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(57) Abstract

A_ servo system (10, 38) positions a transducer (20) over a disc surface in a disc drive system. Disc surfaces in the drive each have
a plulalxt)_r of spaced servo samples (32, 34) recorded thereon. The servo samples (32, 34) on at least two of the disc surfaces ©, 1) are
recorded in ske“{ed relagmn to one another. A plurality of transducers (20) are provided and one transducer (20) is associated with each
one pf the plum!xty of disc surfaces (0, 1). An actuator arm assembly (18) is coupled to the transducers (20) to move the transducers (20)
relative to the disc surfaces. A servo control system is coupled to the actuator arm assembly (18) to control position of the actuator arm

assembly (18). The servo control system includes a reader (24) configured to read servo samples (32, 34) from at least two disc surfaces
(0, 1) such that at least two servo samples (32, 34) are read within one servo time period (t1). )
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actuator hoves the data head radially over the disc surface for track seek
operations and holds the transducer directly over a track on the disc
surface for MEHMBI | owi ng operations. 25 | nf or REFUSH/92805
typically stored in concentric tracks on the surface of the magnetic discs
by providing a wite signal to the data heagd_to encode flux reversals on
the surface of the magnetic disc representing the data to be stored. In

retrieving data fromthe \ | C r ol s the

el ectromechani cal act uat ofbigq @F%ﬁgﬁﬁgﬁaﬁgﬁgﬁagﬁ?}% he magnetic
di sc, sensing the flux reversal spgaLhesmap e AMPI,TNGand generating a
read signal based on those flux V\D 97/ 45832

PCT/ US97/ 02005 -2- reversals. BAE I OBy condi ti oned and
then decoded by the drive gt P%geﬁtt ansaexsh 93t acbepeesanbedapyvhkux

reversal s stored on the magnet
S More part:.cularly, the present invention relates to a

sexrvo positioning system in a disc drive.
A typical disc drive includes one or more
magnetic discs mounted for rotation on a hub or spindle.
A typical disc drive also includes a transducer
10 supported by a hydrodynamic air bearing which flies
above each magnetic disc. The transducer and the
hydrodynamic air bearing are collectively referred to as
a data head. A drive controller is conventionally used
for controlling the disc drive based on commands
15 received from a host system. The drive controller
' controls the disc drive to retrieve information from the
magnetic discs and to store information on the magnetic
discs. |
An electromechaniéal actuator operates within
20 a_negative feedback, closed-loop servo system. The
actuator moves the data head radially over the disc
surface for track seek operations and holds the
transducer directly over a track on the disc surface for
track following operations.
25 Information is typically stored in concentric
tracks on the surface of the magnetic discs by providing
a write signal to the data head to encode flux reversals
on the surface of the magnetic disc representing the
data to be stored. In retrieving data from the disc,
30 the drive controller controls the electromechanical
actuator so that the data head flies above the magnetic
disc, sensing the flux reversals on the magnetic disc,
and generating a read signal based on those flux



di sc, and consequently represented in the read signal 5 provided by*the
data head. In an enbedded servo-type system servo information s recorded
on tracks W®eY4888%0 contain data stored on the disc drive. AtUSEvozoosdat a
(or servo bursts) are witten on the data tracks and are commonly 10
evenly tenporally spaced about the circunference of each track. Data to be
stored on the disc drive is witten betweeifTihe servo bursts. As

a
transducer reads the secvo ipformation, the,transduc provides a position
S gnal i ch s TEVeraatEded s "EAb P kRradr S bl Hhet Ciefe
digital formto ahear\decadsdd Ay ptbeedsdve Tontserhice otid r cecpveresiaira
essentially conpares tualy, radi oSLtl u e di sc
(as indicated byrFﬁgegg ggge(ﬁ}sjeﬁ\'/%fb%%gk?g%?%hg(}gge:d:gég ogﬁ% [ %ae%:}]éd@&%
commands the actdaser eadnsandeguentdy txepresented pbai then réadrsignal he

past, dedicaged é@%&(,@_agﬁpg ¥RbCARtYehRaused. In a dedicated servo
system an entir Isc surface in a disc drive was dedicated to servo
. In an embedded servo-type system, servo

information is recorded on tracks which also contain
data stored on the disc drive. The servo data {or servo
bursts) are written on the data tracks and are commonly
10 evenly temporally spaced about the circumference of each
track. Data to be stored on the disc drive is written
between the servo bursts.
As a transducer reads the servo information,
the transducer provides a position signal which is
15 decoded by a position demodulator and presented in
digital form to a servo control processor. The servo
control processor essentially compares actual radial
position of the transducer over the disc (as indicated
by the embedded servo burst) with desired position and
20 commands the actuator to move in order to minimize
position error.
| In the past, dedicated servo-type systems were
“used. In a dedicated servo system, an entire disc
surface in a disc drive was dedicated to servo
25 information. Thus, high sample rates from the servo
information could be maintained. However, in order to
increase disc storage capacity, the above-described
embedded (or sectored) servo systems are used. One
disadvantage of this type of system is that, since data
30 is also stored on the tracks containing servo
information, the sample rate obtainable for servo
information is lower than with a dedicated servo system.
As the sample rate of the servo position information
decreases, ceértain performance limitations increase.



