2264387 DI SK DRI VE APPARATUS The present invention relates to a disk drive,
_apparatus having an error correcting function, particularly for hard disks.

Conventional hard disk drives have a rotatable disk- shaped recofding
medi um and data are recorded on concentric tracks arranged on the
recordi ng rred226s4387 magnetic material is used in the recordi ng
medi um (her ei " to sinply as "nediunt) in view of co%t.,
storage capacity, etc. Fbwever it is inpossible to manufacture a nmedi um
whi ch can provide a 10096perfect recording state. As a counterneasure, an

error correction code (hereinafter referred to as "ECC') is added to the
data to e U ossi ble recording 5 error at a certain

| ocation on the mediumto provide a virtually perfect recording state.
Thus, clearing various requirenents for cost, storage capacity, etc., the
mediumis now put into practical use. Fig. 2 shows a fundanental
constitution of the above 0 type of conventional hard disk drive. I n
Fig. 2, Théepresentunaiventlonepetaerss to ardi sk sdrilvevappaEtusl having
conputer main body for controlling the hard disk-drive 20; 11, a bus line
3for @WVELTOrt kew newtiiogn funct kotar persicedsirky cEor ahardodiskstter hard
di sk drive (HDD). The hard disk drive 20 5 I ncl udes a bus interface 21,
a.controlIeranvqntxemtlabémﬁﬁﬁxshldreveEBhQNﬁeeanﬁﬂthble disdksi t 29,

a read/wite head arm
shaped recording medium, .and data are recorded on concentric

tracks arranged on the recording medigm. Usually, a magnetic
material is used in the recording medium (herei;after referred
)7 to simply as "medium") in view of cost; storage capacity, etc.
However, it is impossible to manufacture a medium which can
provide a 100%-perfect recording state. As a countermeasure,
an error correction code (hereinafter réferred to as "ECC") is
added to the data to enable'correCtion of a'possibie recordiﬂg
5 error. at a certain }ocat{on on the medium to provide a
virtually perfect recoxrding state. Thus, cleaiing_varioug
requirements for cost, storage capacity, etc., the medium is

now put into practical use.
.Fig. 2 shows a fundamentallconstitution of the above
0 type of conventional hard disk drive.. In Fig. 2, reference
numeral 20 represents a hard disc drive (HDD); 10, a computer
main body for contrqlling.tﬁé hara disk drive 20; 11, a bus.
line for devices that conform to standards . of SCSI etc.; and
30, another hard disk drive (HDD) .The hard disk drive 20'
5 includes a bus interface 21, a controller 22, a track address

register 23, a head arm drive circuit 29, a read/write head arm

C



‘24, a medium 25, a read/wite circuit 27, and a serial/parallel conversion
CIrCUIt 28. Wth the above constitution, in accordance with a wite
instruction sent fromthe conputer main body 10 to the hard 5 di sk drive
20 via the bus line 11, the data is witten to the proper track on the
medi ure”25. More specifically, the wite-instruction is provided.to the
controller 22 via the bus line 11 and the bus interface 21, and a track .
address indicating a wwiting | ocation on the nmedium 10 "25 is provided to

the tragk %dﬂl[?gz. 9, Sheked /@ﬁ:q.treeg%rgﬁié 3 Clalld a BBEEh g.z{%filﬁié%a‘:k

addr ess, arm’drive circuit ves t'he head arm

controbdﬂyéfgiéﬁwﬁigéhgf gg.so that a read/wite head is positioned on the
- proper track. 15 Upon conpl etion of the nechanical operation,:

parallel wite wih als aiite dorBRitleie®)Pii elcdtitdaies itk .a_wifitte
converted to serial data by the serial/parallel conversion circuit 28.

