Dynamic Mask-ROM Register Patching Field of the Invention This application relates generally to
digital data storage devices and more particularly to 5 dynamic mask-ROM register patching during
certification testing of the data storage device. Background of the Invention A data storage device
such as a magnetic, optical, or magneto-optical drive includes several main electronic components
such as a read/write channel chip 5, gHfgie MiadiRRenNPHiRistdOmReHHgain controller incorporating a
microprocessor. Firmware code stored in memory, either external or internal to the microprocessor,
and executed by the microprocessor controls the behavior of the components of the data storage
device. Additionally, registers maintained in the memory store values used by the firmware code to
control the individual components. That is, ghgdas @ oh@dikhigsomponents of the data storage device
may be controlled in part by the values 15 Set in these regisiers. Included in these register values may

be a set of permapenRRWESBRRESREPARIT aririarMRlues shatRIRRasRcIBIe Hhritemisiers of the

various components by a start-up routine executed every time power is applied to the data storage
devige. Dyipe s SR iokA PR MRy SIoRREhe Ao IR G eFeRantRiBR e aisRE values
are saved’in an external Read-Only Memory (ROM) such as a flash' ROM. Code uséd 20 during
power up of the data storage device such as a start-up routine and a set of default POR register
values can be programmed into the flash ROM as needed. The flash ROM is helpful because the

ROM codes and POR register values a@aﬁRE%ﬁﬂWo‘fhﬁng%wg the initial stages of drive
e code an

development. However, as the design matures, values are fixed and seldom
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such as the internal ROM of the microprocessor. Apart from saving cost, ng the -1

several main electronic components such as a read/write channel chip, a differential preamplifier,

10  and a main controller incorporating a microprocessor. Firmware code stored in memory, either
external or internal to the microprocessor, and executed by the microprocessor controls the
behavior of the components of the data storage device. Additionally, registers maintained in the
memory store values used by the firmware code to control the individual components. That is,
the behavior of the components of the data storage device may be controlled in part by the values

15  setin these registers. Included in these register values may be a set of permanent Power-On-
Reset (POR) register values that are loaded into the registers of the various components by a
start-up routine executed every time power is applied to the data storage device.

During the initial stages of drive development, the firmware codes and POR register

values are saved in an external Read-Only Memory (ROM) such as a flash ROM. Code used

20  during power up of the data storage device such as a start-up routine and a set of default POR
register values can be programmed into the flash ROM as needed. The flash ROM is helpful
because the ROM codes and POR register values are constantly changing during the initial stages
of drive development. However, as the design matures, the code and POR values are fixed and
seldom change. Therefore, an economical way to store this data is to integrate it into a piece of

25  hardware such as the internal ROM of the microprocessor. Apart from saving cost, saving the



code and POR values in ROM will also reduce processing time during certification testing of the data
storage device by eliminating ROM code from the list of files that are downloaded into the drive during
the certification process. Certification of the data storage device typically takes place after the data
storage device 5 has completed or nearly completed the manufacturing process. The certification

process g ARYPORIGEIGS IR RO W f N353 Prsiaian Jirrrivimgner iR A ¥aiFp HIdRe
device to determine whether the device will be suitable for its potential uses. For example, certification
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start up within an amount of time acceptable to users of the device. 10 The POR register values stored

in the RQM\arguRicHb R1afRARIHPPRBI3INed from a large population of drives that had passed
certification testing in the initial development phase. Therefore, the POR register values are

determined basedfifi¢RfoRSSMPHAA 5%&%%&?6&9@%5@%%%%?%@%%%Wa(?’?ﬂé\?ﬂfethe

majority of drives. However, problems arise when the POR register values are not tuned for some

drives. T bahifetbe careny sehi AR eRiateradling sieradin the RAMdRRNRBRENRE for

some drives. One reason a generic set of POR register values may not work well in all regis
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analog circuits. Therefore, there may be a big difference between the generic P register values
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result, these drives may experience a large number of read retries and require a much longer time to

boot-up. {hesE MeysHcNaY AfrRiessdalyeaime dodrAMbdeRdiRl taxids RBrgd dhgesdifiortgn

process and cause a significant process yield problem. However, these drives may not be physically

faulty andymaypRyRRiRGHAMbYR bIRd aeteiRayRIHe SR LRIRIWRGR A0

10 The POR register values stored in the ROM are typically mean values obtained from a
large population of drives that had passed certification testing in the initial development phase.
Therefore, the POR register values are determined based on the assumption that a generic set of
POR register values should work for the majority of drives.

However, problems arise when the POR register values are not tuned for some drives.

15  That is, the generic set of POR register values stored in the ROM is not appropriate for some
drives. One reason a generic set of POR register values may not work well in all registers is the
fact the some of these registers are used to store values used to counter drift or set gain, offset,
etc in analog circuits. Therefore, there may be a big difference between the generic POR
register values stored in the ROM and appropriate POR register values for some circuits in some

20  drives.

As a result, these drives may experience a large number of read retries and require a much
longer time to boot-up. These drives may therefore fail in a time-to-ready test that may be part of
the certification process and cause a significant process yield problem. However, these drives
may not be physically faulty and may even perform well with register values that are tuned to

25  that specific drive.



25 that specific drive. -2 However, since it is a read-only memory, the ROM is generally unchangeable
once it has been set. Accordingly there is a need for a method of patching specific registers with
tuned values at an early stage of the start-up routine. The present invention provides a solution to this
5 and other problems, and offers other advantages over the prior art. Summary of the Invention
Against this backdrop the present invention has been developed. One embodiment of the present
invention provides a method of tuning a Power-On-Reset (POR) register in a data storage 10 device

comprises detelqyRiag A §iedivalk fefeL sAR AR IS Y Bie ReN G igatrask G%%H@@éﬁ%%ﬁé@rﬁ‘%ﬁs
device obtained during a certification process of the data storage device and storing a list in one or

more sysiggn SECtASBfIR HaiR RN ATRERHE S eIt AORRANRG M ARTRIS A% WRnRGBYregister to

be patched and the tuned value. Another embodiment of the present invention provides a disc drive
that has Rk chelyaiaye o AeHHACy B IBUEHY TR a5 AN R RTRI BRYWHRE 'S Hd RFo Ry ansy

includes a start-up routine that, when executed by the microprocessor, causes the microprocessor to

patch a RawetndRrBeesis BRI FeGisiBELSNaRaeA MaE fisbigyed from one or more system

sectors of the data storage disc. These and various other features as well as advantages which
characterize the present 20 invention will be apparent from a reading of the following detailed
description and a review of the associated drawings. Brief Description of the Drawings FIG. 1 is a plan
view of a disc drive in accordance with a ent invention illustrating the primary

internal components of the disc drive, i i i
Against this backdrop the present invention has been developed. One embodiment of the

present invention provides a method of tuning a Power-On-Reset (POR) register in a data storage
10  device comprises determining a tuned value for the POR register using feedback from the data
storage device obtained during a certification process of the data storage device and storing a list
in one or more system sectors of the data storage device, the list comprising an address of the
POR register to be patched and the tuned value.
Another embodiment of the present invention provides a disc drive that has a rotatable
15  data storage disc, a microprocessor, and a memory wherein the memory includes a start-up
routine that, when executed by the microprocessor, causes the microprocessor to patch a Power-
On-Reset (POR) register using a tuned value retrieved from one or more system sectors of the
data storage disc.
These and various other features as well as advantages which characterize the present
20 invention will be apparent from a reading of the following detailed description and a review of
the associated drawings.

Brief Description of the Drawings

FIG. 1 is a plan view of a disc drive in accordance with an embodiment of the present
invention illustrating the primary internal components of the disc drive.
25 FIG. 2 is a control block diagram for the disc drive shown in FIG. 1 illustrating the

primary functional components.



25 FIG. 2 is a control block diagram for the disc drive shown in FIG. 1 illustrating the primary
functional components. -3 FIG. 3 is a flowchart illustrating a process for register value tuning during
certification testing according to one embodiment of the present invention. FIG. 4 is a flowchart
illustrating a start-up routine including register patching according to another embodiment of the
present inventiomy B1S a liswvarioviraniatHg haioscasringider ol aimAicing yeiviheistart-up
routine of FIG. 4. FIG. 6 is a flowchart illustrating a start-up routine including register patching

accordingedGha@iindi Ve S ertisanitaf shenprasssittvriten. 10 Detailed Description
Embodiments of the present invention will be discussed with reference to a magnetic disc drive. One

skilled in the artpyd] repogRFERARAT INBREARRE SNRIIPRIIRY HERARARRIISEPANnFaR SarRpe

device, such as an optical disc drive, a magneto-optical disc drive, or a compact disc drive, that

utilizes regigtefReEngs AR &f ARt fvkatidniS @ plan view of a disc drive in accordance with an

embodiment of the present invention illustrating the primary internal components of the disc drive. The

disc grive 100 ipghIdes 3 RggenkPy I%%{%W&H%&%P%ﬁ?ﬁﬁﬁ)%mﬁﬁ%ﬂﬁiﬁ% 1Pals maued. A

top cover 104, shown partially cut away, cooperates with the base 102 to form an internal, sealed
environmgnt ter jhe data storage device in a conventional manner. The components include a 20
spindle motor 106 which rotates one or more discs 108 at a constant high speed. Information is
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rotates during a seek operation about a bearing shaft assembly 112 positione nt to
to an alternative embodiment of the present invention.

10 Detailed Description

Embodiments of the present invention will be discussed with reference to a magnetic disc
drive. One skilled in the art will recognize that the present invention may also be applied to any
data storage device, such as an optical disc drive, a magneto-optical disc drive, or a compact disc
drive, that utilizes register settings saved in a ROM.

