" APPARATUS AND METHOD FOR READI NG AND WRI TI NG DATA"

Background of the Invention The present inven M?@@T‘(cy
nmedia for storing dat a. 5 Conventionally, a sem con or
nennry i'ncl udes a redundancy circuit. This redundancy circuit has a
function to replace mesory cells having defects wth spare nmenory
cells. Therefore, even if there are defects in a portion of menory
cells, data error can be 10 prevent ed. However, there is a .
- restriction in nunbers (colums or rows) of spare nenory cells from

the st andpoi xppatATES ANy e o PO’ FREASTNG . ANDewRiPING DATA i f
t he nunber of nenory cells having defects exceeds 15 t he nunber

(colums or rows) of spare nerBackaxdird dfiethe Invertimss parts cannot be

relieved. Furthernore, a hard disk, when it has a defect

cel |, conventional | y The @xgsentt cimeantionyrelates gp media for seerimg

I ncluding this defect cell. Accordingly, 20 the nmenory capacity of the
hard disk is su@ﬂ?ﬂnially reduced

5 Conventionally, a semiconductor memory includes a
redundancy circuit. This redundancy circuit has a
function to replace memory cells having defects with
spare memory cells. Therefore, even if there are
defects in a portion of memory cells, data error can be

10 prevented.

However, there. is a restriction in numbers
(columns or rows) of spare memorj cells from the
standpoint of cost and relief efficiency. Therefore,
if the number of memory cells having defects exceeds

15 the number (columns or rows) of spare memory cells, the
excess parts cannot be felieved.

Furthermore, a hard disk, when it has a defect
cell, conventionally records information by avoiding
the sector including this defect cell. Accordingly,

20 the memory capacity of the hard disk is substantially
reduced. |

Thus, conventionally in semiconductor memory,
there is a disadvantage that if the number of memory
cells having defects exceeds the_number.(columns or

25 rows) of spare memory cells, the excess parts cannot be
relieved. Furthermore, in a hard disk, there is

a disadvantage that since it avoids the sector



Thus, conventionally in sem conductor nenory, there is a

di sadvantage that if the nunber of nenory - cells having defects
excgeds the nunmber (colums or 25 rows) of spare nenory cells, the
excess parts cannot be : relieved. Furthernmore, in a hard disk, there
I S . a disadvantage that since it _avgj ds the sector
-2- i ncl uding the defect cell to record information, the
menory capacity of the hard disk is substantially reduced.
Summary of the Invention 5 It is an object of the present
invention to us@ngluding tHe'RFadEdell Wy irdtordldirfdrntiom) thé hout
avoi di ng , to use ELe def ect portion. I n accordance with
the present inveaemody dapacity of fuleedrrdy dilFledis substantidiely, are
achi eved by 10 providing a nmenory device for storing data conposed of
plural bits havieguded.er ent significances, conprising menory neans
having a plurality of regions, rearranging means for rearranging the
plural bits when a first Summary of the Invention

5 It is an object of the present invention to use a

storage medium having a defect portioh without avoiding
to use the defect portion.
In accordance with the present invention, the
foregoing objects, among others, are achieved by
10 providing a memory device for storing data composed of
plural bits haQing different significances, comprising
memory means having a plurality of regions, rearranging
means for rearranging the plural bits when a first
one of the regions includes a defective portion and a
15 first of the plural bits is to be written into the
first region, and control means for controlling the .
rearranging means so that a second of the plural bits
having a lower.significance than that of the first bit
is written into the first region and the first bit is
20 written into another one of the plurality of regions.
There has also been provided, in accordance with
yet another aspect of the present invention, a memory
device for storing data composed of plural bits having
different significances, comprising memory means having
25 a plurality of portions divided into regions, address
means for providing an address designating the portion

of the memory means where the plural bits are to be



one of the regions includes a defective portion and a 15 first of the
plural bits is to be witten into the first region, and control
nmeans for controlling the rearrangi ng neans so that a second of the
plural brts having a | ower significance than that of the first bit
is witten into the first region and the fgrst bit is 20 witten into
anot her one of the plurality of regions. There has al so been
provided, in accordance wth yet anot her aspect of the present

i nvention, a nenory device for storing data conposed of plural bits
havi ng digftiosiedl)t ragiangiant efeanO Mo Yearranying dephmahg 25
a plurality of portions divided into regions, address nmeans for
provi di ng an additess whesi @ndtiine) tdne @ tithen regions dinalvslemmry neans
where the plural bits are to be - 3-
stored, rearrangiefeatdae panticmanshghey addrefs dgsignates he when a
first one of the regions includes a . . defectjive portion and the

addr ess desi gnad@featdve portigy a5 wriddmg éh Fastvak ithe PXI%&L of the
pl ur al 5 bit,s, and control .neans fOéo contr.ol I ng t q_ﬁler eraerarzalnaqllél g

nmeans so t%hat a ond@ g GARFLRL, MGans LO% SARFoLthg

means so that a second of the plural bits having a
lower significance than that of the first bit is
written into the first region and the first bit is
written into another one of the regions.

10 There has also been provided, in accordance
with yet another aspect of the present invention, a
memory device for storing data composed of plural bits
having different significances, comprising memory means
having a plurality of regions, rearranging means for

15 rearranging thé plural bits when a first one of the
regions includes a defective portion and a first bit
group of the plural bits cdmposed of continuing bit
sequence is to be written into the first region, and
control means for controlling the rearranging means

20 so that a second bit group of the plural bits composed
of a continuing bit sequence and having a lower
significance than that of respective bits of the first
bit group is written into the first region and the
first bit group is written into another one of the

25 plurality of regions.

There has also been provided, in accordance with

yet another aspect of the present invention, a memory



| ower significance than that of the first bit is witten into the
first region and the first bit is witten into another one of the
regions. 10 There has al so been provided, in accordance W th
yet anot her aspect of the present invention, a menory devi ce for
storing data conposed of plural bits . 4 having different significances,
conpri sing nenory mnmeans having a plurality of regions, rearranging
means for 15 rearrangi ng the plural bits when a first one of the
regions includes a defective portion and a first bit group of the
plural bits conumseiceffaortoring data composedqbrplural tbibe havingn
into the first region, and control neans for controlling the
rearrangi ng neardiff@rent spigmificancesndcompriging nemery meansl having
conposed of a continuing bit sequence and having a_ | ower

si gni fi cance t hah RIegabity ebeertions (dividedcinte s¥egions, addressgup is
witten into the first_region and the Irst bjt group is witten

§ fir b
into another ond"QANg HEPT Rroviding Address degigpating “the P°rt3fﬂ%r@ghas

al s0 oeen provi Aok AnSF RGNS Sl tne prudSl BI04 NELo%E8%L Of 1N

stored, rearranging means for rearranging the plural
bits when a first one of the regions includes a
defective potions and the address designates the
defective portion for writing a first bit group of the

10 plural bits composed of a continuing bit sequence, and
control means for controlling the rearranging means so
that a second bit group of the plural bits composed of
a continuing bit sequence having a lower significance
than that of respective bits of the first bit group is

15 written into the first region and the first bit group
is written into another one of the regions.

There has also been provided, in accordance with
yet another aspect of the present invention, an
apparatus for use with a storage medium for storing

20 data composed of plural bits having different
significances, the storage medium having a plurality of
regions a first region of which including a defective
portion, comprising rearranging means for rearranging
the plural bits when a first one of the plural bits is

25 to be written into the first region, and control means
for controlling the rearranging means so that a second

of the plural bit having a lower significance than that



device for storing data conposed of plural bits having di fferent
significances, conprising nenory neans having a plurality of

por tions,divided into regions, address means for providing address
designatiing the portion of 5 the nenory neans where the plural bits are
to be stored, rearrangi ng neans forg rearranging the plura

bits when a first one of the regions includes a def ective potions
and the address designates the defective portion for witing a first
bit group of the 10 plural bits conposed of a continuing bit sequence,
and contr olf nhen<ifret Gt rid wrigtere iretay rdveyi figrstearsgisan and

that a second bit group of the plural bits conposed of a continuing
bit sequence hatheg fd dshwditsiigniwididdere into anatther tang off th&pective
bits of the first bit group is 15 witten into the first region and the
first bit grouppluralijty @f megionf.o another one of the regions.

There has al so been provided, in accordance wth et . anot hey aspect
of the present inventihg¥e has also Qﬁﬁﬁmﬁ£QK}4qﬂ'lﬁﬁ;%ﬁ%&FQPQﬁ?ngﬁﬁpnedium

for storin 20 dat a.composed .of pluyral bits having .different
signi ficaftes, ¥RE ?t“(?rq"i’tfé’ ASRSGH r?ﬁi PIASH iRYBELony Al hions a

Lt e o EAUIE ) M PY ' Aifrage mdtlh Ak SAPHIGITO.
g];nt Pgl plrrg;ﬁls Patal $:foc')'ﬁ,%csoerﬁlt ?{)}1 :%ﬁr%ﬁt t teﬁrrteéarq{r&;’r\%ﬁéﬁrrﬂé%\rséﬁl ?Rét aQtdsecond
of the plural bighgndHitGntds)Vhes istidddedMeiilithdvidig a plurality of
portions divided into regions a first region of which
10 including a defective portion, comprising address means
for providing an address designating the portion of the
storage mediuﬁ where the plural bits are to be stored,
rearranging means for rearranging the plural bits when
the address designates the defective portion fpr
15 writing a first of the plural bits, and control means
for controlling the rearranging means so that a second
of the plural bits having a lower significance than
that of the first bit is written into the first region
and the first bit is written into another one of the
20 regions.
| There has also been provided, in accordance with
yet another aspect of the present invention, an
apparatus for use with a storage medium for storing
data composed of plural bits having different
25 significances, the storage medium having a plurality of
regions a first region of which including a defective

portion, comprising rearranging means for rearranging



- 5- of the first bit is witten into the first region and

the first bit is witten into another one of the plurality of
regi,ons. , There has al so been provided, in accordance with 5
yet anot her aspect of the present invention, an apparatus for use
with a storage nediumfor storing - ta conposed of plural bits
havi ng different significances, the storage nedi um having a
plurality of portions divided into regions a first region of which
10 i ncluding a defective portion, conprising address neans for

provi ding an adgn@s$H1983i19Maitisehide a Fildst Bift igidup of the FrRE@IEdi UM
where the plural bits are to be stored, rearrangi ng neans for

rearrangi ng the pilts dompidseaMadn continuinte Hddrssspuetesd deates Bae
defective portion for 15 witing a first of the plural bits, and
control neans writtenodintontthe Ifiimgtt regicar,r angl mpntewds meanshdfiom second
of the plural bits having a | ower significance than that of the
first bit is wicondralitiag fthef inesrnanging means smdhate & isegond tbit
witten into another one of the
5 group of the plural bits composed of a continuing bit
sequence and having a lower signif;cance than that of
respective bits of the first bit group is written into
the first region and the first bit group is written
into another one of the plurality of regions.

10 There has also been provided, in accordance with
yet another aspect of the present invention, an
apparatus for use with a sforage medium for storing
data composed of plural bits having different
significances, the storage medium having a plurality of

15 portions divided into regions a first region of which
including a defective portion, comprising address meéns
for providing address designating the portion of the
storage medium where the plural bits are to be stored,
rearranging means for rearrangihg the plural bits when

20 the address designates the defective portion for
writing a first bit group of the plural bits composed
of a continuing bit sequence, and control means for
controlling the rearranging means so that a second bit
group of the plural bits composed of a continuing bit

25 sequence having a lower significance than that of

respective bits of the first bit group is written into

the first region and the first bit group is written



20 regi ons. There has al so been provided, in accordance with
yet anot her aspect of the present invention, an apparatus for use
with a storage nediumfor storing data conposed of plural bits
having different 25 significances, the storage nedium having a
plurality of regions a first regi o of. which including a defective
portion, conprising rearrangi ng neans for rearranging

- 6- _ the plural bits when a first bit group of the plural

bits conposed of continuing bit sequence is to be witten into the

first region, ajdteodnothefeadne oF the regioma.rolling the rearranging
nmeans so that a second bit 5 group of ‘the plural bits conposed of a
continuing bit Theael dlace alsd been provides, dirgriddoatered haith hat  of
respective bits of the first bit group is witten into the first
regi on and the fyetsangithey agpdct wii tthen present iimwentiisirhera gathsid t he
plurality of regions. 10 There has al so been provided, in
accordance wit hof readipg amsomrdtingdataofta ife sharaga nediam ihmyving

apparatus for use with _a storage medi um for storin%l
5 a plurality of regions, the data composed of plural

bits having different significances, comprising steps
of rearranging the plural bits when a first one of the
regions includes a defective portion and a first one of
the plural bits is to be written into the first region,

10 so that a second one of the plural bits having a lower
significance thén that of the first bit is written -
into the first region and the first bit is written
into another one of the plurality of regions, and
rearranging the plural bits read out from the storage

15 medium so that the first and second bits are returned
to correct positions.