The ECE@n@trudtion nseatcErontSthet sompaitexrs mainw ubetigd 10 oot Bhesdraxl data
is added to the serial data, 20 and the ECC-added data is witten to the
pSoper diiskeldridte h2@Qighiahthey balsr dineatlilon the date istwritten poasheof the
medi um 25 is actually taken, a head drive nmechani sm nediumrotationa

drive MQMpﬁﬁs#naekconathenmedﬁumi25¢5trated nor ‘expl ai ned.here for

sinplification of the description. Then, in accordance with a
read instructi &P%mpqqmqmblranﬁlﬁ HTike Adenatiion ks Pxewided 310 dri ve
20 via the bus

the controller 22 via the bus line 11 and the bus interface 21,
and a track address indicating a writing locatlon on the medium
10 25 ié'provided to the track address register 23 and retained
therein. Receiving the track address, the head arm drive
circuit 29 drives the head arm 24 under the control of the
controller 22 so thet a read/write head is positioned on the
proper tiack.
15 Upon completion of the mechanical operation, parallel
write data .ie sent .from__the ‘computer main body 10, _ahd-,
converted to serial data by the serial/parallel conversion
circuit 28. - The  ECC of, for instance,. 88 bits that is
calculated from.the serial data is added to the serial data,
20 and the ECC-added data is written to the proper track.
Although the synchronlzatlon with the rotatlonal phase
of the medium 25 is actually ;aken,.a head drive mechanlsm,
medium rotational drive mechanism, etc. are neither illustrated
nor explained here for'simplification-of the description.'
25 - Then, in accordance with a read instruction sent from.'

the computer main body 10 to the hard disk drive 20 via the:bus;



- 2- line 11, the data recorded on the subject track on the nmedium25 is
read. More specifically, the read instruction is provided to the controller
22 via the bus line 11 and the bus interface 21, 5 and a track address

i ndicating a reading |location on the nedium25 is provided to the track
address register 23 and retained therein. Receiving the track address,.. he
head armdrive circuit 29 drives the head arm 24 under the control of the
controller 10 22 so that a read/wite head is positioned on the proper

track.j pan §90Mehat data0frddiirddtchiNtRal sapgedit Aradkicon CElE Wabdufi I CUI t
27 readtp v}a'the head, the ECC-added data recorded on the subject track.
The EGjgagigegdedata may include a recording error originating fromthe
medi um property etc. To 15 accommodat e such a case, the original data is
cal cul at ed backogadspepifd¢addy,r ahe hredd Greiiwction iisi pgovhdedCeot hat
has been added to the data. The ECC has the restoration ability
pr oportheneédbntoolbern2beiacthéi bus hirneolilgand| thetbusaintgrfate 2Ljght
errors can be conpletely restored. Even in many -of 20 t he cases where
te daamdrastxackiaddressjndicatingt Acreadingdiocation pp phesmeddunThe
serial data thus read and restored is converted_b¥ the serial/parall el
conver 8 ohsciprovides @ pheatrackifddregs register 23 and retained
therein.
Receiving the track address, the head arm drive circuit
29 drives the head arm 24 under the control of the controller
10 22 so that a read/write head is positioned on the proper track.
Upon completion of this mechanical operation, the
read/write circuit 27 reads, via the head, the ECC-added data
- recorded on the subject track. The ECC-added data may include
' a recording error originating from the medium property etc. To
15 accommodate such a case, the original data is calculated back
and rep:oduced from the ECC-added data using the ECC that has
been added to the data. The ECC has the restoration ability
proportional - to the number of bits, and original data having
only slight errors can be completely restored. Even in many of ~
20 the cases where the data restoration is impossible, the error.
detection is possible.
The serial data thus read and restored is converted by
the serial/parallel conversion circuit 28 to garallel data that

conforms to the standard of the bus line 11, and the parallel

25 data is provided to the computer main body 10.



