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Specification

1. Title of the Invention:

Method for executing an error recovery procedure

2. Detailed Description of the Invention:

[0001]
-[Field of the invention]

The present invention is related to an error recovery method in

a storage device. More specifically, it is related to an error

recovery procedure (ERP}.



2. " Detailed Description of the Invention: [ 0001] [Field of the

~invention] The present invention is related to an error recovery nethod
“in a storage device. Mre specifically, it is related to an error
recovery procedure (ERP). [ 0002] 2
(Background art] A disk drive is a device for recording data on the
surface of a disk and reading it. A head having a signal transducer is

positioned at a desired | ocation on a track on which data is recorded, and
it reads or[%bE?s data. As a neans to r-egover an

[Background art]

A disk drive is a device for recording data on the surface of a
disk and reading it. A head having a signal transducer is
positioned at a desired location on a track on which data is
recorded, and if reads or writes data. As a means to recover an
error which occurs when data is read or written by the head,

there is an error recovery procedure (ERP) comprising wvarious
error recovery steps.

[0003]

On a disk, a read error is made to occur by various causes such
as a flaw, ununiformity of the magnetic substance, or change of
the magnetic substance with time. Genefally, for errors
occurring in the data portion, an ECC, a conventional’ error
recovery code, is used to execute an error recovery process.
Further, various recovery procedures are executed, such as change
of the read gain, change of the offtrack, and change of the bias
value of an MR (magnetoresistive) element if it is used as the
read head. If data is successfully reread by executing such
recovery procedﬁres, the data is continuously used. If the error
cannot be recovered by a plurality of error recovefy procedures,
it is recognized as a hard error, or if the data can be
reassigned to another area, the corresponding area is made an

unusable area and a process for reassigning the data to the other
area is performed.

[0004]

In many of the recent disk drives, a magnetoresistive (MR)
transducer head is used. This utilizes a very small resistance
change due to change in a magnetic field. By causing a d.c.



serror whi ch occurs when data is read or witten by the head, there is an
error recovery procedure (ERP) conprising various error recovery steps.

[ 0003] On a disk, a read error is nade to occur by various causes such as
a fllaw, ununiformty of the nmagnetic substance, or change of the magnetic
substance wth tine. Generally, for errors occurring in the data

portion, an ECC, a conventional error recovery code, is used to execute an
error recovery process. Further, various3recovery procedures are executed,
such as change of the_read gain, change of the offtracké and qggn e of the
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by a pluralibﬁ of error recovery procedures, it is recognized as a hard
error, or i(P%PR& data can be reassi gned to anot her area, the corresponding
area i s nmade an unusable area and a process for reassigning the data to the
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- 3- thermal asperity means that a protrusion or deposit generated on
a disk crashes against the read head and generates a resistance
change due to a temperature change in the MR element, causing an
abnormal signal.

[0006]

As one of the countermeasures against the thermal asperity, there
is a technique called low rpm burnish. The low rpm burnish is
an approach in which the rpm (revolutions per minute) of the disk
is 'decreased to reduce the fly height of the magnetic head,
thereby to positively scrape off the protrusion on the disk which
caused the thermal asperity. This also forms one of the
abovementioned error recovery procedures (ERPs).

{0007}

There are various countermeasures against errors during data
reading or writing, these are generally stored as a series of
steps in an error recovery procedure. When the error recovery
procedure is started, these steps are sequentially executed.

[0008]

The causes of errors are not always the same, and there may be
various causes. Accordingly, error recovery procedures meeting
these various causes of errors are required. An error recovery
procedure generally performs a rereading by changing and



fCurrént to flow through the MR el enent, a resistance change is converted to

a voltage signal to performthe reading of data. [ 0005] However, as one

of the read errors which occur in t hi s approach of reading a resistance

change, there is thermal asperity. The thernal asperity neans that a

protrusion or deposit generated on a disk crashes against the read head and

generates a resistance change due to a tenperature change in the MR

el ement, causing an abnormal signal. _. jQ006] As one of the

count ernmeasyres against the thermal asperity, there is a technique called
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procedur esgf@&d A gain of the PLL circuit for stabilizing the sampling

frequency (making the tracking speed a predetermined speed), and
the like.

[0009]

Normally, a plurality of error recovery steps are registered as
an ERP. Those steps are executed in a predetermined order. A
reread is performed for each step, and the ERP terminates when
the reread has succeeded. 1If the reread is not successful, the
ERP terminates when a preset maximum number of rereads is reached
or the last step of the ERP is ended. Further, the ERP is also °

caused to terminate by the time-out of a read or write
instruction.

[0010]

For a time-out, the host system may perform the retry of the
instruction in the time-out state after executing a reset (soft
reset or hard reset) for the disk drive. If a write or read

error occurs again during the retry, the ERP is executed from the
first step.

[0011]

It may take 10 to 20 seconds to execute the steps of the above
low rpm burnish. On the other hand, the time elapsing before the



~ these various causes of errors are required. An error recovery procedure .
~general ly perfornms a rereadi ng by changi ng and

-4- adjusting the standard read conditions one by one, which are defined
anong the di sk, magneti c head, and HDC (hard disk controller). The read
conditions are for instance, offtrack anmount which is an offset anount

bet ween the center of the magnetic head and the center of a track, bias
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even if there is an effective step after that, an error occurs
without the execution of that step. Further, for a read or write
instruction to a plurality of sectors, if errors occur in a
plurality of sectors, the ERP steps are executed in each sector,
and thus the read or write instruction may reach the time-out
before the completion of the ERP steps for the all sectors in
error even if the time to the time-out is relatively long.

