-1 HEAD POLARITY DETECTION ALGORITHM AND APPARATUS FIELD OF THE INVENTION The
present invention relates generally to data heads, and more particularly 5 but not by limitation to head
polarity in data heads. BACKGROUND OF THE INVENTION In data storage systems, data is recorded
on a storage media, typically in data tracks. For example, in disc drive data storage systems, data is
written in circular 10 concentric data tracks on the surface(s) of one or more data storage discs. In
magnetic disc drive data storage systems, advancement ih-material science has allowed magnetic data
to be written on the media at greater track pitch per inch (TPI) densities than had previously been
possible. One factoHki#dM RAkARECH R BC HIGMSr APGEEREKH Y ASNBDIARRABAILYGN of the
transducer's geometry. Synthetic 15 anti-ferromagnetic (SAF) transducers have been used in magnetic

storage systems to achieve higher TPI (f [%@Mopemes of SAF transducers have
proven to provide good thermal performafee; —amplitude asymmetry sigma, and
component stabilityRs peEapAFadveriber FEaNEUSaRdYIes tHQMeY Slels RIRPISBrWhighGail@ReUr With
SAF transducers is that they 20 frequently exhibit polarity flip behavior. A polarity flip, or polarity flip

behavidr, isPihess byt saiandigheeptidpelaidatarmdatr iRoads from its original or previous polarity.
Inversion of the read back signal will result in data errors. Transducers such as SAF transducers are
sensitive to polarity flips, and particularly to flips to negative polarity. Transducers will also give a reverse
polarity reading of the read back sigAaCRE&-RME NanSducetmiNVEBOIdENEd in a reverse orientation. In

order to implement proper decoding, the read/write chaanel requires that the signal pol?rity séate be
In data storage systems, data is recorded on a storage media;, typically in data

tracks. For example, in disc drive data storage systems, data is written in circular

10 concentric data tracks on the surface(s) of one or more data storage discs. In magnetic
disc drive data storage systems, advancement in material science has allowed
magnetic data to be written on the media at greater track pitch per inch (TPI)
densities than had previously been possible. One factor which makes recording at
higher TPI densities possible is a reduction of the transducer’s geometry. Synthetic

15 anti-ferromagnetic (SAF) transducers have been used in magnetic storage systems to
achieve higher TPI (for example, 130 TPI). The properties of SAF transducers have
proven to provide good thermal performance, amplitude response, amplitude
asymmetry sigma, and component stability as compared to other transducer types.

However, one problem which can occur with SAF transducers is that they

20 frequently exhibit polarity flip behavior. A polarity flip, or polarity flip behavior, is
where a read back signal from a data head inverts from its original or previous
polarity. Inversion of the read back signal will result in data errors. Transducers such
as SAF transducers are sensitive to polarity flips, and particularly to flips to negative
polarity. Transducers will also give a reverse polarity reading of the read back signal

25 if the transducer wire is soldered in a reverse orientation. In order to implement

proper decoding, the read/write channel requires that the signal polarity state be



-2 known and correct. Therefore, there is a need for methods and apparatus which can accurately detect
head polarity and head polarity flips automatically. Embodiments of the present invention provide
solutions to these and/or other problems, and offer other advantages over the prior art. 5 SUMMARY OF
THE INVENTION A method of determining and monitoring head polarity of data heads comprises
performing a head polarity detection routine. The head polarity detection routine comprises the step of
setting a read gate period duration to a first value. The 10 routine also comprises searching for a good
address mark signal during a first read gate period with a channel polarity set to a first polarity. The
routine further comprises identifying a polarity of a data head based upon the channel polarity when the
good addre s mark |Séietecte odlments if the %1 %dres mark is not fqund during the
first 15 read gare peMiod enp F1E8 n’iefﬁusn% Btss'e Oé%‘é% oty FEBRHRHS (}tuﬁ fatther

comprises tQ@@Mﬁéi}ed&&@Hiye@Htmlﬁﬁlﬁ m@{dmaaﬁﬁp@r&n?lﬁipy,aamghwg for the good address

mark during a second read gate period with the channel polarity set to the second polarity In still more

specific embodimerabainpntg %taﬁtméf’éﬁtim%mpmm e SoMbinsstreibest g theos b b
searching fg; %Biﬁiﬁ?g%ﬁ %%’ieéﬁqglaﬂﬁ\%{ e%ug%alq g9, gate periods until the good address
d

mark is found, with the polarity of the chann elng toggled between the first and second polarities after
the completion of each read gate period in which the good address mark is not found. In some

embodiments, the head polarity dete%&ﬁ%w 8%%%{@?&'{}%1{%101“

A method of determining and monitoring head polarity of data heads

comprises performing a head polarity detection routine. The head polarity detection
routine comprises the step of setting a read gate period duration to a first value. The
10 routine also comprises searching for a good address mark signal during a first read
gate period with a channel polarity set to a first polarity. The routine further
comprises identifying a polarity of a data head based upon the channel polarity
when the good address mark is detected.
In some embodiments, if the good address mark is not found during the first
15 read gate period, then prior to the identifying step the head polarity detection
routine further comprises toggling the polarity of the channel to a second polarity,
and searching for the good address mark during a second read gate period with the
channel polarity set to the second polarity. In still more specific embodiments, the
head polarity detection routine further comprises repeating the steps of searching for
20  the good address mark during subsequent read gate periods until the good address
mark is found, with the polarity of the channel being toggled between the first and
second polarities after the completion of each read gate period in which the good
address mark is not found.
In some embodiments, the head polarity detection routine step of setting the
25 read gate period duration to the first value further comprises setting a servo gate

period duration to a time corresponding to a predetermined number of servo sectors.



