSaénHCHIPES Yhived sre (obtaikB O¥Cimditged 1D

FIG 8, the horizontal axis of FIG represents the track position

with respect to tBaRiRckqE. oPreferablypat least gﬂ\'ﬂ FS valueg #ndaﬂoua§11§BS)valﬁs@xe 9
shows the correspasdiiRd aHdsoRA 13 b16ke3 101 e oW YEFIG. 12 then passes to block 312,

where the measured values are averaged to obtain AVGSPES and AVGS1PES
values, as shown.

10 Thereafter, once the average values AVGSPES and AVGSIPES are
determined, the value of o is determined by block 314 in accordance with the

following relationship:

(e) (AVGSPES) + (1-a) (AVGS1PES) =0.125 (6)

which reduces to

0.125-AVGS1PES

&= AVGSPES-AVGS1PES

(7)

.with 0.125 indicative of 1/8 of a track width. Once o is determined from block
15 314, the values of a and (1-o) are stored for the selected head 118 in block 316.

The flow of FIG. 12 then passes to decision block 318, which queries
whether the selected head is the last head. If not, the flow passes to block 320
wherein the next head is selected and the routine is performed for the next head.
At such time that the last head has been measured, the flow passes from the

20 decision block 318 and ends at block 322.

It will be recognized that both of the preferred methodologies presented
above will provide a resulting o value for each selected head, but the first
methodology is suitable for both manufacturing as well as during subsequent use
of the disc drive 10, whereas the second methodology is generally limited to use

25 during disc drive manufacturing. Additionally, although particular examples of



222. As with the SPES curve 202 of FIG 8, the S1PES curve 222 has a val ue

of -1'(at point 224) at the track boundary 0, a value of -0.5 (point
226) at the 10 quarter-track position adjacent the track boundary 0, a
value of 0 (point 228) at the track center, a value of +0.5 (point 230)

at the quarger- k position adjacent the track boun d a
Y8fe koS,

val ue of + 232) at the track boundary 1. , the
S1PES curve 222 exhibits different curvature between points 224, 226,
228, 230 and 232, as conpared to the SPES curve 202 of FIG 8. 15
Particularly, portions of the S1PES curve4222 are concave between the

poi nts 224 and 226 and between the points 228 and 230, and portions of

t he S1PES cur vSPER2nd S1PESliave besivpreschet wbeve, itheillie! écpnized tandiffedéht and
bet ween the p {)Eé 30 and_ 23 e anoynt gf curvature at

t hese portions 9‘“%3’1‘5‘?5‘? ?rldﬁ"%rf]fi"fiﬂé' can be identified apks Weishisd tdeen

the head wi dt hgexgfhtd {he desiraMinthrided PESUtMBEDR if ﬁ%ﬂféﬁx afdd :8&1 m&%ftﬁ&t the
anount of curvature as well, It will be recognized R , that the

rel ationshi p bEYORASHIONFErOR sighaly,ran be Weighted dn prdsgte W"G&“H‘eéh%iﬁﬂ%lher factors

affecting s hﬂe'ﬂﬂzmﬁéddQHﬂﬁfoﬂeFﬁoﬁHfﬂﬁ%e&Q%on@&%u‘éhﬁ'15@e”era' ly be
consi stent for both of the curves 202, 222 in the sane disc drive 100.

Once the SPES and SiPprovide angxaeple ©of the txemﬁtsefths ppesedfdnwstion 86 pr oceeds 25

to generate a . : P : herein -
e o O SRR kst b BRI R il ety 8 o ofifal R0 gl
generated in for theadesignodtiedisd difivet 1, faférenas mgowehmlbltmms pt3-15, which

S2PES= ([err]) . { =355 e%ttcts [)FH]a]d)wx ﬁpgﬁ%l?o %, 79%, 80% Oaémg)gog mit " where SPES

IS generated ih accor dance. Wi equ
10 respect to track width upon the generation of position error signals in the disc

drive 100.

Beginning with FIG. 13, shown therein is a set of SPES curves (generally
identified as 332) for a selected track, which for purposes of illustration will be
considered to be the track 182 of FIG. 5. More particularly, as with FIGS. 7-9

15 above, FIG. 13 provides a horizontal axis indicative of track position from track
boundary O to track boundary 1 for the track 182. The vertical axis of FIG. 13
likewise illustrates the values of the SPES curves 332 with respect to position of
the head 118 as it is swept across the track 182.

The SPES curves 332 of FIG. 13 were generated using equation (1) above

20 for head widths of 50%, 60%, 70%, 80% and 90% of the width of the track 182.
As shown in FIG. 13, head width is an important factor in the curvature of each
curve in the set of SPES curves 332. Particularly, curve 334 represents the SPES
for a head having a width of 50% of the track 182 and, as shown, exhibits the
greatest nonlinearity from the set of SPES curves 332. For reference, curves 336,

25 338, 340 and 342 correspond to head widths of 60%, 70%, 80% and 90%,
respectively, for the head 118.

As shown in FIG. 13, oniy the curves 338 and 340, corresponding to head
widths of 70% and 80%, respectively, are sufficiently linear from the set of the
SPES curves 332 for use as a position error signal. That is, the remaining curves

30 334, 336 and 342 exhibit sufficient nonlinearitics to cause problems in servo
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generated in accordance with equation (3) or (4) above, and [err] is a

val ue determned in a manner to be described bel ow. Generally,
however, the \@diass [err] is selected to provide the pgaiBedii20

(sl ope) across the wdth of each track so as to exhibit the nomnally
| i near characteristics represented by the PES curve 194 of 5 FIG 7.