[0012]

[Problems to be solved by the invention]

It is an object of the present invention to provide a method and
apparatus which ensures the execution till the last step of the
ERP regardless of the time to the time-out of an instructidn,
thereby to more reliably recover an error.

[0013]

Further, it is an object of the present invention to. provide an
error recovery method and apparatus suitable for an OS in which
the time to time-out is short.

[0014]

Furthermore, it is an object of the'present invention to provide
a method and apparatus which ensures the execution of the ERP



< For ‘'a tine-out, the host systemmay performthe retry of the instruction in
the tinme-out state after executing a reset (soft reset or hard reset) for
the disk drive. If a wite or read error occurs again during the retry,
the ERP is executed fromthe first step. [ 0011] It may take 10 to 20

seconds to execute the steps of the above | ow rpm burnish. On the other
hand, the tine el apsing before the

5 time-out of a read or wite instructién” depends on the operating system
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i nstruction may be reached before the all ERP steps are conpleted. In such
a case, Of} yipfrt of the ERP steps is executed because of the linmted tine
to the tine and thus there is a high possibility that, even if there
is an effective step after that, an error occurs wthout the execution of
t hat st ep[SwEuwmarjerof ftdve dnveattionlwrite instruction to a plurality of
sectors, if errors occur in a plurality of sectors, the ERP steps are

executed in each sector thus the read oy wite instruct o reach
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error evenecéivém & imeseto instruchionuduring ¢het exetytiompef an ERP, it
executes the ERP to the last step till the recovery without
interrupting the ERP.

That is, the present invention provides a method for executing
an error recovery procedure (ERP) comprising a plurality of error
recovery steps, the method comprising: executing error recovery
steps, and executing the next error recovery step regardless of
whether or not a predetermined signal has been received.

Further, in accordance with another aspect of the present
inventioﬁ, if the disk drive receives a reset signal during the
execution of an ERP, it stops the execution of the ERP and holds
the number K of the .step the execution of which has been
completed immediately before the stopping, and when receiving a
retry instruction thereafter, it sequentially executes the ERP
from the K+l-th error recovery step.

That is, the other aspect of the present invention is a method
for executing an error recovery procedure (ERP) comprising a
plurality of error recovery steps, the method comprisings
executing error recovery steps; in response to a first signal,
stopping the execution of error recovery steps and holding the
number K of the step the execution of which has been completed
immediately before the stopping; and in response to a second
signal, seqﬁentially executing the ERP from the K+l-th error



51 0012] [ Problens to be solved by the invention] It is an object of the
present invention to provide a nethod and apparatus which ensures the
execution till the last step of the ERP regardless of the tine to the
time-out of an instruction, thereby to nore reliably recover an error.

[ 0013] Further, it is an object of the present invention to provide an
error recovery nethod and apparatus suitable for an OGS in which the tine to
time-out is short. [ 0014] Furthernore, 7it is an object of the present

i nvention to Brovide a net hod and apparatus which ensures the execution of
t he- ERP recovery step for the sector for which the6ege§FEbgnrqi“HQq,ﬁ?Pa

rel ati vel yhhengeerestopmerit i ne such as a | ow rpm burni sh, thereby to nore
reliably recover an error. [ 0015] '

[0016]
[Preferred embodiment]

Figure 1 is a block diagram of the hard disk drive (HDD) to which
the present invention is applied. A disk.drive 100 consists of
a controller unit 110 and a disk unit 130. The controller unit
110 includes a host interface controller (HIC) 112 connected to
a host system 10, a hard disk controller (HDC) 114 connected to
the host interface controller 112 for controlling the disk unit,
a channel 116 connected to the hard disk controller 114 for
controlling read and write signals, an MPU 118 connected to HIC
112, HDC 114 and the channel 116 for controlling them, RAM 120
connected to MPU 118 for storing the microcode executed by the
MPU. The disk unit 130 includes a motor 134 for rotating a
spindle 132. On the spindle 132, disks 136A and 136B are mounted
so as to rotate integrally with the spindle 132. The number of
disks is two in the figure, but it may be one or more than two.

[0017]

Heads'138A, 1388, 138C, and 138D are disposed and supported by
actuator arms 140A, 140B, 140C, and 140D to face the surface of
the disk respecti&ely. The actuator arms 140A to 140D are
attached to a voice coii motor (VCM) 144 via a pivot shaft 142,
and the rotation of the VCM 144 causes the heads 138A to 138D to
move to a desired radial position. The motor 134 and the VCM 144
are connected to the HDC 114 to control the rpm, speed, and the
like of them. The heads 138A to 138D are connected to the

channel 116, and the read write signals are controlled by the
channel 116.



[ Summary of the invention] In accordance with the present invention, even
I'f the disk drive receives a reset instruction during the execution of an
ERP,. it executes the ERP to the last step till the recovery without
interrupting the ERP. That is, the present invention provides a nethod
for executing an error recovery procedure (ERP) conprising a plurality of
error recovery steps, the nmethod conprising: executing error recovery

steps, and %éﬁﬁ%ting the next error recover) step regardl ess of whether or
not a predet ed si gnal has been received. Further, in accordance with
anot her aspect of the present invention, if the disk drive receives a reset
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[0019]

After the head is positioned at a desired track, data reading or
writing is performed. At this time, the failure of ‘the reading
or writing of correct data, or an error, may occur. Many of the
causes of errors occurring on the disk are the loss of data. The
data loss is often caused by a flaw on the disk surface, which
occurs with time, a damage of the magnetié substance due to a
change with time or the like. Usually; the data reading from the
disk is carried out under the standard read conditions set in the
disk, head, and HDC.