There has also been provided, in accordance with
yet another aspect of the present invention, a method
of reading and writing data to a storage medium having

20 a plurality of portions divided into regions, the data
composed of plural bits having different significances,
comprising steps of providing an address designating
the portion in the storage medium, where the plural
bits are to be written, rearranging the plural bits

25 when a first one of the regions includes a defective
portion and the address designates the defective

portion for writing a first one of the plural bits, so



data conposed of plural bits having different significances, the
storage nedi um having a plurality of 15 portions divided into regions a
firgt region of which i ncluding a defective portion, conprising
address neans for providing address designating the portion of the
storage nedi um where the plural bits are too be stored, rearrangi ng
nmeans for rearranging the plural bits whe 20 t he address desi gnates
the defective portion for witing a first bit group of the plural
bits conposed of a continuing bit sequence, and control means for

control'ling the hgal HARYLARATBRARS o¥0 thddb1ArsAC Wit dilaving a 1wwalth of the
plural bits conposed of a continuing bit~ 25 sequence having a | ower

significance thgaghh#hicahce than RhaRCQf thebiflixsaf Hilte ifs natititien group is
witten into the first region and the first bit group is witten
-7- i nfatenahkeefimee: alegtion angi dhe first bit is Wtdems al so
been provided, in accordance with yet anot her aspect of the present
invention, a netiht¢ anothermfonecadi fieandumaliityy afareaions stdichge medi um
having 5 rearranging the plural bits read out from the storage
medium so that the first and second bits are returned
to correct positions.
There has also been provided, in accordance with
yet another aspect of the present invention, a method
10 of reading and writing data to a storage medium having
a plurality of regions, the data composed of plural
bits having different significances, comprising steps
of rearranging the plural bits when a first one of the
regions includes a defective portion and a first biﬁ
15 group of the plural bits composed of continuing bit
sequence is to be written into the first region, so '
that a second bit group of the plural bits composed of
continuing bit sequence having a lower significance
than that of the first bit group is written into
20 the first region and the first bit group is written
into another one of the plurality of regions, and
rearranging the plural bits read out from the storage
medium so that the first and sécond bit groups are
returned to correct positions.
25 There has also been provided, in accordance with

yet another aspect of the present invention, a method

of reading and writing data to a storage medium having



a plurality of regions, the data conposed of plural bits having
different significances, conprising steps of rearranging the plural
bitg when a first one of the regions includes a defective portion
and a first one of the plural bits is to be witten into the first
region, 10 so that a second one of _thg pLural bits having a | ower
significance than that of the first bit IS witten into the first
region and the first bit is witten into another one of the
plurality of regions, and rearranging the plural bits read out from

the storage 15a pluedlitysSoft partibasf dividedad iateoregiohs ,athe’ davaned

to correct posi

tions. There has al so been provided, in

accordance w t hcomposedyeff plairhdr batgehavdhgt Hé fifecreatt signdfiicamces ,

net hod of

reading and witing data to a storage medi um having 20

a plurality of pomprdsindi etepd ofit prowgding, anhaddxess designgbisged of
plural bits having different significances, ' conpri sing _steps of

provi di ng an adthespog&ipgnani &
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portion and the address designates the defective
portion for writing a first bit group of the plural
bits composed of continuing bit sequence, so that-a
second bit group of the plural bits composed of
continuing bit sequence having a lower significance
than that of the first bit group is written into
the first region and the first bit group is written
into another one of the plurality of regions, and
rearranging the plural bits read out from the storage
medium so that the first and second bit groups are
réturned to correct positions. |

There has also been provided, in accordance with
yet another aspect of the present invention, an
apparatus for reading plural bits of data from a
storage medium, the plural bits having a predetermined
sequence and different significances and being stored
in the storage medium in a rearranging sequence, so
that at least one bit of greater significance is stored
in a non-defective portion of the storage medium and at
least one bit of lesser significance is stored in

a defective portion of the storage medium, comprising



that a second one of the plural bits having a | ower significance
than that of the first bit is witten into the first region and the
first bif is witten into another one of the plurality of regions,
and 5 rearranging the plural bits read out fromthe storage

medi um so that the first and second bits pé¢e returned to correct
posi-tions. There has al so been provided, in accordance with

yet anot her aspect of the present invention, a nmethod 10 of readi ng and
witing data to a storage nedi um havi ng a plurality of regions, the

data conposed Giedts!'fdr readindidwr hee Bl w4l Herd Srami £he age6tage
conpri sing steps of rearranging the plural bits when a first one of

t he I eginfedhi umd Haitizsg aclitefdefevei worpovticmd and iniedn®di for15
group of the plural bits conposed of continuing bit sequence is to be
witten into thedrraigingithe plaral bits haxd theauoedetetmimedp of the
plural bits conposed of . continuing bit sequence having a | ower
significance Sequendmtheitd had priox toetstprageibnvkhetavorage 20
the first region and the first bit:group IS wiften i nto anot her one
of the pl &rali Mebiul MGG ey defective POBkiPhy the plural bits read
out fromthe storag medi um.so that th I rst and second bjt. groups
are _returnedq’flﬂa’&%_r}}ae%ta i]?‘?%spro‘?’f;e‘;' in a%cgarh%?; ‘51'%}6 been
provi ded, 'niﬂ§%¥cgggéig¥tgkpect of the present invention, a method
of reading plural bits of data from a storage medium,
the plural bits having a predetermined sequence and
10 different significances and being stored in the storage
medium in a rearranging sequence, so that at least one
bit of greater significance is stored in a non-
defective portion of the storage medium and at least
one bit of lesser significance is stored in a defective
15 portion of the storage medium, comprising the steps of
reading out the plural bits from the storage medium '
having the defective portion, and rearranging the
plural bits to the predetermined sequence the bits had
prior to storage in the storage medium having the
20 defective portion.
Other objects, features, and advantages of the
present invention will become apparent from the
following detailed description. It should be
understood, however, that the detailed description
25 and specific examples, while indicating preferred

embodiments of the invention, are given by way of

illustration only, since various changes and



yet anot her aspect of the present invention, a method of readi ng and
witing data to a storage nmedi um havi ng

-9-, . a plurality of portions divided into regions, the data
conposed of plural bits having different significances, conpri sing
steps of providing an address designatingiiy - the portion in the

st orage nedium where the plural 5 bits are to be witten

rearrangi ng the plural bits when a first one of the regions

i ncl udes a defective portion and the address designates the
defective port modiffdcatiicnsngixhfiny sthebigdpigrituami ddupeplaff dthe

bits conposed of continuing bit sequence, so that a 10 second bit
group of the pl dnyentiiion euidgodetanfe apparentcdiwt ithdse kil ahuendheavi ng
a | ower S|gn|f|cance than that of the first bit group is witten
into t BEtf ifrom thdiso defad kese desoniphiiotyroup is witten

into another one of the pluralit of re%.ons ang 15 , rearranging the
plural bits read out from £%e i aictss Hat the first and

second bit groups ar tur ed to corr t 03|t|ons
There has %®iso been SFEVI&E&S i%h &é’ Tu é%ratlng d memory

device according to the present invention;

FIG. 2 is a block diagram showing a read-write
device and a memory device related to a first
embodiment of the present invention;

10 FIG. 3 is a view showing the structure of a
rearranging circuit of FIG. 2;

FIG. 4 is a view showing the structure of the
rearranging circuit of FiG. 2;

FIG. 5 is a block diagram showing the read-write

15 device and the memory device related to the first
embodiment of the present invention;

FIG. 6 is a view showing the structure of a
selector of FIGS. 3 and 4;

FIG. 7 is a block diagram showing the read-write

20 device and the memory device related to a second
embodiment of the present invention; |

FIG. 8 is a view showing the structure of the
rearranging circuit of FIG. 7;

FIG. 9 is a view showing the structure of the

25 rearrangement control signal-generating circuit of
FIG. 7;

FIG. 10 is a circuit diagram showing the decoder



yet anot her aspect of the present invention, an 20 apparatus for
reading plural bits of data froma "storage medium the plural bits
havi.ng a, predeterm ned sequence and different significances and
bei ng stored in the storage nediumin a rearrangi ng sequence, SO
that at |east one bit of greater significagce_is stored 25 in a
non-def ective portion of the storage nedi dm and at’ | east one bit
of | esser significance is stored in a defective portion of the
storage nedi um conpri sing - 10 -
nmeans for readigg gwg.tlBe plural bits fromthe storage medi um havi ng
the defective portion, and neans for rearranging the plural bits to

the predeternmined prIG. 32qienaebilbekbdiagiras Bhowingo thieo read-wiittee
storage 5 medi um havi ng the defective portion. There has
al so been provi dedicenaadctahdamemonyt Hevice rejatedntbhar thipdct of the
present invention, a nethod of reading plural bits of data froma
st or age nedi um embodimenite offl thel poesentainngniipnedet er m ned sequence and

10 different significances and being stored in the storage . medi um
in a rearr@ngi ng seqid&feel2sdst Rablack| ddagrafeshowing the read-write

device and the memory device related to a fourth
embodiment of thelprésent invention;
FIG. 13 is a view showing an example in which
shift registers are used as tﬁe rearranging circuit;
10 FIG. 14 is a view showing the action of the shift
register of FIG. 13; |
FIG. 15 is a block diagram showing the read-write
device and the memory device related to a fifth
.embodiment of the present invention; and
15 FIG. 16 is a view showing the difference between
data in the present invention.
Detailed Description of the Preferred Embodiments
The memory device of the present invention will
now be described in detail with reference to the
20 accompanying drawings.
.FIG. 1 shows a basic structure of a memory device
according to the presént invention.
A memory section 11 is composed of a semiconductor
memory, such as ROM and RAM, an HD (hard disk), FD
25 (floppy disk), CD-RAM, SD-RAM, MO (magneto-optical
disk), PD (phase change rewrite-type disk), MT

(magnetic tape) or the like.



bit of greater significance is stored in a non- defective portion of
the storage nedium and at | east one bit of |esser significance is
stored in a defective 15 portion of the storage nmedium conprising the
st eps of readi ng out the plural bits fromthe storage nedi um

havi ng the defective portion, and rearLangbng_the plural bits to the
predeterm ned sequence the bits had prior to storage in the storage
medi um havi ng the 20 defective portion.: Q her objects,
features, and advantages of the present invention will becone

apparent fromthe A reakehhg§ihgocietaited2drasr apfuaetibh gboul d be
under st ood, however, that the detail ed description 25 and specific

exanpl es, whil| eréeagraagengeppeteivedbits repeebedtimgt imafet Hatapventi on,
are given by way of illustration only, since various changes and
modi fi cati ons wenuaia dataspndi thendiikeophbich hawving diffemesttion wil |
becone apparent to those skilled in the art fromthis detail ed
description. significances angrpgpreethempinokhef meperyy gRckdon 11.

5 The rearranging circuit 13 has a function to rearrange
respective bits representing image data, music data and
the like read out from the memory section 11 and output
them. A control circuit 14 gives the rearrangement
confrol signal CR to the rearranging circuits 12 and 13

10 and controls the rearrangement of respective bits by
the rearranging circuits 12 and 13.

In the machines affecting the human sense of sight
or hearing, such as audio and video, in general, there
is a case that even if one bit or plural bits of image

15 data or music data are incorrect, the error is not
recognized by the human sense of sight or heafing.
Namely, it can be said that a certain degree of error
may be allowed with regard to image data, music data
and the like related to the human sense of sight or

20 hearing.

Embodiments in accordance with the present
invention are effective to reduce the effect due to
defects of a memory cell or a sector to a minimum, not
by relieving a memory cell having a defect or avoiding

25 a section having a defect, but by rearranging the data,
in a memory circuit for storing image data and music

data relating to the human sense of sight or hearing.



5 _ FIG 1 is a block diagramillustrating a nmenory devi ce
according to the present invention; FIG 2 is a block diagram
showing a read-wite device and a nenory device related to a first
enbodi nent of the present invention; 10 FIG 3 is a view show ng
the structure of a rearrangi ng circypt of FIG 2; FIG 4
Is a view showing the structure of the rearranging circuit of FIG
2; _ FIG 5 is a block diagram showing the read-wite 15

device and the nenory device related to the first enbodi ment of the

present invention; Namely, whehl Ehefel $s2aviefesitodinng pagtsofuat ure of a
sel ector of FIGS. 3 and 4, FIG 7 is a block diagram show ng

the read-wite maflory gev¢tiénand,t Becheasr RANGVROM,r D3t FD,t CDa-RAGONd
enbodi nent of the present invention; FIG 8 is a view show ng
the structure o§DtRRM, MO, PDeandaM®i,nghei rearrangiRgGeiZcuit 12 FI G
9 is a view showing the structure of the 25 rearrangement control
si gnal - gener at i ngacranges vespectiveFbdts7representing ippge datas a
circuit diagramshow ng the decoder

5 * music data and the like so that a LSB (least

significant bit) is stored in the defect region.