In accordance with a second aspect of the present invention, two preferred,
al ternative nmethodol ogi es are di scl osed heR8i-nbel ow to sel ect .t he
appropriate val ue of [err], each of which will be discussed in turn.
General |y, howeveentrof b tlej seemo control gigenitddd| ogy conprises setting a to an

initial value and t hg{i ‘Pﬁgﬁt&&‘%gﬁ% ﬁgjoi"ﬁ{e Olgl}l]éntlgn Y@lc%[%n%ly %@E h'le the

average of the gain I'S equ
guarter-track | oSRES omves Bmofdaﬁorla wmimmdodcbqyoﬁsrﬁﬂs amreesanotshawa) v

positioning the ead MWih res t to a se ted track, sur SPES and
RoREs O™ "t " MRt 8 gRERGS i iR Pl Ten AR FRBGH heBiE. 0 4
t Eer ef ][ om Fo rsd os1tldﬁmrfbrf§i§nh€%ﬁ|bégdcﬁﬁveddﬁ§ achaiead \5vidih JdReRiRgasly td FIGS Z oES
t hereafter use t he servo Clrc t . to ener e the

B ShenSELe 15 CAORRL oS bt SR L e S

signal, from whi

Referring now t onéddGridis of a1 8t digased il FIG 13l OMs sodntin[RIG. 34, SIBRYEP of
CALI BRATION routine to carry out the first nethodol ogy to determ ne a. The

routine is repreSeRESEoryes I ase all suffigiendy linear EUPFOMldRA‘Hh“iB%%‘H’"H%W ¢ t he
20 servo procesgQio Lofir l'@ir&ﬁ{ L 'aﬂ@htYmmﬁﬁbec d%%%}iz%ﬁg%h@e can

be stored in disc drive nenory (such ‘as

perfornmed by the 194 of FKy:sh e thaugh sevessl of g quﬁv%éfﬂmﬂ@tspbﬁw qurves 3é4 v o

processor 156. I %ﬁ}a\g I ne
will preferabl yAge pg’r F@fﬁ#ﬁéndma&??lﬂl%g%gpﬁlgnu agt ur i ngwm%gﬁ (II;ESC
drive 100, and cé&hat Evantdueve 346, parrdspending tas Irad widthiof 58%ois sufliciensiytlingad y

per i odic basis dyg g WnRPGTbl Bl shbofttoliufhss Orive 100

The practical significance of FIGS. 13 and 14 is illustrated more fuily when
15 considered in view of FIG. 15, which provides a graphical representation of a
gaussian distribution curve 350 representing a population of heads manufactured
for use in disc drives nominally identical to the disc drive 100 of FIG. 1. FIG, 15
provides a horizontal axis indicative of track width, so that distances measured
from the origin to the right indicate percentage (up to 100%) of track width. The
20 vertical axis of FIG. 15 correspondingly represents the number of heads in the
population of heads defined by the curve 350.
As shown in FIG. 15, in this particular example a nominal head width of
75% has been selected for the disc drive 10. Thus, the servo control circuit 150
has been designed to accommodate head widths of 75% of the nominal track
25 width, and the procurement specifications for the heads call for this value. Asa
result, the curve 350 has a maximum value at 75% of the track width, indicative
of the fact that the heads from the population of heads will generally have head
widths which vary about the nominal value of 75%. For disc drives of the present
generation, this nominal head width value will be about 2.2 micrometers (90

30 microinches); the corresponding track width will be about 3 micrometers (120



The routine of FIG 10 begins at bl ock 240, wherein the value of [err] is
initialized for each—head to a selected value (such as [err]= 1). The fl ow
conti nues to block 242, wherein the first head to be neasured is
selected. It will be 30 recognized that in a dedicated servo systemonly
the servo h be sel ected, WD 97/ 43758
PCT/ 1 B97/ oo?gg shlsrss PCT/IB7/80720
whereas in an enbedded servo systemall heads will be selected in turn.
Next, the selected head is noved to a selected track, as shown in block
244. Al though the routine of FIG 10 coulggbe perfornmed for a plurality of
tracks, in the preferred enbodi nent the selected track is | ocated
substanti al | y imicrinched)e center of the recording band of the disc 108. For

urposes of illustration irst selected head will be consi dered
Itoo Ee the head 118 g‘?&“ﬁ“ﬂﬁg glg{l&@eb;,t\;eg&qgismqsﬁdenoted gereralhinali33e} pepvids be

track 182. cutoff points Térethé) padenug% df Shd ﬂﬁﬂlaﬁb‘xﬁ bhﬁéadm%hﬁﬁeﬁrlﬁdme\éﬁfvet he

center of the tr6 182, he servo control
z

circuit 150 uti® ‘{sh%efs%b@se aé%emseendmo ﬂ@ﬂbb@dﬁ' &omdm pomvationeofhead 118
at this tines heads havin Fa wﬁﬁf‘éduﬂﬂo%%"’bf’ {?le'flla& width. S3fseal ﬁ&s%@d3§§18 I's

positioned over the selected track the routine procéeds

neasure the gai3f0anpd 5%115@1’%3‘1!@@(!!@ todlﬂﬂbumlhelmulanon ofcheadst kelvingf widthsr ) :
successive ti Mgz eogs 7081809 S bleQekiive More particularly, bl oc
248 calls a BANDW%TH CAL ?%utuénﬁg{’ mﬁﬁ'ﬁ %5 illustrated in FIG 11.