[0020]

If an error occurs in the reading according to these
predetermined standard conditions, the }eading is carried out
againfby intentionaily changing the trackability, or maintaining
the amplification factor of the auto-gain control (AGC) for the
signal amplification. These error recoveries by changing the
conditions are performed by activating an ERP (error recovery
procedure) in which a plurality of error recovery steps are
sequentially executed.



i 7- recovery step for the sector for which the execution of the ERP has
been st opped. [ 0016] [ Preferred enbodi nent ] Figure 1 is a block
dlagran1of the hard disk drive (HDD) to which the present invention is
applied. A disk drive 100 consists of a controller unit 110 and a disk unit
130. The controller unit 110 includes a host interface controller (H C 112
connected to a host system 10, a hard disk controller (HDC) 114 connected
to the host interface controller 112 for caQn trolling the disk unit, a
channel 116 ﬂg?g?ted to the hard disk controller 114 for controlllng read
and wite sig ; an MPU 118 connected to H C 112, HDC 114 and t he channel
116 for controlling them RAM 120 connected to MPU 118 for storing the
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are connected to the HDC 114 to contrdl the rpm. speed, and the |ike of

t hem The heads 138A to 138D are connected to the channel 116, and the
read wite sil@8223 are controlled by the

The error recovery steps included in the ERP, include for
instance, as steps which can be processed in a short time, a. AGC
hold, b. offtrack read, c. skip reading of the servo region, and
the like. Further, as steps requiring a relatively long time,
there are d. butterfly seek, and e. low rpm burnish. In the
butterfly seek, a seek operation is repeated several times in the
vicinity of the track in which an error has occurFed, to give
positional control of the head to a target track again. Further,
the low rpm burnish is to reduce the fly height of. the head to
remove the protrusions, Qusts or the like on the disk by the
structure of the head for error recovery.

[0023]

Figure 2 shows the method for executing the ERP in the background
art. The operation is described below.

(1) A read or write instruction is transferred from the host
‘system to the HDD, which responds to it to execute a read or
write.

(2) If a read or write error occurs in a logical block address
(LBA) A, the ERP is invoked from the RAM, and the MPU



“channel 116. - 8- [0018] _
Generally, in the nmagnetic disk of a hard disk or the |ike, data tracks are
concentrically forned. The reading or witing of information fromto the
disk is performed after the disk is rotated and the head is noved al ong
substantially the radial direction of the disk so as to be positioned at a
particul ar data track (seek). The positioning of the head at a particul ar
data track is carried out by reading t he” #8ad position identifying
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HDC. [ 002@hstruction from the host system, the ERP stops at step K, and

the HDD sends a reset completion signal to the host. If the
error is recovered while the ERP is executed to step K, the HDD
sends the recovered data to the host.

(4) A retry instruction is communicated from the host system to
the HDD, which responds to it for executing a reread or rewrite.
The number of retry instructions depend on the host system.

(5) If a read or write error occurs again in the LBA A, the ERP
is invoked from the RAM, and the MPU sequentially executes the
ERP again from step 1 of the ERP through the channel. If the
error is not recovered, the érobability of an error occurring
again in the same LBA is generally high.

(6) The time to time-out is usually constant in a system, and
accordingly, if the error is still not recovered when step K of
the ERP is executed, the MPU receives a reset instruction from
the host system, the ERP stops at step K of the ERP, and the HDD
transmits a reset completion signal to the host.

(7) 1If a retry instruction is further transmitted, (4) to (6)
are repeated.

[0024]

These steps are stored as a microcode program in a memory such
as a ROM on the circuit board. Further, the all or part of the
steps may be stored in the disk. In this case, they are read out
from the disk when the hard disk is started up, and stored in a
memory such as a RAM for execution.



«If an error occurs in the reading according to these predeterm ned standard
conditions, the reading is carried out again by intentionally changing the
trackablllty, or maintaining the anplification factor of the auto-gain
control (AGC) for the signal anplification. These error recoveries by
changing the conditions are perforned by activating an ERP (error recovery
procedure) in which a plurality of error recovery steps are sequentially
execut ed. 1 9 [0021] If a witing
cannot be sr55§§gfully made even by the ERﬂ' the error is recognized to be
a hard errof, and data reassignnment is perforned for recording the data in _.
the particular sector in an alternate sector called a spare sector
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[0026]

Figure 3 shows the first embodiment of the present invention.
The operation is described below.

(1) A read or write instruction is transferred from the host
system to the HDD, which responds to it for executing a read or
write. i '

(2) If a read or write error occurs at the LBA A, the ERP is
invoked from the RAM, and the MPU sequentially executes the ERP
from step 1 through the channel. '

(3) In a system in which the time to time-out is shorter than
the execution time of the all steps of the ERP (M steps), if the
error is still not recovered when step K (<M) of the ERP is
executed, the MPU receives a reset instruction from the host
system. At this point, the ERP does not stop, and step XK+1, and
the steps after that are continuously executed. Thus, in the
first embodiment, the next step of the ERP is executed regardless
of whether or not a reset instruction is received from the host
system. |

(4) In reading, if the error is recovered during the execution
of steps K+1 to M of the ERP, the recovered data is stored in a
buffer memory such as a RAM in the HDD, and the host system is
not notified of the recovery. In addition, a reassignment
operation for writing the read data to another physical block