Therefore, when there is a defect in a region
where an LSB is originally stored, there is no need to
rearrange respective bits, but when there is a defect

10 in a bit other than the LSB, for example, a region
where a MSB (most significant bit) is stored,
respective bits are rearranged so that the LSB is
stored in the defect region.

FIG. 2 shows a memory device relating to the first

15 embodiment of the present invention.

This memory device relates to a semiconductor
memory (RAM). In addition, for example, with respect
to digital audio signal, the music data is typically
represented by 16 bits, but in the following

20 description, a 4 bits case will be described for ease
of description.

First, the structure of this semiconductor memory
will be explained.

RAM l1la has a plurality of memory cells formed in

25 rows and columns. RAM lla is divided into four regions

in the direction of, for example, rows, to constitute

regions A to D. The rearranging circuit 12 rearranges



- 12 - of FIG 9; FIG 11 is a block diagram show ng
the read-wite device and the nenory device related to a third
enbqdi ment of the present invention; 5 FIG 12 is a block diagram
showi ng the read-wite device and the nenory device related to a
fourth enbodi ment of the present iRgention; FIG 13 is a
vi ew showi ng an exanpl e in which shift registers are used as the
rearranging circuit; 10 FIG 14 is a view show ng the action of
the shift regi ster of FIG 13; FIG 15 is a block

di agram show ng rbipeceidaMbilts represef®inge imade kia tdEMtus ide\data raidt ed
toa fifth enbodi nent of tﬁ% present invention; and 15 FI G
16 is a view shenend ilkee hdiviihey elifferanteeignificandssa tion stieerepridueent
I nventi on. Det ai | ed Description of the Preferred Enbodi nents
The menory devi da &AM dapr eShet rHearsangimgnidiircuit 13 peanrangescri bed in
detail with reference to the 20 acconpanyi ng draw ngs. Fl G
1 shows a basi c respestive Hits mepnepending. image datay,mpsif data,&nd

present invention. ]
5 the like read out from RAM lla and outputs them.

The control circuit 14 includes a memory section
15 (for example, ROM). The control circuit 14 gives a
rearrangement control signal CR to the rearranging
circuits 12 and 13 based on the data stored in the

10 memory section 15, to control the rearrangement of
respective'bits in the rearranging circuits 12 and 13.

FIG. 3 shows one example of the rearranging
circuit 12 of FIG. 2. FIG. 4 shows one example of the
rearranging circuit 13 of FIG. 2.

15 The rearranging circuit 12 is composed of four
selectors SO to 83, and the rearranging circuit 13 is
composed of four selectors S0’ to S3'.

To respective selectors S3 to SO of the
rearranging circuit 12 are connected to receive the

20 rearrangement control signal CR and four-bit data X3 to
X0 representing image data, music data and the like.
Respective selectors S3 to S0 select a predetermined
one-bit data, as shown in Table 1, based on the
rearrangement control signal CR, and outputs this

25 selected one-bit data.

To respective selectors S3‘ to S0’ of the

rearranging circuit 13 are connected to receive the



A nmenory section 11 is conposed of a sem conduct or menory, such as
ROM and RAM an HD (hard disk), FD 25 (floppy disk), CDO-RAM SD-RAM MO
(magnet oz opt i cal di sk), PD (phase change rewite-type disk), M
(magnetic tape) or the like. - 13 -

A rearranging circuit 12 has a functiop tgg . rearrange respective bhits
representing i mage dat a, nmusi ¢ data and the |ike which having

di fferent significances and store themin the nenory section 11. 5
The rearranging circuit 13 has a function to rearrange respective
bits representinbgartaggedenrs, consr61l08ignaldCR and folie-bikeouepdtout from
the nmenory section 11 and out put them A control circuit 14 gives

t he rearrangenedata X3 tocX¥0tobl thegneahofR secthent eaReapgehdvei rcuits 12
and 13 10 and controls the rearrangenent of respective bits by

t he rearranglngS%l¢@G©¥§ $3’ ak@ 98! select a predatemsinedhpnesbitfecting
the human sense_of sig or hearing, such as audio and video, in
general, there data, a?ss%98%shntﬁ%P1%v3n bpsgdcop; th ﬁrrﬁPEFGFQBNP§tof

i mge 15 data or sic datag are incorrect, e er i not
g 5 controinJ s.%'.gnaf1 gR and outputs t;u.s se ecte one-bit

data.



recogni zed by the human sense of sight or hearing. Nanely, it can be

said that a certain degree of error may be allowed with regard to
i mage data, nusic data and the like related to the human sense of
sight or 20 heari ng. Enbodi ments in accordance with the
pr esent i nvention are effective.tojfeduce the effect due to
defects of a nenory cell or a sector to a m ninum not by relieving
a nmenory cell having a defect or avoiding 25 a section having a defect,
but by rearrangi ng the data, in a menory circuit for storing inage
data and nusic date e aty gt thel Tuma Senge_of si ght or hearing.
- 14 - Nanel y}, ﬁhe theye is|a defect | nx@a part of a
menory section 11, |such as RAM HD, Fp, COr RAM | SD-RAM MO, PD
and MI, the rearrangi ng circust 12 [ egr ranges| r¥pective bits
representing imgel|dat&a 5 & nusic Haka hnek theu1i<e§§o that a LSB (I east
significant bit) id st6ted n*t he def pct regi on < Ther ef or e,
when there is a deflect in al r&gipn \her el an LBBS3 s|originally
stored, there is nd-need-to
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rearrange respective bits, but when there is a defect 10 in a bit other

than the LSB, for exanple, a region where a MSB (nost significant
bit), is stored, respective bits are rearranged so that the LSB is
stored in the defect region. "FIG 2 shows a nenory device
relating to the first 15 enbodi nent_of, the_present invention.
This nenory device relates to a sem conductor menory (RAM. In
addition, for exanple, wth respect to digital audio signal, the
music data is typically represented by 16 bits, but in the follow ng
20 description, A OrtsSycaseyw It {pe dgscriped 1 - eage of
descri ption. Fitsfe the sfructfre of thi$ s$emconductor nenory
will be expl ai ned. —~ RAM 114 has|a plyrali{y of jmenmory cells
formed in 25 ropws gd cpl édms. . RMWM11a is ¢y ded>{nfo four regions
in the direction off, fa» exan’%e pOWE, X o coqis]i Bt ¢ o regions Ato
D. The rearranging kircdit [2”tehrranges -
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respective bits representing i mage data, mnusic data and the like
having different significances to store them in RAM 11a. The
reakranging circuit 13 rearranges respective bits representing i mage
data, nusic data and 5 the Iike read out from RAM 1la and out puts them
The control circuit 14 includes a nenpLy ggction 15 (for exanple,
ROM. The control circuit 14 gives a rearrangenent control signal CR
to the rearranging circuits 12 and 13 based on the data stored in
the 10- menory section 15, to control the rearrangenent of

respective bits in thextpath@@tfioni 6 Uthbs ldeidod@uctor memory wklE& 3
shows one exanple of the rearranging circuit 12 of FIG 2. FIG 4

shows one exanibhe déstiibed. rearranging circuit 13 of FIG 2. 15

The rearranging circuit 12 is conposed of four selectors SO to S3,
and the rearrangi ng Birgtjtat3thg time of cponpduetion épuatsthectime 86 to
S3'. To respective selectors S3 to SO of the rearrangi ng
circuit 12 are tobhbatbeniof rthe|s¥stem, the writerteseandtthenresaf signal
CR and four-bit data X3 to X0, rgg n%eiomaedata, nusi ¢ data

. resenti
and the | Bke. test o eE%%c??E% 1R | BRe (FEMERORYUEEOL HRMPTY BFRdet er i ned
one, DLt 9%, eG4 180k nd DAL f Sromary, o6 £ PARFE" B
To respective SglEELELSerdt ifagd dffa!Sf music data cannot be
recorded or is recorded wrong exists in RAM lla or not.
Furthermore, when a memory cell having a defect’

10 .exists in RAM 1la, it is confirmed in which region of
RAM 1lla the memory cell having the defect exists. The
informatioﬁ regarding the defect of memory cells is
stored in the memory section 15 of the control
circuit 14.

15 The control circuit 14 gives tﬁe rearrangement
control signal CR to the rearranging circuit 12 based
on the information of the memory section 15, when
the image data or the music data is stored. This
rearrangement control signal CR is represented by, for

20 example, four bits, and determines the arrangement of
respective bits of the image data or the music data.

Respective selectors S3 to S0 of the rearranging
circuit 12 select, upon receipt of this control signal
CR, a predetermined one bit among four bits
25 representing the image data or the music data, as shown

in Table 1, and outputs it.

At this time, when the memory cell has a defect in



rearranging circuit 13 are connected to receive the
- 16 - rearrangenent control signal CR and four-bit output data X3 to
XO of the nenory section. Respective selectors S3' to SO select a
predeterm ned one-bit data, as shown in Table 2, based on the
rearrangenment control signal CR and outpts this selected one-bit data.
[e - 17 -
a region where a bit having large significance, such as
the MSB, is stored, the control circuit 14 gives to the
rearranging circuit 12 the control signal CR having a
form causing the LSB to be stored in the region.

5 For example, when there exists a memory cell
having a defect in region A of RAM lla, the control
circuit 14 gives 1, 0, 0, 0 as the control signal CR
to respective selectors S3 to S0 of the rearranging
circuit 12. As a result, selector S3 selects bit X0,

10 selector S2 selects bit X2, seleétor S1 selects bit X1,
and selector S0 selects bit X3.
Therefore, the four bits of image data or music
data are rearranged from X3 (MSB), X2, X1, X0 (LSB) to
X0 (LSB), X2, X1, X3 (MSB). Namely, bit X0 is written
15 in the memory cell of region A. |
Furthermore, when there exists a memory cell
having a defect in region A of RAM lla, the control
circuit 14 gives 1, 0, 0, 0 as a control signal CR to
respective selectors S3’ to S0’ of the rearranging
20 circuit 13. As a result, selector S3' selects bif X3,
selector S2 selects bit X2, selector.Sl selects bit X1i,
and selector S0 selects bit X0.
Therefore, the four bits of image data or music
data output from RAM lla are rearranged from X0 (LSB),
25 X2, X1, X3 (MSB)lto X3 (MSB), X2, X1, X0 (LSB).
In addition, the control signal CR is also an

error pattern showing the region having a defect.