25 i nfdrmati on. Thus, high sanple rates fromthe servo information coul d
be mai ntai ned. However, in order to increase 'disc storagé capacity, the
above- descri B¥¥9¥83%ded (or sectored) servo systens are used.PCT’éﬁg'”om”-"
di sadvantage of this type of systemis that, since data 30 is also
stored on the tracks containing servo i_gf_orrration, the sanple rate
obtai nable for servo information is |lower than with a dedi cated servo

system As the sanple rate of theg POS| +HENTNVE fy on decreases,
certain performance limtations M rease. D%
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drive each have a pluraljty of spaced servo sanples 5 recorded thereon.
The servo sanpl es T} seta%g‘a(ﬁe Fh?lb‘iréi’g&r Picé? FELY P EFMRL €S
skewed rel ati @n t aréfterded thereon. The servo samples on at least two of
the disc surfaces are recorded in skewed relation to one
another. A plurality of transducers are provided and
one transducer 1is associated with each one of the
plurality of disc surfaces. An actuator arm assembly is
10 coupied to the transducers to move the transducers
relative to the disc surfaces. A servo control system
is coupled to the actuator arm assembly to control
position of the actuator arm assembly. The servo
control system includes a reader configured to read
15 servo samples from at least two disc surfaces such that
at least two servo samples are read within one servo
time period.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of a portion of a
20 disc drive according to the present invention.
_ FIGS. 2A and 2B are timing diagrams
illustrating operation of the present invention.
FIG. 3 is a block diagram illustrating another
embodiment of a portion of a disc drive according to the
25 present invention. : :
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 is a block diagram of a portion of a
positioning system 10 in a disc drive according to the
present invention. Positioning system 10 includes disc
30 stack 12, electromechanical actuator 18, preamplifier
22, read/write channel 24, servo demodulator 26, servo
processor 28, and power amplifier 30.
The stack 12 of magnetically encodable discs
14 1is mounted for rotation about a spindle 16.



another. A plurality of transducers are provided and one transducer is
associ ated with each one of the plurality of disc surfaces. An actuator arm
assenbly | wdomsszoupl ed to the transducers to nove the trasgusHoSoos
‘relative to the disc surfaces. A servo control systemis coupled to the
actuator arm assenbly to control position of the actuator arm assenbly.

The servo control systemincludes a readet-configured to read 15 Servo
sanpt es fromat | east two di s# surfaces such that at teast two servo

sanpl es ar e ‘r ea@lfiGtFOPeshanigalo achakeri 38, BRI BFegESER PPsdtign TRE
DRAW NGS FI G.. 1 putnbDId¥c lgatiad @rafsduce deorld dadifala Qvltld':?ésﬁéét’eto

3 oor i st Rulos Ser B e 3B ofe See S2anathtat 12h L1280+ Eeady) ock
diagramil|l ust r Mmtrhgeamht barfarkodfmeathodisacpD4t i dirarisdudess Zoi vead
SOl L iAo, BB Ao B AR RS ELLQY GF 0EEs
assoc:.ated magnetic discs 14. The transducers 20 read
the data by providing a read signal which represents the
flux reversals encoded on the associated surfaces of
magnetic discs 14.

10 When it is desired to read from one of the
transducers 20 the specific transducer 20 is selected
using approprl,ate multiplexing c1rcu1try (not shown) and
its read signal is provided to a preampllfler 22.
Preamplifier 22 amplifies the read signal from the

15 selected transducer 20 and provides an amplified signal
to read/write channel 24. Read/write channel ' 24
recovers information from the read signal provided by
preamplifier 22. The information recovered by
réad/write channel 24 includes data stored on disc stack

20 12, as well a‘_s servo information wr:.tten on the disc
‘surfaces of d¥sc stack 12. The data .is provided to a
disc drive controller or host system (not shown).

The servo information which is recovered from
read/write channel 24 is provided to servo demodulator

25 26. Servo demodulator 26 decodes the servo burst to
extract position information and presents that
information, in digital form, to servo control processor
28. The position information represents the actual
position of . the selected transducer 20 over its

30 associated disc surface. Servo control processor 28
compares the decoded position signal received from servo
position demo‘&ulator 26 with a desired position signal
to determlne a transducer position error. The
transducer position error represents the difference



positioning systém 10 in a disc drive according to the present invention.
Positioning s g.mﬁ],% I ncl udes disc 30 stack 12, el ectronechapg]

actuator 18, %@%anp ItTier 22, read/ wite channel 24, servo denogsﬁgk%WmQG,
servo processor 28, and power anplifier 30. The stack 12 of nagnetically .
encodabl e discs 14 is nounted for rotation absut a spindle 16. WO

97/ 45832 PCT/ US97/ 02005 - 4-
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transducers 20 radi t ' b

transducer 20 is asidd0|ﬁ!\é\é%g%£€§p§gcﬁhgur %%e%ecl)ifdpé%: r? é%/[%ng% ans ucers

20 read 5 data, indeshrgise:osd.tlimtépdicgﬁﬂihebxurﬁfﬁesiecﬁlnﬁél position

associ at ed nagneth%{gﬁgf 14. The transducers 20 read the data by providing
a read signal which represents the flux reversals encoded on the associ ated
surfaces of madgnetic discs 14Sexrvo control processor 28 then generates a

position correction signal which is converted to an

analog signal by a digital-to-analog (D/A} converter
(not shown) and applied to actuator 18 thrbugh power
amplifier 30. The position correction signal causes

10 actuator 18 to move transducers 20 radially with respect
to the surfaces of discs 14 in order to minimize the
transducer position error.