It will be recalled from FIG. 13 that head widths of from about 70% to

80% provided sufficiently linear SPES curves (338 and 340) to provide adequate
10 control by the servo control circuit 150. Thus, from FIG. 15 it will be recognized

that only heads from the population of heads falling between the vertical lines 358

and 360 would be acceptable for use in the disc drive 100, using the SPES defined

by equations (1) and (2) above. In the present example, this would correspond to

heads having widths of from about 2.1 microméters to about 2.4 micrometers (84
15 microinches to 96 microinches). _

However, from FIG. 15 it will be recognized that a significantly larger
percentage of heads from the population of heads represented by the curve 350 can
be utilized in the disc drive 100 as a result of the present invention; more
particularly, heads having widths that fall between the vertical lines 354 and 362

20 (50% to 90%) will provide sufficiently linear position error signals with the use of
the S2PES defined above, as shown in FIG. 14. In the present example, this
range of head widths would generally be from about 1.5 micrometers to about 2.7
micrometers (60 microinches to 108 microinches).

Moreover, heads from the population of heads falling outside of the vertical

25 lines 354 and 362 will, in many cases, provide sufficiently linear position error
signals as a result of the present invention.

Thus, by linearizing each head in the disc drive 100, the present invention
accommodates a significantly larger variation in head width, allowing the use of a
significantly greater percentage of heads provided by a head manufacturer, and

30 significantly increasing the manufacturing yields for the disc drive manufacturer.



15 As shown in FIG 11, the BANDW DTH CAL routine operates to

nmeasure - the gain of the servo control circuit 150, which can be
defined as the localized sl ope of the PES curve; that is, the gain
represents the change in the PES val ue with respect to track position.
Accordingly, tQeRyd,dpmsi zed PES curve 194 of FIG 7 exhi BcrapBRPRs ant
gain across the wdth of each track. 20 Ceneral ly, the BANDW DTH CAL
routine of FIG 11 nmeasures the gain by injecting a sinusoidal test
signal of a predeterm ned frequency and anplitude into the S2PES. The

resul ting sinusoidal test signal will cause2fhe head to oscillate

about the track center at the frequency of the test signal. The routine

t hen measur eAs thedieads are pxpically sher MAY cKPrasiye SPMHRONERS fma disg (drixe peXs|te age,
v) of the S2PES 2 | t SivEAiRE t drfvet RSt tion
(x). That is, theéggﬁg’?gé mﬁﬁ#@a@&égﬁeﬁﬁ/ g‘e%%r%ﬁ?%;m%v,rﬂﬁhégﬁﬁcs t he
change in magni t uamsl Wimately th2 BEESumer, are signifieant. maxi num excur si on of the head

118 about the center o k. t el , Lch I s.the
total radial distance é%é%@%ﬁﬁfgwnérv%% f?&oﬁiﬁg&gbmgt@gg%%%| pm
excur si ons, and t theprdsenti inventidre prosidesam dppasuus] and [neethodawvhefehy a3flominaljyect i on
of sinusoi dal tesf. signals into.a lPES I S gi scussed,. for,. exangl & N ?1

WO 97/ 43758 inear position error signal is provided regardiess of variations in head 'width and

PCT/ 1 B97/ 00720  other factors tending to cause non-linearities in the position error sigfhl.- Such
copending United States Patent pl.icati on 08/498,621 filed July 7, 1995 by
Hobson et al . result 1s geneREASORGIRIEN Y & sprv@, copyol circpip (quck Pi;h?ﬁs ggherating

predetermned fr eﬁl‘ﬂi@.ﬁ'%ﬁsiﬁﬁﬂerror signal (such as 202) in a first selected combination of burst

10 signals from servo position fields (such as 186, 188, 190, 192), generating a
second position error signal (such as 222) as a second selected combination of
burst signals from the servo position fields and generating a third position error
signal (such as 344) as a weighted sum of the first and second position error
signals. The servo control circuit then controls the position of the head (such as

15 118) through the controlled application of current to the activator coil (such as
126) using the third position error signal. '

. It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While a presentlj
preferred embodiment has been described for purposes of this disclosure,

20 numerous changes may be made which will readily suggest themselves to those
skilled in the art and which are encompassed in the spirit of the invention
disclosed and as defined in the appended claims.



anplitude is injecte&~rﬁ?6“fﬁé*82PES—aL~block 250. More particularly, a
cosine 5 tabl'e resideg' (or .other disc driv Tﬂﬁygﬁggpgmsqﬂgmp
in the dr awi ngs) mrmm erate digital safpples RERpegpNt at |
of the test signal d enbodi nent, a

hertz (Ft) As will be recognlzed the head \ scillate
about the cen erﬁgf the track 182 as the servo contro é*%@&?@ 150
operates to correct the position of the head 118 in 10 response to the
conbi ned S2PES and injected test signal. As the head 118
oscillates, the value (voltage, v) of t.lp S2PES at the extremty of
each excursion is neasured and the difference (Av) is calcul ated, as

shown in blocklim8. Next, the gain is calculated in block 254 fromthe
relationship ([err]v)/([err]x), with Ax representative of the distance that
t he head 118 15 noves between successive extrenme excursions about the

center of the track 182na disc drmeufqné 6t mcﬁﬂn@aa ﬂ:maalé aise), memwwmt y
stored, as indicated by hlaock |ously di scussed, the.

operation of BISYEReepgn Jrhigh @l“i%“x ektacks a’l'endeﬁ“ed bX FFéVQ)B@F 1om; fagldse the; e

BANDW DTH GAL dfseldh'v@?urﬁfer 'itdcﬁdm%la éontrafidtly Pésididible actuatoP HGERASIMY Qisk! MeS, and
the tenporary storage of four successi ve gai n measurenments. 20 The flow of

FIG 10 then theradustashaying g hsad whish provides seryn batse signals gareapanse tontbe

track center 650 Y LR HELe Y Re'alsY afib ain
measur enent s. (réy[ﬁg%s"%n ?§ lght ﬁgse@% ue %?Ho?i&rn B et girsmdﬁeghﬁglsegshom
by bl ock 260 thaeingeentrol circuitry gori wpmrnem@afmlsqf tbmmmr-tprp@smoqsoa tion
hal f way bet we ndary 0,
e shown i n it bl Rl i b5 dood f choutdimPiRe bifoh LARE k"R,
quarter-trark rﬂaﬁvetmarselmtedmtkfahatahtebgedtﬂwck 262 t he BANDW DTH CAL
routine of FIG 11 |s erfor asurenents
are tenporarily st&af)e gatxgg g&gmqomgxpﬁfﬁgr 85‘@5 At \A%HSC{SP“‘BP‘S%?P vo