15 FIG. 1 is a plan view of a disc drive in accordance with an embodiment of the present
invention illustrating the primary internal components of the disc drive. The disc drive 100
includes a base 102 to which various components of the disc drive 100 are mounted. A top cover
104, shown partially cut away, cooperates with the base 102 to form an internal, sealed
environment for the data storage device in a conventional manner. The components include a

20  spindle motor 106 which rotates one or more discs 108 at a constant high speed. Information is
written to and read from tracks on the discs 108 through the use of an actuator assembly 110,
which rotates during a seek operation about a bearing shaft assembly 112 positioned adjacent to
the discs 108. The actuator assembly 110 includes a plurality of actuator arms 114 which extend
towards the discs 108, with one or more flexures 116 extending from each of the actuator arms

25 114. Mounted at the distal end of each of the flexures 116 is a head 118 which includes a fluid



the discs 108. The actuator assembly 110 includes a plurality of actuator arms 114 which extend
towards the discs 108, with one or more flexures 116 extending from each of the actuator arms 25
114. Mounted at the distal end of each of the flexures 116 is a head 118 which includes a fluid -4
bearing slider enabling the head 118 to fly in close proximity above the corresponding surface of the

associatg Aing dGerRHANhY HRACAPEIBIGTHNA HBSK ROiHR Abhir e kigdsdry sakeck rough

the use of a voice coil motor (VCM) 124, which typically includes a coil 126 attached to the actuator 5
assemblynb1Qc a5 el AscQip@ or more permanent magnets 128 which establish a magnetic field in
which the coil 126 is immersed. The controlled application of current to the coil 126 causes magnetic

interaction betwggp e BeIRERIcRAgRY KRR hS Ank2ESa thathfreRldRRommARS iRe

accordance with the well known Lorentz relationship. As the coil 126 moves, the actuator assembly

110 pivotsraReyit dngiPRAING Sl PESE MRRH &/pi &) RRINGACS P 26afiakFaT oA d ARG, across

the surfaces of the discs 108. The 'spindle motor 106 s typically de-energized when the disc drive 100
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typically near the inner diameter of the discs 108 when the drive motor is de-energized. The heads

118 are ﬁﬁﬁéﬁ‘?ﬁe‘b‘b‘ﬁ 1hg BﬁFﬁrﬁ&@%& 1%%%9%#8%@%%&?{9%\,\/ f"EEHEe‘eﬁ’{]t?EﬁQ &l Pﬁ%e&g%s which

prevents 15 inadvertent rotation of the actuator assembly 11 ent ads are parked. A flex

assemb'%%%ﬁgﬁ@u‘ﬂ%‘?&c‘n%r Wéé‘r?tﬁé‘iﬁéﬁﬁ%h&ﬁt%ﬂf%%@ v LAY é%ﬁﬁ%ﬁﬁ%ﬁ while

allowing pi movement of the actuator assem Ing operation. x assembly includes
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132 typicgcu}ﬁg@ocrlggs%?n%iff lﬂ@’pfl %&%6‘&'#{%% Hé%r\l’\r'\%tghaft assembly 112, and the heads 118 are caused
10  to move across the surfaces of the discs 108.

The spindle motor 106 is typically de-energized when the disc drive 100 is not in use for
extended periods of time. The heads 118 are typically moved over park zones 120 typically near
the inner diameter of the discs 108 when the drive motor is de-energized. The heads 118 are
secured over the park zones 120 through the use of an actuator latch arrangement, which prevents

15  inadvertent rotation of the actuator assembly 110 when the heads are parked.

A flex assembly 130 provides the requisite electrical connection paths for the actuator
assembly 110 while allowing pivotal movement of the actuator assembly 110 during operation.
The flex assembly includes a printed circuit board 132 to which head wires (not shown) are
connected; the head wires being routed along the actuator arms 114 and the flexures 116 to the

20  heads 118. The printed circuit board 132 typically includes circuitry for controlling the write
currents applied to the heads 118 during a write operation and a preamplifier for amplifying read
signals generated by the heads 118 during a read operation. The flex assembly terminates at a
flex bracket 134 for communication through the base deck 102 to a data storage device printed

circuit board (not shown) typically mounted to the bottom side of the disc drive 100.



currents applied to the heads 118 during a write operation and a preamplifier for amplifying read
signals generated by the heads 118 during a read operation. The flex assembly terminates at a flex
bracket 134 for communication through the base deck 102 to a data storage device printed circuit
board (not shown) typically mounted to the bottom side of the disc drive 100. -5 FIG. 2 is a functional

block diagram of fae isa Hihetid R4l Bfdckidgrasner ally R5eufing 1he shaiciungiapallgirhgigingich are
resident on the disc drive printed circuit board and used to control the operation of the disc drive 100.
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communication paths are provided between the 5 host computer 140 and a disc drive microprocessor
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drive 100 in conjunction with programming for the microprocessor 142 stored in microprocessor

memory (MEhhet430TRS MRV EGRF RIS PR COMARGSHSEHS TR & iRAbERsERRROTY

(ROM) and other sources of resident memory for the microprocessor 142. 10 The discs 108 are

rotated ap & rERHAREMAB SRESHRY BrRRIMRIE SPRICESEIIRS GREHidABrolduch M%?Wér%l rically

commutates the spindle motor 106 (FIG. 1) through the use of back electromotiveforce (BEMF)
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position of the heads 118 is controlled through the application of current to the coil 126 of the voice
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10 The discs 108 are rotated at a constant high speed by a spindle motor control circuit 148,
which typically electrically commutates the spindle motor 106 (FIG. 1) through the use of back
electromotive force (BEMF) sensing. During a seek operation, wherein the actuator 110 moves
the heads 118 between tracks, the position of the heads 118 is controlled through the application
of current to the coil 126 of the voice coil motor 124. A servo control circuit 150 provides such

15  control. During a seek operation the microprocessor 142 receives information regarding the
velocity of the head 118, and uses that information in conjunction with a velocity profile stored
in memory 143 to communicate with the servo control circuit 150, which will apply a controlled
amount of current to the voice coil motor coil 126, thereby causing the actuator assembly 110 to
be pivoted.

20 Data is transferred between the host computer 140 or other device and the disc drive 100
by way of an interface 144, which typically includes a buffer to facilitate high speed data transfer
between the host computer 140 or other device and the disc drive 100. Data to be written to the
disc drive 100 is thus passed from the host computer 140 to the interface 144 and then to a
read/write channel 146, which encodes and serializes the data and provides the requisite write

25  current signals to the heads 118. To retrieve data that has been previously stored in the disc drive



20 Data is transferred between the host computer 140 or other device and the disc drive 100 by way
of an interface 144, which typically includes a buffer to facilitate high speed data transfer between the
host computer 140 or other device and the disc drive 100. Data to be written to the disc drive 100 is
thus passed from the host computer 140 to the interface 144 and then to a read/write channel 146,

which engoglas /¢l rriinliregeHietaid R ik ReavlesciRd BEMURIER 0 IS 4e-aUiTe R Gamas faghe heads

118. To retrieve data that has been previously stored in the disc drive -6 100, read signals are
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and error detection and correction operations and outputs the retrieved data to the interface 144 for

subsequepiLiBnaiEnhierfhc Naat 6P RURERL AR GHIRh BRVIFRt CopfiRE PEATGNGREPWRIs On-Reset
(POR) register values may be stored in a Read-Only 5 Memory (ROM) in memory 143 of the

microprocessor A4g; JsseaRRRTILROROFREISNS! PRRSFGieI0RBE IR 'BIIRLREY fr00BitelRg the

various functional circuits of the disc drive 100 every time power is applied to the disc drive 100.

Wheg poyyenis-aRRISAYMIRRGBIS $i0Y 88 thelRviGRpRo TR S0UHNRd GRiting PRGN fetch

the POR register values and load these values into the appropriate registers. Loading the registers
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may be tuned for a specific data storage device to determine values that are more suitable for that
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storage device using tained from the device during certification. A y, tuning the
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during subsequent stages e cert ion process. For example, read/write parameter tuning is
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ge device ng read/write parametertuning
10  drive 100 for a first read operation.
The register values may be tuned for a specific data storage device to determine values
that are more suitable for that device than the generic values. Tuning can be performed during a
certification process for the data storage device using feedback obtained from the device during
certification. Additionally, tuning the register values during the early stages of certification
15  allows the tuned register values to be used during subsequent stages of the certification process.
For example, read/write parameter tuning is typically performed at an early stage of certification.
Further, the feedback obtained from the data storage device during read/write parameter tuning
would be helpful in determining tuned register values.
FIG. 3 is a flowchart illustrating a process for register value tuning during certification
20  testing according to one embodiment of the present invention. The process 300 begins with
determination operation 305 where tuned register values are determined. This determination 305
may be based on feedback obtained from the data storage device during a certification process

such as when performing read/write parameter tuning. Control then passes to save operation

310.



would be helpful in determining tuned register values. FIG. 3 is a flowchart illustrating a process for
register value tuning during certification 20 testing according to one embodiment of the present
invention. The process 300 begins with determination operation 305 where tuned register values are
determined. This determination 305 may be based on feedback obtained from the data storage device

during a certificg{fhg QRS FHEOPSIYNAE RAPrEYREFANMY HR RISy SRingcfopNdahthen
passes to save operation 310. -7 During save operation 310, the tuned register values are saved in
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to be patched and the tuned register values may be saved in the system sectors the disc. By saving

the tunednEagiRigraaiias/aibemyp s arei Mg dPadracsage &#@(\,’.iCde@h@/i‘r‘@‘ﬂ%gtUﬂ@M be

preserved 5 without a need to change the generic values in the ROM. Additionally, the tuned register

values meyifer Garibs ShANSHRAHRERIRDG AR IR B8y CRNARA e VRUAIRAG DEIHALHAIRY Process

300 may also include a set operation 315. In set operation 315 a flag may be set in a system sector of

the data GRRRAELARMERIARIRRThEENéHREANRLR RRSHERN JeigITvnat, Ml RlYiseatpigsation

315 may store a null value in the 10 first address in the list stored in the one or more System sectors of

the data ﬁﬁ?f/a&eegﬁ]@%éfn’@@d Wé(l%ﬁ'ﬁfsahﬁt@? Kisen determined. In either case, optional set
5 st

operation 3 ores an indication of whether tuned values have been determined and therefore,
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registers, the generic register value stored in R is appropriate and works 15 well. Register value

25 those IO I e el SR iR, A st R0 B T AR afe Suct
g values such as gain,

tuned value has been determined. Alternatively, set operation 315 may store a null value in the

10  first address in the list stored in the one or more system sectors of the data storage device if no
tuned values have been determined. In either case, optional set operation 315 stores an
indication of whether tuned values have been determined and therefore, whether register
patching should be performed upon start-up of the data storage device.