[err] - 18 - - 19 -
Next, the action of this sem conductor nenory will be descri bed.
First, aty the time of production or at the tinme of initiation of the
system the wite test and the read 5 test of the data in the
sem conductor nmenory are conductedpjit o_exam ne whether a nmenory cel
havi ng such defects that inmage data or nusic data cannot be
recorded.or is recorded wong exists in RAM 1la or not.
Furthernore, when a nenory cell having a defect 10 exi sts in RAM l1la,
It is confirnedNamelf,chtr ehows ehat in th&8Abhidaofho,mopo0y ©O¢l kkhleae ng
the defect exists. The I nformati on regardi ng the defect of nenory
cells is igtnoedefactheinetbeycsaeet P6n11506f Ot h@,ctherel is a
defect in region A, in the case of 0, 1, 0, 0, there is
a defect inlregion'B, in the case of 0, 0, 1, 0, there
5 is a defect in region C, and in the case of 0, 0, 0, 1,
there is a defect in region D.
FIG. 5 shows the case where defects exist in more
than one regions among four regions of RAM lla.
In this case, the information regarding defects of
10 memory cells is stored in the memory section 15 of the
control circuit 14. When there are defects in more
than one region among four regions of RAM l1lla, the
rearranging circuit 12 is controlled, as shown in Table
3, by the control signal CR (error pattern E3 to E0), |
15 and the rearranging circuit 13 is controlled, as shown
in Table 4, by the control signal CR (error pattern E3

to EO0).



circuit 14. 15 The control circuit 14 gives the rearrangenent

control signal CRto the rearranging circuit 12 based on the
i nfQrmation of the menory section 15, when the image data or the
nmusic data is stored. This rearrangenent control signal CRis
represented by, for 20 exanpl e, four lﬂj s,_ and determ nes the
arrangenent of -esReet+re—bi-s—et—t-he—hrage | ¢ dat a.
Respective seleqtors |S3 td R f gh rgarfr gi[noR sel ect,
upon recei pt of |this jcoatr|ol~sijgral ~ ) gpr ' 9 bi t
anong four bits| 28 | Redrlentidg |tHe ilne§e [daKa e qusj cadaf a, as
shown in|TaBl q 5 gndSodt @St q iX. | 5 o i when t he
menory cell has |a Wdeflec® ifjn * » > > > - 20 -
a region where g nit NaviTg Targe sifgniTrcance, such as thel MSB, is
stored, the contjrol cgrcuift 14 giveq to the rearrjanging cirfuit 12
the control signal CR.havijng a formcausing the USB to be stored in
the region. S 88 Fqr egnple,| wheh therle e sts 4 rrerg?ry cel |
havi ng a def ect | ndraegd on A of-+ RAM 1l1a, he contrct ~
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circuit 14 gives 1, 0, 0, 0 as the control signal CR to r'espective

selectors S3 to SO of the rearrangi ng circuit 12. As a result,
sel gctor (S3 selects bit X0, 10 sel ector S2 selects bit X2, selector Sl
selects bit X1, and selector SO selects bit X3.
Therefore, the four bits of inage data or e data are rearranged
from X3 (MSB), X2—>—X6 (LSB) +o KO—ESBT>S 74— vEB) .
Nanely, bit XO ils wriftten £n |thig mer@ryl R 1| o rledRon AR
Furt hernore, whgn J/ghere&*exl s;gs a gfenory cel+' ~ |ng';<'a degec in
. 5 % : -
region A of RAM|1 thg qondrql o ~ |r@urt ><4 gi mes Og as a
control signal CRE‘O 5 %espeﬁtiveﬁseleﬁtorsoSE' #o [S Zﬁhe
rearrangi ng 20 Hmrc%it 8. | A 4 r¥€sdl t% del®Bctjor™sF Fellects pit X3,
sel ector S2 sel gcts bt X4, selector] SI selectls bit XI, and| sel ect or
SO selects bit XO. & Therdgfore, the ffour bits jof image dagta or
musi c datla. out put flrom RAM 11la are rearranged frgm X0 (LSB)} 25
X2, X1, X3 (MSB) toﬁ(&J(NEB), &2, Xi, X@(LSB)| Tn addjtion,
the control sigraly@&¥y s 4l so@n - &rror pattgrn showi g t he fegion
havi ng a defect.] s+ -~
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- 21 - Nanely, it shows that in the case of 0, 0, 0, O, there
Is no defect, in the case of 1, 0, 0, O, thereis a defect in region
A, i,n the case of 0, 1, 0, O, there is a defect in region B, in the
case of 0,.0, 1, O, there 5 is a defect inregion C, and in the case
of 0, 0, 0, 1, there is a defecl iRggregion D FIG 5
shows the case where defects exist in nore t.han one regi ons anong
four regions of RAM 1la. In this case, the information
regardi ng defects of 10 menory cells is stored in the nmenory section 15

of the . controfnCthéuthsé4thibea mbmoeyaceldehast defecksr én,
t han one region anong four regions of RAM 1la, the rearrangi ng

circuit 12 is ceoekrekbmpleasregbon Ananmdbiregion B of, RBM flka,control signal
CR (error pattern E3 to EQ, 15 and the rearranging circuit 13 is
controll ed, as zespactively,i thgapbataolbgirtuitoddr givesgral 1eR0¢elr or
pattern E3 to EO. - 22 -
to respective selectors S3 to S0 of the rearranging
5 circuit 12 as the control signal CR. As a result,
selector S3 selects bit X0, selector S2 selects bit X1,
selector S1 selects bit X2, and selector SO selects
bit X3.
Therefore, the four bits of image data or music
10 data are rearranged from X3 (MSB), X2, X1, X0 (LSB) to
X0 (LsSB), X1, X2, X3 (MSB). Namely, bit X0 is written
in the memory cell of region A and bit X1 is w;itten in
the memory cell of region B.
Furthermore, in the case that a memory cell
15 has defects in region A and region B of RAM lla,
respectively, the control circuit 14 gives 1, 1, 0, 0
to respective selectors S3' to S0’ of the rearranging
circuit 13 as the control signal CR. As a result,
‘selector S3’ selects bit X3, selector S2 selects bit
20 X2, selector S1 selects bit X1, and selector S0 selects
bit XO0.
Therefore, the four bits of image data or music
data are rearranged from X0 (LSB), X1, X2, X3 (MSB) to
X3 (MSB), X2, X1, X0 (LSB).
25 FIG. 6 shows one example of the circuit structure

of selectors S3 to S0 of FIG. 3.

This circuit structure of selectors is used in the



[err]

10

15

20
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[err]

case where there is a defect only in one region among
four regions A to D of RAM lla.

In FIG. 6, CI1 to CI10 represent clock inverters,
NOR represents a NOR gate, and E3 to El represent error
patterns. (In this case, E0 is not shown because E0 is
corresponding to a position of the LSB in the data.)

In the first embodiment, when there exists a '
memory cell having a defect in any one region, the LSB
is always stored in that region. Namely, when a memory
cell having a defect is selected in region A, the LSB
is always stored in the memory cell of region A, and
even if a nofmal memory cell is selected in region
A, the LSB is always stored in the memory cell of
région A,

Accordingly, in the second embodiment, there is
provided a memory circuit which can determine whether
the bit data is rearranged for every address or not.

FIG. 7 shows a memory device relating to the
second embodiment of the present invention.

This memory device relates to a semiconductor
memory (RAM). In addition, for example, with respect
to digital audio signals, the music data is typically
represented by 16 bits, but in the following
description, an 8 bits case will be described for the
ease of description.

First, the structure of this semiconductor memory

will be explained.



- 24 - In the case that a nenory cell has defects in,

for .exanple, region A and region B of RAM 113, respectively, the
control gircuit 14 gives 1, 1, 0, O to respective selectors S3 to SO
of the rearranging 5 circuit 12 as the control signal CR As a result,
sel ector S3 selects bit X0, selector S2 selgects bit X1, sel ector S1
selects bit X2, and selector SO selects bit X3.

Therefore, the four bits of image data or nmusic 10 data are rearranged
from X3 (MSB), X2, X1, X0 (LSB) to X0 (LSB), X1, X2, X3 (MSB).
Nanely, bit X0 is wiraMenla has a HlutaliRDIOf enoryf ceddisorfoknmed imt X1
is witten in the nmenory cell of region B. Furt her nor e,
in the case thatrowsmamd yolenins .15 RAM da def elitvided risgicoreighdnd region B
of RAM 11la, respectively, the control circuit 14 gives 1, 1, 0, O
to respective selegdomss i83'theo diFectiianhefiefiommyanple, rowsy, it 13 as
the control signal CR As a result, selector S3' selects bit X3,

sel ector S2 sel @@F‘@tb-lttllteZG-'eglO)(@ A goedtor The ﬁag{ﬁagxgd,qg CETHE 4 ect or

SO sel ects Ther ef ore, four bItS mage
data or mBic rearraep&eg respeshive, Rits ﬁﬁﬁr)ﬁfﬂ 0pg Qtf&' (MSB) to

music data and the like having dlfferent signlficances
to store them in RAM l1lla. The rearranging circuit 13
rearranges respective bits representing image data,
music data and the like read out from RAM lla and
10 outputs them.
The control circuit 14 includes memory sections
(for example, ROM) 15a and 15b. The memory section 13a
stores the error address which selects the row where a
defective memory cell exists. The memory section 15b
15 stores the region (error pattern) where defective
memory cells exist among the eiéht regions A to H, in
one row selected by the error address.
The control circuit 14 includes an error pattern
selection signal-generating circuit 16, a selector 17
20 and a rearranging control signal-generating circuit 18.
The error pattern selection signal-generating
circuit 16 receives an address signal "a" and the
output signal (error address) of the memory section
15a, and outputs the error pattern selection signal
' 25 ~ when address "a" agrees with the error address.
The selector 17 selects the output signal (error

pattern) of the memory section 15b based on the type of



X3 (MsB), X2, X1, X0 (LSB). 25 FIG 6 shows one exanple of the
circuit structure of selectors S3to SO of FIG 3. Thi s
cirguit gtructure of selectors is used in the
- 25 - case where there is a defect only in one regi on anong
four regions Ato D of RAM lla. - 271 FIG 6, Cl1 to C10
represent clock inverters, NOR represents a NOR gate, and E3 to El1
represent error 5 patterns. (In this case, EO is not shown because EO
S - corresponding to a position of the LSB in the data.)
In the first ent@ rador \Wetitdirerseldtsion ssignal amkroutpwts |itaviThe a
defect in any one region, the LSB is always stored in that region.
Narmel y, when a meaxxmandihg cardirohamiignplr-grsiexating sireuil 18 region A
the LSB is always stored in the menory cell of region A and
even i f a nor rralpnqem%éaﬁ el three-hiite tearnanganpyn control sigpal |G tQ
al ways stored in _the nenory cell of region ﬁ: 15
Accordi ngly, in the zearrRngsmant rontroh&igquits 12 and A3 4 rsedRry
circuit which can determ ne whet her
5 the error pattern output from the selector 17.
The addresé decoder receives address "a", and
selects one row among n rows (n represents an integer)
of RAM lla.
FIG. 8 shows one example of the rearranging
10 circuit 12 of FIG. 7.
The rearranging circuit 12 is composed of eight
selectors S7 to S0. To respective selectors S7 to
S0 of the rearranging circuit 12 are input the
rearrangement control signal CR (Am, Bm, Cm (m is from
is 0 to 7) and eight-bit data X7 - X0 representing image
data, music data and the like. Respective selectors S7
to S0 select a predetermined one-bit data, as shown in
Table 5, based on the rearrangement control signal (Am,
Bm, Cm) CR, .and outputs this selected one-bit data.
20 The reference numerals e7 - e0 is an error pattern, as

described more fully below.



the bit data is rearranged for every address or not. FIG 7

shows a nenory device relating to the second enbodi nent of the
present i;nvention. 20 This nmenory device relates to a
sem conduct or menory (RAM. In addition, for exanple, with respect
to digital audio signals, the nusic data ?? typically represented by
16 bits, but in the follow ng desclfrption, an 8 bits case wll be
described for the 25 ease of description. First, the
structure of this sem conductor nenory wi || be expl ai ned.
- 26 - RAM 11a has a plurality of nory cells forned in
rows and col ums. RAM f1a [i safi vilded i nfo @i ght regi ons in the
direction of, for exanple,| repsejt| 2| ©lcdAstPiuy repi s A to H The
rearranging circuit 12| 5} gfeajranges, rgpﬁgtiwa bilt s frepjesgnting i mage
dat a, musi ¢ datd and The l|i K& hayi ng diffegent| si gnifi%nces
to store themin RAM 11a. [Th8! r edr r@ingbhg oli reli ] 1| of ofrdarranges
respective bits represé¢ntipeg—rrage—dpate S Hg—oata qmd}'the i ke
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10 out puts them The control circuit 14 includes nenory

sections (for exanple, ROM 15a and 15b. The nenory section 1ba
stores the error address which selects the row where a defective
menory cell exists. The nenory section 15b 15 stores the region (error
pattern) where defective menory cel 5§ exi st anmong the eight regions A
to H in one row sel ected by the effor address. The
control circuit 14 includes an error pattern sel ection
signal -generating circuit 16, a selector 17 20 and a rearranging
control signal-generating circuit 18. The error pattern
sel ection signal-generatj ng| ol ol chicuwjt &b ceklvan| ak|addr ess si gnal
"a" and the out pu siggl Xeror *qdcps®) S| tR¥p Mgndfly section
15a, and out put s the errbr matilern| sellectli onlsi ] 2F wHen address "a"
agrees with the error addre$s~| ~| ~ o ﬁ'\e elgctg' ﬂ% | ects the
out put signal (error pégte’ﬁn) *of *t|he™he ry-jsecti b based on the
type of 2F : the error
pattern sel ection signal|and oyt sgiit TRl S § redpr €andging control
signal -generating circuif 18 plovijdes| a §hrge-bjt rearfrangenent
control signal CRto
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t he rearrangenent control circuits 12 and 13, based on 5 the error
pattern output fromthe selector 17. The address decoder
recgi ves address "a", and sel ects one row anobng n rows (n represents
an integer) of RAM 11la. FIG 8 shows one exanple of the
rearranging 10 circuit 12 of FIG 7. 3¢ - The rearranging circuit
12 i s conposed of eight selectors S7 to SO To respective selectors
S7 to SO of the rearranging circuit 12 are input the

rearrangenent control signal CR (Am Bm Cm(mis from 15 0to 7) and

eight-bit data X7 - XQGe[9 esteows ngne nexggmple of thd acirmisit sletwctmret he

| i ke. Respective selectors S7 to SO sel ect a predeterm ned one-bit
data, as shown iof the readiatAngemerniaseentrol heigralrgenpmatingoptrenisi gna
(Am Bn Cm CR and outputs this selected one-bit_data. 20 The

ref erence numer a& aff FIGO 16 and F¥@r Bhtshows ere examplp f|drecdere
fully bel ow - 2
21 of FIG. 9.