FIG. 2A is a timing diagram which illustrates
a preferred encoding of servo bursts on the surfaces of

15 discs 14. In the description relative to FIG. 2A, discs
14 are assumea to have two opposite surfaces on which
data is recorded. Those surfaces are referred to as
surface 0 and surface 1. In the preferred embodiment,
the servo bursts on surface 0 are recorded in skewed

20 relation to the servo bursts on surface 1.

For example, FIG. 2A illustrates that servo
bursts 32 are recorded each servo time period, t;, on
disc surface 0. Data to be stored on surface 0 is
written between servo bursts 32. In addition, in the

25 preferred embodiment, servo information stored on
surface 1 (the surface opposite surface 0 on the same
disc 14) is recorded once each servo time period t,,
where t, is equal to t,. However, the servo bursts 34
stored on surface 1 are skewed in time relative to servo

30 buréts 32 on surface 0 such that servo bursts 34 occur
a time t, after servo burst 32. In the'preferred
embodiment, time t, is equal to one-half of time periods
t, and t; such that servo bursts 34 occur half-way
between servo bursts 32.



10 When it is desired to read fromone of the transduters 26,

the specific_transducer 20 is sel ected using appropriate multiplexing

circuitry (ngfow and its read signal is provided to a pr RERUST200522.
Preanplifier 22 anplifies the read signal fromthe 15 sel ected transducer

20 and provides an anplified signal to readiwite channel 24.

Read/ wite channel 24 recovers i nformation fromthe read signal provided

by preanplifier 22. é,hgf Q" FRhRN sere‘?tg%\ﬁferr%pcléw (a‘arﬁj Mfé%-%g

channel 24 incl udes data store di sc stack
information wittag3dR EReFEPscll FPEERCHRERPL PXPGRESAD 28 1S Rrevided

provided to a di Sgi@hi. ¢ JEut{ndt 6n OtrA6R!t sSymbaM it ShAWEE. oEheoSRENO

information which is re vered&& ad/vvrlte ch nel, 24 is provided to
servo denodul at or S9BtTO3@ET .gaf, ?8 (ﬁ:}@é‘atlhé‘"%e?‘?/%e‘bﬁ?s?
extract posi si ontr’a&kordﬁdn cx.rhwtndsepvespmessbhatza nisorgot positibon a
digital form aervo goEtroI osition inforpption

0 dar o%eéﬁor §8. Thet)[p g of
represents the acPELE56s FERPBRAUGE e EFERE TP RRTRTSO o\:/}é‘r"'n
its 30 associ at perosiidessarpasition SEigmalk dittsigippowessamp28fier 30 to

actuator 18. Actuator 18, in turn, seeks to the desired
track (i.e., moves transducers 20 radially relative to

10 associated surfaces of disc 14 so that transducers 20
are positioned over the desired track).

During such a track seek operation, the disc
drive is not reading back data from disc stack 12, but
is only reading position information so that servo

15 control processor 28 can determine when actuator 18 has
moved transducers 20 to the correct track. In prior
systems, servo processor 28 would simply choose a
desired transducer 20 and read the servo bursts (such as
sexrvo burst 32 from surface 0) once every servo time

20 period t,.

However, in one preferred embodiment of the
present invention, servo control processor 28
alternately reads servo bursts 32 and 34 from surfaces
0 and 1 during the track seek operation. In other

25 . words, servo control processor 28 first selects a
transducer 20 corresponding to surface 0 and reads a
first sexrvo burst 32. Then, after reading the first
servo burst 32, servo control processor 28 selects a
second transducer 20 corresponding to surface 1 and

30 reads a servo burst 34 from surface 1. Servo controel
processor 28 continues this alternate reading of servo
bursts from surfaces 0 and 1 until the track seek
operation is complete. This allows servo control
processor 28 to receive a servo burst from the selected

to



conpares the decoded position signal received fromservo posi t I on

denodul at or 26wy g7lasgs2desi red position signal- to determ ne w%
position error. The transducer position error represents the erence
WD 97/ 45832 PCT/ US97/ 02005 - 5-

bet ween the actual position of the selected tra@nsducer 20, indicated by the _
decoded position signal, and the desired position indicated by the desired
position signal. 5 disc 14 evergckime RE¥IeA thr WBiShHois @pprekigatelm onea

posi tion Correctlonh"a' gnalo pvhichia '&o‘iﬁ&\lerhéé-vbo a;an@na bRgGidna, by arhig

digital -to-analog (DA onvert not shown g Ed to actuator 18
t hr ough power anpli & qﬁiéhﬁﬁoﬁ FP FOF QF gsxyessystem 10
actuator 18 to nove dyearasiy %ﬂﬂfi@&h@i&y éhhbnb&ﬁgeCfdﬁlﬁré hepé ¢ Ebaan c@f
discs 14 in order to mn| t.he transdu posHll op_eLror

5 wit hout addlng' any tiona ardware to the disc

drive.  Also, since no data is being read during a track
seek operation, the present invention can be
accomplished without any deterioration in data access
times or throughput.