Next, the head 118 is ﬁﬁltﬂ(kxgrﬁlsa’rcﬁﬂ@ﬂéuk(tnmdpﬂ’srtioh&ﬁeldswiatednmhythbl ock 30
264 of FIG 10, the seco guarker track position hal fway between the
center of selecte

(b) generating a second position error signal as a second combination of
15 servo burst signals from selected servo position fields associated
with the selected track;

(c) generating a third position error signal as a selected combination of the
first and second position error signals, the third position error signal
characterized as nominally linear with respect to the width of the

20 selected track; and

(d) applying current to the coil in response to the third position error

signal in order to position the head relative to the selected track.

2. The method of claim 1, wherein step (c) is further characterized by:
25 (c)(1) providing a weight value; and
(c)(2) using the weight value to generate the third position error signal as
a weighted sum of the first and second position error signals.

This Sheet Has Beeri Re ’i
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WO 97/ 43758 [

- !TH
rﬁl/'ltngz{(()%goand t he tr””“l“"”r"“dlﬂ'm(!las shown in FI 5IS S&W%r
CAL routine of FIG 11 is*thkentperfos twice with th '

position, so ih@bndavee gai n neasurenents are al so tenporaril yrcnsonsb7ioor t he
second quarter-track position as a result of the operation of bl ock
266. 5 The flow of FIG 10 continues at block 268, wherein an

aver age (AVGQm) of the gain neasurenents for the first and second
quarter-track positions from bl ocks 263_9and 266 is determ ned The

fl ow proceeds to block 270 _wherein an ha-correction value ([err]c)
fromthe val ues of AVETC ahkes methesof claims2, WherelﬂéFePl(F)&l)df fythey glpa,riqger.zgd
determ ned from e difference between AVGIC and AVGQT, 10 divided by
eight (8). Using eight (8) as a divisor establishes a suitable tine-
constant for the convé)gdare ofselepiingan ipiiabyaijefor the weighttvaligs been found

desirable 10 oy COnYB | kB e Sodr SR Sl

account for the effec noi se

time required 30 reach a final, con\nestgpﬁb)@mbutrépnﬁtively performing steps@fic e
[err]c is determ ned, a new val Y. Subtr
[err]c 15 fromthe previous val(g)zl)?)‘ﬁfl Pﬁsltmginﬁﬁ Ta?gg‘}rgt&?s:g\ rqutwe
Addi tionally, a new val ue for (1 [err]) to sheadetentedataek i ned by bl ock

272, as shown. As i ne_of . Fl 10 .operates to ate to
a final solution for [err], Pﬁb?é‘gfél ofPIpizE|a 7%8%3*&%%%‘ %@FE{S

[err] has been calculated a total of 10 ti mesposition; in order to determne a
final, converged solution for [eri}k% |f not, the rqutine passes 20  from
the decision BPock 274 back to GNDER(EYemoxie thehead to,a fpcpnd pesifion refative| |
obt ai ned, in accordance with the foregoing degGhé RlidcRa- micla the preferred
enbodi ment, the routine of FIG 10 determ nes the value of [err] a total of
10 consecutive tines to erlS¥DOIEVL o ARtINIE R SEEANG; FamEIpyIRERESt at the v | |

be readily second position; and

(c)(1)(b)(v) incrementing the initial value by a value
15 proportional to the difference between

the first and second gain measurements.

4, The method of claim 3, wherein the first position is. over the center

of the selected track.
20
3. The method of claim 3, wherein the second position is halfway

between the center of the selected track and a selected track boundary of the

selected track.
25 6. The method of claim 2, wherein step (c)(1) is further characterized
by:
(c)(1)(a) moving the head 1o a selected position relative to the selected
_ track;
(c)(1)(b) generating the first and second position error signals while
30 the head is maintained over the selected position; and
\\\
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understood that o [ versi on net hodol ogi es f 1,
such 25 ‘as usi ngummm“ﬁaﬂiﬂ mber of passes, or co ﬂHlﬁlSHQETm@R;'{F
until the differe c L successi vel y obt ai ned|val ueRERIACEBr r ]
falls bel ow a predeterm ned acceptance t hreshol d. W De

recognized‘*ﬁgﬂmﬁgp sel ect ed net hodol ogy in any particuIaF aeovedRP! | cation
T:rg; manner ,

shoul d desirably provide a converged solution in a controlle

while requiring a m ni numanmount of tinme. 30 Continuing with FIG
10, the routine then passes to decision block 276, WO 97/ 43758
PCT/ 1 B97/ 00720 -30- - 22 -
wherein the routine determ nes whether the selected head is the | ast head
to be measur ed (c){lh(chot , deteemining the evejght salge fromixhe fikst Ad® secohdr ei n t he
next head is sel ected and the r.outine continues as descri bed

her ei nabove to deternine a and PO “i’lf"é?‘r%““ al ues for each sel ected head,
in turn. Once all of the heads have been 5 selected and val ues determ ned,
the routine ends at, blo 280. . Jt.will be recognized that the
embodi ment descri bgd abﬁ;"e"\ﬁﬁ?‘f’ﬁ of EIFE‘F énﬁ’@erf’é‘ the 531%055’811 ARIPHSES @3
advant ageous| yokifioR Bhd-SighR Of e 4tk v@ampavﬁzlm 4 Q8letd BA8K boundary ld€ aieed for
external test "equi pnent and thus is suitable for use during disc drive
manuf act ur i ng,selgeted@ek.as during subsequent disc drive operation, as
desired. 10 Havi ng concl uded the discussion of the first enbodi nent
for determ ning