5 The structure of this rearrangement control
signal-generating circuit is used when there is a
defect in only one region among the eight regions A to
H of RAM lla.

Reference numerals e7 to e0 represent the error
10 pattern output from the memory section 15b. The error
pattern e7 - e0 passes through a latch circuit 20, and
is decoded by a decoder 21. The latch circuit 20 is
controlled by the latch pulse P, and the decoder 21 |
outputs the reairangement control signal (Am, Bm, Cm)
15 CR.
Reference numerals I0 - I7 represent inverters;
N1l - N1l represent NAND gates, and Al - A3 represent
AND gates. The signal NOU-ERR becomes "1" when a
defective memory cell is connected to the line selected

20 by a predetermined address, i.e., when at least one of
e7 to e0 becomes "1".

Next, the operation of this semiconductor memory
will be described.
First, at the time of production or at the time of

25 initiation of the system, the write test and the read

test of the data in the semiconductor memory are

conducted, to examine whether a memory cell having



[err]

FIG 9 shows one exanple of the circuit structure of the
rearranggnent control signal-generating circuit 18 of FIG 7, and
FIG 10 shows one exanpl e of decoder 21 of FIG 9. 5 The

- 29 - . : : - 30 -

structure of this rearrangenent control_ 31 - signal -generating circuit
used when there is a defect in only one region anong the eight

regions Ato

10

15

20

25

H of RAM 11la.

defects such that image data or music data cannot be
recorded or is recorded wrong exist in RAM lla or not.
When a memory cell having a defect exists in RAM lla,
the address of the memory cell having the defect and
the region in which the memory cell exists are
confirmed. The information relating to the address of
the memory cell having the defect is stored in the
memory section 15a of the control circuit 14, and the
information relating to the region where the_memory
cell having the defect exists is stored in the memory
section 15b of the control circuit 14.

At the time of storage of image data or music
data, when address "a" and data X7 - X0 are given,
address "a" is input to the address decoder 19 and the
error pattern selection signal-generating circuit 16.
The address decoder 19 decodes address "a", and selects
one row of RAM lla. The error pattern selection
signal-generating circuit 16 compares address "a" with
the error address of the memory section 15a, and when
both of them agree with each other, it outputs the
error pattern selection signal.

First, the case where address "a" does not agree
with the error address will be described. 1In this
case, since the error pattern selection signal is not
output, the selector 17 selects the error pattern (e7 -
e0 are all "0") corresponding to there being no

defective memory cell, and this error pattern is given

i's



Ref erence nunerals e7 to eO represent the error 10 pattern output from
the nmenory section 15b. The error pattern e7 - eO passes through a

| atch circuit 20, and i s decoded by a decoder 21. The latch circuit
20 is controlled by the latch pulse P, and the decoder 21

out puts the rearrangenent control signal % m Bi, Cn 15 CR

Reference nunerals 10 - 17 represent inverters, N1 - N11 represent
NAND gates, and Al - A3 represent AND gates. The signal NO ERR
beconmes "1" when a def ectiive nenory cell is connected to the line

selected 20  tBYythePieder@ndenedtaddhesdl isignallgRhedhtifgslcideRidf
e7 to eO becones "1". Next, the operation of this sem conduct or

menory wiBl b®hdezxeairfrafigement control Bigakl-genefatinge of
production or at the tinme of 25 initiation of the system the wite
test and the regdrcuit 18t dercodest kbhigdararionr pastesm,cenduesoshosmoriy ar e

conducted, to exam ne whether a nenory cell having
- 31 - Tgblechbs givAsSt BaPredeferaingdoregrspngenentc SORGrte

5 signal (Am, Bm, Cm) CR to the rearranging circuits 12
and 13.

The rearranging circuit 12 transfers the 8-bit
data X7 - X0 directly to RAM lla without rearranging
the 8-bit data X7 - X0. Data X7 - X0 are stored in

10 respective memory cells of the one row selected by
address "a".

Next, the case where address "a" agrees with the
error address will be described. In this case, since
the error pattern selection signal is output,‘the

15 | selector 17 selects the error pattern (one of e7 - e0
is "0") which means there exists a defective memory
cell, and this error pattern is given to the
rearrangement control signal-generating circuit 18.
The rearrangement control signal-generating circuit 18

20 decodes this error pattern, and as shown in Table 5,
gives a predetermined rearrangement control signal (Am,
Bm, Cm) CR to the rearranging circuits 12 and 13. The
rearranging circuit 12 rearranges data X7 - X0 so that

. when a memory cell having a defect exists in a region

25 to store a bit having large significance, such as the

MSB, the LSB is stored in that region.

When a memory cell having a defect exists in, for



. recorded or is recorded wong exist in RAM 1la or not. Wien a nenory
cell having a defect exists in RAM 1l1la, ‘the address of the nenory
cel l, having the defect and 5 ‘the region in which the nenory cell exists
are ' confirmed. The information relating to the address of t he
menory cell having the defect is stored |? st he menory section 15a of
the control circuit 14, and the ormation relating to the region
wher e the,nennry 10 cell having the defect exists is stored in the
menory section 15b of the control circuit 14. At the
time of storageeghmplégerdgionon GESRAM 1la, tHat errofrepasddrasis” sucand
data X7 - XO are given, address "a" is input to the address decoder
19 and the 15 thaeroalypelt becomeketiiron Therefogenthat regrcanging 16.

The address decoder 19 decodes address "a", and selects one row of
RAM 1la. The ercbrcpitt @2nreekreahges eight bitgnzepygesensinggimageuit 16
conpares address "a" with the error address of the nenory section
15a, and when d@ta ogomhsif ﬂh§#1&gﬁ@exﬂﬁKHSBéehxébherX1htx@uﬁ e
error pattern selection si t he. case_wher e address
"a" does ot agXBe(LSB), Xgﬂth £he g?réMs§ddr§95t%FFltBQ &§§09?b§&°rﬁﬁ this

case, since the_error ,pattern.s # &h n.signal i,s.not t he

sel ector 17 sel LBt Eegf nePrBPdp (&% Btored lnefpgfgnaﬁ " Bmfiy’
correspondi ng t§ % gelgebQQtﬂgn in theU8EPELYGe"RERLYy BN, @d this

error pattern |
region A.

Furthermore, the rearranging circuit 13 rearranges

10 the 8-bit data X0 (LSB), X6, - X1, X7 (MSB) output from
RAM 1lla to X7 (MSB), X6, - X1, X0 (LSB). Namely, the
rearranging circuit 13 rearranges the order of image
data or music data to the original state and outpuﬁs
it.

15 In the second embodiment, the description has been‘
provided for the case in which a defective memory cell
exists in only one region among eight regions of RAM
l1la, but it ‘can apply to the case in which defective
ﬁemory cells exist in more than one region among the

20 eight regions of RAM lla.

In the above-mentioned first and second
embodiments, the rearrangement of data is carried out
in units of one bit. However, since the actual music
data and image data are typically 16 bits or more, if

25 the rearrangement of data is carried out in units of
one bit, the structures of rearranging circuits 12 and

13, and the control circuit 14 become complicated, and



- 32 - to the rearrangenent control signal-generating circuit

18. The rearrangenment control signal-generating circuit 18 decodes
thig errgr pattern, and as shown in Table 5, gives a predeterm ned
rearrangenent control 5 signal (Am Bm Cm CR to the rearranging
circuits 12 and 13. -Thggrearranging circuit 12 transfers
the 8-bit data X7 - XO directly to RAM 11a w t hout rearrangi ng

the 8-bit data X7 - XO Data X7 - XO are stored in 10 respective
menory cells of the one row sel ected by address "a". '
Next, the case yhereisddiessize’begomes latrhethe error address will
be described. In this case, since the error pattern selection signal
is output, the 15 Thegkfore; i tblizdt endhfourithr ephoddmenténe of e7 - eO
is "0") which neans there exists a defective nenory cell, and this
error pattern |§egcvehe@obehewr thereré&rpaﬁgéﬁﬁﬁtacUﬁFPGW device in
signal -generating cjircuit

si gnal -generati ¥ 1€hr86¥t118 lﬁolelesagaéE%[r3§%3i85ﬁ° L;%hd’a§8

h
shown in E?ble 5kample, 16 bits data is rearranged in units of plural

bits.

FIG. 11 shows a memory device relating to the
third embodiment of the present invention.

This memory device relates to a semiconductor

10 memory (RAM). In the présent embodiment, a description
will be provided regarding the case in which 16 bits
music data in digital audio is stored in the RAM 1lla.

First, the structure of this semiconductor memory
will be described.

15 RAM lla has a plurality of memory cells formed in
rows and cqlumns. RAM 1lla is divided into four ;egibns
in the direction of, for example, rows, to constitute
regions A to D. The rearranging circuit 12 rearranges
respective bits representing image data, music data and

20 the like having different significances to store the
bits in RAM lla. The rearranging circuit 13 rearranges
respective bits representing image data, music data and
the like read out from RAM lla and outputs the bits.

The control circuit 14 includes a memory section

25 15 (for example, ROM). The control circuit 14 gives a

rearrangement control signal CR to the rearranging

circuits 12 and 13 based on the data stored in the



gives a predeterm ned rearrangenent control signal (Am Bm Cm CR

to the rearranging circuits 12 and 13. The rearranging circuit 12
rearranggs data X7 - XO so that when a nmenory cell having a defect
exists in a region 25 to store a bit having large significance, such as
t he MSB, the LSB is stored in that sgegion. . When a nenory
cell having a defect exists in, for _ -
33 - exanpl e, region A of RAM 1la, the error pattern is such

that only e7 becones "1". Therefore the rearranging circuit 12

rearranges ei ghiehiokry eeetesanilisngtomeghtrol thedatemryangementdatfa from X7
(MSB), X6, - X1, X0 (LSB) to 5 X0 (LSB), X6, - X1, X7 (MSB), so that
the LSB i s storedspective bitsgiion theamgarivangddg sizowids 4?2 @ag s H.

Nanel y, bit X0 is witten in the defective nmenory cell of

regi on A NeRdr,t thenoperation ofr thd@ memiqanductey memarshges

10 the 8-bit data X0 (LSB), X6, - X1, X7 (MSB) output from RAM 11a
to X7 (MSB), Xe6willxbe Rescxdppd-.Nanmely, the rearranging circuit 13

gte g{ ;agggsg)hP ;e)u? gder F?.frsltr:a%.% the timctieatoaf %rrorgilxscitcio%ato%: ta ttrf:ee Q:rz.'n% rbaé

initiation of the system, a write test and a read test
of the data in the semiconductor memory are conducted,
to examine whether a memory cell having such defects
that image data or music data cannot be recorded or is

10 recorded wrong exists in RAM lla or not. When a memory
cell having a defect exists in RAM lla, it is confirmed
in which region of RAM 1lla the memory cell having the
defect exists. The information regarding the defect of
memory cells is stored in the memory section 15 of the

15 control circuit 14.

The control circuit 14 gives the rearrangement '
control signal CR to the rearranging circuit 12 based
on the information of the memory section 15, when
the image data or the music data is stored. This

20 rearrangement control signal CR determines the
arrangement of respective bits of the image data or the
music data. Namely, when the memory cell having a
defect exists in a region where bits having large
significance on the MSB side of the 16 bits data are

25 stored, the control circuit 14 gives to the rearranging
circuit 12 such a control signal CR that bits on the

LSB side of the 16 bits data are stored in the region.



it. 15 In the second enbodi nent, the description has been
provided for the case in which a defective nenory cell ' exists in
onl ¥ oneyregi on anong ei ght regi ons of RAM 1la, but it can apply to
- the case in which defective menory cells exist in nore than one
regi on anong the 20 ei ght regions of M lla. In the
above-nentioned first and second enpbodi nents, the rearrangenent of
data is carried out in units of one bit. However, since the actua
musi c data and inmage data are typically 16 bits or nore, if 25

the rearrangenment of pgat @ghfipte] rwRénother8 &iiktsOh memory eeélbit, the
structures of rearranging circuits 12 and 13, and the control

circuit 14 becongviAgphi @efedt gndregion A of RAM lla, the control -
34 - the circuit size becones | arge. Therefore, in
third and fourtbdiecubdi kéntentrols thesreabrdngéhgweirbuis 12 geo¥hadd a
menory device in whi ch RAM 11a is divided into_plural blocks, and,
for 5 exanpbits 183btosXfaenei steradr AngsaoipnuAirt B1sF Xildr 2o X8

bits.
5 are stored in region B, bits X7 to X4 are stored in

region C, and bits X15 to X12 are stored in region D.