10 FIG. 2B 1is a timing diagram of another
preferred embodiment of the present invention. 1In FIG.
2B, servo bursts are recorded on three surfaces in disc
stack 12 (surface 0, surface 1 and surface 2). 1In this
embodiment, the sexrvo bursts 32 and 34 (on surfaces 0

15 and 1, respectively) are not offset from one another by
one-half of servo time period t,. Rather, servo bursts
32 and 34 are offset from one another by a time period
t, which is approximately one-third of servo time period
t,. In addition, servo bursts 36, which are recorded on

20 surface 2.in disc stack 12, are separated from servo
bursts 34 by another time period t, which is one-third
of servo time period t,. Therefore, from the initiation
of the first'servo burst 32, servo burst 34 is offset by
a time period t; which is one-third of servo time period

25 t, and servo burst 36 is offset by a time period t,

' which is two-thirds of servo time period t,.

With this recording scheme, feedback system 10
switches between three transducers 20 associated with
surfaces 0, 1 and 2 during a track seek operation. This

30 allows sexrvo control processor 28 to obtain three servo
‘bursts during a single servo time period t,, rather than
only the single servo burst which was obtained in prior
drives. This effectively triples the sample rate for




FIG 2Ais a timng diagramwhich illustrates a preferred encodi g of servo
bursts on the surfaces of 15 discs 14. In the description relative to
FIG 2A, di sOPMS8R2e assunmed to have two opposite surfaces orpoviussvdsisa
is recorded. Those surfaces are referred to as surface 0 and surface 1. In
the preferred enbodi nent, the servo bursts on surface O are recorded in
skewed 20 relation to the servo bursts on~8drface 1. For exanple, FIG 2A
illustrates that servo bursts 32 are recorded eaggpservo time period, .

t[err] on disc surfeIcE oCONEEPS PFARESSYr 2P oW1 EAPREc L ing wrAdigdonal

bet ween servo bur Hzrdrard rtadtbddisack i systhem200. preferred enbodi nent,

servo information stored sur;ace %géthgesﬁhéace oggosite surface 0 on
the sanme disc 14) is recordett ofiC8*85¢h %&F voo PR aS: i SRS e SEEESY |
is equal to t3. Hiwmatrs drhetheplutalsty Gf suofacesncanrbaceatrded skewed

bur st s 34 ooolt a Rets St hinper BeighlAaEdt S iy TH the
enbodi ment, tine tpreferxpd| embagismentis dhe | geryor i sasples: r shand.d [ &er |
such that servo bL&f&aSlﬁﬂ specta heddmVGle another among the several disc
'. surfaces which are used. Also, it has been found that
a preferred embodiment of the present invention is to
10 use the oppcsite surfaces of a single disc 14. Discs 14
have been found to have certain eccentricities.
However, those eccentricities typically affect both the
top and bottom surfaces of the disc 14 approximately
equally. Thus, the eccentricities have little affect on
15 accuracy. However, working across multiple discs 14
makes the correlation of the servo samples among the
surfaces in disc stack 12 a bit more cumbersome and
possibly less accurate.
FIG. 3 is another embodiment according to the
20 present invention in which the sample rate of the servo
bursts is increased even during a track following
operation. In a track following operation, actuator 18
holds a selected transducer 20 in a single radial
position over a desired track so that data can be
25. recovered from that track. The embodiment shown in FIG.
3 provides a small quantity of additional hardware on
the drive so that multiple servo bursts can be read even
during a track following operation.
The positioning circuit 38 shown in FIG. 3 is
30 similar to positioning circuit 10 shown in FIG. 1, and
similar items are similarly numbered. However,
positioning system 38 differs from positioning system 10
in that a plurality of preamplifiers 22, through 22, are
provided in the circuit, along with additional filtering



bet ween servo bursts 32. WO 97/ 45832

PCT/ US97/ 020GRolg4jskdag @ track seek operation (and referring agadyrishrirées
1) servo control processor 28 is provided with a destination track signal
froma host or other controller. The destination track signal represents a
5 track over which servo processor 28 is te9position a desired transducer
20. Servo control processor 28 then provides a position signal_ through
power anplifier SOctmcaatanQ)rama Achudtdpleseri 2 urn, IRcadditdqhe the

desired track (i. geaft{_ﬁﬁ@ ﬁfé Qi a4 Lo ﬁbaibﬁéetrogis@v1ded to
associ at ed surfaces o I SC So t t ransducers are positioned over
t he desired track) sebupi pgsigdiona demaduladar éﬁbnﬁﬂﬁnﬂn§¢ﬁﬂ@|§émH;YVS°F§
not readi ng back dﬁbatBboﬁhQ%S%uiiﬁﬁk 12, but is only readlng position

i nformati on so that servo 15 _ coitro rocessor ? can rmne mhg K
actuator 18 haB noved transd¥d&hs ERPARAGK, SEITERCP8yr 8 "rrn”iﬁl%r rac

following operation, the selected.transducer 20 provides
jits read signal to preamplifier 22, which, in turn,
pfovides an amplified signal to read/write channel 24.
As with the system shown in FIG. 1, read/write channel

10 24 recovers data from the amplified read signal and
provides that data to the host or other similar
contxoller.

However, the output of preamplifier 22, is
also provided to filter circuit 40. In addition, a

15 suitable number of other transducers 20 also provide
read signals to the remainder of preamplifiers 22. The
output of those preamplifiers provide amplified read
signals to filtering circuit 40 which, in turn, provides
a filtered output signal to multiplexer 42.

20 Servo control processor 28 provides a select
signal to multiplexer 42 to choose one of the
transducers 20 from which to read a servo burst. That
servo burst is provided from multiplexer 42 to servo
demodulator 26 which demodulates the servo position

25 information and provides it, in digital form, to servo

" control processor 28. Servo control processor 28
controls multiplexer 42 to switch through the various
transducers 20 in order to read multiple sexrvo bursts
'during each servo time period t,.