For some registers, the generic register value stored in ROM is appropriate and works

15  well. Register value tuning may be more useful for registers that experience a broad range of
values in normal use such as those related to countering drift or setting values such as gain,
offset, etc in analog circuits. Therefore, in some cases, tuned register values may be determined
for only those registers in which the generic values do not work well considering the broad
possible range of tuned values.

20 For example, some data storage devices may include a read/write channel chip that
contains a register value used to compensate for the DC shift in the read back signal. The
variation of such a filter may be relatively large due to the fact that it is a hardware filter. Thus,

the tuned value of such a register from chip to chip may be quite different from the generic value

stored in the ROM. In this example, there may be no one generic register value that works well



offset, etc in analog circuits. Therefore, in some cases, tuned register values may be determined for
only those registers in which the generic values do not work well considering the broad possible range
of tuned values. 20 For example, some data storage devices may include a read/write channel chip
that contains a register value used to compensate for the DC shift in the read back signal. The

variation jpf SHgfeanliftferenubiode v Gregidner e fpgerrahitbs AT durarr Silien. ahaus.uiee

tuned value of such a register from chip to chip may be quite different from the generic value stored in
the ROMyinthigigaRrEgIStefRRAIBENAY be no one generic register value that works well -8 in a large
number of drives. Such a circuit would likely perform better in certification and in use with a tuned

register value. Q5@ deiarmied i euiEiad SREPIRN YR 4RFaaHaAd 3 KB et STt BAth Hisrapia

storage device are used by a modified start-up routine to overwrite or patch the generic register

values ofg&y/[BeRQANESbFAMBBIRRAEHIPR IAHERS dSAWIRSHAH agererly PiGRIYr SHRRSOf

routine, once initialized, will proceed to load system files, defect tables, and various system overlays
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reads the tuned register values from the data storage device and uses these tuned values to patch
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patching. In this example, patching of the M values is performed early in thé start-up routine before
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series of instructions stored in the memory 143 of the disc drive 100 or other data storage device and

executed Hyhe B I RSP Rglder JaubE PN INEARLRG 4§aiiBd aRd aReralen dReiDafRicha
Reserve Sector Map (RSM) is
patch the generic ROM values.
10 FIG. 4 is a flowchart illustrating a start-up routine including register patching. In this
example, patching of the ROM values is performed early in the start-up routine before a large
amount of data is read from or written to the disc. This routine 400 may be implemented in a
series of instructions stored in the memory 143 of the disc drive 100 or other data storage device
and executed by the microprocessor 142.
15 The routine 400 begins with load operation 405 in which a Reserve Sector Map (RSM) is
loaded. The RSM is a table (or map) that tells the operating system the location of all the files in
a reserved zone. In many cases, the RSM is the first item to be read from the drive during a start-
up routine. Control then passes to load operation 410.
In load operation 410 system sectors are loaded. System sectors may contain channel
20  parameters, zone boundaries information, drive configurations such as drive age, model number
and capacity, as well as the tuned register values as discussed above. Once system sectors are
loaded, control passes to patch operation 415.
In patch operation 415 register patching is performed using the tuned register values from

the system sectors. That is, the tuned register values are read from the system sectors and written

25 into the appropriate registers. The start-up routine 400 may, for example, call a subroutine or



loaded. The RSM is a table (or map) that tells the operating system the location of all the files in a
reserved zone. In many cases, the RSM is the first item to be read from the drive during a start- up
routine. Control then passes to load operation 410. In load operation 410 system sectors are loaded.
System sectors may contain channel 20 parameters, zone boundaries information, drive

configuragigBsFHCih ARG MY rdlRHE I MAE herRAE ROFISHEY RScWiAl 2D Era It bTeh Is@isisiaMalues as

discussed above. Once system sectors are loaded, control passes to patch operation 415. In patch
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That is, the tuned register values are read from the system sectors and written 25 into the appropriate

registerspdlieceiApted LHiR AR ESY [IExRmRIS 22l a subroutine or -9 otherwise initiate another
routine that will perform register patching. Details of an exemplary routine for register patching will be

described belowyihd BianeR2 0 %hroufeS00aEMA AT RARBCOMRIRIEMR ANBY ARpsas o load

operation 420. In load operations 420 through 430, defect data is loaded. While the number and nature

5 of thesggPles % Yaty AR ShMSIMERARAR RS 4 HRkAtRL FecxamBle; iR 10aflpRRRYRN 420 a

defect factory table is loaded. The defect factory table contains the defect locations captured by a

defect scasnReqiaEesC iR ILIGRIN ﬁ%tme&'ﬁcﬂﬁ?&‘b'@%m&%ﬂr%@l?efl&'?'l%@a‘c‘?o_%’ica"y

recorded in Cylinder, Head and Sector (CHS) format. This table is also known as he primary defect
table. O ' : d tj d
operation T e e e e e e s LT e

: foct. i ) : L .
CO“Vers"?gbi?{&l% %&%ﬁ? P%géréf %Iﬁ’ﬁ 8&@%@(@%}%@% @%Xfﬁma.‘m.%%% BHOSKnown

. n ,
Addressing (LBA)format. After loadin the de al zone table, con
as he primary defect table. Once the defect factory table is loaded, control passes to load

10  operation 425.

In load operation 425 a defect logical zone table is loaded. The defect logical zone table
is basically the conversion of defect locations from CHS format in the defect factory table into
Logical Block Addressing (LBA) format. After loading of the defect logical zone table, control
passes to load operation 430.

15 A defect user table may be loaded in load operation 430. This table contains defect data
updated during the certification process. For example, upon the completion of the drive
certification process, any new defects found in the drive may be saved in the defect user table.

Next, control passes to load operation 435 where the main overlays are loaded. The
entire firmware comprises several overlays or files. The center of the overlay structure is the

20  main overlay. The main overlay contain all the codes important for drive functionality. Once
this overlay has been loaded, control passes to load operation 440.

In load operation 440 register values are updated. That is, after the main overlay is
loaded, register values for registers other than the POR register values may be updated. This
process of updating register values occurs only after the main overlay is loaded and does not

25 utilize the tuned register values stored in the system sectors of the disc.
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passes to load operation 430. 15 A defect user table may be loaded in load operation 430. This table
contains defect data updated during the certification process. For example, upon the completion of the
drive certification process, any new defects found in the drive may be saved in the defect user table.
Next, control passes to load operation 435 where the main overlays are loaded. The entire firmware

comprises severghayerlRyer6r jieses theoaadsErafi RIS QIR SEHIWA N [fadednainiexeriay. The
main overlay contain all the codes important for drive functionality. Once this overlay has been

!oaded, Cébﬂfét'i&ﬁ%ﬁﬁ%@@@o@%?é@m W%'R}%@&P%‘?&b&é‘%rﬁﬁiﬁfﬁf YRlHEMmale &W@S&d That
is, after the main overlay is loaded, register values for registers other than the POR register values

may be upgaiag-pEhisePtoSassR tRdRineiiggigigs, values occurs only after the main overlay is loaded
and does not 25 utilize the tuned register values stored in the system sectors of the disc. -10 Finally,

control passes i, IQaArRRG WO admivd Qe RARMMATIPadtEthe! fLHAS raeR iR ERTRINIRE code

stored in RAM is loaded. This code is not part of the main overlays but may be used to support drive

funcyonalily, KopiiB aite IRITQIAES BRBGURIR DS XIEh IR GERE I RRESLINRT NRIMESTER AGE S

data storage device and use these tuned values to patch the generic mask-ROM values. Patching of

the masksRMIRIMROMRAAIRITE JePRInY B 7R IHIRERHIRG RRTREDSFREIO ATOMAb Bh K Bals read

from or written to the disc. By performing patching early in the start-up routine, subsequent stages of

the start-usquifor DAY RRBE S RBINSINGRErURRFhESHRITRYASS Al SPRE GG suver read/write

errors as a result. With fewer read/write erfors, the drive using 10 tuned register values will

demonstigie. &, BMEKBIHHES R SARY RIS e ehe R R uGREHEAUABY register values and

experience fewer read/write errors as a result. With fewer read/write errors, the drive using
10  tuned register values will demonstrate a quicker time to ready and be less likely to fail in
certification.

As discussed above, not all registers are patched with tuned register values. Register
patching may be more useful for registers related to analog circuits. Therefore, the system
sectors may contain a list of registers to be patched. For example, a register list containing

15  register addresses to be patched and the corresponding tuned register values may be saved in the
system sectors the disc. The patching routine stored in the ROM and executed during the
modified start-up routine 400 will scan through the register list. Once an entry is detected, the
register patching routine will fetch the register address and program the register with the tuned
value.

20 FIG. 5 is a flowchart illustrating a routine for register patching within the start-up routine
of FIG. 4. This routine 415 may be implemented in a series of instructions stored in the memory
143 of the disc drive 100 or other data storage device and executed by the microprocessor 142.

The routine 415 begins with initialization operation 500 in which an entry pointer is
initialized. For example, the entry pointer may be set to a value that indicates a beginning

25  position in the register list.
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As discussed above, not all registers are patched with tuned register values. Register patching may
be more useful for registers related to analog circuits. Therefore, the system sectors may contain a list
of registers to be patched. For example, a register list containing 15 register addresses to be patched
and the corresponding tuned register values may be saved in the system sectors the disc. The

patching routinecsigsegiia e3P M@t sTs daikbieg thentrrdiissssRfEteR spedie It 805Wlhsean
through the register list. Once an entry is detected, the register patching routine will fetch the register

address gicrgspespradnad aatstalitRdRaEANSA Ry PRihtés arcifetcHeV ChpstHBHIEENG R TRdtine

for register patching within the start-up routine” of FIG. 4. This routine 415 may be implemented in a

series of jagi HGHARTSIArEE inthermemeyYeducidhr disctd %ﬁ%é@ﬂe@réh@ﬂﬁ{e%ﬁléwﬁtﬂﬁgéﬁﬁ@@h?gﬁ
in whi

executed by the microprocessor 142. The routine 415 begins with initialization operation 5

an entry RojRier {,souLi;g'gja&&@&m&wﬁ&ﬁg&y%&&%@gmay be set to a value that indicates a

beginning 25 position in the register list. -11 Once initialization operation 500 is complete, control

passgs to fetch HP&L'E@FPSRQ%MYJP@I@ alberRAIRRIAdd RasARY AHENRFIRRIRA DK B FBI PRINter are

fetched. In other words, the first item is read from the list containing register addresses to be patched

and the GoiyeRPRRGIRAIHARS J6PIRIENYANAT GO HHRHEE MRS BER IR MR B ARG BHYAsRAOrc I query

operation 510 a determination is made as to whether the register address read” during fetch operation

operstion b10' & iade & (6t d i
e D el S B B R

comparison of the regi egister a

e S R RS SRR R SBEE
set operation 515. In set operation 515 the register indicated by the address read in fetch
10  operation 505 is programmed or set to the tuned value also read in fetch operation 505. That is,
the tuned register value is written to the register.
Next, control passes to increment operation 520 where the entry pointer is incremented to
indicate the next entry in the register list. Control then passes to query operation 525.
At query operation 525, a determination is made as to whether there are more register
15  entries to be updated. This determination may be based on determining whether the entry pointer
has exceeded the number of register entries. Therefore, this determination may be made by
comparing the entry pointer to a constant representing a number of entries in the register list.
If, at query operation 525, the entry pointer has not exceeded the maximum number of
entries, control returns to fetch operation 505 where the next register address and value indicated
20 by the entry pointer is fetched. If, at query operation 525, a determination is made that the entry
pointer has exceeded the number of entries, processing will end.
Alternatively, rather than performing a register patching routine 415 each time power is
applied to the data storage device, the start-up routine 400 may include a query operation that

determines whether a register patching routine should be executed. FIG. 6 is a flowchart