.conforms to the standard of the bus line 11, and the parallel 25 data is
provided to the conputer main body: 10. -3-#  The read/wite.circuit 27
wite, to t he medi um 25, the data which has-“been given the ECC, and the
original data is calcul ated back and reproduced fromthe ECC-added data
read {yomthe medium 25. in-this nanner, the wri‘te and read 5

operations of the hard disk drive 20 can be performed with a high accuracy.
As described abovphe tieatspntiice relircwd t 22 waditre) ; tee the) meddum: 25, the
conventional hard disk drive realises the error carrecting function by
recor di ng t [@atEWetkle hatbeet) giverpthe 86 cond theueriginali gatdedsity
recordi ng, etc. Although necessary for the error correction, the ECC i.s
redundant i dackeulated back and repnadysesh Sromhe:FeCsadded datpread; o
of the medium avail able for the data. * Ther ef or t he guantity_of .the
ECC shoul d Ifirom thel meddums25.50ssih| Bhig mannery t%g"? h‘é"ﬂ'ﬁeﬂ?ﬁaoﬁ?ag di sk

drive apparatus in which an error _correction cgode i-s ddded ] or e
it is whi t t @pexptiens P the Jakd n‘g{ﬁﬁn‘ﬁr xﬁpggsggp %sgﬁgggfﬂ%&sréﬁgﬁ :
generation circuit responsive to a 20 track address indicating an access
location on & RLFRARGFRTAGY *generating a sel ection signal to be used for

sel ecting As described above, to use the medium that cannot be

| =3

100§—perfect, the conventional hard disk drive realises the
error correcting function by recording the ECC-added data
10 and provides cost reduction, high-densitfurecording, etc.
) Although necessary for the error correction, the ECC
is redundant information unlike the déta proper and reduces
the storage -area of the medium available for the data.
Therefore, the quantity of the ECC should be as small as
15 possible. | |
According fg the inventipn, a disk drive apparatus in
which an error correction code is added to &ata hefore it
is written to a recording disk medium, comprises:
a séléction signal génération circuit responsive'to a :
20 track address indicating an access location on the medium,
for generating a selection signal to be used for selecting
a number of bits of thé error correction code; and
a read/write circuit for performing a data read or
write operation to the medium while selecting the number of
25 bits of the error corréctioh code-in'ac¢ordancé with the
| selection signal. | |
The invention recognises that since'the medium is a

. rotational disk, the probability of the error occurrence is



a nunber of bits of the error correction code; and a read/wite circuit for
performng a data read or wite operation to the nediumwhile selecting the
nunber of 25 bits of "the error correction code in accordance with the
sel ection signal. The invention recognises that since the mediumis a
rotational disk, the probability of the error occurrence is differgat in
the inner tracks and in the outer tracks; that is, usually the error

occurrence gy firerert M9l the mmzou&aexbr 8RS InFERe Gitel! tFBYKE] SONRE! | ¥
be the case that due to variations in the manufacturing process, materials

S etc. id@,vivswallpdithehogerdrf fwattrdﬂdé:kssmm aLtkelyelin tehée
associated with an error. The conventional hard disc drives enpl oy the ECC

havi ng t he outer tradks.s tFuatther; cipaajs frequentlydoel the obase ! thyt of
error occurrence at the innernost track in 10 which an error is nost
likely to odme to Aaristi®@s hnvthg mhApufactumimg: prsicesss materials
excessively redundant) is added to the data that is to be recorded on the
outer tPBacketiy winddviduad, r peddac havpcditfenant | fxacks whdich . areThjs
is not preferable because the storage,15 capacity of the mediumis
consuned vaﬁﬂﬁfkﬁsﬁﬂuyﬁ 4$P?ﬁéaHP§kwéFhvéna &P%tus of the invention, the

sel ection si gnal Trie O oRVenti Sl Ba 158 §1$£§Cl§mp1oy the ECC

having the number of bits that corresponds to the general
probability of error occurrence at the innermost track in

10 which an error is most likely to occur. And the ECC having ~w
" the same number of bits (ie. excessively redundant) is
added to the data that is to be recorded on the outer
tracks in which the error occurrence is relatively
unli);ely. This is not preferable because the storage