25 read gate period duration to the first value further comprises setting a servo gate period duration to a
time corresponding to a predetermined number of servo sectors. -3 Other features and benefits that
characterize embodiments of the present invention will be apparent upon reading the following detailed
description and review of the associated drawings. 5 BRIEF DESCRIPTION OF THE DRAWINGS FIG.
1 is an isometric view of a disc drive. FIG. 2 is a block diagram of a data storage system in accordance
with embodiments of the present invention. FIG. 3 is a flow diagram illustrating a method in accordance
with 10 embodiments of the present invention. FIG. 43t is a servo gate timing diagram. FIG. 4-2 is a plot
illustrating a servo signal relative to a polarity flipped servo signal. FIG. 5 is a servo gate timing diagram

illustrating addressmark timing, for a ood address mark. FIG. 6 is rvo gate timing diagra
llstrating adcros NOFk AFRHGSA TS TR AR AP e e S g
embodimeniswafiierPrasEnbingiicent gpeaieredeliail 204-I6118vsap HesiiRiDriei@ipershpalatity data

log. FIG. 9 is a flow diagram illustrating methods of determining the polarity of a multiple data heads
system, dur¥ﬁ§18‘@é?§iﬁ]&%ﬁéﬁpﬁr?é§é,%@Y@B&Scling in reserved tracks or other memory locations.

5 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a disc drive.

FIG. 2 is a block diagram of a data storage system in accordance with
embodiments of the present invention.

FIG. 3 is a flow diagram illustrating a method in accordance with

10  embodiments of the present invention.

FIG. 4-1 is a servo gate timing diagram.

FIG. 4-2 is a plot illustrating a servo signal relative to a polarity flipped servo
signal.

FIG. 5 is a servo gate timing diagram illustrating address mark timing for a

15 good address mark.

FIG. 6 is a servo gate timing diagram illustrating address mark timing with a
false address mark.

FIG. 7 is a flow diagram illustrating embodiments of the present invention in
greater detail.

20 FIG. 8 is an illustration of a head polarity data log.

FIG. 9 is a flow diagram illustrating methods of determining the polarity of a
multiple data heads system, during a certification phase, for recording in reserved
tracks or other memory locations.

FIG. 10 is a flow diagram illustrating a recovery method used when a

25 predetermined number of servo errors occur consecutively.



FIG. 10 is a flow diagram illustrating a recovery method used when a 25 predetermined number of servo
errors occur consecutively. -4 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS FIG. 1 is
an isometric view of a disc drive 100 in which embodiments of the present invention are useful. Disc drive
100 includes a housing with a base 102 and a top cover (not shown). Disc drive 100 further includes a
disc pack 106, which is 5 mounted on a spindle motor (not shown) by a disc clamp 108. Disc pack 106
includes a plurality of individual discs, which are mounted for co-rotation about central axis 109. Each
disc surface has an associated disc head slider 110 wihich is mounted to disc drive 100 for
communication with the disc surface. In the example shown in FIG. 1, sliders 110 are supported by
suspensions 112 whi

i tac i tor 116. The
actuator shown in FIG: ﬁg‘éﬁ“@é y%(k{.uw. @ﬁmmgmt des a voice coil

motor (VCM), showngengsadly alodbriy eikarcoll mett idvoteiosacitater dafbvdinitsaitachig heads
110 about a pivot shaft 120 to position heads 110 over a desired data track along an arcuate path 122
between a RESSHHENYRISR A1 Bsehal aldise Stiter Hinvasbrdesar DerEnmviBiarbess WA sudven by
servo electrpnic Q based.n §jgn%§ epgrateshbydeads 14 a coMRURI(NQhshRWD). FIG. 2
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detection methodtedf she peiseiie imegoti gnot Bladevstpberge digstelan200 i, fackidmplelates a

embodiment of disc drive 100 shown 20 in FIG. 1. However, data storage system 200 is not limjied to disc
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of data storggersysieMsfAdehdhaPHRseahiBYetehEeaD NRiEsed0MAMSIEBnOthREd to disc drive

100 for communication with the disc surface. In the example shown in FIG. 1, sliders
110 are supported by suspensions 112 which are in turn attached to track accessing

10 arms 114 of an actuator 116. The actuator shown in FIG. 1 is of the type known as a
rotary moving coil actuator and includes a voice coil motor (VCM), shown generally at
118. Voice coil motor 118 rotates actuator 116 with its attached heads 110 about a pivot
shaft 120 to position heads 110 over a desired data track along an arcuate path 122
between a disc inner diameter 124 and a disc outer diameter 126. Voice coil motor 118 is

15 driven by servo electronics 130 based on signals generated by heads 110 and a host
computer (not shown).

FIG. 2 is a block diagram illustrating data storage system 200 which is
configured to implement head polarity detection methods of the present invention.
Data storage system 200 can be, for example, an embodiment of disc drive 100 shown

20 in FIG. 1. However, data storage system 200 is not limited to disc drive data storage
systems. For example, the present invention can be used in tape drives or other types
of data storage systems. Also, the present invention can be used in systems, other
than data storage systems, which include a data head having a head polarity.