25  illustrating a start-up routine including register patching according to this alternative embodiment
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10 operation 505 is programmed or set to the tuned value also read in fetch operation 505. That is,
the tuned register value is written to the register. Next, control passes to increment operation 520
where the entry pointer is incremented to indicate the next entry in the register list. Control then
passes to query operation 525. At query operation 525, a determination is made as to whether there

are moregiagiskresertaRiatdn. PeHIPERTgRe Emﬁ@@éﬂmmm@y inQ basedpimariRiMis@whether
the entry pointer has exceeded the number of register entries. Therefore, this determination may be

made byiﬁﬂf@%ﬂﬁ@rmg@fm@@@@ﬂFR/@lW%méﬁ@JﬁsﬁBFBt% BeViRRRA ekauaDintHae register list.
e

If, at query operation’525, the entry pointer has not exceeded maximum number of entries, control
returns tq,fRieh eeasadion 505 where the next register address and value indicated 20 by the entry
pointer is fetched. If, at query operation 525, a determination is made that the entry pointer has

exceeded the nyMDRY; GHEH6HF Be PRRCHTR TR BhERRN IR AR 2iREL B S RIHONAIN GRS kR gister

patching routine 415 each time power is applied to the data storage device, the start-up routine 400

may dnclyge g AuaRy RB%QQ%Q&IB‘I@‘_@%H}‘Eﬂﬁﬁ&ﬁqﬁﬁﬁéFﬁﬂiﬁtsysfé’éﬁqﬂé‘%ﬁ%%ﬂ%ﬁm% fifes in

executed. FIG. 6 is a flowchart 25 illustrating a start-up routine’including register patching according to

this a'teffmg/&@eraﬂzeﬁém%ﬁ e eSS i@‘]{ﬁﬁﬁ?&-iﬂéﬂﬂ%%ﬁ'&ﬁoﬁﬂf}nﬁ%}é BRVEIAMERGL D a

series of instructions stored he memory 143 of the disc drive 100 or other data storage device and

execute sg%nﬁ”ém@?@?@fgpﬁé% {5&18;#) 'aedt%;pél%gins with load operation 405 in which a

Reserve Sector Map ed. The RSM is a table (or map) that tells the operating system

the location of ajh e 5 A SRR IR MR RS S IEREMAR e SR o from

the drive during a start- up routine. Control then passes to load operation 4
parameters, zone boundaries information, drive configurations such as drive age, model number

10  and capacity, as well as the tuned register values as discussed above. Once system sectors are
loaded, control passes to query operation 605.

In query operation 605 a determination is made regarding whether to perform register
patching. This determination may be based on the state of a flag or software switch stored in
ROM. Alternatively, the query operation may read the first entry in the list of register addresses

15  to be patched and the corresponding tuned register values. The determination may then be based
on whether the first address pointer is a null pointer. If, in query operation 605, a determination
is made that register patching should be performed, control passes to patch operation 415.
In patch operation 415 register patching is performed using the tuned register values from
the system sectors. That is, the tuned register values are read from the system sectors and written
20  into the appropriate registers. The start-up routine 400 may, for example, call a subroutine or
otherwise initiate another routine that will perform register patching. Details of an exemplary
routine for register patching will be described below with reference to Fig. 5. Once patching has
been completed, control passes to load operation 420.
If, in query operation 605, a determination is made that register patching should not be

25  performed control passes to load operation 420. In load operations 420 through 430, defect data
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In load operation 410 system sectors are loaded. System sectors may contain channel parameters,
zone boundaries information, drive configurations such as drive age, model number 10 and capacity,
as well as the tuned register values as discussed above. Once system sectors are loaded, control
passes to query operation 605. In query operation 605 a determination is made regarding whether to

perform rggisigsd PRiEHIe theMirngeiarBipatind JPaeRadnsehAVRG et Comirm eisteiyare switch

stored in ROM. Alternatively, the query operation may read the first entry in the list of register

addresseg ddirifehe PALEREM AR B LPHRIPIIND 4Inedceaisiss alnes ibagedetrmippion may then

be based on whether the first address pointer is a null pointer. If, in query operation 605, a

determingiignri$B18¢8ibihd aciiefepaishinerstapldreg Wﬁc‘a@ﬁ%ﬁjsmwﬁﬁﬁ?&m@mm operation

415. In patch operation 415 register patching is performed using the tuned register values from the

System Se&ipfiRatibtdstitge *HEGEIESIRIBAGHYGS IS AR AFO ARy RiEdRAGIPES ARdey kg 20 into

the appropriate registers. The start-up routine 400 may, for example, call a subroutine or otherwise

initiage angthes seripp)abIMikPerAETERYISAs PRIGHAGS DR BilahRReRe mBlRNOFRYtRE defdgister

patching will be described below with reference to Fig. 5. Once patching has been completed, control

passes t‘fé&%ﬂﬁéﬁ@ﬁ%aﬂ%@; égdﬁaﬁggggrﬁge%ﬁggti@nd@jgrmination is made that register patching

should not be “25 performed control passes to load operation 420. In load operations 420 through 430,

defect data -13,i5 l0angeh \MBHS 538 HRBELANAINAHK S8 RERR IR SRR Y Aogi N SorRTIRRN

tables are illustrated. For example, in load operation 420 a defect factory table is [oaded. The defect

factory ta\@'ﬁa(%&'él@'iﬁe“&ﬁr@%ﬁ?ﬁﬁ%? io0s At Wﬁ@rﬁ%@ﬁﬁ%@%ﬁ@&@%ﬁ@iﬂ?@“o“

testing. The defect locations in this table are typically recor in Cylinder, Head 5 ahd Sector (CHS)

format. This [RRIB IS RIFURRYAAE BAPHAALY. d&IRSIRRIGy QPR B dlt18Gical zone table, control

10  passes to load operation 430
A defect user table may be loaded in load operation 430. This table contains defect data
updated during the certification process. For example, upon the completion of the drive
certification process, any new defects found in the drive may be saved in the defect user table.
Next, control passes to load operation 435 where the main overlays are loaded. The
15  entire firmware comprises several overlays or files. The center of the overlay structure is the
main overlay. The main overlay contain all the codes important for drive functionality. Once
this overlay has been loaded, control passes to load operation 440.
In load operation 440 register values are updated. That is, after the main overlay is
loaded, register values for registers other than the POR register values may be updated. This
20  process of updating register values occurs only after the main overlay is loaded and does not
utilize the tuned register values stored in the system sectors of the disc.
Finally, control passes to load operation 445 where code RAM is loaded. In this
operation remaining code stored in RAM is loaded. This code is not part of the main overlays

but may be used to support drive functionality.
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factory table is loaded, control passes to load operation 425. In load operation 425 a defect logical
zone table is loaded. The defect logical zone table is basically the conversion of defect locations from
CHS format in the defect factory table into Logical Block Addressing (LBA) format. After loading of the
defect logical zone table, control 10 passes to load operation 430 A defect user table may be loaded

in load operationefotélis ARG CRYRIBE sietam iRz bPdaiadahiténg regiserifteaiion Rosssalfeor

example, upon the completion of the drive certification process, any new defects found in the drive

may be say@shiexdetdeiantHeatdakls rbifife GARERL PASRRSECINAGOPRIREN 43hivyaradhe mnain

overlays are loaded. The 15 entire firmware comprises several overlays or files. The center of the

overlay %Ub@iﬂﬁﬁéﬁéﬁ@uﬁi@f‘ rBYQItaYs Jﬁlﬁtm@lnTM@ﬁﬁﬁﬁﬁmaﬂ%@ﬂ%\ﬂd@%ﬁﬁﬁ%tﬁmf(ﬁﬁwe
functionality. Once this overlay has been loaded, control passes to load operation 440. In load

operation4dQ regisia eI PEtEPARIRY. theaIoR ANREROANAIT AYeRRKdTo9R8RdaRRYITRS HRlkes for
registers other than the POR register values may be updated. This 20 process of updating register

valugs oGHdrR eI attghfdalAYeHaY IR aGeH REifgredet utilize the tuned register values

stored in the System sectors of the disc. Finally, control passes to load operation 445 where code RAM

is loaded. In this:RETAHIRAARGIUBELFAAE BRI IRAMAR BRERArEIRGRVENSOACH RREHRkhe main

overlays but may be used to support drive functionality. -14 Therefore, dynamic register patching may

be used 1@, RIteLsBHBY HHIH AP A PIVE I ralus ﬁﬁéﬁi)%e}‘?fﬁ@#‘ﬂ?& S oPIRE W IQUENUEN@)h having

to change the ROM. This will'save a substantial amount of resources andtime. This approach’also

provides &, fyREGRARRifY s RASEVRHSE tHRIBBRMREN QSRR LR RIFHR a2l ot

fixed to a constant value but’s
device (such as 100) and storing a list in one or more system sectors of the data storage device

10  (such as 100), the list comprising an address of the POR register to be patched and the tuned
value.