15 capacity of the medium is consumed vainly' as much. |

In the disk dri;re apparatus of the invention, the
- selection signal is output in accordance with the track
address. For example, when the track a_ddress indicates ah
inner tradk,' the selection signal for selecting the same
20 number of bits of the ECC as the conventional case is
output, and when the track address indicates an outer

track, the selection_

v\



-address. For exanple, when the track address indicates an inner track, the
sel ection signal for selecting the sane 20. nunber of bits of the ECC as

t he conventional case is output, and when the track address indicates an
outerﬁbrack, the selection. - signal for selecting the snaller nunber of
bits than the conventional case is output. Since the read/wite circuit
changes over the nunber of bits of the ECC in accordance with the sel ection
signal, the nunber of bits i;s reduced for the 5 . -outer portion of the

di . S t he e ] ' |ativel vy unld kegky_in.th t
por t§ R LGRS 1 EPFarFPIEEIEs cHie ANAHLEE" BT h O cRitpe AR RS A
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withits 15 i nspection result. Since the nost.suitable nunber of bits

05 t heol@er Pottfoh' »F tHel nadedmly tdenteatherdskinss 668ugkénre bEs

selected, a l'ocal deterioration to sone extent of the medium can be
remedi e¢landvedlyechnbikeher dhortiee | angernprxrionf, bthe pélibbifECy s a
result, the effective storage capacity can be

well assured over the entire mediumﬂ As a result,
unnecessarily redundant information is removed from the outer
portion, so that more data proper can be recorded by such as .
10 much.

The selection signal generation circuit may have a
collation table in which a parameter for selecting the most
suitable number of bits of the ECC is set, during an adjustment
‘'of the apparatus, for ‘each track in accordance with its

15 inspection resultj S;nce fhe'most suitable number of bits of
the ECC for the track indicated by the track address.can alwaYs
be selected, a local deterioration to some extent of the medium
can be.remediedfby selecting therefor a large number of bi;s of
the.ﬁcc. As a result, the effective stofage capacity can be
20 increased while the reliability is maintained, comparéd to the .
case where the number of bits of the ECC is fixed. Further,
the produétion yield.of media can be increased ﬁecause, in soﬁe .
cases,.even somewhat defective media may also be remedied.
25' Fig.. 1. is a block diagram. of a -hard. disk -dfife

according to an embodiment of the present ihvention; and



20 i ncreased while the reliability is maintained, conpared to the case
where the nunber of bits of the ECCis fixed. Further, the production
yield of nmedia can be increased because, in sone cases, even sonewhat
defective nedia may al so be renedi ed. 25 Fig. 1 is a block _
diagram of a hard disk drive according to an enbodi nent of the present.

I nvention; and Fig. 2 is a block diagramof a conventional hard disk
drive. A hard disk drive according to an enbodi nent of the 5 pr esent

Flo 1 In Fidig FotE enBloay Slaln ot 6 achybRichal” halHOR (o)

of thg B wention; 10, a conputer main body for controlling the hard disk
drive 5 . 11, a bus line for devices 10 t hat conformto standards of
SCSI, EISA, etc.; and 30, another hard disk drive (HDD). The hard di sk
drive 200 includes a bus interface 21, a controller 22, a track address

register 23, @ hgagdaidisk i dLive’ @ddortfing t82@N éhbBoALRAEnd B2 %he
medi um 25, an ECC selection signal generation circuit 260, -a 15

sead/ piresentCiimrenticnOis hegeinafenradepaydbed witlnvesferencertoia 28.
The track address register 23 is a register for retaining a track address
A senblbokndimgrampafeFigai 1.body 10, and is constituted of a latch or the
|i ke as in the case of '

In Fig. 1, reference numeral 200 represents a hard disc
drive (HDD) of the invention; 10, a computer main body for
controlling the hard disk drive 200; 11, a bus line for devices

10 that conform to standards of SCSI, EISA, etc.; and 30, another
hard disk drive (HDD). The hard disk drive 200 includes a bus
interface 21, a controller 22, a track address register 23, a
head arm drive circuit 29, a read/write head arm 24, a medium
25, an ECC selection signal generation circuit 260, a.
15 read/write circuit ;70, and a serial/parallel conversion
circuit 28.