In an example embodiment, data storage system 200 includes one or more

25 data heads 202 (HEAD 1 202-1 through HEAD N 202-N are shown). Each head is

positioned to read data from a corresponding media surface 204 (media surfaces 204-



than data storage systems, which include a data head having a head polarity. In an example embodiment,
data storage system 200 includes one or more 25 data heads 202 (HEAD 1 202-1 through HEAD N
202-N are shown). Each head is positioned to read data from a corresponding media surface 204 (media
surfaces 204 -5 1 through 204-N are shown). In one particular embodiment, heads 202 are magnetic

data heads, for example SAF transducer carrying heads, while media surfaces 204 are magnetically
encodable surfaces. However, the present invention is not limited to this particular type of head or
encodable data surface. In embodiments in which 5 system 200 is a disc drive data storage system,
encodable media surfaces 204 are provided on disc pack 106 mounted on spindle 206 of spindle motor
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certain operations of data storathéystem 200. For example, as illustrated, circuitry 212 generates control
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used in rea nd proces rom 15 heads 202, and a search mode control signal which causes
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of operation whic ontrol scribe elow tail. Processin d control circuitry 212
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process servo and other data read from media surfaces 204 by data heads 202.

Processing and control circuitry 212 includes suitably programmed processors,

10  firmware and/or other circuitry which is configured to control certain operations of

data storage system 200. For example, as illustrated, circuitry 212 generates control

signal 220 for controlling spindle motor 208, gate period control signal 225 for

controlling a servo read gate period duration of channel 210, channel polarity control

signal 230 for toggling the channel polarity used in reading and processing data from

15 heads 202, and a search mode control signal which causes channel 210 to enter or exit

a search mode. These control signals and the channel parameters or modes of
operation which they control are described below in greater detail.

Processing and control circuitry 212 can also be used to control other features

and functions of data storage system 200. While circuitry 212 is shown as a single

20  processing block in FIG. 2, the functions implemented by circuitry 212 can be

separated and implemented in any desired number of processing circuits, firmware,

etc. These processing functions can also be implemented in a host computing system,

or they can be integrated with the channel. As is described below in greater detail

with reference to FIGS. 3-11, circuitry 212 and channel 210 together operate to

25 identify the polarity of each of data heads 202-1 through 202-N. The head polarity of

the various data heads is then stored in head polarity log 214. Head polarity log 214



separated and implemented in any desired number of processing circuits, firmware, etc. These
processing functions can also be implemented in a host computing system, or they can be integrated
with the channel. As is described below in greater detail with reference to FIGS. 3-11, circuitry 212 and
channel 210 together operate to 25 identify the polarity of each of data heads 202-1 through 202-N. The
head polarity of the various data heads is then stored in head polarity log 214. Head polarity log 214 -6
can be stored in a separate memory associated with circuitry 212, or on reserved tracks of media 204.
The present invention includes a head polarity detection routine, in the form of a method or algorithm
which can be implemented for example in channel 210 and 5 circuitry 212, which is useful in
automatically detecting head polarity. The routine can be executed at various fimes, including du
power-up of b SR anG 2 BAERLLRIAMEh SETS8 08 AUig Boaiion (o deiect dSerhuch
head polarigytlipsoEmbé@din@nts of the routine are described in varying detail as described below 10

FIG. 3 is a flow chart 300 illustrating a first general embodiment of a head polarity detection routine or
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pre-certification stage, and during operation to detect operational mode head
polarity flips. Embodiments of the routine are described in varying detail as
described below

FIG. 3 is a flow chart 300 illustrating a first general embodiment of a head
polarity detection routine or method in accordance with the present invention. The
routine described in flow chart 300 is first described in general terms, and then with
reference to more specific examples of a power-up servo timing sequence which
facilitates the automatic head polarity detection methodology. This routine
eliminates the need to know the head polarity prior to the power-up synchronization
common to data storage systems. Using the routine, head polarity detection is
performed on the fly, involving two primary stages: read/write channel parameter
setting, and servo head polarity timing sequence detection.

As shown at block 305 in FIG. 3, the head polarity detection routine includes
setting a read gate period duration. The read gate period duration is set to a first
value, which in some embodiments is a time corresponding to the time required to
read a predetermined number of servo sectors. In data storage systems, it is common
for a servo read gate of the channel to be enabled for a time equivalent to one servo
sector during normal operation to allow the servo information to be read, but for a
longer period of time during system synchronization. During system

synchronization, when searching for an address mark to initially synchronize the

B5YEIR B EERA.

primary



As shown at block 305 in FIG. 3, the head polarity detection routine includes 20 setting a read gate
period duration. The read gate period duration is set to a first value, which in some embodiments is a
time corresponding to the time required to read a predetermined number of servo sectors. In data
storage systems, it is common for a servo read gate of the channel to be enabled for a time equivalent to
one servo sector during normal operation to allow the servo information to be read, but for a 25 longer
period of time during system synchronization. During system synchronization, when searching for an
address mark to initially synchronize the -7 servo syst@m, the servo read gate is opened for a longer
period of time. The present invention uses this longer read gate period duration for detecting head

polarity. In FIG. 2, setting of the read gate period duratiop is djagrammatically iljustrated as bei
controlled B3 EHhaY 58 2 R 2 R P L e TERBS a8 A AT REES A1 S SR AP betion
routine searghes i @RedpEdIesseNack $ighas @éﬂmﬁiaﬁirﬁaead@@t&&%ﬂﬁ?wiaad%mtholarity
setto a firséﬁ%arity. This is illustrated in FIG. 3 at block 310. At block 315, a determination is made as to

whether a gblet 2adieidingatk Hiss 1586n Saka deestpdurHERTRN St deasr yavepErRlly Whistratest Adt an

address maﬁléllﬁfc%gtl%%(a _gf S51He¢k is determined using a qualification criteria, for example a gray

code qualification, as I1s known in‘the art. If it is determined that a good address mark has not been

detectetl, then the Nebarityffrcleating] 2irisaid gyl perdoskt donmdtipolatity, Hoa éxavhpldyusiegpdintrol signal