30 Of course, servo control processor 28 can
control multiplexer 42 to read from any suitable number
of transducers 20 during a track following operation

- such that the servo sampling rate is increased to a

. desired level. It should also be noted that feedback



systems, servo processor 28 woul d sinply choose a desired transducer 20 -and
read the servo bursts (such as servo burst 32 fromsurface 0) once every
servo time 20WOXHF8RBd t[err]. However, in one preferred enbodPEFAISIAD2005¢e

pr esent i nventi on, servo control processor 28 alternately reads
servo bursts 32 and 34 fromsurfaces 0 and 1 _during the track seek
oper ati on. In other 25 ~“words, servo control processor 28 first

selects a transducer 20 rrespongdin 0 su ce. d reads .a first servo
burst 32. Then, aFY?Fep‘eg iﬁ§°ﬁﬂ‘el |?§{;S%r£/%a%‘g ‘g?ggez,f%%r t%’o‘h:f?%ltﬁe
processor 28 sel eciscxressedndampihngucate 2D1ting &spoadkngeel spetatioh aad
30 reads a servosRurSlydd ‘(}Ifiq_fﬂ ﬁﬁéﬁ% lro $8GVO fcONtyg e%??e%gigr!&a i@he

continues this alternate reading ursts fromsurtaces 0 and 1°
until the track sestmpger agddhtianc&l at smallrhpgomntonwst s rarmpbhfydng

processor 28 tg reggh¥aidyr3Lhy0 th¥sugh %) hhewsEl egd &iltering circuitry
' 40 and multiplexing circuitry 42, feedback system 38
provides the ability to increase the servo sampling rate
even while data is being read during a track following
operation.

10 ' Thérefo:e, it can be seen that the present
invention increases servo sampling rates by alternately
switching between two transducers on opposite sides of
a disc to double the sample rate. The present invention
can also optionally switch between three or more

15 transducers 20 to read from the surfaces of multiple
discs to drastically increase the servo sampling rate.

It should also be noted that, while the
present invention has been discussed with respect to
reading a servo burst from a single transducer and then

20 switching among a plurality of transducers, the
transducers can also be read in parallel with the
duplication of additional circuitry (such as servo
demodulator circuitry 26) in the positioning system.

It should be further noted that, while the

25. present invention has been discussed with respect to an

' embedded servo-type system, it could also be used in a
hybrid servo system. Hybrid systems typically include
both embedded servo information and a dedicated servo
surface. The present invention would be used in reading

30 information from the embedded servo portion of the
drive.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changés
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14 every tinme Reobnskssy Which is approximtely one half of the Cgﬁﬁﬁﬁﬁ
servo time period tferr]. This effectively doubles the sanpre rat ey,
servo system 10 thereby significantly enhancing drive performance 5

wi t hout addi ng any additional hardware to theldi-sc drive. Al so, since no
data is being read during a track seek operation, the present

invention can bemaycdepmasited i forutandydegtadli wikhowt idepdattsing cEsom

times or throughput ¢ hdO0gpirit and scE#:@ of2Bhe SrveritiB1g di agram of

anot her preferred enbodi frent of the present invention. 1In FIG 2B, servo
bursts are recorded on three surfaces in disc stack 12 (surface 0, surface
1 and surface 2). 1In this enbodinent, the servo bursts 32 and 34 (on

surfaces 0 15 and 1, respectively) are not offset from one another by
one-half of servo time period t[err]. Rather, servo bursts 32 and 34 are
of fset fromone another by a tinme period t3 which is approxi mately
one-third of servo tine period t[err]. In addition, servo bursts 36, which
are recorded on :



20 surface 2 in disc st ated fromservo bursts 34 by *
anot her tlrre eriod t[err mnmi;jﬂtlrd of servo tine period t[err].
Ther ef or e, ﬁVFﬂ? initiation hes t servo burst 32, s®@CYAIS87/p2005 34
s of fset by atinme period t3 which is one-third of servo tinme period 25
t[err] and servo burst 36 is offset by a tng_period t2 which is two-thirds
of servo tine period t[err]. Wth this recofding schene, feedback system 10
swi t ches bet ween peykr dMES' S20 associated with surfaces 0, 1 and 2
during a track se 30 al l ows servo control processor 28
to obtain three s&rvo burstd dﬂﬁFh@da SfngFensEpd ingne pesditden [ @ff | ,an

rather than only gheustsg! rﬁemoabaagb WQWE VR m wogb&@hﬁgd in prior drives.
This effectively triples the saggbe rate 32

PCT/ US97/ 02005 -8- servo coREP¥ Pacéss’éflréélmﬁ REuBigGdSNE TARRS i dagh
hardware to feedback system 10. disc surface having servo samples

recorded thereon, the servo samples
recorded on different ones of the
plurality of disc surfaces being in
skewed relation to one another, the
servo samples on each disc surface being
separated by a servo spacing;
moving the disc surfaces relative to a
plurality of transducers, each one of
the plurality of transducers being
positioned relative to one of the
plurality of disc surfaces to read
information therefrom, the servo samples
on each disc surface moving past the
corresponding transducer at a rate of
one servo sample each servo time period;
reading servo samples from the plurality of
disc surfaces such that more than one
servo sample is read within one servo
time period; and
controlling the position of the actuator arm
. based on the servo samples read.
2. The method of claim 1 wherein reading servo
samples comprises:
reading servo samples from a first disc
surface of the plurality of disc
surfaces; and | '
between readslof the servo samples from the
first disc surface, reading servo
samples from at least a second disc
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Of course, the t'echni que of rsts on the plurality of
surfaces can Rgo §pisgs£d outllﬁ[‘imn w gBFI e nunber of surfacgsrnide y@(ﬁg
in the preferred enbodi nment,« es should be equally space