According to another embodiment of the present invention, a method (such as 400 or 600)
of starting a data storage device (such as 100) when power is applied to the data storage device
such as 100) comprises loading a reserve sector map into a memory (such as 143) of the data

15  storage device (such as 100) from a storage medium (such as 108) in the data storage device such
as 100), loading system sectors into the memory (such as 142) of the data storage device (such as
100) from the storage medium (such as 108) in the data storage device (such as 100), and
patching a Power-On-Reset (POR) register using one or more tuned values stored in a list in one
or more system sectors, the list comprising an address of the POR register to be patched and the
20  tuned value.

According to yet another embodiment of the present invention, a data storage device
(such as 100) comprises a storage medium (such as 108), a microprocessor (such as 142), and a
memory (such as 143). The memory (such as 143) has stored therein a start-up routine (such as
400 or 600) that, when executed by the microprocessor (such as 142), loads a reserve sector map

25 into the memory (such as 143) from the storage medium (such as 108), loads system sectors into
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5 changeable at any time during the drive certification process. Stated another way, according to one
embodiment of the present invention, a method (such as 300) of tuning a Power-On-Reset (POR)
register in a data storage device (such as 100) comprises determining a tuned value for the POR
register using feedback from the data storage device (such as 100) and storing a list in one or more

system sgleierb i Esdeiasragede wea P (rueRASM (QlchnRE IBBERPHaIDNLs PORERSSPRERPOR

register to be patched and the tuned value. According to another embodiment of the present

inVentiO%W?F%téﬁ%h@%ﬂ@&%&@% nel VARG B IHaR SIN5RAPHR\GPAHE S BT DY fIaRgPOweEr
a

is applied to the data storage device such as 100) comprises loading a reserve sector map into a

memory {ryeBAsiia) & HaRrdala A SIRtRoR SRR GuiphiaRA ARk iRmAcivaae medium (such as

108) in the data storage device such as 100), loading system sectors into the memory (such as 142)

of the data storqg, (YA dauptase HRALHAMERESHISAIE G (S HERIR thé ABHE L HIC iRl Ie

device (such as 100), and patching a Power-On-Reset (POR) register using one or more tuned values

stored in GdiftidReANE WEIMRTRSSIRMRBREIRERei ORI LQPRERING, AtcedEashfolimBrfP Ratgsisier to be

patched and the 20 tuned value. According to yet another embodiment of the present invention, a

data storgged6yicer (HpDsaS dOM CORYMBIERE, 3aiB(RUPARGEY AN (FIAaRFR &R Iy HETRRIRRSRAT

(such as 142), and a memory (such as 143). The memory (such as 143) has stored therein a start-up

routine (SyeRyag AR PIHRALbHRHF 1B eSS RGHIRA RN BhIEXaRY @?Fa?ﬂér(ﬁ%hsﬁﬁi%ﬂn%e'ﬁﬁ% a

reserve sector map 25 into the memory (such as 143) from the storage medium (such as 108), loads

System SpeRfS 105 e i R EHRRRY AR ATal4 b PR JOR RIURAG B R SHEN RS P&, and
patches a Power-On-Resét (POR) register using one or more tuned values stored in a list in one or
more SySIEmHRASS tHR%isc. For example, the tuned values may be stored in other sectors of the data

10  storage device or even in a RAM or a ROM other then the ROM. Numerous other changes may

be made which will readily suggest themselves to those skilled in the art and which are

encompassed in the spirit of the invention disclosed and as defined in the appended claims.
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list comprising an address of the POR register to be patched and the tuned value. It will be clear that
the present invention is well adapted to attain the ends and advantages 5 mentioned as well as those
inherent therein. While a presently preferred embodiment has been described for purposes of this
disclosure, various changes and modifications may be made which are well within the scope of the
present invention. For example, rather than storing the tuned register values in system sectors of the
data storage device, the tuned values may be stored elsewhere on the disc. For example, the tuned
values may be stored in other sectors of the data &j gtpsage device or even in a RAM or a ROM other
then the ROM. Numerous other changes may be made which will readily suggest themselves to those
skilled in\gaeré anRshyehiEh are encompassed in the spirit of the invention disclosed and as defined in
the appended claims. -16 Claims What is claimed is: 5 1. A method of tuning a Power-On-Reset
(POR) register in a data storage device, the method comprising: determining a tuned value for the
POR register using feedback from the data storage device; and storing the tuned value on a storage
medyim of the %ﬁ%é{?ﬂf@@?tﬂﬁiﬁ%%- p%%gr-aih%b%ﬂ(g@ﬂs ?&E‘Hﬁ&d%ﬁﬁ%&%&%@%@@i&é‘&f‘e is stored in
a list comprising an address of the POR register to be patched and the tuned value. 3. The method of
claim 1, wherein{hed4RerNALkSiS Stored in a system sector of the storage 15 medium of the data
storage device. 4. The method of claim 1, wherein tuning is performed during a certification process for

the determining a tuned value for the POR register using feedback from the data storage
device; and

storing the tuned value on a storage medium of the data storage device.

10
2. The method of claim 1, wherein the tuned value is stored in a list comprising an address
of the POR register to be patched and the tuned value.
3. The method of claim 1, wherein the tuned value is stored in a system sector of the storage
15 medium of the data storage device.
4. The method of claim 1, wherein tuning is performed during a certification process for the
data storage device.
20 5. The method of claim 4, wherein tuning is performed during a read/write parameter tuning
of the certification process.
6. The method of claim 1, further comprising storing an indication of whether tuned values
have been determined.
25
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data storage device. 20 5. The method of claim 4, wherein tuning is performed during a read/write
parameter tuning of the certification process. 6. The method of claim 1, further comprising storing an
indication of whether tuned values have been determined. 25 -17 7. The method of claim 6, wherein
storing an indication of whether tuned values have been determined comprises storing a null value in

a first adgress irrHagishstseelimies RAErein SiNAGXATRINGRIIRGF WHER dalREIVAUSsHRVICBdEMO
tuned values have been determined. 5 8. The method of claim 6, wherein storing an indication of

whether tuned @liem YR HBBASELIRITGahGPVMILISSS SEL0a0RHagi NtRAYSSRBr &EHARObH Hata
storage device if at least one tuned value has been determined. 9. A method of starting a data storage

device wher_l pOVMSfei%MH%@G@H‘&QH&%%QE@&%&@W&?nU‘%HéQWQQ&q{M@HéQ3d@@¢r§ﬁ1§e’él.resewe
sector map into a memory of the data storage device from a storage medium in the data storage

device; loading system sectors into the memory of the data storage device from the storage medium
in the data storage device; and 15 patching a Power-On-Reset (POR) register using one or more

tuned valgles stafgeimdFoiRIaNne ONIREFSIS¥RIARY SRGIYRath T GAERISNRRVAGKY ReFddéle POR

register to be patched and the tuned value. 10. The method of claim 9, wherein patching a

Power-On-ResejdRRfmlPebmprisaiptinesa iy riahipddheadereseraidhg SoRyEa@vies iPhrpgiched

and the tuned value from the list in
one tuned value has been determined.

9. A method of starting a data storage device when power is applied to the data storage
10 device, the method comprising:
loading a reserve sector map into a memory of the data storage device from a storage
medium in the data storage device;
loading system sectors into the memory of the data storage device from the storage
medium in the data storage device; and
15 patching a Power-On-Reset (POR) register using one or more tuned values stored in a list
in one or more system sectors, the list comprising an address of the POR register

to be patched and the tuned value.

10. The method of claim 9, wherein patching a Power-On-Reset (POR) register comprises:
20 fetching the address of the POR register to be patched and the tuned value from the list in
one or more system sectors of the storage medium;
determining whether the address of the POR register to be patched is a valid register

address; and
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one or more system sectors of the storage medium; determining whether the address of the POR
register to be patched is a valid register address; and -18 responsive to the address of the POR
register to be patched being a valid register address, setting the POR register to be patched to the
tuned value. 11. The method of claim 9, further comprising prior to patching a POR register

determining 5 wagibieirais g snewbpthpedrmeisido Hemeibedahgaial ke yReieidress,

determining whether patching should be performed comprises determining whether a first address in

the list stored in the ong@h#ERYRICEistAO b PhibedatARanag wiayice is a null value. 10 13. The
method of claim 11, wherein determining whether patching should be performed comprises

determining whether a flag in a system sector of the data storage device is set. 14. The method of
claim 10, further comprising initializing an entry pointer indicating a 15 position in the list in one or

MOre Sys{g¢m Seekr et TOrARPITIRAKER dUﬁ%ri@iﬁ@tﬁhE}QotP&&ﬁ esPORIAG BieFseaifiRMe be

patched and the tuned value from the list. 15. The method of claim 14, further comprising incrementing

the entry pointe\ Al BHiRGinE e BRRESIPES iR PE Patched to the tuned value. 20 16. The method of
claim 14, wherein determining whether the address of the POR register to be patched is a valid

register address comprises comparing an address from the list indicated by the entry pointer to a
range of valid register addresses. 25

12. The method of claim 11, wherein determining whether patching should be performed
comprises determining whether a first address in the list stored in the one or more system
sectors of the data storage device is a null value.

10
13. The method of claim 11, wherein determining whether patching should be performed

comprises determining whether a flag in a system sector of the data storage device is set.

14.  The method of claim 10, further comprising initializing an entry pointer indicating a
15 position in the list in one or more system sectors of the storage medium prior to fetching

the address of the POR register to be patched and the tuned value from the list.

15.  The method of claim 14, further comprising incrementing the entry pointer after setting
the POR register to be patched to the tuned value.
20
16. The method of claim 14, wherein determining whether the address of the POR register to
be patched is a valid register address comprises comparing an address from the list

indicated by the entry pointer to a range of valid register addresses.