230 in FIG. 2. This is illustrated at bloc 0. Then with the toggled polarity, as, illustrated af block 325 a
search is cdfIREFIE T6F% 5&%@@% &?@%f’&ﬁ}?ﬁ %élé%c?n eSrsagBrls PEHRL Y. This

process is repeateehnitihalgaed addreaTimarkomiayndHRNGS R BeRMR0M F36MAEK Block 310. At

block 315, a determination is made as to whether a good address mark has been

detected during the first read gate period. Whether or not an address mark is a

10 “good” address mark is determined using a qualification criteria, for example a gray

code qualification, as is known in the art. If it is determined that a good address mark

has not been detected, then the polarity of channel 210 is toggled to a second

polarity, for example using control signal 230 in FIG. 2. This is illustrated at block

320. Then with the toggled polarity, as illustrated at block 325 a search is conducted

15 for a good address mark signal during a second (or next) read gate period. This

process is repeated until a good address mark is found. Once a good address mark is

detected, the polarity of the data head is identified based upon the current channel
polarity. This is illustrated in FIG. 3 at block 330.

A turther discussion of the steps shown in FIG. 3 is provided in the context of

20  an example of the functionality of typical data storage systems which can be used to

implement the routine. As is typical, channel 210 in a data storage system 200 is

configured to implement a search mode of operation. This search mode of operation

(i.e.,, search mode function), which is for illustrative purposes shown as being

controlled by search mode control signal 235 in FIG. 2, is typically used at the

25 beginning of a power-up synchronization stage of data storage system 200 to locate

an address mark for purposes of synchronization. This is sometimes referred to as an



detected, the polarity of the data head is identified based upon the current channel polarity. This is
illustrated in FIG. 3 at block 330. A further discussion of the steps shown in FIG. 3 is provided in the
context of 20 an example of the functionality of typical data storage systems which can be used to
implement the routine. As is typical, channel 210 in a data storage system 200 is configured to implement
a search mode of operation. This search mode of operation (i.e., search mode function), which is for
illustrative purposes shown as being controlled by search mode control signal 235 in FIG. 2, is typically
used at the 25 beginning of a power-up synchronizatie stage of data storage system 200 to locate an
address mark for purposes of synchronization. This is sometimes referred to as an -8 "address mark time

out interrupt,” At the beginning of operation of data storage system 200, it is neces to search for a
Valid aciires@ U Sab BOTED Sk 1 it QB THER Qhe RRUAT QaHes Al be
located, thessgeumread, gateriscestavides tharchdisnal tEaasad fessharryersigrainhatistsgarch
mode is 5 primarily used to search for a valid servo signal during power-up, in the present invention, this

search moodiffigetiolri®radictiydaets sbardrstoralidand Hgaravarkandliseelowipl 1o 5erE6s8adf head
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period of X Servo sectors, where X Is an integer value greater t two. For 10 example, in one
exemplary gminoglithentsédetoeseartbatbgatevadidodeduratigmnid shitmeithewthregppiifothesemeseadctors.

Widening the read gate period duration to search for the address mark allows ngise (j.e., non-servo
signals) 10 BEYATBAESA G CPATH Y D80T 11 GEEn LR HECSSaN NFCEE R irngent
screening ofeslgNAlSRNOCRSSEEHbY.GNAMEl 2 P hiorexamrignmore stringent screening of signals
In one embodiment of the present invention, the read gate period duration is
set to a period of X servo sectors, where X is an integer value greater than two. For
10  example, in one exemplary embodiment, the servo read gate period duration is set to
either three or four servo sectors. Widening the read gate period duration to search
for the address mark allows noise (i.e., non-servo signals) to be introduced into the
channel 210. Thus, the search mode necessarily utilizes more stringent screening of
signals processed by channel 210. For example, more stringent screening of signals
15 while in the search mode can include detection of a preamble of a signal using a
narrow band pass filter implemented within channel 210. As a screening criteria,
once the energy at the preamble frequency exceeds a threshold, then the preamble of
the signal can be determined to have been detected.
Setting the channel parameters for the search mode function as described is
20  initiated once the hard disc has achieved stability in spin up. With the servo gate
period widened to X servo sectors, any servo signals located within this gate period
are captured. At the interval of X sectors, the polarity in the read/write channel is
toggled. FIG. 4-1 shows the timing for each new servo gate during power up servo
synchronization.
25 As illustrated diagrammatically in FIG. 4-1, servo gate 405 is set to X servo

sectors in duration, with the duration of a servo sector being represented as the