from one anot her anong the several dISC surfaces which are used. Also, it
has been found that a preferred enbodi nent ofl3he present invention is to
10 use the opposite surfaces of a single disc 14. D scs 14 have been
found to have certain eccentricitigserfaggevef tthee pldveaddty tief disc
typically affect both the top and het¢psesurfaces of the disc 14
approximately equally. Thus, the eccentricities have litt]e affect on 15
accuracy. However3 : wor ki ng B¢ oRethod: ph| £1@ifc 2 mhexgbl raadipgr d&efvyon

of the servo sanpl efampméd £Fh6msarfoees aﬂsaléﬁrﬁaaekcéapmbbb nor e
cunber sonme and possibly | ess accutate. IS _anot her enbo

according to the 20 present ¥ ﬁ¥$oﬁ°PﬁeﬁHF&Netﬁ?q¥ﬂnﬁ¥mP ?% gF°Nu§he
servo bursts is increased even durffigse tdiaek bakifaweny ORer ald®ro Iganple

track foll owi ng operation, actuatogelgghgég eagﬁlgggsg E%gsducercfo in a
singl e radi al
4. The method of claim 3 wherein reading servo
samples from at least a second disc surface comprises:
- reading consecutive servo samples from the
second disc surface, one servo sample
being read each servc time period.
5. The method of claim 4 wherein reading
consecutive servo samples from the first and second disc
surfaces includes alternately using a first transducer
associated with the first disc surface and a second
transducer associated with the second disc surface to
read the servo samples from the first and second disc
surfaces such that at least two servo samples are read
each servo time period.
6. - The method of <claim 4 wherein reading
consecutive servo samples from the first and second disc
surfaces comprises:
reading, in parallel, from a first transducer
associated with the first disc surface
and a second transducer associated with
the second disc surface such that at
least two servo samples are read each
servo time period.
7. The method of claim 2 wherein reading servo
- samples from at least a second disc surface comprises:
- reading servo samples from a plurality of:
additional disc surfaces, other than the
first disc surface, between reads of the
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position over a desired t can be 25 recovered fromthat
track. The enbodi rrent sho Mﬂm"ﬁﬂ ﬂmﬂ‘ des a small quantity of
addi ti onal h4PRHPB2on t he eLSOHt flul tiple servo burst ®CTAFEIBO2008ad
even during a track foll ow ng operatlon The positioning circuit 38 shown

in FIG 3 is 30 simlar to positioning CIiEUIt 10 showmn in FIG 1, and

simlar itenms are simlarly. nunbered. However , p03|t|on|ng system
38 differs from positioning systg, [ i of npl 4§ flers
22[err] through 22[err] are prOVI |ng?hEQC|rc%r%&aaH§%% mF?%ggddl 1oha
filtering WO 97/ 45832 surface. '

PCT/ US97/ 02005 -9 ci rcuit -ﬂﬂemﬁoanaf'daﬂaeu %%d fukt Haddich léﬂg%

out put of readIMW|te channel 24 is_no longer provided to servo positl
denodul at or 26, but |nsteadP§¥f°®¥‘91’©5e§tﬁeFﬁe WrERBIPPuUtto 55eek to a
Wth feedback system 38, and durdégtinat@éff track; and

wherein reading servo samples is performed
during the seek operation.
9. The method of claim 1 and further comprising:
performing a track following operation to
follow a designated track; and
wherein reading servo samples is performed
during the track following operation.
10. The method of claim 1 wherein the plurality of
disc surfaces comprise a first disc surface on one side
of a first disc and a second disc surface on a second
side of the first disc, and wherein réading servo
samples comprises:
alternately reading servo samples from the
first disc surface and from the second
disc surface.
1. A method of positioning a transducer over a
disc in a disc drive system having a servo positioner,
the method comprising:
beginning a seek to a destlnatlon track;
during the seek, repeatedly reading sexvo
samples from a first disc surface;
controlling the servo positioner based on the
servo samples read from the first disc
surface;
between reads of the servo samples from the
first disc surface, reading a servo
sample from a second disc surface; and
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fol l owi ng ‘oper ation, the sel ect 20 provides its read signal to
preanplifier Qg[gqhgdnvvm Chvln!m m s an anplified si ggﬁlr -
read/ wite channel 24. As l I| own in FIG 1, rea "lSétbelmoos
channel 10 24 recovers data fromthe anplified read signal and provides
that data to the host or other simlar contrqlg-er. However, the output of
preanplifier 22[err] is also provided to filter circuit 40. I n addition,

a 15 suitable nunber of ot fwntirrcaﬂsdig:em Berabspopioibfierr bagesl gitalthet 0
the renai nder of preanplifiers 22. ||Q$ o] o] r lifler .
provide anplified read signals tosfe teri n@{fﬁil r%%%‘? ggo&hﬁg’fg é|én‘l:$ﬁ§n,dlsc

provides a filtered output signal suxfade. pl exer 42. 20 Servo

control processor 238 provideg sl v 9 A1 tiplexer 42 to
choose one of the transducersl 20 rlom V\h@“}?to read a servo burst. That

servo burst is provided fromawplugedisy 42ft odiseyosuehvagsat opagh whilse
denpdul ates the servo position 25 gydffd "Rh9AgaN pr 1A ,Of| nsg,h@etdal

form to servo control processor 28. Servo._ control processor
servo samples recorded thereon, the
servo samples on at least two of the
plurality of disc surfaces being
recorded 1in skewed relation to one
another;