The track address register 23 is a register for
retaining a track address A sent from the computer main body
10, and is constituted_of a latch or the like as in the case of ~
20 other data registers. The track address A in the track address
' register 23 includes & cylinder.address that may be employea
when a plurality of media. 25 :are connected as if  they
constituted a single medium. |

In accordance with the received track address A, thé

25 ECC selection signal generation circuit 260 selectively outputs

. one of selection signals B. For example, four signal lines are



-20 ‘other data registers. The track address A in the track.address
regi ster 23 includes a‘cylinder address that may be enpl oyed when a
plurality of medi'a 25 are connected as if' ‘they constituted a single

medi um | n accordance with the received track address A, the 25 ECC
sel ectlion signal generation circuit 260 .sel ectively outputs one. of
sel ection signals B. For exanple, four signal lines are -7- allocated to

t he sel ection S|gnals B, and.a first selection signal is output when the

(i) SIBRALE Lo LB R gL 4 2B S g%l?“?ﬁ???l%%céﬁﬁ' >

si gnal ﬁMﬁﬁe t zy%gb
: se?ect | o% Sl gnasiO I s “out put !é/\htel?lél‘étl&%lg&vq\zft mé t he ranigné? %8{979 track

addr esghe) raifd SP VYL | Oaa@eeaher gB3bctiesk sdghaland dutpipk vk ese " 79"
corresponds to an innernost track 25b. In the réad/wite circuit” 270, the -

number jgf BitRiff tHe 1@angdFSft @R ddad ivitdesddertiti) Begalangns
over, for-instance, anong four |evels of 16, 32, 56 and 88 bits. These

feur | evtiputcowheapdrtd ie twibthinr th_esm@izgueoeﬂ_gmal-sbl,nmd oa tfvmrth

sel ection signals B, ‘and an ECC 270a of 16 bits is selected in response to
t he flaeienﬂxnnlsmgxagnab catpBECwhadh if 82 withinSthe manggenﬁeﬁb+n
response to the second sel ection signal, an ECC 270¢ of 56 bits is selected
in res E@nseAt tragk adiresse|"d p@xresponds to an outermost track 25a,

and a track address "79" corresponds to an innermost track 25b.
.In the read/write circuit 270; the number of bits of an

10 ECC to be added to the data can be changed dver, for instance,
among four levels of 16, 32, 56 and 88 bits. These four levels
correspond to the four respective signal lines for the
selection signals B, and an ECC 270a of 16 bits is selected in
response‘to the first selection signal, an ECC 270b of 32 bits

15 is selected in response to the second selectlon signal, an ECC
270c of 56 bits is selected in response to the third selectlon;
signal, and an ECC 270@iof 88 bits is selected in response to
the fourth selection signal.

N With the above relationship in correspondence, for the.

20 innermost track 25b the ECC of 88 bits is added to the data as-
in the conventional case. For the outermost track 25a, the ECC
of 16 bits, which is smaller than the eonventibnal taee,'is
added. .For the intermediate tracks, the ECC of the
intermediate number of bits (32 or 56) is aned. |

25 ' ' As a result, except for the inner tracks, more data

proper can be recorded than the conventional case by a quantity-



signal, and an ECC 270d of 88 bits.is selected in response to the fourth
sel ection signal. Wth the above relationship in correspondence,” for the 20
i nnernmost track 25b the ECC of 88 bits is added to the data as in the
conventional case. For the outernost track 25a, the ECC of 16 bits, which

I's small er than the conventional case,. is added. For the internediate
tracks, the ECC of the internediate nunber of bits (32 or 56) is atded.
25 As a result, except for the inner tracks, nore data proper
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descri bed next. Irst, e Wwite operation, 1n accordance wt wite

510 kdp©laHCleABts ¥fuivadEnt e Othat cofehe Baterl Eridtid)s daislifgsk
drive 200 via the bus line 11, the data, to which the ECC having the proper

nunbato ghrédblémBainbaindl . the x’éiiibﬂllﬂythé proper track on the nedi um
2> Each of write and read operations of the hard disk

drive 200 having the above constitution is described next.