—_—
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the value of [err], the second preferred enbodi nent will now be di scussed
Wwith ‘reference to ﬂlﬂ“lﬂﬂ““ﬂl{ﬂ”ﬂlow des an ALPHA CALC routine. As
descri bed bel ow, that the ALPHA CALC routine will
be perfornmed during *mahufactur i® ng of the disc drive 100 in conjunction
W th an externglyogasisi oning 15 systemto accurately positi gerigeobads,
such as a | aser-based positioning system used to wite the position
field 180. One such | aser based positioning systemis nodel 137K15,
manuf actured by Teletrak, Inc., Santa Barbara, California, United

States of Anmerica. Referring te ¥I-G 12, the ALPHA CALC routine

begi ns at block 302, 20 wherein the value of [err] is set to a selected
val ue, such as [err] —81A<ﬂimdré\£eclc0lhmédng The first head to be neasured

is then selected at bl 4 r on,
Lhe st Chocaw I Dok e B0k Bisc | ?%ﬁﬁ%gg%ﬁ%igi‘”%mh& bosth dids

5. At bl ock 30Glefihing asmlllmbltymi nomimllg t8ncentrip dmcks; oned over
selected track, 25 which.a al n c ‘ﬁ % t r,ack bL%H refﬁrablcﬁy 3 a track
substantially in the n‘?rhﬁci"‘éa T assembly pdaceptths disty e actafor, pejuding & head gadan -

purposes of illsustration, idewiatoe coil,chehead generaeﬂgasw(ﬁbdrktes@ﬂlsa‘edr@delémk
will be considered to be the track 182 shown in

Once
the head 118 is positioned sgive Popitian figlds ps Yﬁ?’sct‘ﬁ@tels Iaelﬂf"i%él?@a@’dmd
bl ock 308, wherein the, bgag cdnt! circiD tePoRsived thd S¥dbuirétaignaROfdriposiBenig)i Ch

30 conprises a position hal fway between the first qt uarter-track position

and the track WO 97hehéadgelative to the disc through the application of current to the

PCT/ 1 B97/ 00720 actuator coil, the servo control circuit comprising a servo processor
10 having associated programming to:

generate a first position error signal as a first combination of
selected servo position fields associated with a selected track;
generate a second positioxi error signal as a second combination of
selected servo position fields associated with the selected
15 track;
generate a third position error signal as a selected combination of
the first and second position error signals, the third position
error signal characterized as nominally linear with respect to
the width of the selected track; and
20 generate a correction signal used to control the current applied to
the actuator coil in response to the third position error

signal.

9. The disc drive of claim 8, wherein the third position error signal
25 comprises a weighted sum of the first and second position error signals, the
weighted sum determined through the use of a weight value o, wherein the third
position error signal is determined by summing the product of the first position
error signal and the weight value a with the product of the second position error
signal and a quantity equal to (1-o).



- 23 -
to the eighth-track

center of the track 182
accurately noving the head 118 a
away fromthe @opassef the track 182. Once so

posi tion,

boundary 0. The positioning systemis used to place the head
preferably by noving the head 118 to the
(determ ned by locating the AB null) and then
di stance equal to 3/8 of the track

5 positionedpcimididbRdi ty
of both SPES and S1PES val ues are obtained, as indicated

by bl ock 310.

Preferably, at |east four SPES val ues and four S1PES val ues are

nmeasured and stored by block 310. The flo
312, where the neasut al ues are ajég
AVGS1PES val ues, as shownx 10 122
val ues AVGSPES and AVGSIPES g
determ ned by bl ock 314 in ad
([err]) (AVGSPES) + (1-[err])
reduces to

indicative of 1/8 of a tAd4kv
314, the values of [err] and
i n bl ock 316. Thsg
318, which queries h
the fl ow passes to bl ock 0
routine is performed for the
head has been neasured, the f ;
ends at bl ock 322. : A ni z
preferred met hodol ogi es presegnt & T~ |
val ue for each sel ected head, Fst N

for both manufacturing 994mEL

106

FIG 12 then passes to bl ock
ged to obtain AVGSPES and
Thereafterypgnce the average

ue of [err] is
owi ng rel ati onshi p:
(6) whi ch
with 0.125

from bl ock 15

e~ $24 ect ed head 118
d$ds to decision block

~{28t head. |f not,
is selected and the

ine that the | ast

i sion block 318 and

4t both of the

e aresulting [err]
| qgy s suitable
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of the disc drive 10, whereas the second nethodology is generally limted

to use 25 during disc drive manufacturing. Additionally, although

particul ar exanpl es of WO 97/ 43758

PCT/ 1 B97/ 00720 - 24 - SPES

and S1PES haveydegma.r esented above, it wll be recogni zed tgeimeehdohmr ent

PES nodel s, including higher order PES nodels, can be identified and

wei ghted to generate the desired |inearized PES. Mreover it is

cont enpl at ed t hat m)re1 gan two posi tzi}ag error signals can be wei ghted

in order to determne t'We TTmal, 5 |inearized PES used in the operation of

TO provi de an_exanpl e of

benefits of the prp&ém’ entron in accommodat j.Ag” var i at™~aps i n| head
wi dt h sel ected

i dt hs E?

Fow nade to FDBS
50% 60% 70% 8Q% and 90% wi th
he generation of positio ‘
Beginning with FIG 13

b ST RN q

©
for purposes of ill L ,
FIG 5. Mre partietiariy NMELZ
hori zontal axis |i n8EB¥@i vk of track position f\{omtrack=
track boundary 1 fddATAhe frack 182. The vertica i
i kewi se il | ustratBRCODte Val ues of the SPES cur

position of
ﬂ/‘“ 160

di sc drive 100,
the effects of head
to track wi dth upon
drive 100.