‘a plurality of transducers, each transducer
being associated with one of the
plurality of disc surfaces;

a motor operably coupled to the disc surfaces
to move the disc surfaces relative to
the transducers such that the servo
samples pass associated transducers once
each servo time period;

an actuator arm assembly coupled to the
transducers to move the transducers
relative to the disc surfaces; and

a servo control apparatus coupled to the
actuator arm assembly to control
position of the actuator arm assembly,
the servo control apparatus including a
reader confiqured to read servo samples
from the at least two disc surfaces such
that at least two servo samples are read
within one servo time period.

13. The disc drive of claim 12 wherein the reader
is configured to read the servo samples from a first
disc surface of the at least two disc surfaces and,
between reads of the servo samples from the first disc
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controls multiplexer 42 hr ough the various transducers® 20 in
order to read rrultl | e se,jrﬂﬂirﬂl , MF each servo tinme period t[err].
30 O 9S8 ur se ocessor 28 can cont PEE/USIT/2005
mul ti pl exer 42 to read from any SUIt Ie nunber of transducers 20 during a
track follow ng operation such that the servg sanpling rate is increased to
a desired level. It should also be noted tH r feedback WD 97/ 45832

PCT/ US97/ 02005 -10- stem 38,shown in Fﬂii bl e for ng the
i ncreased sanpl i n@uF%Eeduﬂaﬂa STV AR WRek® o%%?%t %%s'ﬂ&ﬁ? %‘aévé’c
respect to FIG Ilsurfbeoevef, thet att heastnuwe ddéctsumﬁabes .smal | amount of

preanplifying 5 ,gircuitryppdl §ELkE abieggaf%?ig %4'4 Seid | 1 &LA00

circuitry 40 and nuft|pIeX|ng crrcuitr fee 8 provi des th
ability to increatBcltéesServo sanpling rate even mhlle data is being read

during a track fohb@WkNFor reading servo samples from a plurality of.
additional disc surfaces, other than the first disc
surface, between reads of the servo samples from the
first disc surface. '
15. The disc drive of claim 14 wherein the disc
drive includes a first disc and wherein the at least two
of the plurality of disc surfaces comprise a first disc
surface on one side of the first disc and a second disc
surface on a second side of the first disc, and wherein
the reader includes means for alternately reading servo
samples from the first disc surface and from the second
disc surface. |
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operation. 10 Therefore, it can be seen that the present =L
i nventi on ianﬁf§ﬁé&§§rvo sanpling rates by alternately S“Ltcmﬂﬁid§¥7 n 'Eﬁﬂ
two transducers on opposite sides of a disc to double the sanple rate. The '
present invention can also optionally smﬁtchazstmeen three or nore 15
transducers 20 to read fromthe surfaces of tiple discs to drastically
i ncrease the servo sanpling rate. It should also be noted that, while the
present invention has been discussed with respect to reading a servo burst
froma single transducer and then 20 switching anong a plurality of
transducers, the transducersgpan also be read in parallel with the
duplication of additignal circuitry (such as servo denodul ator circuitry
26) in the positionin'g:n It should be further noted that, while the
25. present invention h di scussed with respect to an enbedded
servo-type system it co be used in a hybrid servo system Hybrid
systens typically incTuey nbedded servo information and a -dedi cat ed
servo surface. Thé!pgsfe tion would be used in reading
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30 - information fromthe enbedded servo portion of the drive. A'though the
present invention has been described with reference to preferred

embodi nents, WYPREAB3ZKi|led in the art will recognize that chafgHUsI702¢45

97/ 45832 PCT/ US97/ 02005 -11- may be
made in formand detail w thout departing from 2he spirit and scope of the
I nventi on. 12 1. A nethod of controlling position of an actuator

armin a disc drive, conprising: (a) providing a plurality of discs, a
first of the plurality of discs having first and second disc surfaces, each
of the first and second disc,surfaces having servo
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sanpl es retorded”t hereon, the servo sanples recorded on the first and
second di sc syrfaces being in skewed relation to one anot her, }g__&_ %ed
by a servo sp&’m?&,’&‘(’b) noving the first and second disc surfa /ﬁ%‘}& e
to a first and second transducers, each of the first and second transducers
bei ng positioned relative to one of the pluraBy3y of disc surfaces to read
information therefrom the servo sanples on each disc surface noving
past the corresponding transducer at a rate of one servo sanple each servo
time period; (c) reading data fromor witing data to the first disc
surface, the data including servo sanples; (d) during reading data from or
witing data to the first disc surface, reading servo sanples
intermttently fromthe second disc surface; and (e) controlling the
position of the actuator arm Based on the servo sanples read. 2.

The.met hod of claim1 whereif |readgng step (c) conprises: reading servo
sanples fromthe fi rstid{wscﬁgdrfngce; and reading step (d) conprises reading
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“sanpl es fromthe second di sc surface between reads of the 48S®Eqaopl es
fromthe firs ] : The met hod of cl ai m 3gneading(step
(c)conprises mﬂmmuﬂummmﬁve servo sanples fromthe fi rsﬁvgfgc“’g ace
with one servo*safpl'e Heiig read each servo time period. 13 4.