Therefore, 16 bits of image data or music data are
rearranged from X15 (MSB) to X0 (LSB) to X3 - XO,

X1l - X8, X7 - X4, and X15 - X12. Namely, bits X3 - X0
10 on LSB side are written in the memory cell of region A.

Furthermore, when there exists a memory cell
héving a defect in region A of RAM lla, the rearranging
circuit 13 rearranges bits X3 - X0, X11 - X8, X7 - X4
and X15 - X12 read out from RAM lla to X15 (MSB) - X0

15 (LSB) .

In addition, the present embodiment can apply to
the case where defects exist in more than one region
among four regions of RAM ila.

FIG. 12 shows a memory device relating to the

20 fourth embodiment of the present invention.

This memory device relates to a semiconductor
memory (RAM). In the present embodiment, the
description will be made regarding the case where
16 bits music data in digital audio-is stored in RAM.

25 First, the structure of this semiconductor memory
will be described.

RAM lla has a plurality of memory cells formed in



FIG 11 shows a nenory device relating to the third enbodi nent of
the present invention. This menmory ‘device relates to a
sem+conductor 10 menory (RAM. In the present enbodinent, a
description wi Il be provided regarding the case in which 16 bits
music data in digital audio is stored Ln ghe BAM 1l a. ~ First,
the structure of this sem conductor menory w Il be described. 15
RAM 1l1a has a plurality of nenory cells formed in rows and col ums.
RAM 1l1a is divided into four regions in the direction of, for
exanpl e, rows, rowsoasdi columns. RAMejlanisAdiviBed Thatoefonangiegd onisr Cui t
12 rearranges | respective bits representing i mage data, nusi ¢ dat a
and 20 the {RKkEhRadingctiPrerEnt forgakanplacerows,stor gonsgitute bits
in RAM 1l1a. The rearranging circuit 13 rearranges, . respective bits
representing idﬁﬁ%lﬁ%§ag ﬁgsPc diR8 Bearranging: gircpikt Ldayesyrangem RAM

11 d tputs_the bjts. .. The control circuit 14 includes a
neﬁnfg sggtansri%PeCLi%e(?bFseﬁ%ﬂﬁ?ﬁ?nﬁ&ﬂﬂ.lmQﬂ% éBﬁ?roW“éFFcG?Faléngives

%y and 1550 R TS Bt Phy ShEREL SR 81 RE L AEBI9 score end TV 1S
3 bIELCLY REMA'1LR. 1ornd Or&RPEARG1AG 1 RLER"IS 0L 2hnges

respective bits representing image data, music data and
the like read out from RAM lla and outputs the bits.
The control circuit 14 includes memory sections
10 (for example, ROM) 15a and 15b. The memory section 15a
stores the error address which selects the row where a
defective memory cell exists. The mémory section 15b
stores the region (error pattern) where a defective
memory cell exists among the eight regions A to H, in
15 one row selected by the error address.
| The control circuit 14 includes an error pattern
selection signal-generating circuit 16, a selector 17
and a control signal-generating circuit 18. The error
pattern selection signal-generating circuit 16 receives
20 address "a" and the output signal (error address) of
the memory section 15a, outputs the error pattern
selection signal when address "a" agrees with the error
address.
The selector 17 selects the output signal (error
25 pattern) of the memory section 15b based on the type of
| the error pattern selection signal and outputs it. The

rearrangement control signal-generating circuit 18



respective bits in the rearranging circuits 12 and 13. Next ,
the operation of this sem conductor nenory - wll be described. 5
First, atc the tine of production or at the time of initiation of the
system a wite test and a read test of the data in the

sem conductor menory are conduct ed, . 3g0._examne whether a nenory cel
havi ng such defects that i mge data or nusic data cannot be recorded
or is 10 recorded wrong exists in RAM 1la or not. Wen a nenory

cell having a defect exists in RAM 1l1la, it is confirned i n which

regi on of RAM 133 vidie tRRearGRingdititn&drit®ol signaiefi@ttiteximwds. The
I nformati on regardi ng the defect of menory cells is stored in the

menory section Yeadfradnyemert comtydl @iruitis t121and 13, based dethontr ol
circuit 14 gives the rearrangenent control signal CRto the
rearrangi ng cir exirorl pajstsath output dirarhehenfselexttiaan If. t he nmenory
section 15, when the inmage data or the nusic data is stored. This
20 rearrangenent e asdrgsmaeacdeartld menaivas address Jla‘an@nfbnt of

respective bits of the inag%:data or the . nmusi ¢ dat a. hbn%g¥, when
the menorys cel | SRARGHF one line amang nodiides i(p FERFFIFN AWML havi ng

| ar ge significance MSB side of the 16 bits data are 25
stored, the con eﬁ%cmﬂfw;]\%‘s to the rearranging circuit 12

such a control signahe(R ' Nale Udeva¥ldd'of this demflcifucod HendP! 1S

data are stored in the réegion.
will be described.

First, at the time of production or at the time of
10 initiation of the system, a write test and a read test
of the data in the memory circuit are conducted, to
examine whether a memory cell having such defects that
image data or music data cannot be recorded or is
recorded wrong exist in RAM lla or not. When a memory
15 cell having a defect exists in RAM lla, the addfess of
the memory cell having the defect and the region where
the memory cell exists are confirmed. The information
relating to the address of the memory cell having the
defect is stored in the memory section 15a of the
20 control circuit 14, and the information relating to the
region where the memory cell having a defect exists
is stored in the memory section 15b of the'control
circuit 14.
At the time of storage of image data or music
25 data, when address "a" and data X15 - X0 are given,
address "a" is input to the address decoder 19 and the :

error pattern selection signal-generating circuit 16.

~



- 36 - For exanple, when there exists a nenory cel

havi ng a defect in region A of RAM 1la, the control circuit 14
control s,the rearranging circuit 12 so t hat bits X3 to X0 are stored
inregion A bits X11 to X8 5 are stored in region B, bits X7 to X4 are
stored in region C, and bits X15 tg X12 are stored in region D. .
Therefore, 16 bits of inmage data or nuSic 3at5 are rearranged from
X15 (MSB) to X0 (LSB) to X3 - XO, X11 - X8, X7 - X4, and X15 - X12.
Nanely, bits X3 - X0 10 on LSB side are witten in the nenory cell of

region A - _ rhi" hRAFEREE debaRr! 19 @etbdess addFede' \*a®sl land
having a defect in region A of RAM 1la, the rearranging circuit 13

rearranges bitsg&3ect¥0on¥l¥ow %8 RXM 11%¥4 The eraod Pakterdl? read out
fromRAM 11a to X15 (MSB) - X0 15 (LSB) . .In addition, the

present enbodi meelleetionpplignad-generatiing cixewittelé dompamesedddress nore
t han one region anong four regions of RAM 1lla. FIG 12
shows a. nenory- devi wéthelthei egros addrepg of fther memexyoGeRtiCTol dae
present 1 nventi on.
5 and when both of them agree with each other, it outputs
the error pattern selection signal.

First, the case where address "a" does not agree
with the error address will be described. In this
case, since the error pattern selection signal is not

10 output, the selector 17 selects the error pattern which
| means that there is no defedtive memory cell, and this
error pattern is given to the rearrangement control
signal-generating circuit 18. The rearrangement
control signal-generating circuit 18 decodes this error
15 pattern, and gives a predetermined rearrangement
control signal CR to the rearranging circuits 12
and 13.

The rearranging c¢ircuit 12 transfers the 16 bits

data X15 - X0 directly to RAM lla without rearranging

.20 . the 16 bits data X15 - X0. Data X15 - X0 are stored in
respective memory cells of the one row selected by
address "a".

Next, the case where address "a" agrees with the
error address will be described. 1In this case, since

25 the error pattern selection signal is output, the

selector 17 selects the error pattern which means there

exists a defective memory cell, and this error pattern



This nmenory device relates to a sem conductor menory (RAM. In the
present enbodi nent, the description will be nade regardi ng the case
wher.ge . 16 bits nmusic-data in digital audio is stored in RAM 25
First, the structure of this sem conductor nenory wi |l be descri bed.
RAM 11a has a plurality of nenory cellgs fggpned in

- 37 - _ rows and colums. RAM 1la is divided into four regions

in the direction of, for exanple, rows, to constitute regions Ato
D. The rearranging circuit 12 rearranges respective bits
representing i nBgegién, toUushé gehsrangdemeht cohheolli béghali-ggndirhitdment
significances to store the . bits in RAM 1l1a. The rearranging circuit
13 rearranges circuitedfective bits representing imge data, nusic data
and the like read out fromRAM 1lla and outputs the bits.

The control circuit Thei nehudangemantycoasrrdnsigrel-gepesatingnpl e, ROV
15a and 15b. The nean¥ section 15a, stores the error address which
sel ects the rovcimenétal8 decodggf EBipyer¥eFoPRtEEFN RN §1VeRe 3nenory

section 15b stores the region (error pattern
5 predetermlned reagrang ment c ntr%& élgna&ecﬁ %ef%ﬁflve

rearranging c1rcu1ts 12 and 13. The rearranging
circuit 12 rearranges data X15 - X0 so that when a
memory cell having a defect exists in a region to store
a bit having greater significance on the MSB side of

10 'the 16 bits data, bits on the LSB side are stored in
said regibn.

In the present embodiment, the description has
been made for the case where a memory contains a defect
in only one region among the four regions of RAM lla,

i5 but it can apply to the case where inferior memory
cells exist in more than one regions émong the four
regions of RAM lla.

In the first to the fourth embodiments described
above, the rearranging circuits 12 and 13 can be

20 composed of selectors, shift registers or the like.

FIG. 13 shows an example in which, shift registers
are used for the rearranging circuits. FIG. 14 shows
the action of shift registers 22 and 23 of FIG. 13.

In this case, the control circuit 14 gives a clock

25 signal CKl to the shift register 22 and a clock signal
CK2 to the shift register 23. The shift registers 22

and 23 rearrange the input data (for example, 8-bit



menory cell exists anong the eight regions Ato H in 15 one row

sel ected by the error address. The control circuit 14 includes
an error  pattern sel ection signal-generating circuit 16, a selector
17 and a control signal-generating circuit 18. The error

pattern sel ection signal-generating circui4t1 16 receives 20 address "a"
and the output signal (error address) of " the nenory section 15a,
outputs the error pattern sel ection signal when address "a" agrees
with the error addr ess. The selector 17 selects the

out put 'si gnal (g O (3P accdiiy Mo Xnd HumBPIoE SeddieTs igtawsed on the

type of the errdr pattern sel ection signal and outputs it. The

rearrangement Cejyredlpadtdial La3anRer atr thetidads twhidre a defective memory
- 38 - gi ves the rearrangenent control signal CRto the

rearrangenent ceallolexiigtyiirs RIEM &l 13 hdadeiftorddicster 22 error pattern
output fromthe selector 17. The address decoder 19 receives
address "a", andearrangese|tdus singnt [data @mwrkhat |LSRKO (6 rakwassent s

nat ur al :
5 stored in the defective memory cell. Furthermore, the

shift register 23 reérranges the data output from RAM
1la in the correct order and outputs it as the output
data.
For example, as shown in FIG. 14, the shift

10 register 22 receives the eight bit input data X7 - X0
and the clock signal CKl. As a result, the data is
.shifted to effect a rearrangement in which LSBXO0 is
aligned for storage in the defective memory cell.
Further, the shift register 23 receives the data

15 written in RAM and the clock signal CK2. . As a result,
the data is shifted to effect a rearrangement in which
the correct order éf the bits is achieved.

Also, in the first to the fourth embodiments

described above, information relating to regions where

20 the error address and defective memory cells exist are
stored in the memory section of the control circuit,
however, alternatively, they may be supplied from
outside, i.e., outside of the IC on which the memory
circuit of the present invention is formed.