15 while in the search mode can include detection of a preamble of a signal using a narrow band pass
filter implemented within channel 210. As a screening criteria, once the energy at the preamble frequency
exceeds a threshold, then the preamble of the signal can be determined to have been detected. Setting
the channel parameters for the search mode function as described is 20 initiated once the hard disc has
achieved stability in spin up. With the servo gate period widened to X servo sectors, any servo signals
located within this gate period are captured. At the interval of X sectors, the polarity in the read/write
channel is toggled. FIG. 4-1 shows the timing for eacl¥-new servo gate during power up servo
synchronization. 25 As illustrated diagrammatically in FIG. 4-1, servo gate 405 is set to X servo sectors in

duration, with the duration of a servo sector being represented as the -9 peyiod of the servo wedge
waveform 4B {18, dhe ortSi Dot CLRA G AT B1 e i o RRERE 1EBl L as ety SUie S 22). As
can be seerdmddéuti-d witilgeseapsig fed a7 agdrass mayk A3Gdhebeadpalantds oggietipetween
consecutive read gate periods (i.e., between read géate Eeriods 407 and 409, and between read gate 5

periods 40958AtF AN feyearligrene MmarkgtaPiBe Gkt dSE At Pt ERNSSPRIRTHBVE  with
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gate, the address mark time out interrupt routine ggle the polarity of the read/write ¢ el 210,
and thesserpegatts dOX @edtétd in length 10 will be re-asserted. For a data storage system which

possesses a rever olafjity head, the read back signal will be reversed (i.e., if the actual data is written
P 0700 it i FEERFEALL ALeCHBHDR A eSS R a1y G gy nenronous

with the start and end of the servo gate. If no address mark signal has been detected

at the end of the servo gate, the address mark time out interrupt routine will toggle

the polarity of the read/write channel 210, and the servo gate of X sectors in length

10  will be re-asserted. For a data storage system which possesses a reverse polarity

head, the read back signal will be reversed (i.e., if the actual data is written as

“10101”, it will read back as “01010”). An example of a normal polarity signal 450

and its corresponding reverse polarity signal 460 is shown in FIG. 4-2. The read back

signal can be negated internally by changing the polarity state in the read/write

15 channel. The toggling of channel polarity continues in every address mark time out

interrupt until a good address mark is detected. Again, an address mark signal is

considered good when the servo signal gray code is qualified to be good using a
predetermined criteria.

FIG. 5 illustrates an example of the timing when a good address mark 430 is

20  detected. As illustrated, since no good address mark is detected during read gate

period 505, the channel polarity is toggled from positive to negative. Good address

mark 430 is then detected during read gate period 510. With the qualification of the

first address mark signal 430, the algorithm re-computes the next servo wedge

timing. The subsequent servo gate period is then reset for the acquiring of one servo

25 wedge.



and its corresponding reverse polarity signal 460 is shown in FIG. 4-2. The read back signal can be
negated internally by changing the polarity state in the read/write 15 channel. The toggling of channel
polarity continues in every address mark time out interrupt until a good address mark is detected. Again,
an address mark signal is considered good when the servo signal gray code is qualified to be good using
a predetermined criteria. FIG. 5 illustrates an example of the timing when a good address mark 430 is 20
detected. As illustrated, since no good address mark is detected during read gate period 505, the
channel polarity is toggled from positive to negative. @08od address mark 430 is then detected during
read gate period 510. With the qualification of the first address mark signal 430, the algorithm

re-computes the next.servo wed The subsequent servo g lOd is the reset for he
e o ome sa S B o e S S o e 1 S L e R e g i
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are detected during read gate period 605. With the channel polarity toggled, there is address mark
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address mark signal 615 fails the criteria to be quali address mark (i.e ddress mark
signal 615 |s‘t@refmsedah‘dsesmmhrﬁé)l;eﬂtmalgdmlsmwagat&){i&l‘iemdmtmmejdtbgmmgtha@msbsiore

of the next POy RO VR e G D R R Get CEETar GALS puot 610, Dot i

toggling thesliapnelPelatiyA1Be as a good address mark (i.e., if address mark signal 615 is a
“false address mark”), the algorithm waits for the next polarity toggling event before
re-asserting the servo gate (again having a period duration of X servo sectors in
10 length). An example of the next polarity toggling event is the expiration of the X
servo sector gate period 610. Upon again toggling the channel polarity at the
expiration of period 610, the search for a good address mark signal 430 resumes in

period 620.
FIG. 7 is a flow diagram 700 illustrating an address mark detection routine.
15 This routine is described with reference to a disc drive data storage system, but those
of skill in the art will understand that adaptation of this routine to other types of
systems is possible. As shown in blocks 705 and 710, after the spin up of the data
storage disc(s) has stabilized, the read/write channel parameters are set for power-
up synchronization. In the step illustrated at block 715, the address mark detection
20  time out length is set to the time required to traverse X servo sectors or wedges.
Similarly, in step 720 the servo read gate period duration is set to a length of X

sectors.

As shown at 725 in FIG. 7, while searching for an address mark during a read
gate period, a decision is made as to whether the address mark detection routine has
25 been interrupted, for example because of detection of a potential address mark. If the

address mark detection routine has not been interrupted, it is next determined



expiration of period 610, the search for a good address mark signal 430 resumes in period 620. FIG. 7 is
a flow diagram 700 illustrating an address mark detection routine. 15 This routine is described with
reference to a disc drive data storage system, but those of skill in the art will understand that adaptation
of this routine to other types of systems is possible. As shown in blocks 705 and 710, after the spin up of
the data storage disc(s) has stabilized, the read/write channel parameters are set for power- up
synchronization. In the step illustrated at block 715, the address mark detection 20 time out length is set
to the time required to traverse X servo sectors or wedlyes. Similarly, in step 720 the servo read gate
period duration is set to a length of X sectors. As shown at 725 in FIG. 7, while searching for an address