- positional control of the head to a target track again. Further, the |ow
Tpmburnish is to reduce the fly height of the head to renove the
prot,rusions, dusts or the like on the disk by the structure of the head for
error recovery. [ 0023] Figure 2 shows the nmethod for executing the ERP
I n the background art. The operation is described bel ow. (1) Aread or
wite instruction is transferred fromthe host systemto the HDD, which
responds to it to execute a read or VW|t§? (2) If aread or wite error
occurs in a |logical block address (LBA) the ERP is invoked fromthe RAM
and t he MPaddress (PBA) is performed. In writing, -iflOthesequenhgalisy
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rewite. The nunber trg/ i istruct|ons depend .0n t he host. system
reset comp etlon ignal to the host. This step may be executed

before step (4) or (5), or in the middle of step (4) or (5).
(7) A retry instruction is communicated from the host system to
the HDD, which responds to it for executing a reread or rewrite.

A) If, in reading, the error is recovered in the previous steps,
the data of the LBA A, which is stored in the buffer memory, is
read out from the buffer memory rather than the disk. B) If, in
reading, the error is not recovered in the previous éteps and if
an error occurs in the reread, then the ERP is executgd from step
1. C) If, in writing, the write is successfully!made in the
previous steps, data is overwritten. D) If, in writing, the
write fails in the previous steps, or reassignment is made, then
data is overwritten to the reassigned PBA.
(8) If the reread is successfully made, the HDD sends the read
data to the host, and if the rewrite is successfully made, the
HDD transmits an instruction completion signal to the host.

[0027]

In the above described first embodiment, since the éteps of the
ERP are executed until data is recovered regardless of the time
to time-out, there is not the drawback that the steps after a
particular step are always not executed. Further, since the all
ERP steps are given a chance that they are executed until data
is recovered, the probability of error recovery is high.
Further, in reading, since the data in the LBA A, which is
recovered by the ERP steps after time-out, is stored in the



*"(5) If aread or wite error occurs again in the LBA A the ERP is invoked
fromthe RAM and the MPU sequentially executes the ERP again fromstep 1
of the ERP through the channel. |If the error is not recovered, the
probability of an error occurring again in the sane LBA is generally high.
(6) The tinme to tine-out is usually constant in a system and accordingly,
if the error is still not recovered when step K of the ERP is executed, the
MPU receives a reset instruction fremjhe host system the ERP stops at

step K of 42p he H si.gn t he
host. (7) l?&eI;R rg?\ét?‘h%g%oﬁ" [ se?]ﬁlrlf ran 9€DA c#ét%% lg; i% }lgtr:e
r epeat ed. neqmm]y tOTﬁégéu's? ephe FRP s"tgGF-édlastfb? rﬁ%@@d@fpi‘%@r if-a

mMenory suakh ash& BEJMeQn Hah@ Clﬁwlét&wrﬂncﬂﬂ’ﬁi@erthé heeatsi@imgrat t apé t he
steps may e di.sk this r fr t he
di sk when ‘?‘ﬁ“ﬁheq{e ﬁél]swrs 5 tfaégup anéin%iﬂﬁ%br %%Ilﬂ $l£fl?€ gg:bé' gls%a RAM
for executhefessary to execute the ERP again in the writing 9 theoggg} I n

the above mesefdiedyhaak@astngndrtel SP1ee rbbpohsdtcdr Hd Expeitieds £6R0at er
than the ex ion time of the all steps and the ERP is executed again from
step 1 inaretry, steps K+t1 to Mof the ERP are not executed. For-this,
even if a step effective for an error exists anong steps K+1 to Mof the

ERP, the poss2dj ity of

Figure 4 shows the second embodiment of the present invention.
The operation is described below.

{l1) A read or write instruction is transmltted from the host
system to the HDD, which responds to it for executing a read or
write. . '

(2) If a read or write error occurs in the LBA A, the ERP is
invoked from the RAM, and the MPU sequentially executes the ERP
from step 1 through the channel.

(3) In a system in which the time to time-out is shorter than
the execution time of the all steps of the ERP (M steps), if the
error is still not recovered when step K (<M) of the ERP is
executed, the MPU receives a reset instruction from the host
syetem. At this point, the MPU stops the execution of the ERP,
and holds in a memory the number K of the step the execution of
which has been completed immediately before the stopping.

{(4) After performing a reset operation, the HDD transmits a
reset completion signal to the host.

(5) A retry instruction is transmitted from the host system to
the HDb, which responds to it for executing a reread or rewrite.
(6) If a read or write error occurs again in the LBA A, the
number K of the step the execution of which has been completed
immediately before that is invoked from the memory, and the MPU
sequentially executes the ERP from step K+1 of the ERP through
the channel. If no read or write erfors occurs in the LBA A, the
process goes to step (7). In addition, if a new read or write



. the error bei ng recovered is | ow because that step is not executed. _
[ 0026] Figure 3 shows the first enbodi mnent of the present invention. The
“operation is described bel ow. (1) Aread or wite instruction is
transferred fromthe host systemto the HDD, which responds to it for
executing a read or wite. (2) If aread or wite error occurs at the LBA
A, the ERP is invoked fromthe RAM and the MPU sequentially executes the
ERP fromstep 1 through the channel (3% Im a systemin which the tine to

time-out ié:f»%&‘:?réceéuxté‘% %H cféﬁézor{h%h”gmgfxééi‘%t altlhﬁ i(-:ﬁgolé’fei (M

st eps), error 1S's recovere i's
execut ed, frRem\EEER e’cé}ﬁ/é’ssueillr eset instruction from t he host system At

this point (7§ heIERFhedQ@“rdwt ist epccasdrelBp nbtle, ahe HDD séeds tid Qfea{d”lat
are contingops! y,exgeul etk TS, Jff\'ﬂlh {erefdn%% ?gbg{lhg@é‘%f is‘f |
t he o et her “or ruc |on |s