25 Further, the present invention can apply to
recording media having a structure in which

significances is given differently for every bit and



nunbers) of RAM 1la. Next, the operation of this sem conductor
menory . wi |l be descri bed. First, at the tinme of

productien or at the tine of 10 initiation of the system a wite test
and a read test of the data in the nenory circuit are conducted, to

exam ne whether a nenory cell having such,defects that | mage data or
musi ¢ data cannot be recorded or is recorded wong exist in RAM 1la
or not. When a nenory 15 cell having a defect exists in RAM 1la, the
addr ess of the menory cell having the defect and the regi on where

the nenory cel | aepbstioar €ocetbrenddtallie epeeifiedoby an addr@sd, For O
the address of the nenory cell having the defect is stored in the
menory section e8ampleyhwedi@ suchoasr el hardcdiskl4 flappyt dd sk)f or mat i on
relating to the regi on where the nmenory cell having a defect exists
is stored in t hePmBAYry SBeBAMonMO5hHPBf, MReandnthel like, othexcdhanléa

At the tinme of storage of inmage data or nusic 25 data, when address "a
and data X15 - KBMAFENGUGERT MemOry.sddress "a" is input to the address

h error pattern sel ection signal-generating circuit
ggcoder 13 and the FIG. lg sﬁowg a memory device ac%ordi%g to the9

fifth embodiment of the present invention.

This memory device relates to a drive device such
as a HD (hard disk), FD (floppy disk), CD-RAM, SD-RAM,
MO (magneto-optical disk), PD (phase change rewrite-

10 type disk) and MT (magnetic tape).

In the present embodiment, the description will be
made for a case in which music data of 16 bits in the
digitallaudio is written in a memory section 11 (HD,
FD, CD-RAM, SD-RAM, MO, PD, MT and the like).

15 First, the structure of this memory device will be
described.

The rearranging circuit 12 rearranges the write
data X15 - X0 when a defective portion exists in a
predetermined memory region of the memory section 11.

20 The write data X15 - X0 have different significances,
and the X15 having the greatest significance as the MSB
and X0 having the least significance as the LSB. Thus,
data X15 - X0 is composed of a continuous sequence of
16 bits.

25 The write data output from the rearranging circuit
12 is input to a modulation section 25 through a parity

addition section 24.



- 39 - The address decoder 19 decodes address "a", and

sel ects one row of RAM 1la. The error pattern - sel ection

sigmal -generating circuit 16 conpares address "a" with the error
address of the nenory section 15a, 5 and when both of them agree with
each other, it outputs the error pggtern selection signal.

First, the case where address "a" does not agree with the error
address will be described. In this case, since the error pattern
selection signal is not 10 out put, the selector 17 selects the error
pattern which Ifieehé hbahlaBeof secBfofiedsgt Fve BREARMpIeGekiritand this
error pattern is given to the rearrangenent contro

si gnal - gener at i dgtai LsuEFMifiodibatedar r hgeBPMt-modulatedontritle data is

signal -generating circuit 18 decodes this error 15  pattern, and gives a
predet er mi ned revittegeinne predetermined| meingnyl région oifie theamemoging
circuits 12 and 13. The rearranging circuit 12 transfers

the 16 bits sectighalkis - XO directly to RAM 1la without rearranging

20 the 16 bits data X1 15 - XQ are stored

5, - . Dat .
Cospecti v8 nemory colPEeer hnEhe gaRe MEBFECPERLA)S OF & Pralesermiged
Next, the case ﬂ@grfnggdgeﬁéedgtegﬂigga %ﬁﬁgr§h%egion of the memory

section 11 is scheduled, when the defective portion
exists in the predetermined memory region, a bit having
lower significance (optimally, LSB) than that of the
10 predetermined bit is written to the predetermined
memory region. The read data read out from the memory
section 11 is input to a demodulation section 26. 1In
the demodulation section 26, for example, read data is
EFM-demodulated. The EFM-demodulated read data ;s
15 subjected to error correction processing in an error
correction section 27.
The output data of the error correction séction
27 is input to the rearranging circuit 13. The
rearranging circuit 13 rearranges the 16 bits X15 - X0,
20 so that the read data read out from the memory section
11 is arranged in the correct position.
The action of the rearranging circuits 12 and 13
are controlled by the control circuit 14.
The control circuit 14 receives address "a", and
25 rearranges the write data or the read data when this
address designates the defective portion in the memory

section 11.



error address will be described. In this case, since 25 the error

pattern selection signal is output, the 'sel ector 17 selects the
errar pattern which neans there exi sts a defective nenory cell, and
this error pattern: : - 40 - S
given to the rearrangenent control sigpal ggengrating circuit 18.
The rearrangenent control signal-generating circuit 18 decodes this
error pattern, and gives a 5 pr edet er mi ned rearrangenent control signa

CR to the

rearranging circuits 12 and 13. The rearrangi ng

circuit 12 rearrangethdatdafx&biveXpogbibhabfwbhe memory sertiohy ldel
havi ng a defect exists in a region to store a bit having greater

si gni fi cance oncaheb@bbdentéfoed 1o advaheelbybansidapectihions endt tbel SB

side are stored_ in . said region. . In the present
enbodi nent, thelBEQEMRBLPBNrRA3ting to phif dafectéve: persion ®A8Bre a

menory contains, a defec

15Pe sBﬁFeétiBaﬁhﬁpEPV°F8 pRECLQBWHABLE

of RAM 1la,
cells exigt

10

15

20

25

in

eFPBETRdnory

3?£§u326949ne regi ons anong the four

Additionally or alternatively, a detection circuit
for detecting a defective portion of the memory section
1l may be arranged in the memory device of the present
embodiment, so that the write data or the read data is
rearranged based on the information relating to the
defective portion of the memory section 11 which this
detection circuit has.

As described above, according to the semiconductor
memory of the present invention, effects as described
below can be exhibited.

In a memory circuit for storing image data, music
data and the like related to the human sense of sight
or hearing, the rearranging circuit of the present
invention can reduce an effect due to defects of a
memory cell or a sector to a minimum, not by blocking a
memory cell having a defect or avoiding a sector having
a defect, but by rearranging the data.

Namely, when there is a defect in a part of the
memory section such as RAM, ROM, FD and HD, respective
bits representing image data, music data or the like
are rearranged by the rearranging circuits so that the

LSB (least significant bit) is stored in the defect

In only one regi on anong the four regions
the



regi ons of RAM 1] a. In the first to the fourth enbodi nents

descri bed above, the rearranging circuits 12 and 13 can be 20
conposed. of selectors, shift registers or the |ike. FIG 13
shows an exanple in which shift registers are used for the
rearranging circuits. FIG 14 shows - 4sthe action of shift registers 22
and 23 of FIG 13. In this case, the control circuit 14 gives a
clock 25 signal CKl to the shift register 22 and a cl ock signal

CK2 to the shift register 23. The shift registers 22 and 23
rearrange the inp@ionata (for exanple, 8-bit

- 41 - X7 - X0) according to the nunber of clock signals.

More particul arly, |RACEREdtRgEYwhafeshowrf iRt FEE. mbfoiy which thg | exists

in RAM 11a, the shift regi arranges the |n yt ,data so that
LSBXO i s almayéma%nltugﬁo? dSPﬁathﬁ E%?EE?gveth§n§P§ac§FPr dFéFtﬁanDre,

(P e corr o AokPk Shake R, AEERBRACREGHE B tHLRAY BB Bl ene 110
5 difference between the data stored in the defect
portion and the original data is suppressed to a
minimum. Furthermore, such degree of difference cannot
be recognized by the human sense of sight or hearing,
therefore there is no inconvenience in the reproduction
10 of image data and music data.
Furthermore, since a circuit for blocking a memory
cell having a defect portion or avoiding a sector
having a defect is not required, the circuit size can

be reduced.



For: exanple, as shown in FIG 14, the shift 10 regi ster 22 receives the

eight bit input data X7 - XO and the clock signal—€Kl. -As-a result-;
the data is shifted to effect a rearrangenent in ' | SBX0 i s
aligned for storage in the defective memory cell. WD”&L“IILI“@JE“,H
register 23 receives the data 15 Wi t ggn i.n RAM and N

CK2. As a result, the datia is shifted to effect a rearrangenent in
whi ch the correct order of the bits is achieved. Al so,
in the first to the fourth enbodi nents descri bed above, information
relating to regChasmshere 20 the error address and defective nenory
cells exist are stored in the nenory section of the control circuit,

however, alternativelly, @dhsemoxy devigepifiogdstosing data composed ofe. |
outside of the IC on_which the nenory circuit of the present,
i nvention is fopkugal bits havingrdififerenthsigndfdeancesen ConPrd&ingipl v

to recordi ng nmedi a having a structure in_which . significances
i s given different| y"PBPTY, BOANS haying a plurality of regions;
- 42 - a portion to.store dat% i s specified b¥ ag a dre§§,.for

5 ! rearranging means for rearranging said plural bits

when a first one of said regions includes a defective
portion and a first of said plural bits is to be
wfitten into said first region; and
control means for controlling said rearranging
10 means so that 5 second of said plural bits having a
lower significance than that of said first bit is
written into said first region. and the first bit is
written into another one of said plurality of regions.
2. A memory device according to claim 1, wherein
15 said rearranging means is a first rearranging means; -
said memory device further comprising:
second rearranging means. for rearrangihg said
plural bits read out from said membry means;
wherein said control means includes means for
20 controlling said second rearranging means so that the
first and second bits read out from said memory means
are returned to correct positions.
3. A memory device according to claim 1, wherein
a second one of said plurality of regions includes a
25 defective portion and a third of said plural bits is to
be written into said second region,

sald control means includes means for controlling



exanple, media such as a hard disk, floppy disk, - -CD- RAM - SD-RAM— -

MO, PD, MI and the like, other than a sem conductor_nenory. 5
FIG 15 shows a nmenory device according to the fUi mmﬂiu H f
the present invention. This menory device r Lo

devi ce such as a HD (hard disk),_ Flpy(fLoppy disk), CD-RAM SD-RAM

MO (magnet o-opti cal disk), PD (phase change rewite- 10 type di sk) and
MI' (nmagnetic tape). - In the present enbodi nent, the description
will be made for a case in which nusic data of 16 bits in the
digital audio iga¥dii té&Prafigingeieanssseot thatla fblrth of sakl, pChrRAM
SD-RAM MO, PD, MI and the like). 15 First, the structure of this
menory devi ce wbitsbeith a lowescsigsilficance than that p&aspidgthdrdircuit
12 rearranges the wite data X15 - XO when a defective portiaon
exists in a  bit psewsittapndutaecseiq segrod segipe apfoppidethizd 11.

20 The wite data X15 - XO have different siggificgnc S, .. and the
X15 havi ng the BiBal8sVritEans irEAcBNQEheKORRBOL sal Bi&rﬁélﬁXVPﬁg t he
| east significance,as the LSB. Thus, data X15 - XO is conposed of a
conti nuou$ sequERELOBP- 16 bits. 25 The write data out put

through a pari ty- 4° ' Baibmesy devifs,igkBRdingoed BRAVhE' 1972582 N 25
wherein said second bit is a LSB (least significant
bit). _

5. A memory device according to claim 2, wherein

10 said first and second rearranging means are composed of
a plurality of selectors.

6. A memory device according to claim 1, wherein
said rearranging means includes a shift register forl
receiving said plural bits, and said control means for

15 controlling said shift register to shift said second
bit for writing into said first region.

7. A memory device according to claims 1 or 2,
wherein said control means has a memory section for
storing information relating to said first region.

20 8. A memory device according to claim 3, wherein
said control means has a memory sectidn for storing
information relating to said first and second regions.

9. A memory device according to claims 1, 2 or 3,
wherein said plurality of regions are memory regions of

25 one of a semiconductsr memory, a hard disk, a floppy
disk, a CD-RAM, a SD-RAM, a magneto-optical disk, a

phase change rewrite-type disk or a magnetic tape.



- 43 - In the nodul ation section 25, for exanple, wite.
data is EFM nodul at ed. The EFM nodul ated wite data is witten in a

e oot 6T P! 6 5ot or e N ANELID

predeterm ned menory region of the menpry,g . section 11 i s s&hedlul &d,
when the defective portion exists in the predeterm ned nenory
region, a bit havi.ng | ower significance (optinmally, LSB) than that
of the 10 predetermned bit is witten to the predeterm ned

nmenory region. The ne3d gdamembeyddewickr Eort stordmyr yata composmed @f 11 is
I nput to a denodul ation section 26. In t he denodul ati on section 26,
for exanple, repllugallabits havingERNfferedd siguificances,deapriaiagy ead
data is 15 subjected to error correction processing in an error
correction section 2memory means haviago@ pluradd&yoofi ROXELARNS correcti on
section 27 is input to the rearranging circuit 13. The

rearrangi ng cirdivided daxor xegdenstie 16 bits X15 - X0,

5 address means for providing an address designating
the portion of said memory means where said plural bits
are to be stored;

rearranging means for rearranging said plural bits
when a first one of said regions includes a defective
10 portion and said address designates the defective
portion for writing a first of said plural bits; and
control means for controlling said rearranging
means so that a second of said plural bits having a
lower significance than that of said first bit is
15 written into said first region and said first bit is
written into another one of said regionms.
11, A memory device according to claim 10, wherein
said rearranging means is a first rearranging means;
said memory device further comprising:

20 second rearranging means for rearranging said

plural bits read out from said memory means;
wherein said control means includes means for
controlling said second rearranging means so that the
first and second bits read out from said memory means

25 are returned to correct positions.