25
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-19 17. A data storage device comprising: a storage medium; a microprocessor; and a memory, the
memory having stored therein a start-up routine that, when executed by 5 the microprocessor, loads a
reserve sector map into the memory from the storage medium, loads system sectors into the memory
from the storage medium, and patches a Power-On-Reset (POR) register using one or more tuned

values stpred inajlist sforaHR BBV eoRNSERMgECtors, the list comprising an address of the POR
register to be patched and the tuned value. 10 18. The data storage device of claim 17, wherein the

start-up routine jufiglagefaiefemmthe address of the POR register to be patched and the tuned value
from the list in one or more system sectors of the storage medium; determines whether the address of
the POR registef igihigratebeas:igmy valid register 15 address; and responsive to the address of the
POR register to be patched being a valid register address, sets the POR register to be patched to the

tuned value. 19, Tha A BORMERRACIREAL ctaldy kierviereiriis FRITHEPHaU IR RUQELQRRIFNING a
POR 20 register determines whethér patching should be performed. 20. The data storage device of

claim 19, wherein the siariiiftspRiERSHE RIERNE R WRRRBE RN MRS hRReRR REARMAE BYrage
determining whether a first address in the list stored in the one or more system sectors of the data
storage device is a nulfy@fiien 48ads system sectors into the memory from the storage medium, and
patches a Power-On-Reset (POR) register using one or more tuned values stored
in a list in one or more system sectors, the list comprising an address of the POR
register to be patched and the tuned value.
10
18.  The data storage device of claim 17, wherein the start-up routine further:
fetches the address of the POR register to be patched and the tuned value from the list in
one or more system sectors of the storage medium;
determines whether the address of the POR register to be patched is a valid register
15 address; and

responsive to the address of the POR register to be patched being a valid register address,

sets the POR register to be patched to the tuned value.

19. The data storage device of claim 17, wherein the start-up routine prior to patching a POR

20 register determines whether patching should be performed.

20.  The data storage device of claim 19, wherein the start-up routine determines whether
patching should be performed by determining whether a first address in the list stored in
the one or more system sectors of the data storage device is a null value.

25
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-20 21. The data storage device of claim 19, wherein the start-up routine determines whether patching
should be performed by determining whether a flag in a system sector of the data storage device is
set. 5 22. The data storage device of claim 18, wherein the start-up routine initializes an entry pointer
indicating a position in the list in one or more system sectors of the storage medium prior to fetching

the address of thad a3 eAIRIEEEIBE FRERIRCLONERBR VIR NALUS FERRME Getstmikentrdata

storage device of claim 22, wherein the start-up routine increments the entry pointer after setting the

POR register tojecRat§RRcLIE Brepiinahuding dRdriharalmsineaaspricesgelaieds: srhpsein the

start-up routine determines whether the address of the POR register to be patched is a valid register
address by compasingrRclgcartdrassfrom the list indicated by the entry pointer to a range of valid
register addresses. -21

5 22.  The data storage device of claim 18, wherein the start-up routine initializes an entry
pointer indicating a position in the list in one or more system sectors of the storage
medium prior to fetching the address of the POR register to be patched and the tuned

value from the list.

10 23.  The data storage device of claim 22, wherein the start-up routine increments the entry

pointer after setting the POR register to be patched to the tuned value.
24.  The data storage device of claim 22, wherein the start-up routine determines whether the

address of the POR register to be patched is a valid register address by comparing an

15 address from the list indicated by the entry pointer to a range of valid register addresses.
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Dynamic Mask-ROM Register Patching


Field of the Invention


This application relates generally to digital data storage devices and more particularly to dynamic mask-ROM register patching during certification testing of the data storage device.


Background of the Invention


A data storage device such as a magnetic, optical, or magneto-optical drive includes several main electronic components such as a read/write channel chip, a differential preamplifier, and a main controller incorporating a microprocessor.  Firmware code stored in memory, either external or internal to the microprocessor, and executed by the microprocessor controls the behavior of the components of the data storage device.  Additionally, registers maintained in the memory store values used by the firmware code to control the individual components.  That is, the behavior of the components of the data storage device may be controlled in part by the values set in these registers.  Included in these register values may be a set of permanent Power-On-Reset (POR) register values that are loaded into the registers of the various components by a start-up routine executed every time power is applied to the data storage device.  


During the initial stages of drive development, the firmware codes and POR register values are saved in an external Read-Only Memory (ROM) such as a flash ROM.  Code used during power up of the data storage device such as a start-up routine and a set of default POR register values can be programmed into the flash ROM as needed.  The flash ROM is helpful because the ROM codes and POR register values are constantly changing during the initial stages of drive development.  However, as the design matures, the code and POR values are fixed and seldom change.  Therefore, an economical way to store this data is to integrate it into a piece of hardware such as the internal ROM of the microprocessor.  Apart from saving cost, saving the code and POR values in ROM will also reduce processing time during certification testing of the data storage device by eliminating ROM code from the list of files that are downloaded into the drive during the certification process.  


Certification of the data storage device typically takes place after the data storage device has completed or nearly completed the manufacturing process.  The certification process may involve tests of a variety of parameters related to performance of the data storage device to determine whether the device will be suitable for its potential uses.  For example, certification testing may include a time-to-ready test that determines whether the data storage device is able to start up within an amount of time acceptable to users of the device.  


The POR register values stored in the ROM are typically mean values obtained from a large population of drives that had passed certification testing in the initial development phase.  Therefore, the POR register values are determined based on the assumption that a generic set of POR register values should work for the majority of drives. 


However, problems arise when the POR register values are not tuned for some drives.  That is, the generic set of POR register values stored in the ROM is not appropriate for some drives.  One reason a generic set of POR register values may not work well in all registers is the fact the some of these registers are used to store values used to counter drift or set gain, offset, etc in analog circuits.   Therefore, there may be a big difference between the generic POR register values stored in the ROM and appropriate POR register values for some circuits in some drives.  


As a result, these drives may experience a large number of read retries and require a much longer time to boot-up.  These drives may therefore fail in a time-to-ready test that may be part of the certification process and cause a significant process yield problem.  However, these drives may not be physically faulty and may even perform well with register values that are tuned to that specific drive.  


However, since it is a read-only memory, the ROM is generally unchangeable once it has been set.  Accordingly there is a need for a method of patching specific registers with tuned values at an early stage of the start-up routine.  The present invention provides a solution to this and other problems, and offers other advantages over the prior art.


Summary of the Invention


Against this backdrop the present invention has been developed.  One embodiment of the present invention provides a method of tuning a Power-On-Reset (POR) register in a data storage device comprises determining a tuned value for the POR register using feedback from the data storage device obtained during a certification process of the data storage device and storing a list in one or more system sectors of the data storage device, the list comprising an address of the POR register to be patched and the tuned value.  


Another embodiment of the present invention provides a disc drive that has a rotatable data storage disc, a microprocessor, and a memory wherein the memory includes a start-up routine that, when executed by the microprocessor, causes the microprocessor to patch a Power-On-Reset (POR) register using a tuned value retrieved from one or more system sectors of the data storage disc.


These and various other features as well as advantages which characterize the present invention will be apparent from a reading of the following detailed description and a review of the associated drawings.


Brief Description of the Drawings


FIG. 1 is a plan view of a disc drive in accordance with an embodiment of the present invention illustrating the primary internal components of the disc drive.


FIG. 2 is a control block diagram for the disc drive shown in FIG. 1 illustrating the primary functional components.


FIG. 3 is a flowchart illustrating a process for register value tuning during certification testing according to one embodiment of the present invention. 


FIG. 4 is a flowchart illustrating a start-up routine including register patching according to another embodiment of the present invention.


FIG. 5 is a flowchart illustrating a routine for register patching within the start-up routine of FIG. 4.


FIG. 6 is a flowchart illustrating a start-up routine including register patching according to an alternative embodiment of the present invention.


Detailed Description


Embodiments of the present invention will be discussed with reference to a magnetic disc drive.  One skilled in the art will recognize that the present invention may also be applied to any data storage device, such as an optical disc drive, a magneto-optical disc drive, or a compact disc drive, that utilizes register settings saved in a ROM.


FIG. 1 is a plan view of a disc drive in accordance with an embodiment of the present invention illustrating the primary internal components of the disc drive. The disc drive 100 includes a base 102 to which various components of the disc drive 100 are mounted.  A top cover 104, shown partially cut away, cooperates with the base 102 to form an internal, sealed environment for the data storage device in a conventional manner.  The components include a spindle motor 106 which rotates one or more discs 108 at a constant high speed.  Information is written to and read from tracks on the discs 108 through the use of an actuator assembly 110, which rotates during a seek operation about a bearing shaft assembly 112 positioned adjacent to the discs 108.  The actuator assembly 110 includes a plurality of actuator arms 114 which extend towards the discs 108, with one or more flexures 116 extending from each of the actuator arms 114.  Mounted at the distal end of each of the flexures 116 is a head 118 which includes a fluid bearing slider enabling the head 118 to fly in close proximity above the corresponding surface of the associated disc 108.  


During a seek operation, the track position of the heads 118 is controlled through the use of a voice coil motor (VCM) 124, which typically includes a coil 126 attached to the actuator assembly 110, as well as one or more permanent magnets 128 which establish a magnetic field in which the coil 126 is immersed.  The controlled application of current to the coil 126 causes magnetic interaction between the permanent magnets 128 and the coil 126 so that the coil 126 moves in accordance with the well known Lorentz relationship.  As the coil 126 moves, the actuator assembly 110 pivots about the bearing shaft assembly 112, and the heads 118 are caused to move across the surfaces of the discs 108.  


The spindle motor 106 is typically de-energized when the disc drive 100 is not in use for extended periods of time.  The heads 118 are typically moved over park zones 120 typically near the inner diameter of the discs 108 when the drive motor is de-energized.  The heads 118 are secured over the park zones 120 through the use of an actuator latch arrangement, which prevents inadvertent rotation of the actuator assembly 110 when the heads are parked.


A flex assembly 130 provides the requisite electrical connection paths for the actuator assembly 110 while allowing pivotal movement of the actuator assembly 110 during operation. The flex assembly includes a printed circuit board 132 to which head wires (not shown) are connected; the head wires being routed along the actuator arms 114 and the flexures 116 to the heads 118. The printed circuit board 132 typically includes circuitry for controlling the write currents applied to the heads 118 during a write operation and a preamplifier for amplifying read signals generated by the heads 118 during a read operation. The flex assembly terminates at a flex bracket 134 for communication through the base deck 102 to a data storage device printed circuit board (not shown) typically mounted to the bottom side of the disc drive 100. 