ERP is EXECU e reg ar df ess a res
recei ved fHBh ‘tlﬁ%nﬁbls'%s Anstigptyuetipp Ferpiagion fSltqii@lel"-PthFshPétéover ed
during. the(executfl @heoferfioanssKnbt arddodferelic whBR, sthp Mee@vahed ERet aid s

stored in g,QULEEE MBIDT Yo SUERLR13RAN] Nplhg, PRy 2l Lhe fast osYslem

not notifiée (?,‘COV(E,‘I'I’*%:t on a eassl gnrrent oper at I on
Writing thanpEERCHE®R, taRhfcthér WS tRStHRQfion, data is reassigned to

another physical block address (PBA), and data is written to the
reassigned PBA.

[0029]

In the above described second embodiment, even if the execution
of the ERP is interrupted by time-out, the ERP is executed from
the next step in a retry, and thus, there is not the defect that
the steps after a particular step are always not executed, as in
the first embodiment. Further, since the all ERP steps are given
a chance that fhey are executed until a recovery is obtained, the
probability of error recovery is high.

[0030]
[Advantages of the invention]

In accordance with the present invention, there is not the
disadvantage that the steps after a particular step of ERP are
always not executed, and the all ERP steps are given ‘a chance
that 'fhey are executed until a recovery is obtained.
Accordingly, the probability of error recovery is high. Thus,
the various steps included in the error recovery procedure can

be efficiently executed, and the reliability of error recovery
can be increased.



+ - 12- address (PBA) is performed. In witing, if the witing is
successfully nmade during the execution of steps K+1 to Mof the ERP, the
"host systemis not notified of the success. (5) If the error is still not
recovered when step Mof the ERP is executed, it is recognized to be a hard
error for a read instruction, and for a wite instruction, data is

reassi gned to anot her PBA and data_ii witten to the reassi gned PBA. (6)
After performng a reset operation, Pie HDD transmits a reset conpl eti on

signal to the Bpsis ﬂg&i%%gnrr@,y: RRceyeewi Rl before step (4) or (5), or in
the m ddl e of Step or . retry rnstruction is communi cated from
the host systemto the HDD, which responds to it for executing a reread or
rewite. AFibfrein irscadbbock tdiegeamontishe deaded sk idritviee (BPRYI b svhstcdps,

the data obnbhgré&dné s WM dnS 1St g%,ﬁgig@;the buffer menory, is read out
fromthe buffer menory rather than e disk. B) If, in reading, the error

is not recovered in the previous steps and if an error occurs in the
reread, th&hghke ERPsis @kegrarechiowimgsttbe methgl for exehtindgh¢he HRRwite
i's successfiyl kieBalekdFod e ¥evi ous steps, data is overwitten. D If,
inwiting, the wite fails in the previous steps, or reassignnent’'is made,.
then data is overwitten to the reassigned PBA. (8) If the reread is
successf ul Fjgmnxde3 ishe dibfysam@ehomiagr thel fdass embedinenjsof hhg presant
rewite isjisyenesshyl dyamade, the HDD transmits an instruction conpletion
signal to the host. [0027] In the above described first enbodi nent,
since the steps of the ERP are executed until data is recovered regardl ess
of the tin¥Figorei Me-beit a tdie@grams showing thawsaernd hgrbpdénenrepefaftha a
particul ar pre@Bndl EndéNey¥Sn NOt - executed. Further, since the all ERP steps
are given a chance that they are executed until data is recovered, the
probability of error recovery is high. Further, in reading, since the data
in the LBA[Resghiphips ofceymbralsby the ERP steps after tine-out, is stored
in the

10 ... Host system

100 ... Disk drive o

110 ... Disk drive unit

112 ... Host interxface controller (HIC)

114 ... Hard disk controller (HDC)

116 ... Channel

118 . e @ MPU

120 ... RAM

130 ... Disk unit

132 ... Spindle

134 ... Motor

136A, 136B ... Disks

138A to 138D ... Heads

140A to 140D ... Actuator arms

142 ... Pivot shaft

144 ... Voice coil motor (VCM)



- 13 - buffer and read out fromthe buffer nenory in a retry, it is not
necessary to execute the ERP again in the reading of the LBA A On the

ot her hand, the steps including the reassignnent are conpleted if the wite
fails, and thus, also in wiring, it is not necessary to execute the ERP
again in the witing of the ERP. Accordingly, a fast and reliable response
can be expected for a retry. [ 0028] Flgure 4 shows the second

enbodi ment of the present invention. Thé Operation is described below (1)
Aread or wite instruction is transmtted fromthe host systemto the HDD,
whi.ch responds to it for executing a read or wite. (2) If a read or wite
error occurs in the LBA A the ERP is invoked fromthe RAM and the MPU
sequentially executes the ERP fromstep 1 through the channel. (3) In a
systemin which the tinme to tine-out is shorter t ! i me of
the all steps of the ERP (Msteps), if the error i i , ered
when step K (<M of the ERP is executed, the MPU r i%ﬂlﬂm%ﬂm
instruction fromthe host system At this point,

execution of the ERP, and holds in a nenory the nunber K of the step the
execution of which has been conpleted i medi ately before the stopping. (4)
Af ter perfornlgg a reset operation, the HDD transmts a reset conpletion

si gnal to ¢ MSY5) Aretry.instruction is transnmitted fromthe host
systemto the HDD, which responds to it for executing a reread or rewite.