The nethod of claim 3 reading step (d)joconprises reading consecutive.servo
sanples fromthe second disc surface with one servo sanpl e being read each
servo tine period. 5. . The nethod of claim4 wherein reading step
(c) andt+ eadi ng <t Fpethpd hpFeRieelidngi RgSitinn aof i Bt ackuAteMicarm in a

- assocCidgtsRd dei {8, tddnddisihgdi sc surface and a second transducer associ ated
with the second disc surface such that at Iﬁgast two_servo saggl es are read

.each servo tine {frPEQViding a pluraijty p& ddgcss 2| Einnty ofngbe Piyrality
conprising a step (f)obfdisyd Haviing Fizeckanpesatdmd dDsSedhridres, each

destination track'sucoh tgﬁtt readLn n er'voosgrrp#&%s are %ad urvi._n trl& seek

operation. 7. ThEPtedhbd o% %I F%P4a Furst‘ﬁ’Fng &8 §'ng $£53Pep

(f) of samples recorded thereon, the servo samples recorded
on the first and second disc surfaces being in skewed
relation to one another, and separated by a servo
spacing; |

(b) moving the first and second disc surfaces relative to a
first and second transducers, each of the first and
second transducers being positioned relative to one of
the plurality of disc surfaces to read information
therefrom, the servo samples on each disc surface
moving paét the corresponding transducer at a rate of
one servo sample each servo time period;

(c) reading data from or writing data to the first disc
surface, the data including servo samples;

(d) during reading data from or writing data to the first
disc surface, reading servo samples intermittently
from the second disc surface; and

(e) controlling the position of the actuator arm based on
the servo samples read. '

2. - The method of claim 1 wherein reading step (c) comprises:
3

reading servo samples from the first disc surface; and
reading step (d) comprises reading servo
samples from the second disc surface between reads of
the servo samples from the first disc surface.

3. The method of claim 2 reading step (c)comprises
reading consecutive servo samples from the first disc surface with one
servo sample being read each servo time period.
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‘perflorming a.track follow ng operation to follow a designated track and
such t hat sérvﬂl ll I‘aﬂﬂ' d during the track foll ow ng operation. 8. -
A disc drive Iunmi U rality of discs, each disc having one or
more disc surfales® a first pfurality of the dISCS having first and second
di sc surfaces, each dISC surface having a plurality of spaced servo sanples
recor ded thereon, the servo sanples on tBe first and second disc surfaces
bei ng recorded in skewed relation to one another; a plurality of
transducers, each t ransducer bei ng associated with one of the

plurality of disc surfaces; a notor operably coupled to the disc surfaces
to nove the di scTreurriedilesl raf atladm tD réadingansthpceld) soomprisgs tyaadiagvo

- Sanpl 65zt 256 O5L AfL & dnipTRSAYEEH St R Ch KRG d18EY QubELEe p@{érpdone ser¥o

sample being read each servo time period.

5. The method of claim 4 wherein reading step (c)and reading
step (d) comprises reading from a first transducer associated with the
first disc surface and a second transducer associated with the second
disc surface such that at least two servo samples are read each servo
time period.

6. The method of claim 1 and further comprising a step (f) of
performing a seek operation to seek to a destination track such that
reading servo samples are read during the seek operation.

7. The method of claim 1 and further comprising a step (f) of
performing a track following operation to follow a designated track
and such that servo samples are read during the track following
operation. '

8. A disc drive, comprising:

a plurality of discs, each disc having one or more disc
surfaces, a first plurality of the discs having first
and second disc surfaces, each disc surface having a
plurality of spaced servo samples recorded thereon,
the servo samples on the first and second disc
surfaces being recorded in skewed relation to one
another;

a plurality of transducers, each transducer being
associated with one of the plurality of disc surfaces;

a motor operably coupled to the disc surfaces to move the
disc surfaces relative to the transducers such that

the servo samples pass associated transducers once
each servo time period;




“an éctuator‘annraSSEﬁﬁTy coupled to the transducers to nmove the transducers

relative to the di f ding data fromor witing data to the
first disc servi %nmﬂmummur“mml ng servo sanples; during reading data
fromor witing datadotthe ffrst disc surface, reading servo sanples
intermttently fromthe second disc surface; and a servo contro

apparatus coupled to the actuator arm &4senbly to control position of
the actuator armassenbly, the servo sanples fromthe first and second

di sc surfaces 9. The disc drive of claim 8 wherein the

servo control apparatus includes a selector for intermttently using a
second transducer associated with the second disc surface to read the servo

‘sanples fromthe second di sc surface such that at |east two servo sanples
are read each se?¥yAFTUAtOfeprBgassenbly coupled to the transducers to move

the transducers relative to the disc surfaces;

reading data from or writing data to the first disc
service, the data including servo samples:

during reading data from or writing data to the first disc
surface, reading servo samples intermittently from
the second disc surface; and

a servo control apparatus coupled to the actuator arm
assembly to control bosition of the actuator arm
assembly, the servo samples from the first and second
disc surfaces

9. The disc drive of claim 8 wherein the servo control
apparatus includes a selector for intermittently using a second
transducer associated with the second disc surface to read the servo
samples from the second disc surface such that at least two servo
samples are read each servo time period. '
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