mark durin read te iod, a decision is.made as to whether dress mark detection routine has
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time out is completed or expired, as shown in FIG. 7 at 730. If the address mark detection time out is not
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expires before the address mark detection routine is interrupted, t arity of the channel is toggled as
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to step 715.
If it is determined at step 725 that the routine has been interrupted, and if the
reason for interruption is the potential detection of a good address mark, then at step
10 740 the servo read gate is de-asserted. Then, at step 745 it is determined whether the
potential address mark qualifies as a good address mark using a gray code
qualification criteria, for example. If it is determined that the potential address mark
does not qualify at step 745, then the method returns to step 730. If however the
address mark qualifies as a good address mark, then as described above with
15 reference to flow chart 300 shown in FIG. 3, the head polarity is known based upon
the current channel polarity. This is also represented at step 747 where the head
polarity is determined based upon the channel polarity. Also, if the address mark
qualifies as a good address mark, at step 750 it is determined whether this is the first
qualified address mark. If it is not the first qualified address mark, and if the disc(s)
20 have completed a full revolution as determined at step 755, then the synchronization
process is complete as indicated at 765. However, if the disc(s) have not completed
one revolution, then the method returns to step 725. The method also returns to step
725 if it is determined at step 750 that the good address mark was the first qualified
address mark. In this instance, the servo read gate period duration for the next read

25 gate period is set to the length of one servo wedge for normal operation as shown at

step 760.



10 740 the servo read gate is de-asserted. Then, at step 745 it is determined whether the potential
address mark qualifies as a good address mark using a gray code qualification criteria, for example. If it
is determined that the potential address mark does not qualify at step 745, then the method returns to
step 730. If however the address mark qualifies as a good address mark, then as described above with
15 reference to flow chart 300 shown in FIG. 3, the head polarity is known based upon the current
channel polarity. This is also represented at step 747 where the head polarity is determined based upon
the channel polarity. Also, if the address mark qualifi#2-as a good address mark, at step 750 it is
determined whether this is the first qualified address mark. If it is not the first qualified address mark, and

if the disc(s) 20 haye.completed a full revolptio determined at step.755, then the synchronjzation
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the good address mark was the first qualified address mark. In this instance, the servo read gate period
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storage systems (or other types of Systems}ywith multiple data heads. Initia polarit rmation is
obtainetl dubnge thertifidation phadk hBads istdeteettificaiiamiplya?E saotehehn wifgontitionginservo
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data log is siaigd # asrersiM@drackQirtheistaiagemediardidlit crRARISHRE ftekedalso be stored
elsewhere. In one embodiment, the head polarity data log contains the information
shown in FIG. 8, namely the current polarity and number of polarity flips for each
10  particular head. Information such as the polarity and the number of polarity flips is
used for head switch operations, and for reliability performance analysis. The
number of polarity flips can be set to zero after the initial stage of certification.
A certification phase method of determining the polarity of a multiple data
heads storage system is illustrated in flow diagram 900 shown in FIG. 9. Once all the
15 non-first head polarities are determined, this information can be stored in a memory
location, such as reserved tracks on a storage disc, for later use. As shown at block
905, in the method the channel and other circuitry is set to monitor a first data head.
Then, the power up synchronization routine 300/700 is called to determine the
polarity of the first data head. After determining the polarity of the head, this
20  information is stored to memory as shown at 910. At step 915 it is determined
whether the polarity of all heads have been determined, and if not, then at step 920
the channel and other circuitry is set to monitor the next data head. The routine
300/700 and steps 910 and 915 are then repeated until the polarity of all the non-first
heads have been determined. At that point, at step 925, the polarity data log is

25 recorded in the reserved track(s) or elsewhere if desired.



elsewhere. In one embodiment, the head polarity data log contains the information shown in FIG. 8,
namely the current polarity and number of polarity flips for each 10 particular head. Information such as
the polarity and the number of polarity flips is used for head switch operations, and for reliability
performance analysis. The number of polarity flips can be set to zero after the initial stage of certification.
A certification phase method of determining the polarity of a multiple data heads storage system is
illustrated in flow diagram 900 shown in FIG. 9. Once all the 15 non-first head polarities are determined,
this information can be stored in a memory location, slieh as reserved tracks on a storage disc, for later
use. As shown at block 905, in the method the channel and other circuitry is set to monitor a first data

head. Then, the power,u nchronizatjon routine 300/700,is called to determine the .polarity of the first
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at step 920 the channel and other circuitry is set to monitor the next data head. The routine 300/700 and
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desired. -13 Head polarity may also reverse or flip during operational of t storage system, for
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result in a servo error. The servo_ error may be reported as either. missing the address mark, or as a bad
cormple 12 IS8 SELPBEL S B S ABFLIPY FHiobhad ROLTARSA H ow chart 560 shown in FIG. 10
is used to detect angdeserddRgsRIRRBUGMRASIAAMPAIZIHHBS), and while normal system
operation is underway (step 960), the method includes the step 965 of determining
whether a predetermined number of consecutive servo errors have occurred. In FIG.
10 10, this step is illustrated by way of example as being a determination as to whether
three consecutive servo errors have occurred. However, other numbers of
consecutive servo errors can also be used as the criteria in this step. If the
predetermined number of servo errors have not occurred, then the method repeats
steps 960 and 965 until such an event does occur.
15 Upon three consecutive servo errors being detected, the method notifies
processing circuitry 212 and channel 210 at step 970 that a head mask event has
occurred, and attempts a spin retry at step 975. During the spin retry and once a
stable spin is achieved, the method calls the routine 300/700 to identify the head
polarity of the data heads, and thereby whether a polarity flip has occurred. After
20  servo synchronization is completed (step 980), the circuitry 212 determines at step
985 whether a head polarity flip event has occurred as compared to the polarity
states logged in the reserve track. If no head polarity flip event has occurred, then the
method returns to step 960. If a head polarity flip event has occurred, at step 990
circuitry 212 executes corrective actions (e.g., setting channel polarity, etc.) required
25 to compensate for the head polarity flip event. Then, the updated head polarity data

log is stored, and the method returns to step 960.