SPES curves (general
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the head 118 as it is swept across the track 182. The SPES
curves 332 of FIG 13 were generated using equation (1) above 20 for head
wi dt hs of 50% 60% - 70% 80% and 90% of the width of the track 182. As
shown in FIG 13, head width is an inportant factor in the curvature of
each Cur vigololud7e set of SPES curves 332. Particul arly, pewinseosdde
represents the SPES for a head having a width of 50% of the track 182
and, as shown, exhibits the greatest nonlinearity fromthe set of SPES
curves 332. For reference, curves 336, 25 ? 88, 340 and 342 correspond to
head wi dths of 60% 70% 80% and 90% respectively, for the head 118.
As shown in FIG 13, only the curves 338 and 340, corresponding to head

wi dt hs of 70% and 80% respectively, are sufficiently linear fromthe set

of the SPESAMFUY95E332 for use as a position error signal. That is,

t he rémaining curves 30 33%, 336 and 342 exhibit sufficient nonlinearities
to cause problens in MAN 6
PCT/ 1 B97/ 00720

control by the seév BYRSHNt r i i : rough the
use of the present inventi i i SPES curves 332
of FIG 13 with a second0s$ curves (not shown) determned in
accordance with equati MAX(B) give rized 5

position error si an ring nowto
pos| P HYRST

O -
MAX -
C BURST
0 -
MAX 7
D BURST
o- .
_ " 4 2 3 4
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14, shown therein is a set of S2PES curves (identified generally as 344)
for the ' head wi dths of head 118 discussed in FIG 13. As shown in FIG
14, the set of S2PES curves 344 are all sufficiently linear to provide
robust servo control by the servo control circuit 150, and nomnally
correspond to woarustesl i zed PES curve 10 194 of FIG 7. At beygsypéNs' al

of the curves fromthe set of S2PES curves 344 overl ap, making :

i ndi vidual identification of the curves difficult, it will be noted

that even curve 346, corresponding to a Dﬁﬁ mﬁdth of 50% is sufficiently
| i near to provide robust control € servo control circuit 150.

The practical significance of FIGS 13 and 14 is illustrated nore fully
when 15 consAMBIIBJADEN vi ew of FIG 15, which provides a graphical
representation of ay | gaussi an di stribution curve 350 repr@3énti a

popul ati on of heads npnuf act ur ed for use |n di sc drives nomn nal
identical to the disc|ldrive 100 of FIG 1. FI @02
hori zontal axis indicphtive of track w dth,
fromthe origin to0p right indicate percen2@8e ( 0% of track

wi dth. The 20 vertichl axis of FIG 15 corfespo ngly represents the
nunber of heads in the popul ati on of hegds/defined by the curve 350.
As shown in FIéPE§50J n this pa@06g¢ul ar exanp¥e a nom nal head w dth of
75% has been sel ectedjfor the disg’ drive 10/ Thus, the servo control
circuit 150 has Deen date head wi dths of 75 % of
the nomnal track 25 Ocurenent specifications for the
heads call for tht6. Sl”al result, the curve 350 has a maxi mum

val ue at 75% of the t , Indicative of the fact that the heads
fromthe popul ati on of ads will generally have head wi dt hs whi ch
vary about the nom val ue of 75 % For disc drives of the present
generation, this nom pal head width value will_ be about 2.2 mcronmeters (90

30 microinches); the gorrespondi agzstrack Wi dt615vv| Il be abo;g 3 m crorret1ers
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m croi nches). Continuing with FIG 15, vertical |ines (denoted
general ly at 352) provide cutof f points for the percentage of the
popul ati on of veegssrsgdentified by the curve 350; that i scT/mEONOCTE

| ine 354 corresponds to those heads fromthe population of 5 heads having
a wdth equal to 50% of the track width. Vertical |ines 356, 358, 360
and 362 |ikew se cg n_heads in tsyg)opul ati on of heads having

W dt hs of 60% 70&gRW®% and, 90% respectively. It will be
recall ed from FI{G 18ty I@ATIGﬁad i dt hs off Trom about 70%t£ 80%964
provi ded suffi ci A SPES curves |(338 and 340) to provi de“adequate

10 control by the
recogni zed t hat on
bet ween the vertjical _|L

heads
-97?RR//L¥ and 360 woul d pe orf use in

T

the disc drive UNiTALIZBe SPES defi nqd by] and (2)
above. In the prilesend FORBACS I's woul g correspon heads hajggng
wi dths of from apbout 2. gap cronetfers to gbout 2.4 mcromet§rs (8415

m croi nches to ' Howevef, fr 15 ik wll
be recogni zed that a sighificantly24arger per ¢gent aggy OfA eads ffromthe
popul ati on of he y the curve 350 can tilizled in

the disc drive 100 as SEUE€Jul t of ent inve1tion;2 E
particul arly, hepds haf|ggr w dt hd that f bet ween the veit ical lines 354

and 362 20 (50%to 90%gap || prqvide sufficiently |inear Mosition_er268 .
signals wth theluseof +he JS?PES def i ned aboye, as ghpopn i H G 14,
In the present exanple, {#FS | ' ly be
from about 1.5 ni-cromei-el . =nches to
108 ni croi nches) SEEK TO rleover, hiads flrom the popdl ation of Cgﬁgds

falling outside pf SBLECTED tTRAS i ‘ ' ' s,
|

provi de sufficie

Qn error. ‘ CALC ac=
1/8(AVGTC~AVGQT)

POSITION HEAD 272
OVER CENTER Y ~

OF TRACK CALC |
o =a—0c

L 248 (1-a)=1-(a~ac)

PERFORM
BW CAL
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l 260
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NO
' ‘ e 262 | P 278
PERFORM _ INCREMENT
BW CAL HEAD
2 TIMES




signals as a result of the present

| i near+z+ng—each head in the disc drive 100,
accommodates a significantly larger variation in head w dth,
significantly greater percentage of heads provided by a head

ignificantly increasing the manufacturi for
s WO 97/ 43758 Pkt

use of a
manuf act ur er,

PCT/ 1 B97/ 00720

the heads are typically the nDst expensiv
of the p nven

to t he di scs,

drive manufacture

Accordingly, in view of F
i nve
| i near pos t|on err

5 the present
nom nal | y

Wlo

t he di sc dr|ve nmanu

acturer.