FIG. 2 is a functional block diagram of the disc drive 100 of FIG. 1, generally showing the main functional circuits which are resident on the disc drive printed circuit board and used to control the operation of the disc drive 100.  The disc drive 100 is operably connected to a host computer 140 in a conventional manner. Control communication paths are provided between the host computer 140 and a disc drive microprocessor 142, the microprocessor 142 generally providing top level communication and control for the disc drive 100 in conjunction with programming for the microprocessor 142 stored in microprocessor memory (MEM) 143. The MEM 143 can include random access memory (RAM), read only memory (ROM) and other sources of resident memory for the microprocessor 142. 


The discs 108 are rotated at a constant high speed by a spindle motor control circuit 148, which typically electrically commutates the spindle motor 106 (FIG. 1) through the use of back electromotive force (BEMF) sensing.  During a seek operation, wherein the actuator 110 moves the heads 118 between tracks, the position of the heads 118 is controlled through the application of current to the coil 126 of the voice coil motor 124.  A servo control circuit 150 provides such control.  During a seek operation the microprocessor 142 receives information regarding the velocity of the head 118, and uses that information in conjunction with a velocity profile stored in memory 143 to communicate with the servo control circuit 150, which will apply a controlled amount of current to the voice coil motor coil 126, thereby causing the actuator assembly 110 to be pivoted.


Data is transferred between the host computer 140 or other device and the disc drive 100 by way of an interface 144, which typically includes a buffer to facilitate high speed data transfer between the host computer 140 or other device and the disc drive 100.  Data to be written to the disc drive 100 is thus passed from the host computer 140 to the interface 144 and then to a read/write channel 146, which encodes and serializes the data and provides the requisite write current signals to the heads 118. To retrieve data that has been previously stored in the disc drive 100, read signals are generated by the heads 118 and provided to the read/write channel 146, which performs decoding and error detection and correction operations and outputs the retrieved data to the interface 144 for subsequent transfer to the host computer 140 or other device.  


A set of permanent Power-On-Reset (POR) register values may be stored in a Read-Only Memory (ROM) in memory 143 of the microprocessor 142.  These generic POR register values are loaded into registers for controlling the various functional circuits of the disc drive 100 every time power is applied to the disc drive 100.  When power is applied to the data storage device, a start-up routine residing in memory 143 will fetch the POR register values and load these values into the appropriate registers.  Loading the registers with the POR register values prepares the drive 100 for a first read operation.    


The register values may be tuned for a specific data storage device to determine values that are more suitable for that device than the generic values.  Tuning can be performed during a certification process for the data storage device using feedback obtained from the device during certification.  Additionally, tuning the register values during the early stages of certification allows the tuned register values to be used during subsequent stages of the certification process.  For example, read/write parameter tuning is typically performed at an early stage of certification.  Further, the feedback obtained from the data storage device during read/write parameter tuning would be helpful in determining tuned register values.  


FIG. 3 is a flowchart illustrating a process for register value tuning during certification testing according to one embodiment of the present invention.  The process 300 begins with determination operation 305 where tuned register values are determined.  This determination 305 may be based on feedback obtained from the data storage device during a certification process such as when performing read/write parameter tuning.  Control then passes to save operation 310.


During save operation 310, the tuned register values are saved in system sectors of the data storage device.  For example, a register list containing register addresses to be patched and the tuned register values may be saved in the system sectors the disc.  By saving the tuned register values in the system sectors of the data storage device, the values may be preserved without a need to change the generic values in the ROM.  Additionally, the tuned register values may be easily changed or updated at a later time.  


Optionally, the register value tuning process 300 may also include a set operation 315.  In set operation 315 a flag may be set in a system sector of the data storage device if at least one tuned value has been determined.  Alternatively, set operation 315 may store a null value in the first address in the list stored in the one or more system sectors of the data storage device if no tuned values have been determined.  In either case, optional set operation 315 stores an indication of whether tuned values have been determined and therefore, whether register patching should be performed upon start-up of the data storage device.


For some registers, the generic register value stored in ROM is appropriate and works well.  Register value tuning may be more useful for registers that experience a broad range of values in normal use such as those related to countering drift or setting values such as gain, offset, etc in analog circuits.   Therefore, in some cases, tuned register values may be determined for only those registers in which the generic values do not work well considering the broad possible range of tuned values.


For example, some data storage devices may include a read/write channel chip that contains a register value used to compensate for the DC shift in the read back signal.  The variation of such a filter may be relatively large due to the fact that it is a hardware filter.  Thus, the tuned value of such a register from chip to chip may be quite different from the generic value stored in the ROM.  In this example, there may be no one generic register value that works well in a large number of drives.  Such a circuit would likely perform better in certification and in use with a tuned register value. 


Once determined, the tuned register values saved in the system sectors of the data storage device are used by a modified start-up routine to overwrite or patch the generic register values of the ROM.  A conventional start-up routine is quite straight forward.  Typically, such a routine, once initialized, will proceed to load system files, defect tables, and various system overlays saved in ROM.  According to one embodiment of the present invention, a modified start-up routine reads the tuned register values from the data storage device and uses these tuned values to patch the generic ROM values.  


FIG. 4 is a flowchart illustrating a start-up routine including register patching.  In this example, patching of the ROM values is performed early in the start-up routine before a large amount of data is read from or written to the disc.  This routine 400 may be implemented in a series of instructions stored in the memory 143 of the disc drive 100 or other data storage device and executed by the microprocessor 142.


The routine 400 begins with load operation 405 in which a Reserve Sector Map (RSM) is loaded.  The RSM is a table (or map) that tells the operating system the location of all the files in a reserved zone.  In many cases, the RSM is the first item to be read from the drive during a start-up routine.  Control then passes to load operation 410.


In load operation 410 system sectors are loaded.  System sectors may contain channel parameters, zone boundaries information, drive configurations such as drive age, model number and capacity, as well as the tuned register values as discussed above.  Once system sectors are loaded, control passes to patch operation 415.


In patch operation 415 register patching is performed using the tuned register values from the system sectors.  That is, the tuned register values are read from the system sectors and written into the appropriate registers.  The start-up routine 400 may, for example, call a subroutine or otherwise initiate another routine that will perform register patching.  Details of an exemplary routine for register patching will be described below with reference to Fig. 5.  Once patching has been completed, control passes to load operation 420.


In load operations 420 through 430, defect data is loaded.  While the number and nature of these tables may vary, some common tables are illustrated.  For example, in load operation 420 a defect factory table is loaded. The defect factory table contains the defect locations captured by a defect scan performed during certification testing.  The defect locations in this table are typically recorded in Cylinder, Head and Sector (CHS) format.  This table is also known as he primary defect table.  Once the defect factory table is loaded, control passes to load operation 425.


In load operation 425 a defect logical zone table is loaded.  The defect logical zone table is basically the conversion of defect locations from CHS format in the defect factory table into Logical Block Addressing (LBA) format.  After loading of the defect logical zone table, control passes to load operation 430.


A defect user table may be loaded in load operation 430.  This table contains defect data updated during the certification process.  For example, upon the completion of the drive certification process, any new defects found in the drive may be saved in the defect user table.  


Next, control passes to load operation 435 where the main overlays are loaded.  The entire firmware comprises several overlays or files.  The center of the overlay structure is the main overlay.  The main overlay contain all the codes important for drive functionality.  Once this overlay has been loaded, control passes to load operation 440.


In load operation 440 register values are updated.  That is, after the main overlay is loaded, register values for registers other than the POR register values may be updated.  This process of updating register values occurs only after the main overlay is loaded and does not utilize the tuned register values stored in the system sectors of the disc.


Finally, control passes to load operation 445 where code RAM is loaded.  In this operation remaining code stored in RAM is loaded.  This code is not part of the main overlays but may be used to support drive functionality. 


In summary, the modified start-up routine will read the tuned register values from the data storage device and use these tuned values to patch the generic mask-ROM values.  Patching of the mask-ROM values is performed early in the start-up routine before a large amount of data is read from or written to the disc.  By performing patching early in the start-up routine, subsequent stages of the start-up routine may benefit from using the tuned register values and experience fewer read/write errors as a result.  With fewer read/write errors, the drive using tuned register values will demonstrate a quicker time to ready and be less likely to fail in certification.


As discussed above, not all registers are patched with tuned register values.  Register patching may be more useful for registers related to analog circuits.  Therefore, the system sectors may contain a list of registers to be patched.  For example, a register list containing register addresses to be patched and the corresponding tuned register values may be saved in the system sectors the disc.  The patching routine stored in the ROM and executed during the modified start-up routine 400 will scan through the register list.  Once an entry is detected, the register patching routine will fetch the register address and program the register with the tuned value.  


FIG. 5 is a flowchart illustrating a routine for register patching within the start-up routine of FIG. 4.  This routine 415 may be implemented in a series of instructions stored in the memory 143 of the disc drive 100 or other data storage device and executed by the microprocessor 142.


The routine 415 begins with initialization operation 500 in which an entry pointer is initialized.  For example, the entry pointer may be set to a value that indicates a beginning position in the register list.  


Once initialization operation 500 is complete, control passes to fetch operation 505 where the register address and value indicated by the entry pointer are fetched.  In other words, the first item is read from the list containing register addresses to be patched and the corresponding tuned register values.  Control then passes to query operation 510.


In query operation 510 a determination is made as to whether the register address read during fetch operation 505 is a valid register address.  This determination may be based, for example, on a simple comparison of the register address to a range of valid register addresses.


If the register address is determined to be valid at query operation 510, control passes to set operation 515.  In set operation 515 the register indicated by the address read in fetch operation 505 is programmed or set to the tuned value also read in fetch operation 505.  That is, the tuned register value is written to the register.


Next, control passes to increment operation 520 where the entry pointer is incremented to indicate the next entry in the register list.  Control then passes to query operation 525.


At query operation 525, a determination is made as to whether there are more register entries to be updated.  This determination may be based on determining whether the entry pointer has exceeded the number of register entries.  Therefore, this determination may be made by comparing the entry pointer to a constant representing a number of entries in the register list.  


If, at query operation 525, the entry pointer has not exceeded the maximum number of entries, control returns to fetch operation 505 where the next register address and value indicated by the entry pointer is fetched.  If, at query operation 525, a determination is made that the entry pointer has exceeded the number of entries, processing will end. 


Alternatively, rather than performing a register patching routine 415 each time power is applied to the data storage device, the start-up routine 400 may include a query operation that determines whether a register patching routine should be executed.  FIG. 6 is a flowchart illustrating a start-up routine including register patching according to this alternative embodiment of the present invention.  This routine 600 may be implemented in a series of instructions stored in the memory 143 of the disc drive 100 or other data storage device and executed by the microprocessor 142.