(6) If a F}ﬁ?d RImdhde EéfoéxQEG’éiﬁ agal Bridh t BEcORAA dpi&&d‘lﬁ!’@e(mﬁ??f
the step the execution of which n_conpl et ed m"rq: ately before that
i s invoked fronTeTREHAAS & Palge f‘rgyl\/?%error recovery steps on'a stox

device connected to a host system, said method comprising:

executing error recovery steps; and

executing the next error recovery step regardless of
whether or not a predetermined signal has been received.

(2) A method for exdcuting an error recovery procedure as set
forth in claim 1, wherein said predetermined signal is a
signal corresponding to a reset instruction from said host
system.

(3) A method for executing an error recovery procedure as set
forth in claim 1, wherein said error recovery steps are
executed until the error is recovered.

(4) A method for executing an error recovery procédure as set
forth in claim 1, wherein said error recovery steps are
executed until the last step is completed.

(5) A method for executing an error recovery procedure as set
forth in claim 1, wherein data recovered by the error
recovery steps after the reception of said predetermined



.sequentially executes the ERP fromstep K+l of the ERP through the channel .
If no read or wite errors occurs in the LBA A the

(7). In addition, if a newread or wite
-14 > error occurs in an LBA other than the LBA A thell“ﬂlLHleﬂHﬂutlH Ifrom
step 1 as usual. (7) If the reread is successfully nade sends the
read data to the host, and if the rewite is successfully made, the HDD
transmits an instruction conpl etion signal7 to the host. (8) If the error is
not recovered when ste1 M of the ERP is execufed, it iS reco ed to be a
hard error for a YERdY ABt? t33bMmodendstBroreduiiy 8 ﬁ“ﬁ’g?‘Fch‘t’}% Ldq5tgrpee
reassi gned to andtevdrcephysi cal bl ock address (PBA), and data |s witten to
t he reassi gned PBA. [0029] In the above descri bed second errbodi rrent

even if theﬁ{ecgpo étée ERPlSlnterr%Pted 3/

executed fromth L §*§°PELPY, 2N ctchveﬁxé’ |p§:°|‘f§fiufﬁeaﬁef33’ét
that the steps afﬁoe?thalpaclaml-’&r vmeerslar'ehelnmaosrenr@si dabz atearedad ni gaidle
first enmbodi ment mé!_tldfrtyhﬁ.rs, rétiighed Nbh AdspoRBestBPS Aé€rPiMAjtractiancerbhat
they are executed 24N recovery I s obtained, the probability of error
recovery is hi gh dzé’t?% [Q' Avant ages of the I nventi on]

(7) A method for executing an error recovéry procedure as set
forth in claim 1, wherein the position of data to be
written is reassigned if the writing is not successful till
the completion of the last step in a write mode.

(8) A method for executing an error recovery procedure as set
forth in claim 7, wherein data is written to the reassigned
position in response to a retry instruction from said host
system.

(9) A method for executing an error recovery procedure as set
forth in claim 1, wherein the time elapsing before the
time-out of an instruction is shorter than the execution
time of the all steps of the ERP.

'(10) A method for executing an error recovery procedure (ERP)
comprising a plurality of error recovery steps in a
storage device connected to a host system, said method
comprising:

executing error recovery steps;

in response to a first signal, stopping the execution of
error recovery steps and holding the number K of the step
the execution of which has been completed immediately
before the stopping; and



In accordance with the present invention, there is not the disadvantage
that the steps after a particular step of ERP are al

the all ERP steps are given a chance that they are
recovery is obtained. Accordingly, the probability mm lﬁﬁ !!l
hi gh. Thus, the various steps included in the error can

be efficiently executed, and the reliability of error recovery can be

i ncreased. - 15 - 3. Brief Description
of the Draw ngs u 1 is a block dralfam of the hard disk drive (HDD)
to which the pre%’%rﬁesfgl?ﬂfﬁ‘ﬁ t8n? iSeCPG Fignal, megueataal iy LXRAYHE 6w ng
the nmethod for eERBufrm@1ﬂheKERPtha &heob acdagveuyd saep Figure 3 is a

di agram showi ng the first enbodi nent of the present invention; and Fi gure

4 is a dia ran1shomn he second enbodi nent of the present jnvention.
[ Descri pti Alof Bﬁ% for executing an error recovery procedure as set

forth in claim 10, wherein said first signal is a signal

corresponding to a reset instruction from said host
system. '

(12) A method for executing an error recovery procedure as set
: forth in claim 10, wherein said second signal is a signal

corresponding to a retry instruction from said host
system.

(13) A method for executing an error recovery procedure as set
forth in claim 10, wherein said érror recovery steps are
executed until the error is recovered.

(14) A method for executing an error recovery procedure as set
forth in claim 10, wherein said error recovery steps are
executed until the last step is completed.

(15) A method for executing an error recovery procedure as set
forth in claim 10, wherein the time elapsing before the
time-out of an instruction is shorter than the execution
time of the all steps of the ERP.