After servo synchronization is completed (step 955), and while normal system operation is underway
(step 960), the method includes the step 965 of determining whether a predetermined number of
consecutive servo errors have occurred. In FIG. 10 10, this step is illustrated by way of example as being
a determination as to whether three consecutive servo errors have occurred. However, other numbers of
consecutive servo errors can also be used as the criteria in this step. If the predetermined number of
servo errors have not occurred, then the method repeats steps 960 and 965 until such an event does
occur. 15 Upon three consecutive servo errors being-@iétected, the method notifies processing circuitry
212 and channel 210 at step 970 that a head mask event has occurred, and attempts a spin retry at step
975. During the spjn retr¥ d once.a ée |n is achie tge method caII the o utine 300/700 to
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required 25 to compensate for the head polarity flip event. Then, the update ﬁea polarity data Iog is
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characteristics and adyanta of various embodiments of the jnvention hay in the
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invention, thigdlisglogwermilustrativetelys andwhangendaypended Clalms are expressed. For
example, the particular elements may vary depending on the particular application

for the head polarity detection algorithm and apparatus, while maintaining

10 substantially the same functionality without departing from the scope and spirit of

the present invention. In addition, although the preferred embodiment described

herein is directed to a data storage system, it will be appreciated by those skilled in

the art that the teachings of the present invention can be applied to other systems in

which head polarity detection is useful, without departing from the scope and spirit

15 of the present invention.



5 be made in detail, especially in matters of structure and arrangement of parts within the principles of
the present invention to the full extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, the particular elements may vary depending on the
particular application for the head polarity detection algorithm and apparatus, while maintaining 10
substantially the same functionality without departing from the scope and spirit of the present invention.
In addition, although the preferred embodiment described herein is directed to a data storage system, it
will be appreciated by those skilled in the art that theteachings of the present invention can be applied to
other systems in which head polarity detection is useful, without departing from the scope and spirit 15

of the present.i o IS CLAIMED IS: 1. A method comprising: performing a head polarity

detection rotiti ips of: setting a read gate period duration to a first value; searching
for a good aﬂdreswﬂ&mwﬂm@ﬁrst read gate period with a channel polarity set to a first polarity;
and identifying a polarity of a data head based upon the channel polarity when the good address mark is
detected. 2. The mEHGUBIREGANAGROIEHE §6ETAerRstiRadeRPEEERRRIARG Bhe first read gate

period, then prior to the identifying, ste Q@e%ﬁqu)ao&qﬂ%gg@gtg%gpyg further comprising: toggling
the polarity of the channgfto aé%%onéi)éolar y; and searéhing for the gollcr)ﬁ%’address mark during a second
read gate period with  searching for a good address mark signal during a first read gate period

with a channel polarity set to a first polarity; and

identifying a polarity of a data head based upon the channel polarity

when the good address mark is detected.

2. The method of claim 1, and if the good address mark is not found during the
first read gate period, then prior to the identifying step the head polarity detection
routine further comprising:

toggling the polarity of the channel to a second polarity; and

searching for the good address mark during a second read gate period with

the channel polarity set to the second polarity.

3. The method of claim 2, wherein the head polarity detection routine further
comprises repeating the steps of searching for the good address mark during
subsequent read gate periods until the good address mark is found, the polarity of
the channel being toggled between the first and second polarities after the

completion of each read gate period in which the good address mark is not found.

4. The method of claim 3, wherein setting the read gate period duration to the
first value further comprises setting a servo gate period duration to a time

corresponding to a predetermined number of servo sectors.



the channel polarity set to the second polarity. 3. The method of claim 2, wherein the head polarity
detection routine further comprises repeating the steps of searching for the good address mark during
subsequent read gate periods until the good address mark is found, the polarity of the channel being
toggled between the first and second polarities after the completion of each read gate period in which the
good address mark is not found. 4. The method of claim 3, wherein setting the read gate period duration
to the first value further comprises setting a servo gate period duration to a time corresponding to a
predetermined number of servo sectors. -16 5. The mbihod of claim 4, wherein the steps of searching for
the good address mark signal further comprise: determining whether an address mark has been

detected; de-asser{ing the rea te if it is determined that an address, mark.has,been detected; and
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claim 5, whexairk it aiernin dbe detected address mark qualifies as the good address mark,
b

the head polarity detection routine further comprising setting the servo gate period duration to a time
corresponding to dhfesBHRIRGMAetherAB Atkdret shetkikes besa frtaeiedomprising: performing the

head polarity deteciionJouling afeAcloLapliraiix okdainiNeadnie driaHnRe AR alobede data
head; and storing the polarity for each of the plurality of data heads.
detected; and
determining whether the detected address mark qualifies as the good address

mark.

6. The method of claim 5, wherein if it is determined that the detected address
mark qualifies as the good address mark, the head polarity detection routine further
comprising setting the servo gate period duration to a time corresponding to one

servo sector.