The routine 600 begins with load operation 405 in which a Reserve Sector Map (RSM) is loaded.  The RSM is a table (or map) that tells the operating system the location of all the files in a reserved zone.  In many cases, the RSM is the first item to be read from the drive during a start-up routine.  Control then passes to load operation 410.


In load operation 410 system sectors are loaded.  System sectors may contain channel parameters, zone boundaries information, drive configurations such as drive age, model number and capacity, as well as the tuned register values as discussed above.  Once system sectors are loaded, control passes to query operation 605.


In query operation 605 a determination is made regarding whether to perform register patching.  This determination may be based on the state of a flag or software switch stored in ROM.  Alternatively, the query operation may read the first entry in the list of register addresses to be patched and the corresponding tuned register values.  The determination may then be based on whether the first address pointer is a null pointer.  If, in query operation 605, a determination is made that register patching should be performed, control passes to patch operation 415.


In patch operation 415 register patching is performed using the tuned register values from the system sectors.  That is, the tuned register values are read from the system sectors and written into the appropriate registers.  The start-up routine 400 may, for example, call a subroutine or otherwise initiate another routine that will perform register patching.  Details of an exemplary routine for register patching will be described below with reference to Fig. 5.  Once patching has been completed, control passes to load operation 420.


If, in query operation 605, a determination is made that register patching should not be performed control passes to load operation 420.  In load operations 420 through 430, defect data is loaded.  While the number and nature of these tables may vary, some common tables are illustrated.  For example, in load operation 420 a defect factory table is loaded. The defect factory table contains the defect locations captured by a defect scan performed during certification testing.  The defect locations in this table are typically recorded in Cylinder, Head and Sector (CHS) format.  This table is also known as he primary defect table.  Once the defect factory table is loaded, control passes to load operation 425.


In load operation 425 a defect logical zone table is loaded.  The defect logical zone table is basically the conversion of defect locations from CHS format in the defect factory table into Logical Block Addressing (LBA) format.  After loading of the defect logical zone table, control passes to load operation 430


A defect user table may be loaded in load operation 430.  This table contains defect data updated during the certification process.  For example, upon the completion of the drive certification process, any new defects found in the drive may be saved in the defect user table.  


Next, control passes to load operation 435 where the main overlays are loaded.  The entire firmware comprises several overlays or files.  The center of the overlay structure is the main overlay.  The main overlay contain all the codes important for drive functionality.  Once this overlay has been loaded, control passes to load operation 440.


In load operation 440 register values are updated.  That is, after the main overlay is loaded, register values for registers other than the POR register values may be updated.  This process of updating register values occurs only after the main overlay is loaded and does not utilize the tuned register values stored in the system sectors of the disc.


Finally, control passes to load operation 445 where code RAM is loaded.  In this operation remaining code stored in RAM is loaded.  This code is not part of the main overlays but may be used to support drive functionality. 


Therefore, dynamic register patching may be used to alter a register's generic ROM value during execution of the start-up routine without having to change the ROM.  This will save a substantial amount of resources and time.  This approach also provides a dynamic Power-On-Reset register value.  In other words, the POR register value is not fixed to a constant value but is changeable at any time during the drive certification process.  


Stated another way, according to one embodiment of the present invention, a method (such as 300) of tuning a Power-On-Reset (POR) register in a data storage device (such as 100) comprises determining a tuned value for the POR register using feedback from the data storage device (such as 100) and storing a list in one or more system sectors of the data storage device (such as 100), the list comprising an address of the POR register to be patched and the tuned value.  


According to another embodiment of the present invention, a method (such as 400 or 600) of starting a data storage device (such as 100) when power is applied to the data storage device such as 100) comprises loading a reserve sector map into a memory (such as 143) of the data storage device (such as 100) from a storage medium (such as 108) in the data storage device such as 100), loading system sectors into the memory (such as 142) of the data storage device (such as 100) from the storage medium (such as 108) in the data storage device (such as 100), and patching a Power-On-Reset (POR) register using one or more tuned values stored in a list in one or more system sectors, the list comprising an address of the POR register to be patched and the tuned value.


According to yet another embodiment of the present invention, a data storage device (such as 100) comprises a storage medium (such as 108), a microprocessor (such as 142), and a memory (such as 143).  The memory (such as 143) has stored therein a start-up routine (such as 400 or 600) that, when executed by the microprocessor (such as 142), loads a reserve sector map into the memory (such as 143) from the storage medium (such as 108), loads system sectors into the memory (such as 143) from the storage medium (such as 108), and patches a Power-On-Reset (POR) register using one or more tuned values stored in a list in one or more system sectors, the list comprising an address of the POR register to be patched and the tuned value.


It will be clear that the present invention is well adapted to attain the ends and advantages mentioned as well as those inherent therein.  While a presently preferred embodiment has been described for purposes of this disclosure, various changes and modifications may be made which are well within the scope of the present invention.   For example, rather than storing the tuned register values in system sectors of the data storage device, the tuned values may be stored elsewhere on the disc.  For example, the tuned values may be stored in other sectors of the data storage device or even in a RAM or a ROM other then the ROM.  Numerous other changes may be made which will readily suggest themselves to those skilled in the art and which are encompassed in the spirit of the invention disclosed and as defined in the appended claims.


Claims


What is claimed is:


1.  
A method of tuning a Power-On-Reset (POR) register in a data storage device, the method comprising:


determining a tuned value for the POR register using feedback from the data storage device; and


storing the tuned value on a storage medium of the data storage device.  


2.  
The method of claim 1, wherein the tuned value is stored in a list comprising an address of the POR register to be patched and the tuned value.


3.
The method of claim 1, wherein the tuned value is stored in a system sector of the storage medium of the data storage device.


4.
The method of claim 1, wherein tuning is performed during a certification process for the data storage device.


5. 
The method of claim 4, wherein tuning is performed during a read/write parameter tuning of the certification process.


6.
The method of claim 1, further comprising storing an indication of whether tuned values have been determined.


7.
The method of claim 6, wherein storing an indication of whether tuned values have been determined comprises storing a null value in a first address in the list stored in the one or more system sectors of the data storage device if no tuned values have been determined.


8.
The method of claim 6, wherein storing an indication of whether tuned values have been determined comprises setting a flag in a system sector of the data storage device if at least one tuned value has been determined.


9.
A method of starting a data storage device when power is applied to the data storage device, the method comprising:


loading a reserve sector map into a memory of the data storage device from a storage medium in the data storage device;


loading system sectors into the memory of the data storage device from the storage medium in the data storage device; and


patching a Power-On-Reset (POR) register using one or more tuned values stored in a list in one or more system sectors, the list comprising an address of the POR register to be patched and the tuned value.


10.
The method of claim 9, wherein patching a Power-On-Reset (POR) register comprises:


fetching the address of the POR register to be patched and the tuned value from the list in one or more system sectors of the storage medium;


determining whether the address of the POR register to be patched is a valid register address; and


responsive to the address of the POR register to be patched being a valid register address, setting the POR register to be patched to the tuned value.


11.
The method of claim 9, further comprising prior to patching a POR register determining whether patching should be performed.  


12.
The method of claim 11, wherein determining whether patching should be performed comprises determining whether a first address in the list stored in the one or more system sectors of the data storage device is a null value.


13.
The method of claim 11, wherein determining whether patching should be performed comprises determining whether a flag in a system sector of the data storage device is set.


14.
The method of claim 10, further comprising initializing an entry pointer indicating a position in the list in one or more system sectors of the storage medium prior to fetching the address of the POR register to be patched and the tuned value from the list.


15.
The method of claim 14, further comprising incrementing the entry pointer after setting the POR register to be patched to the tuned value.


16.
The method of claim 14, wherein determining whether the address of the POR register to be patched is a valid register address comprises comparing an address from the list indicated by the entry pointer to a range of valid register addresses.


17.  
A data storage device comprising:


a storage medium;


a microprocessor; and 


a memory, the memory  having stored therein a start-up routine that, when executed by the microprocessor, loads a reserve sector map into the memory from the storage medium, loads system sectors into the memory from the storage medium, and patches a Power-On-Reset (POR) register using one or more tuned values stored in a list in one or more system sectors, the list comprising an address of the POR register to be patched and the tuned value.


18.  
The data storage device of claim 17, wherein the start-up routine further:


fetches the address of the POR register to be patched and the tuned value from the list in one or more system sectors of the storage medium;


determines whether the address of the POR register to be patched is a valid register address; and


responsive to the address of the POR register to be patched being a valid register address, sets the POR register to be patched to the tuned value.


19.
The data storage device of claim 17, wherein the start-up routine prior to patching a POR register determines whether patching should be performed.  


20.
The data storage device of claim 19, wherein the start-up routine determines whether patching should be performed by determining whether a first address in the list stored in the one or more system sectors of the data storage device is a null value.


21.
The data storage device of claim 19, wherein the start-up routine determines whether patching should be performed by determining whether a flag in a system sector of the data storage device is set.


22.
The data storage device of claim 18, wherein the start-up routine initializes an entry pointer indicating a position in the list in one or more system sectors of the storage medium prior to fetching the address of the POR register to be patched and the tuned value from the list.


23.
The data storage device of claim 22, wherein the start-up routine increments the entry pointer after setting the POR register to be patched to the tuned value.


24.
The data storage device of claim 22, wherein the start-up routine determines whether the address of the POR register to be patched is a valid register address by comparing an address from the list indicated by the entry pointer to a range of valid register addresses.


Dynamic Mask-ROM Register Patching


Abstract of the Disclosure


According to one embodiment of the present invention, a method of tuning a Power-On-Reset (POR) register in a data storage device comprises determining a tuned value for the POR register using feedback from the data storage device obtained during a certification process of the data storage device and storing a list in one or more system sectors of the data storage device, the list comprising an address of the POR register to be patched and the tuned value.  According to another embodiment of the present invention, a disc drive comprises a rotatable disc, a microprocessor, and a memory.  The memory has a start-up routine that, when executed by the microprocessor, causes the microprocessor to patch a Power-On-Reset (POR) register using a tuned values stored in one or more system sectors of the rotatable disc.


FIGURE 6

-16-