(16) An apparatus for executing an error recovery procedure
(ERP) comprising a plurality of error recovery steps, said
apparatus comprising:

a logic for executing error recovery steps; and

a logic for receiving a signal,



10 ... Host system 100 ... Disk drive 110 ... Disk drive unit 112 ... Host
interface controller (HC 114 Hard di sk controller (HDC) 116 ..
Channel 118 ... MPU 120 ... RAM 130 ... Disk unit 132 ... Spindle 134 .
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- 19 -
wherein said logic for executing error recovery steps
executes the next error recovery step regardless of
whether or not said logic for receiving a signal has
received a predetermined signal. '

(17) An apparatus for executing an error recovery procedure
(ERP) comprising a plurality of error recovery steps, said
apparatus comprising:

a logic for executing error recovery steps;
a logic for receiving a signal, and

a memory connected to said logic for executing error
recovery steps,

wherein said logic for executing error recovery steps
responds to a first signal to stop the execution of error
recovery steps and store in said memory the number K of
the step the execution of which has been completed
immediately before the stopping, and responds to a second
signal to read out the value of K from said memory and
sequentially execute the ERP from the K+l-th error
recovery step.

(18) A storage device comprising:
a storage medium;

a transducer for recording information on said storage
medium or reproducing it therefrom;

a storage unit for storing error recovery steps;



(1) A nethod for executing an error recovery procﬁgnghgggglceﬂnegggprising
a plurality of error recovery steps on a storage “devi dtoa
host system said nethod conpri sing: executyuzuﬁ ery steps;

and executing the next error recovery step i Eﬂﬂ ”@@@lﬂ” whet her

or not a predeterm ned signal has been received. (2§ A Yor

executing an error recovery procedure as set forth in claim1, wherein
said predeterm ned signal is a signéﬂ)Corresponding to a reset

i nstruction frOHAng 'é"ggnnected$¥8t§%@d stg§ggéHHE&b%gragﬁegégﬁﬂigp o%n
error recovery procedure as set orfh-inclarm I, erern said error
recovery steps aFBCOVery cxeRRRedNthtil the error is recovered. (4) A

nmet hod for executing an error recovery procedure as set forth in claim

1, wherein said gg;eﬁ«i\éﬁgﬁ%%ﬁ&nﬁb@eem an SXEHH8dqURsEL the last step

I's conpl et ed. Of executing an error recovery procedure as
set forth in claim1l1l, wherein data recovered by the error

recovery steps awhereife sadadeplogic ofosaiktlepatiity eelroed recovery steps
executes the next error recovery steps regardless of

whether or not said interface has received a predetermined
signal. '

(19) A storage device comprising:
a storage medium;

a transducer for recording information on said storage
medium or reproducing it therefrom; '

a memory for storing error recovery steps;

a logic connected to said storage unit for executing error
recovery steps; and

an interface connectable to an external device,

wherein said logic for executing error recovery steps
responds to a first signal received by said interface to
stop the execution of error recovery steps and store in
said memory the number K of the step the execution éf
‘which has been completed immediately before the stopping;
and responds to a second signal received by said interface
to read out the value of K from said memory and
sequentially execute the ERP from the X+l-th error
‘recovery step.



17 - signal in a read node is stored in a nenory in said storage

devi ce. (6) A nmethod for executing an error recoveW

forth in claim5, wherein the recovered data stored | nory i s
returned in response to a retry instruction from E‘!H"#Eﬁ”ﬁﬁ

(7) A nmethod for executing an error recovery procedure*asc

claim1, wherein the position of data to be witten is reaSS|gned if
the witing is not successful till t he2konpl etion of the last step in a

write node. 958 A nmet hod for executing an error recovery procedure as set
forth in cl 42f 7, AnwRER&HM dat Fhishyd (RIOGTES tife StOISE fiAFd execuidaigt iash in
response to a reteyronstémeqn pravedidied (EBPY) compsysimgna pl@aldwetdod
for executing an ed 4 cl

wherein the tine Sfi.gél%%&g‘y%o#’ SR{%CS lEl'!:ﬁda.ére&%;am o J‘:sﬁsltruct ?%ér?ul&s'ng
shorter than the BXELHtTFPVErY t54APsSHf aPfle al | steps of the ERP. (10) A
nmet hod for executing an error recovery procedure (ERP) conprising a

plurality of erroéxé@&@i’ﬁéy tHefPRekf R@rror r&dRVeaye ,%Cseg%a@sgsd ¢ a

host system said error recovery
St ops: | REEHSH <R (2P % eSS PR SHEI e E SRR EREP SO0
error recovery steps and hol di ng the nunber K of the step t he

execution ofcouhi ch heaihRennCUIE! e Ar8RAALS Ystored for executing an
error recovery procedure (ERP) comprising a plurality of
error recovery steps, said program comprising:

executing error recovery steps;

in response to a first signal, stopping the execution of
error recovery steps and holding the number K of the step
the execution of which has been completed immediately
before the stopping; and

in response to a second signal, sequentially executing the

ERP from the K+l-th error recovery step.