BAND

uIt|

I O

variations in head w dth

i nventi on.
t he

tely the con

oreg ing discussio
an apparatus an

§ gnal is prOV|déH’ egard
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er factors

Thus,
pr esent
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tendlng 0 cau

by
i nvention
al l owi ng the

- 27 - As
onents in a dISC drive next
e disc
%lgnlf cant .

e unde stood t hat

'9?385

non-linearities ip th [ n effror signal. Syc |'$ generally
acconpl i shed by a serlﬁmpe‘3 E&% ifrcuit (such as 150&|NIT(LR‘$1Q?E |ng a
first position erfor g%g uchjas 202) in a flirst I nation
of burst 10 signals fro $vo pogition fields (jsuch a 6 188 190,
192), generating a cond pos n error signal (su h as 22
second sel ected conblnatlin of ///—b%grst signals fromtgpe ser pégltlon
fields and generating WE%gURg posiftion error S|gqﬁ{ éfucﬁfa* 344) as a
wei ght ed sum of tEe flrsysgn secqnd position erfror F I gnal s} The servo
control circuit t Aed-s=the-dposi ti on of tHe head ch as
\ ~— 254
CALC GAIN 7 1 306
=AV/AX SEEK 0 7
SELECTED TRACK
Y — 254
STORE /7 l
GAIN MOVE HEAD | 08
TO EIGHTH-
TRACK POS.
RETURN
| | 310
. 1l _1 MEASURE
SPES,
S1PES
] ///,312
CALC
320 AVGSPES,
- AVGS1PES
INCREMENT
HEAD | 314
CALC o, *
(1-a)
1 316
STORE '
a,(1-a)
T ] N E;==?




15 118) through the controlled application of current to the activator coi

(such—as~ 126) using the third position error signal. I t
will be clear that the present invention is well adapted to attain the ends
and advant ages nentioned as well as those inherent therein. Wile a
presently wo $isfsged enbodi ment has been described for pyRASEeHs this
di scl osure, 20 nunerous changes may be nmade which will readily sugges

t hensel ves to those skilled in the art and which are enconpassed in
the spirit of the invention discloseq7?@F as defined in the appended
cl ai ns. ' 28 CLAI MVB:
1. In a disc drive (100) of the type having a disc (108) and an actuator

(110) adjacent the disc, the actuator having a head (118) and an actuator
coil of a voice coil, notor (126), the disc having a surface includinglf
plurality of noninaJH concentric tracks (182), the tracks incl udibgZ

position fields (186, |188, 190, 192) read bysgﬁeézéad to provid
B h

burst signal s having fgagnitudes indicative of t
respect to the ser position fields, the disc dri : havi ng contr ol
circuitry (150) for “applying current_ 0 the actuat gez to position the
head with respect to fthe tracks, a Bod for ¢ '

opgL fng the position of
the head relati¥ES o 4 selected tr ¢ Ny

g% st eps of: (a)
generating digital r@presentations o posi tion error signal (202)
from t [ 182871 vo burst signals from sel ected
servo position 49§’réted with the sel ected track,
the digital representation

= the first servo position error
si gnal having a nafed :

- /’

e

334

0 0.25 0.5 0.75 1
TRACK POSITION

. _1_—

s g

o
w
1]

0 0.25 0.5 0.75 1
TRACK POSITION

- II——J-_J-_4




the radial position of the head with respect to the selected track;

(b) generating digital representations of a second position error signal
(222) fromthe magni tudes of the servo burst signals from

t he sel ected servo burst patterns of the selected track, the
di gital represgpbakirggns of the second servo pegtane9mersd I OF
signal having a nmagnitude indicative of the radi al position
of the head with respect tot he selected track, wherein t he
magni t ude of the digital representations g%/ghe second servo

position error signal is different fromthé nmagnitude of the digital
representations of the first servo position error signal over at |east a
portion of the width of the selected track; (c) generating digital
representations of a third position error signal (344) in

relation to a sumof the weight value [err] nultiplied by the digital
representations of the first servo position error signal and a second

wei ght value (1-[err]) multiplied by the digital representations of the
second servo position error, the third position error signal having a

29 magni t ude which is substantially |inear across the

w dth of the selected track; and (d) applying current
to the coil in response to the third position errdy2-signal in

order to positioanpQ) ad with respect to the seleéﬁgd track

HEADS 354 \355 \358 \360 \352\

350 ——

0 10 20 30 40 50 60 70 80 90 100%
TRACK WIDTH (%)
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The"rf'Et‘hUd—Uf”-cTarTn“r— wherein step (c)_further conprlses st

'(c)(l) pro al ue (272, 312); LAC
. wei ght val & mﬁ’muﬂetlrd position e d
wei ghted su nd second positio

IAr

[

rri)r S|\gnals. 3.
- The nmet hod of cIa|m2 wherein step (c ) i A%%act ef i zed by:
(c)(i)(l) noving the headtoaselecte posiffign rel ative to]tphe sel ected
track [