First, in the write operation, in accordancé-with a write
10 instrﬁction sent from the computer main body 10 to the hard
disk drive 200 via the bus line 11, the data, to which the ECC
having the proper number of bits has been added, is written to
the proper track on the medium 25.

More specifically, the write instruction is provided to

15 the controller 22 via the bus line 11 and the bus interface 21.
A track address indicating a writing location on the medium 25
is provided to the track address register 23 and retained
therein. Receiving the track address A, the ECC selection
signal generation circuit 260 provides the proper selection ~
20 signal to the read/write circuit 270, which selects the ECC -
having the number of bits corresponding to the selection.
signal. On the other hand, receiving the track address A, the
head arm drive circuit 29 drives the head arm 24 under the
.control of the controller 22 so that a read/write head is

25 positioned on the proper track.



- More specifically, the wite instruction is provided to 15 = the o
controller 22 via the bus line 11 .and the bus interface 21. A track address
indicating a witing |location on the medium 25 is provided to the track

address register 23 and retained therein. Receiving the track address A,
t he EEC sel ection signal generation circuit 260 provides the proper '
sel ection 20 signal to the read/wite circuit 270, which selects the ECC

havi ng the nunmber of bits corresponding to the sel.ection signal. On the
: ad_armdrive circuit., 29

ot her hand, receiving th ighhck_ ress A. the hegad

drives the headBRT SOMBIELOM, Sk TIE fechanteal SAPPERtarnz; RAFAtSL o
dwite h s 25 I tel d t K.z 9- U
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1I'fluga tgljl'e gat a52ve't hﬁrﬁnégg}ﬁ\rﬁrﬁgq&? S rr edu_ndang %gﬁﬁsts?ﬁall?gl’t he proper

t rack. ﬁ&@%éﬂréé/ﬁ@rcaaﬁa?%naedaaw ebathengerdallvaatehamhus, &ife are

neither illustrated nor explained here 10 since they are simlar to the

copvenidadsl wedhe thd Ebe Meadimpelabsoreduhdmney dascamitter toacthe

proper track. | '

- A head drive mechanism, medium rotational  drive
mechanism, etc. are neither illustrated norﬁexplained here
10 since they are similar to the conventional case.

In the read operation, in accordance with a read
instruction sent from the computer main body 10 to the hard
disk drive 200 via the bus 1line 11, the data recorded on the
subject track on the mediﬁmizs ié read.

15 More'specificelly,.ihe read instruction is provided to
the controller 22 via the bus line 11 and the bus ‘interface 21,
and a track address indicating élreading location on the medium
25 is”prbvidea to the track address register 23 and retained
therein. | |

20 Receiving the track address A, the ECC selection signal '
generation circuit 260 provides the proper selection signal to
the read/write circﬁit 27b,'which selects the ECC having - the
number of bits corresponding to the selection signal. On the
other hand, receiving the ffack address A, the head arm drive

25 _.circuit 29 drives the head arm 24 under the control 6f the

- 10 -



I nstruction sent fromthe conputer main body 10 to the hard disk drive 200
via the bus line 11, the data recorded on the subject track on the nmedi um
.25 is read. 15 More specifically, the read instruction is
provided to the controller 22 via the bus Iine 11 and the bus interface 21,
-and a track address indicating a reading |ocation on the medium25 is .
provided to the track address register 23 and retained therein. 20
Receiving the track address A, the ECC selection signal generation circuit

i ch GBI T "2Rr Sk, ShA o, FednfePl o el (O edhiifoRbl; by 3"

sel ect qg!a: the ot her hand, receiving the track address A, the
Fgéig\ua ’

head afm circuit 29 drives the head arm 24 under the control of
the 10 - co oo RE3Y Wé&&iﬁ&lsow&%k? d he
proper track. on corrp“l")%]f?&c))lh of tﬂl s nmechani cal operation, regg}vvrite