7. The method of claim 3, and further comprising;:
performing the head polarity detection routine for each of a plurality of data
heads to determine a polarity for each data head; and

storing the polarity for each of the plurality of data heads.

8. The method of claim 7, and further comprising;:
determining if a predetermined number of consecutive errors have occurred;
and
if the predetermined number of consecutive errors have occurred, then
performing the head polarity detection routine to determine whether a

head polarity flip has occurred.



8. The method of claim 7, and further comprising: determining if a predetermined number of consecutive
errors have occurred; and if the predetermined number of consecutive errors have occurred, then
performing the head polarity detection routine to determine whether a head polarity flip has occurred. -17
9. The method of claim 8, and further comprising updating the stored polarity for any head which is
determined to have had a head polarity flip. 10. An apparatus comprising: a data head. a channel
coupled to the data head; and circuitry coupled to the channel and configured to perform a head polarity
detection routine comprising the steps: setting a readate period duration to a first value; searching for a
good address mark signal using the data head during a first read gate period with a channel polarity set

to a first polarity; and identifyi olarity of the data head based upon, the channel polarity, when the
Good adcheds mar 1 B0, HIPHE BoBa il SRS Ae o D80 B Se R ot found
during the figstanthaateacinds herpriaida thaidentifingtaien fadegdpplarity detection routine

further comprising: toggling the polarity of the channel to a second polarity; and searching for the good
address mark during a second read gate period with

10.  Anapparatus comprising:
a data head;
a channel coupled to the data head; and
circuitry coupled to the channel and configured to perform a head polarity
detection routine comprising the steps:
setting a read gate period duration to a first value;
searching for a good address mark signal using the data head during a
first read gate period with a channel polarity set to a first
polarity; and
identifying a polarity of the data head based upon the channel polarity

when the good address mark is detected.

11.  The apparatus of claim 10, and if the good address mark is not found during
the first read gate period, then prior to the identifying step the head polarity
detection routine further comprising;:

toggling the polarity of the channel to a second polarity; and

searching for the good address mark during a second read gate period with

the channel polarity set to the second polarity.



the channel polarity set to the second polarity. -18 12. The apparatus of claim 11, wherein the head
polarity detection routine further comprises repeating the steps of searching for the good address mark
during subsequent read gate periods until the good address mark is found, the polarity of the channel
being toggled between the first and second polarities after the completion of each read gate period in
which the good address mark is not found. 13. The apparatus of claim 12, wherein setting the read gate
period duration to the first value further comprises setting a servo gate period duration to a time
corresponding to a predetermined number of servo sé&ors. 14. The apparatus of claim 13, wherein the
head polarity detection routine steps of searching for the good address mark signal further comprise:

determining,wheth dd h detected; de- ting t te ifitis d ined
that an acoes mARCLS BEGT RLASTAR B WS TRg VARG dUe e DULLE HAR s
as the good-adsiseResmMaikeatind b @ppapiustotclaiming, vohetdn iEddg delerhminechihiat therdetected

address mark qualifies as the good address mark, the head polarity detection routine further comprising

setting the SERSPEHENpERRY BrtaRsiirdls il o difgiessoredenso'eaadr theoppdarthie Apparatus
of claim 12'tﬁ%d éﬂ%ﬁéf%ﬂﬂﬁgﬁgﬁé ral}:éft&fegﬁtatﬁsa_ﬂ?stwgﬁaei@e%lﬁ{éifcp‘é}fé(ri%égftﬁ?{e?oﬁﬁs_‘”ed to

perform a method comprising: Ing the head polarity detection routine for each of the plurality of

data completion of each read gate period in which the good address mark is not found.

13.  The apparatus of claim 12, wherein setting the read gate period duration to
the first value further comprises setting a servo gate period duration to a time

corresponding to a predetermined number of servo sectors.

14.  The apparatus of claim 13, wherein the head polarity detection routine steps
of searching for the good address mark signal further comprise:
determining whether an address mark has been detected;
de-asserting the read gate if it is determined that an address mark has been
detected; and
determining whether the detected address mark qualifies as the good address

mark.

15.  The apparatus of claim 14, wherein if it is determined that the detected
address mark qualifies as the good address mark, the head polarity detection routine
further comprising setting the servo gate period duration to a time corresponding to

one servo sector.



heads to determine a polarity for each data head; and storing the polarity for each of the plurality of data

heads. 17. The apparatus of claim 16, wherein the method further comprises: determining if a

predetermined number of consecutive errors have occurred; and if the predetermined number of

consecutive errors have occurred, then performing the head polarity detection routine to determine

whether a head polarity flip has occurred. 18. The apparatus of claim 17, wherein the method further

comprises updating the stored polarity for any head which is determined to have had a head polarity flip.
-19-

16.  The apparatus of claim 12, and further comprising a plurality of data heads,
wherein the circuitry is further configured to perform a method comprising:
performing the head polarity detection routine for each of the plurality of data

heads to determine a polarity for each data head; and

storing the polarity for each of the plurality of data heads.

17.  The apparatus of claim 16, wherein the method further comprises:
determining if a predetermined number of consecutive errors have occurred;
and
if the predetermined number of consecutive errors have occurred, then
performing the head polarity detection routine to determine whether a

head polarity flip has occurred.

18.  The apparatus of claim 17, wherein the method further comprises updating

the stored polarity for any head which is determined to have had a head polarity flip.