before the stopping; and - 18 -
in response to a second signal, sequentially executing the ERP from
the K+1-the error recovery step. (11) A nethod for executing an error
recovery procedure as set forth in claim10, wherein said first signal
is a signal corresponding to a reset instruction fromsaid host
system (12) A nmethod for executing agp error recovery procedure as set
forth in claim 10, wherein said second signal is a signal

correspondi ng t METHOD FORMEXBQUTING AN BRRORIRECOVERY PROGEPURE (13) A

met hod for executing an error recovery procedure as set forth in
claim 10, ABSTRACTai d error recovery steps are executed until the
error is recovered. (14) A method for executing an error recovery

pr ocedur e as seThe disk drlf"érf?%l‘feﬁ adesat ARstuCtiome) énﬁngéhecﬁmutmn ofsboBRB/ st eps
are ecuted unti | te npl et ed, 15) A met hod for
executing 1t ptogs ﬂ}ee?‘ﬁﬁ‘gm}l #@EE&? @%all"?@“etg mumber K gf thie step thegxecutipn -
el ho fpﬁﬁh%(g%ﬂqogt}pligteg i tHlanely before t'he stop;lajitng? Imcfj‘ nhé:? lst;[cgilxjr%gl a(l) nis

shorter than
retry instruction (7) after that, sequentially executes the ERP from the K+ 1-th error

recovery step.
Fig.3-



té#meﬁ the all steps of the ERP. (16) An apparatus for executing an

error recovery procedure (ERP) ~conprising a plurality of error
recovery steps, said apparatus conpri sing: a logic for
executing error recovery steps; and a logic for receiving a signal,
- 19 - wherein said logic for executing error recovery steps

executes the next error recovery step regardl ess of whet her or "'not
said logic for receiving a signal has recei ved a predeterm ned signal
(17) An apparatus for executing an error rédévery procedure (ERP)
conpri si ng aPPFumgntt fype er Mrawimgvery steps, said appar at us
conprising: Figure & | 0gic for executing error recovery steps; a

|l ogic for receiving a signal, and a nmenory connected to said logic

for executing error
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recouery steps, wherein said |logic for executing error recovery

§t eps responds to a first signal to stop the execution of error
Fecovery steps and store in said nenory the nunber K of the step the
execution of which has been conpl eted i medi ately before the stopping,
and responds to a second signal to read out the value of K fromsaid
menory and sequentially execute the ERP fromthe K+l -th error
recovery step. (18) A storage device conpri sing: a storage
medi um a transducer for recording/&formati on on said storage
medi um or repEAcing it therefrom a storage unit for storing
efror recovery steps; - 20 - a
| ogi c connected to said storage unit for executing error recovery
steps; and an interface connectable to an external device,
Operation of host { Operation of HDD ERP
1 Read/write Exécute.
instruction ——} read/write i
2 Error occurs
at LBA A g ERP step 1
ERP step 2
R ’ ERP step 3
3 Instruction
time-out :
Soft reset » ERP Stép X
~— Reset completes
Retry . Execute
4 instruction =1 reread/revwrite
§ Error occurs

: again at LBA A «—iwp ERP step 1

ERP step K

ERP step 2
: ERP step 3
6 Instruction ‘
timeout
Soft reset ;

4—-—-}—-——-—-Reset completes |



wherejn said logic for executing error recovery steps executes the
fiext error recovery steps regardl ess of whet her or not said interface
has received a predeterm ned si gnal . (19) A storage device

conpri si ng: a storage nedi um a transducer for recording

i nformation on said storage medi um or reproducing it therefrom

a nenory for storing error recovery steps; a logic connected to said
storage unit for executing error recovery steps; and an
interface connectable to an external devices/y wherein said logic for
executing emiurecpvery steps responds to a first signal received by
said interface to stop the execution of error recovery steps and store
in said nenory the nunber K of the step the execution of whi ch
has been conpleted i nmedi ately before the stopping, ) and responds to a
second signal re@zexedidy ofahdst nfer fgieeation of @ppead jout thgpval ue of K
fromsaid nenory and sequential 'y execute the ER®R fromthe K+l -th
.error recovery step.

1 .Read/write

: Execute
'instruction — read/write

2 Error occurs

at LBA A =e=pp- ERP step ‘1
. ERP step "2
. - ERP step 3
3 Instruction
time-out :
Soft reset » .ERP step K+1

evecsncanan

4 Store recovered
data in buffer €=~ Error recovers

5 Hard error or
reassignment

Error doesn’t recover

\ ERP step M
4¢~—+— 6 Reset completes

Retry Reading, recovered
7 instruction = 3 pead oot dafa
! from buffer

Readi unr
b execu't‘g'Eer’I estored

from step 1

¢ MHriting, succeeded
overwrites data

assscesscessancsssas

d Writing, reassigned
overwrites data
to reassigned PBA

< ,__5 - Instruction
: .8 completes or
: read data



-,.21.-« (20) A nediumin which a programis stored for executing an

error recovery procedure (ERP) conprising a plurality of error
recovery steps, said programconprising: executing error recovery
steps; and executing the next error recovery step regardl ess of

whet her or not a predeterm ned signal has been received. (21) A nmediumin
which a programis stored for executing an error recovery procedure
(ERP) conprising a plurality of error recovery steps, said program
conpri si ng: executing error recovery ,sjeps; in response to a
first signal, stoggk?g t he execution of error recovery steps and
hol di ng t he f of the step t he execution of which has been

conpl eted i Mmedi ately before the stopping; and in response to a
second signal, sequentially executing the ERP fromthe K+1-th error
recovery step. '

Operation of host Operation of HDD ERP
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1 Read/write
"instruction =————jp- Execute
: read/write

: 2 Error occurs

: at LBA A - ERP step 1
. . : ERP step 2
_ : ERP step 3
3 Instruction = | :
time-out :
Soft reset » ERP step K+l
: Hold the value
i of K in memory
<¢—+— 4 Reset completes
v :
5 .Retry — Execute
instruction reread/rewire
6 Error occurs
again at LBA A wi-j ERP step K+1
ERP step K+2
ERP step K+3-

'4—-;-— 7 InstructioNefeemmm———i— Reread/rewrite

H . completes or succeeds’
: read data .

8 Hard error
? or reassignment™"{""" ERPStep M