Circul repdAiétte difchie b?aéeaahe Hea adfethésd P €he ECECAUAYA Watld'e

subject track. The ECC-added data may include a recordlng error

05i gi NFddttrdéd Bt NEhebslibifadt OpLatk . et The TBCEcaddedd datas waly dntlirie t he
original data is cal cul ated back and reproduced fromthe ECC added data

usi ng eheelccZding rerddre qrimpmatinghfromitlve timediah grspérep eticled P t he

data agégx;modate such a case, the original data is calculated back
and reproduced from the ECC-added data using the ECC having the
proper -number of bits that has been added to the data at the

10 time of the writing. Since the ECC has the restoration ability
proportional to the number of bits, the ECC of 88 bits is
employed for the inner tracks in which an error is likely to
occur and the ECC of 16 bits is employed for the outer tracks
in which an error is léss likely to occur, as described above.

15 In any case, the original data can be restored and réproduced
with a high éccuracy. |

The serial data thus read and restored is converted by
the serial/parallel conversion circuit 28 to'parallel data that -
conforms to the standard of the bus line 11, and the parallel ~

20 data is provided to the computer main body 10.

As described above, the read/write circuit 270 changes
over the number of bits of the ECC, and the ECC having_lesé
redundancy is added to the data before it is written_to the
medium 25. The original data is calculated back and reproduced |

25 from the ECC-added data read from the medium 25. As a result,

the write and read operations of the hard disk drive 200 can be

- 11 -



-10 time of the witing. 'Since the ECC has the restoration ability
proportional 'to t he nunber of bits, the+ECC of 88 bits is enployed for the
i nner tracks in which an error iS”Ilker to" occur and the ECC of 16 bits is
enpl oyed for the outer tracks in which an error is less likely to occur, as
descrt bed above. 15 In any case, the original data can be restored and
reproduced with a high accuracy. The serial data thus read and restored is
converted by the serial/parallel conversion circuit 28 to parallel data

that co ot sta r' ?a%l

dat 3/ iR® ’b"Er) éd "fhﬁt ng%%%t e&r}{a}ﬁtgrk%y% As desc‘#l be odé) fg

read/ writ it c e gggg dth
too ndAHeELAgd *aﬁ%%gn%@ﬁ?%ig%%% EBCeRp hbrabeneht OF e Srbraddd o
t he ne%f g&%é he orlglnal data is calcul ated back and reproduced 25
from aﬁ ed data read fromthe nedium25. As a result, the wite

and read. oper ahtgBEddhg! e, Basddintk SHEQHLMEDD shntle invertionpethai th a

| ess redundancy while a high accuracy is maintained, which contributes-to -
tde i NEroVeetett 2bnt 82gakldr ggaerhtiioneciycuide @6 m@ Fig deismiadndbpdi nent
of the invention, the 5 ECC sel ecti on signal generatlon circuit 260 of

Fig. lcossthtntedcafst ROMhaving ROV addragsaspase daragrncthanr gbatt han

that of the track address A. A paraneter to be used for _selectin
of the track address A. parameter to be used for selecging

the number of bits of the ECC which number is obtained from

inspection results of the medium 25 and is most suitable for

10 each track is written in the ROM so as to correspond to the
track address.

By referring to such a collation table, ‘or by
convetting the data while accessing the ROM, the ECC selection
signal generation circuit 260 can produce the selection signel-

15 that is most suitable for:each track. Therefore, by its
scrupulous operation; the hard-. disk drive of the second

~ embodiment can further reduce the redundancy from the case of

the fi;st~embodiment.

~ | The writing of the parameters to the ROM is performed

20 independently using a ROM writer or the like, and the kOM that-.
has ‘been subjected to the writing is connected to the ECC -
selectlon SLgnal generatlon circuit 260 via an Ic socket oxr the
like.  The second embodiment is- the same as . the flrst
embodlment except for the above

