1 TD| SK DRI VE USI NG MULTI PLE SERVO TI M NG MARKS THAT EORM A

CODE el REpEEERIREL ATED Bl T PATTERNS

Techni I This invention relates to disk drives that store
recor I a, and in particular to disk drives e c
sectors wth servo

i mng marks (STMspg for maintaining tf%‘iu %BEEJ] ggkgﬂs

on the data tracks during read and wite operations.
Background of the Invention Magneti c recordi ng di sk drlves

i ncorporate stacked, commonly-rotated rigid nmagnetic recordi ng disks that

are used for storage of user data. The data is recorded in radially-spaced
dat a t r aABSTRAQThOF MHEAPISCHOSURE di sks. Recordi ng heads are noved by an

act uat or h
ot at | on DRY ANMPINUEH ieadriie BT NG Y MRk A" RERTIRG,
singl e r AESARATYHIAERERMGRCh may be an inductive read/wite head or an

i nductive wite head i.n conbination with a magnetoresistive read head, is
associ at ed wi®hdEY c8RAcSEBARI HgeAt4ne: REPREASREI HE 18Gr Backe HfPWERSF di sk.

It i s necassRided 0 lﬂ’IO\j/el:hemm‘mSQiﬂyﬁd!g’ﬂ adnto Ll  comt iRDhgalod oaed | on of
t he reeordin heads$# %@IIVE to_their . assoc ted d|€%nsu%fa es. Sﬁedlal
p05|t|cn1W§ﬁ T EHT ?eﬁ%?d@ﬂ Ghithe & Kiasteet ni8 dghd is
used 6o |reeeting hmdsrleoovheuiesar@di@mtfamer a@kslaﬁ@smaadtaaqm thee heads
over tm?f&?'ﬁf@eﬂﬁ&@ t&ﬁc&?‘ﬂﬁaﬁgkfﬁﬁ¥iéﬂ"iHﬁétfeeeggsi?ﬁn%nlt is

Crcunferenti osition information 1s used fo identi e start of

di ffer entiﬁﬁﬁﬁ-#?‘el%‘:h%aﬁr@j b UiReatiad @, I n conventi onal

fi xed-bl ock architecture disk drives, the data is located in fixed-Iength
angul ar data sectors and the servo information is |located in
angul arl y-spaced servo sectors that are interspersed anong the data
sectors. This type of disk drive is referred to as a sector servo
or enbedded servo disk drive. I n enrbedded servo disk drives, each of
the servo sectors contains a servo timng mark (STM that is read by the
head to initiate the subsequent detection of servo information in the form
of position error signal (PES) bursts. The PES bursts are decoded by the
servo electronics to calculate the radial position of the head and provide
feedback to the actuator to reposition the head to naintain it along the
centerline of the desired track. In a specific type of fixed-block
architecture enbedded servo disk drive that incorporates a "No-I1D'[err]
brand of headerl ess architecture where there are no identification (I1D)
fields to |l ocate the data sectors, the STMs are al so used to assist in

| ocating the specific data sectors where user data is to be read or
witten. This type of disk drive is described in IBMs U S. Patent

5, 500, 848. Accurate detection of STMs is crucial to proper disk drive
operation since it is necessary to correctly recogni ze subsequent servo
information (PES bursts) and track ID information that are |located in the
servo sectors after the STMs. If a servo sector is not recogni zed because
of errors in the STM the servo electronics will generate servo timng

i nformati on based on previous STMs and servo tracking and tim ng accuracy
will be dimnished. Also, if the servo electronics incorrectly detects an
STM at the wong | ocation because of an error condition, incorrect data
will be sent to the track I D decoder and PES decoder, resulting in mssed
or incorrectly interpreted track I D and head position. Correct
identification of the STMI|ocated at the index (the begi nning of the track)
is also inmportant in disk drives with headerl ess architectures because the
| ocation of the appropriate data sectors for reading and witing data '
begins with identification of the index STM Prior art disk drives
attenpted to inprove the reliability of reading servo timng nmarks by the
use of redundant STM bit patterns adjacent to one another

3 and the use of specific types of a single bit pattern for all STMs that
can tolerate up to a fixed nunber of bit errors. These nethods are
inefficient and do not allow the use of nultiple STM patterns capabl e of
bei ng accurately decoded by the servo el ectronics. Mrreover, none of the
prior art disk drives allow any nodification in the STM correction and

det ecti on power. What is needed is a disk drive that can accurately
detect nmultiple types of STM'patterns so that STMs can be used to identify
different parameters, such as track ID, track index and head number, even
when any one or nore of these nmultiple STM patterns contains bit errors,
and that can be nodified or adapted to alter the error correction and/or
detectlon power . Sunnary of the Inventlon
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