] q,t&fﬁ}oﬁ); (c)(i)(2) {generating the st and
second position er I‘gnal s while the headl-s 5 mai nt ai ned

over the

sel ected p05|t|on ( (¢)(i),(3).determ ning the

‘wei ght vhl ue fromlthe flnﬁésscaﬁw%ﬂ@méwmm%mw (108) and an actuator

signal s

Tt pobit1 ) SdaRtine s s apyelor RV BEIPR 1R b T Reaco BEASER 107

of claim
the sel eg¢
of the sg¢
6. A disd
plurality
(170) on

3, VORE 8bil mdisr 126 B dRNidvirdh hdfade SHENdURS a pRudiity BEBbiniyOVer

ted track, the quarter-track position hal fway between the Center
| ectemtentrictkacks ¢l &2),3h¢ tracksdndluding sérvo positign ﬁ(elds WE86; 4 B&.CYaéI192)ack.

A b T ol S S Sl . T 2
the p9§1§8n PR Hesd {ith Fésplst Y steWsitﬁhcﬁ;elds, the disc drive further
having control circuitry (150) for applying current to the actuator coil to position the
head with respect to the tracks, a method for controlling the position of the head
relative to a selected track, comprising steps of:

(a) generating digital representations of a first position error signal (202) from
the magnitudes of the servo burst signals from selected servo position
fields associated with the selected track, the digital representation of
the first servo position error signal having a magnitude indicative of -
the radial position of the head with respect to the selected track;

(b) generating digital representations of a second position error signal (222)
from the magnitudes of the servo burst signals from the selected servo
burst patterns of the selected track, the digital representations of the
second servo position error signal having a magnitude indicative of the
radial position of the head with respect tot he selected track, wherein
the magnitude of the digital representations 'c;f the second servo
position error signal is different from the magnitude of the digital
representations of the first servo position error signal over at least a
portion of the width of the selec_ted track;

(c) generating digital representations of a third position error signal (344) in
relation to a sum of the weight value o multiplied by the digital
representations of the first servo position error signal and a second
weight value (1-o) multiplied by the digital representations of the

second servo position error, the third position error signal having a
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o] t he address f
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servo

edch
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veg of

t he head passed
0 burst signals having
tion of the head with respect to the
fields as the head passes relative to the servo position
and a,servo, control circuit (150), operab

whi ch cont r o/magnifude which is substantially linear peross the wigth qfithe selagted, ¢
to a selected track hy generating a first
error signal éﬁﬁ ) a first conbination of servo position
rom sel ec : B | TV : :
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enerati ng position error
ion of the Ser\&démtsﬁbsiﬁbxgﬂﬁllﬁadwitﬁWtammléttéd‘&mt posi tion
t

coupled to

7. The disc drive of claim®6, wherein the

gnal (344) as a weighted sumof the first and second position
gnal s.
Ition error signal co I,SeS . a Lghted sumof the first and
sition ‘er2r or %ﬂﬁ?‘@%ﬁ%’mﬂg} s@éﬁﬁf‘ﬁ‘gﬁe’ COMPHISTR s%?f)a{)ct of
| positi Of(g)%i)(rg%vi&ihﬂ"&%igﬁQIaldé‘iﬂ!%iﬂg}; aiid@! ue [err] with the product
the second poOsition error signal "and a quantity equal to
: (c)(ii) using the widight value tol géneeate thecthizd positicnirrorsignallas aser vo
Circuit conprises a ﬁéﬂgéannable processor device (156) with
¢d progr amm ng weightpd semgf t-and second position error signals.
3. The method of claim 2, wherein step (¢)(i) is further characterized by:
(c)(i)(1) moving the head to a selected position relative to the selected track
(308);
(c)(1)(2) generating the first and second position error signals while the head is
5 maintained over the selected position (310); and
- {c)(i)(3) determining the weight value from the first and second position error
signals (312, 314, 316).

4, The method of claim 3, wherein the first position is the center of the
. selected track.

5. The method of claim 3, wherein the second position is a quarter-track
position over the selected track, the quarter-track position halfway between the center
of the selected track and a selected track boundary of the selected track.

6. A disc drive (100), comprising:
a rotatable disc (108) on which a plurality of tracks (182) are defined from

servo information (170) on the disc comprising servo position fields
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' servo position fields the di sc rotategd
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to the disc thyigweachiMacRppr! i cation of current to the
coil, the servo control circuit conprising a servo processor 10
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error signal s setvoegosition fields as thedread passes relative to the servo position

fields; and

a servo control circuit (150), operably coupled to the head, which controls the
position of the head with respect to a selected track by generating a

REPLACEMENT SHEET

n

ected
t he head; and

0 burst signal §185(,6F8p189r

first position error signal (202) as a first combination of servo position
fields from selected servo burst patterns associated with the selected
track, generating a second position error signal (222) as a second
combination of the servo burst signals, and generating a third position

error signal (344) as a weighted sum of the first and second position
error signals,

7. The disc drive of claim 6, wherein the third position error signal comprises
a weighted sum of the first and second position error signals, determined by summing
the product of the first position error signal and the weight value o with the product of
the second position error signal and a quantity equal to (1-at).

8. The disc drive of claim 6, wherein the servo control circuit comprises a

programmable processor device (156) with associated programming (158) to generate
the third position error signal.
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(57) Abstract

Apparatus and method for providing a nominally linearized position error signal in a disc drive (100). First and sccond position error
signals (202, 222) arc generated from selected combinations of servo burst signals obtained as a head (118) passes over servo position fields
(186, 188, 190, 192) associated with a selected track (182). A third position error signal (344) is generated as a weighted sum of the first
and second position error signals (202, 222) and used to control the amount of current applied to an actuator coil (126} in order to position

the head (118) relative to the selected track (182).