25. ' It is noted that the lnventlon can be. 'applled. to

flexibie disk drives in addltlon to hard disk drives.
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the nunber of bits of the ECC which nunber is obtained frominspection
results of the medium 25 and is nost suitable for 10 - each track is
witten in the ROMso as to correspond to the track address. By referring
to such a collation table, or by converting the data while accessing the
ROM the ECC sel ection signal generation circuit 260 can produce the -

sel ection signal 15 that is nost suitable for each track. Ther ef or e,
by its scrupul ous operation, the hard disk drive of the second

embodi ment  can ARUI}EIbd iRk BB AR NENe! ARV USRI GELERS et

enbodi mrent. The witing o e paraneters to the ROM i1 s pertorned

| ndepopdeq! hyskoapive BEVLHG! LAVeAtibhC 1Bl ko condtiraetBdVashen Baabieen
subjected to the witing is connected to the ECC sel ecti on signal

gener ath@nNchiahginlg ey icE athé (hambeet ofr bilts lofkkeche EGbeonsacemdck
enbodinent is the same as the first enbodi nent except for the above.
25 or trackl griouptasds.haTherefore)tthe invehtiopptandprovidexian e
disk drives in addition to hard disk drives. - 12 - As. can be under st ood
fSom tadvahtagedetbatptthe, stiordge d capaciky vefof thae mediwmi wan sbeo
constructed as to enabl e the changi ng over of the nunber of bits of the ECC
on a twtikised effdofentplvasi s. Therefore, the invention can provide an
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.5 " advantage that the storage capdcity of the medi um can—be_uiiTizeg———-—

efficiently. -- 13- . CLAIM5 1. A disk drive apparatus in which an error
correction code is added to data before it -is witten to a recording disk
medi umy conprising: 5 a selection signal generation circuit

responsive to a track address indicating an access |ocation on the nedium
for generating a selection signal to be used for selecting a nunber of bits
of the error correction code; and a read/wite circuit for performng a
data read operation fromor a dﬁ?# wite operation-to the nedium
whil e sel ecting the nunber of bi the error correction code in
accordance with thg gesrcarofesapparatis Ihewlich dni eereppeozirestdiornc| ai m
1, wherein the nunber of bits are selected froma plurality of nunmbers 15
t hat ageder ¢gchdded ad data dxgfnte Vit giowpsibtenr toka vecoikdimgdiddsk 3.
The di sk drive apparatus of claim1l or claim2, wherein the nunber of bits
sel ect méddeany,cxompraissing: t r ack approaches an outernost track of the disk
medium 20 4. The disk drive apparatus according to any of clainms 1 to 3,

wherein the a selection signal generation circuit responsive to a
track address.indicatiné an access location on the medium, for
generating a selection signal to be used for_selecting a number
of bits of the erxrror correétion code; and a re&d/write circuit

for performing a data read operation from or a data-

-16¢f write operation to the medium while selecting the number of
bits of the error correction code in accordance with the
selection signal.

2. The disk drive apparatuslof claim 1, wherein
the numbér of bits are selected from a plurality of numbers

15 that are predetermined for iespective groups of tracks on 229
medium. | ' "

3. Thé disk drive apparatus of claim 1 or claim 2,
wherein the number of bifs selected decreases as the track
N approaches an oﬁtermost track of the disk medium.

20
4. The disk drive apparatus according to.any of claims 1 to 3, wherein the
selection signal generation circuit has a collation table that
‘collates the track address and a  detection faalﬁe that is
predetefmined in accordance with an inspectisn result-of EEE.

25 coriesponding track indiéating. a possibility of error

occurrence at the time of data writing, and’ generates ‘the.’
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- selection signal generation circuit -has a collation table that collates the

track address and—a detection value that is predeterm ned in accordance
with an inspection result-of the 25 corresponding track indicating a
possibility of error occurrence at the tine of data witing, and P
generates the - 14 - sel ection signal based on the track address ahd the

collation table. 5. The disk drive apparatus according to any of the
preceding clains wherein the disk drive apparatus is a hard disk drive. -
15 - selection signal based on the track address and the collation
table.
5. The disk drive apparatus axxmdingtx:any«ﬁfthe;nxxﬁﬁingcﬂaimsvﬂnnein1&&

disk drive apparatus is a hard disk drive. -
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