12. A memory device according to claim 10, wherein

a second one of said regions includes a defective



20. so that the read data read out fromthe menory section 11.is.
arranged In the correct position. The action of the rearranging

circuits 12 and 13 are controlled by the control
The control circuit 14 receives address "a", and 25 (‘lmnmmﬂnmwm‘
wite data or the read data when this addr ess de5|gnate§ tMe 5.
defective portion in the nenory seétlon 11.

- 44 - The defective portion of the nmenory section 11

can be identified in advance by an inspection, and the i nformation

relating to thi %ﬁf'&@ %%gh!%@df@&s dgflgﬂ%%éﬁ‘ﬁé%ﬁ'déféﬁtﬂ?ﬁ“"y

section within €58 contr circuit . Addi tionally or

al ternatively, Zoo‘i‘i‘:tl%t oy ch'tli'n"g a third Uf aiieCtgngraa dsfiast i ve portion
of the menory sé&ction 1 may be arranged in the nenory devi ce of the

present enbodigzare ,coiﬂrUlahédh% Wridlada medind foy esshtdadldlimg 10
rearranged based on the information relating to the defective
portion of the maley reearianyintl maansh schithat a fourthesifi waid rliitakas.
5 bits having a lower significance than that of said

third bit is written into said second region and said

third bit is written into another one of said plurality

of regions.

13. A memory device according to claims 10, 11 or

10 12, wherein said second bit is a LSB (least significant
bit).

14. A memory device according to claim 11, wherein
said first and second rearranging méans are composed of
a plurality of selectors.

15 15. A memory device according to claim 10, wherein
said rearranging means includes a shift register for
receiving said plural bits, and said control means for
controlling said shift register to shift said second
bit for writing into said first region.

20 16. A memory device according to claims 10 or 11,
wherein said control means includes a memory section
for storing information regarding an error address
designating said defective portion, and for storing
information of said first region, and

25 said control means includes means for controlling
said rearranging means so that said second bit is

written in said first region, when the address



As -descri bed above, according to the sem conductor menory of the
present invention, effects as described 15 "bel ow can "be exhibited. = -

In a menory circuit for storing imge data, nusic ' '
related to the human sense of sight or hearing, 't-hgmﬁ mﬂﬁlﬁHﬁ ullils
circuit of the present invention cgp reduce an eff L U Oy

of a 20 menory cell or a sector to a mninum not by blocking a
menory cell having a defect or avoiding a sector having a defect,
but by rearrangi ng the dat a. Nanely, when there is a defect in

a part of the designftelr byssaidoaddvebsaneBAll aBoblesFidithd thB, erespective
25 bits representing inmage data, nusic data or the like are

rearranged by taddressranging circuits so that the LSB (I east
significant bit) is stored in the defect

- 45 - regi ®@. A memory demicer dcagikgdingstohelaims R0G 116 om
whi ch the magni tude of data is plotted, the data stored in the
def ect portion U2¢fwheretionsakd segipnal ayet mempyy grgions ofjoneecdnde

bet ween the data stored in the defect
5 semiconductor memory, a hard disk, a floppy disk, a CD-

RAM, a SD-RAM, a magneto-optical disk, a phase change
rewrite-type disk or a magnetic tape. '
18. A memory device for storing data composed of
plural bits having different significances, comprising:
10 memory means having a plurality of regions;
rearranging means for rearranging said plural bits
when a first one of sgid regions includes a defective
portion and a first bit group of said plural bits
composed of continuing bit éequence is to be written
15 into said first region; and
| control means for controlling said rearranging '
means so that a second bit group of said plural bits
composed of a continuing bit sequence and having a
lower significance than that of respective bits of said
20 first bit group is written into said first region and
said first bit group is written into another one of
said plurality of regionms.
19. A memory device according to claim 18, wherein
said rearranging means is a first rearranging means;
25 said memory device further comprising:
second rearranging means for rearranging said

plural bits read out from said memory means;



portion and the original data is suppressed to a m Al .
Furthernore, such degree of difference cannot zed by the
human sense of sight or hearing, t herefore there |Qimm ,’Mﬂ,’i

in the reproduction 10 of inmage data and nusic data. Iﬁm
Furthernore, since a circuit for blocklngsg menory ceII haV|ng a*
defect portion or avoiding a sector haVing a defect is not required,
the circuit size can be reduced.

-46 - Cl ai ns: 1. A nenory device for storing data

conposed of PUHEREIR! b&2id¥bAErdiL! hBRRB! 1ALTAHEECABERS, £62TPr I SI NG:
menory .means having a plurality of regions; 5 rearrangi ng neans

for rearrangi ngertfoll¥hg! sRidSsecond ré&@ﬁaﬁgih?sheéﬁg 86 &Rh€ tA@i ons
i ncl udes a defective portion and a first of said plural bits is to

be wittEhrstt andasdcdhdsbitegroapsapdad out from sabdt memomrgans for
controlling said rearranging 10 nmeans so that a second of said plural
bits haV|ng a means apoeceretugnedi tancerreat pbaitdbnsaid first bit is

20. A memory device accordlng to claim 18, wherein
a second one of said plurality of regions includes a
defective portion and a third bit group of said plural
bits composed of a continuing bit sequence is to be
written into said second region;

said control means includes means for controlling
10 said rearranging means so that a fourth bit group
having a lower significance than that of respective
bits of said third bit group and composed of a
continuing bit sequence is written into said second
15 region end said third bit group is written into another
one of said plurality of regions.

21. A memory device according to claims 18, 19 or
20, wherein said seeond bit group includes a LSB.

22. A memory.device according to claim 19, wherein

20 said first and second rearranging means are composed of
a plurality of selectors.

23. A memory device according to claim 18, wherein
said rearranging means includes a shift register for
receiving said plural bits, and said control ﬁeans for

25 controlling said shift register to shift said second
bit group for writing into said first region.

24. A memory device according to claims 18 or 19,



witten into said first region.and the first bit IS ————wwitten into
anot her one of said plurality of regions. A nenory device
according to claim1l1, wherein 15 sai d rearrangi ng nei"ﬂ uﬂu"
rearrangi ng neans; sai d nenory device furthe ﬁ'"""
second rearranging means for rearranging §|d_ pIuraI bits read odt
fromsaid nenory neans; wherein said control neans includes
means for 20 controlllng sai d second rearrangi ng means so that the
first and second bits read out fromsaid nenory neans are returned
to correct posi§h@Pain said contro3 méafBTRA¥ Heitemeryceectibg torclaim 1,
wher ei n a second one of said plurality of regions includes a 25
def ective portiggopifigaihlibifaeionairdlakingl tbi aids fiast regiobs written
into said second region, said control neans includes nmeans for
control ling 25. A memoryaddvicer agagirddngesns cdeimn20 awheredr of

sai d plural bits with a lower significance than that of said third
bit is witten said controdcmegnschrenaanemezydsertign for storing

5 information relating to said first and second regions.
26. A memory device according to claims 18, 19 or
20, wherein said plurality of regiqns are memory
regions of one of a semiconductor memory, a hard disk,
a floppy disk, a CD-RAM, a SD-RAM, a magneto-optical
10 disk, a phase change rewrite-type disk or a magnetic
tape. |
27. A memory device for storing data composed of
plural bits having different significances, comprising:
| memory means having a plurality of portions
15 divided into regions;
address means for providing address designaﬁing'
the portion of said memory means where said plural bits
are to be stored;
rearranging means for rearranging said plural bits
20 when a first one of said regions includes a defective
potions and said address designates said defective
portion for writing a first bit group of said plural
bits composed of a continuing bit sequence; and
control means for controlling said rearranging
25 means so that a second bit group of said plural bits
composed of a continuing bit sequence ha;ing a lower

significance than that of respective bits of said first



bit is witten into another one of said plurality of 5 regi ons.
4. A nenory device according to clainms 1, 2 or -3, “wherein said ™™ "7

second bit is a LSB (least significant bit).
devi ce according to claim?2, wherein 10 said first an IH l@“m“mm“r
rearrangi ng neans are conposed of plurality of sel .M S *
6. A menory device according to claimI, erein . sai d rearrangi ng
means includes a shift register for receiving said plural bits, and

said control neans for 15 controlling said shift register to shift said

second _ biBiﬁogrbﬁbtththEQeﬁahﬁtﬁlBaﬁdr@ﬁrﬁ& region and said A
menory device according to clains 1 or 2, wherein said control neans

has a nmenory seeiirg8 bit group ist atritgennfiatoatnothes sneneft sadal d first
region. 20 8. A nenory device according to claim3, wherein

said control negegibas.a nenory section for storing I nformation
relating to said first and second regions. . A nmenory devi ce
according to cl ai r628, 2Aomegory deVlcﬂhéFGPﬁdéaBdtﬁl@ﬂ&ﬂﬂtQZUfWhﬁﬁQ#% are
menory regions of 25 one of a sem conductor nenor a ,hard di sk, a
floppy 5 di §SpidareprrANGiagSHenns| ig ﬁa&ﬁrsﬁ& EFArIangdng, means ;

hase change rewite- t e d
P g 8 meh%gypaev1c %urt%er comprising:

'second rearranging means for rearranging said
plural bits read out from said memory means;
wherein said control means includes means for
10 controlling said second rearranging means so that the
first and second bits group read out from said memory
means are returned to correct positions. |
29. A memory device according to claim 27, wherein
a second one of said regions includes a defective
15 portion and said address designates said defective
portion for writing a third bit group of said plural
bits composed of a continuing bit sequence;
said control means includes means for controlling
said rearranging means so that a fourth bit group
20 having a lower significance than that of respective
bits of said third bit group and composed of a
continuing bit sequence is written into said second
region and said third bit group is written into another
one of said plurality of regions.
25 30. A memory device according to claims 27, 28 or
29, wherein said second bit group includes a LSB.

31. A memory device according to claim 28, wherein



-.;48-‘-_ _ - 10. A nenory device for storing data conposed of
plural bits having different significances, conprising: menory -

means having a plurality of portions di vided into ragi :
address neans for providing an address designating lm'mmgﬂllm'""””m
said nmenory neans where said plural bits g4 . are to be storkedr N s =
rearranging means for rearranging said plural bits when a first one
of said regions includes a defective 10 portion and sai d address
desi gnates the defective portion for witing a first of said plural
bits; and said fifoptand seeoadf peacpahgbhyinganai drecaompogedgof
nmeans so that a second of said plural bits having a | ower
significance thanplimwalbtysaf dsélestobst is 15 witten into said first
region and said first bit is witten into another one_of said,
regi ons. _ 321. A memery deviee aceerding te ciaim 28, vherein
said rearranging means is a first rearrangigg means; . sai d
nmemory devi ce f¥RifcFeRERPRULINGMeany inclu ss@cﬁﬁﬁfFeﬁ?géﬁBFﬁgfﬁgans f or
rearranging said . .. plural, bits read _oqut_fro [ y S,
wher ei n s&i d coﬁ??%+vh’%§n§a?'ﬂc¥’{'fd§§in§ﬁﬁ§’fSPd shid gegﬁﬁgél 1“?%395595
second rearrangéggtggfffnéoséggtsﬂEft_register to shift said second
bit group for writing into said first region.
33. A memory device according to claims 27 or 28,
wherein said control means includes a.memory section
10 for storing information regarding an error address
designating said defective portion, and for storing
information of said first region, and
said control means includes means for controlling
said rearranging means so that said second bit group is
15 written in said first region, when the address
designated by said address means agrees with the error
address.
34. A memory device according to claims 27, 28 or
29, wherein said regions are memory regions of one of a
20 semiconducto; memory, a hard disk, a floppy disk, a CD-
RAM, a SD-RAM, a magneto-optical disk, a phase change
rewrite-type disk or a magnetic tape.
35. An apparatus for use with a storage medium for
storing data composed of plural bits having different
25 significances, the storage medium having a plurality of

regions a first region of which including a defective

portion, comprising:



first and second bits read out fromsaid nmenory means 25 are returned.
to correct positions. 12. A nmenory device according to claim

10, wherein a second one of said regions includes '
portion and said address designates said defective ”mﬂmﬂmlmnnm
witing a third of said plural bits; _ 5 . said controt nears ° *
I ncl udes neans for controlling saia rearrangi ng neans so that a
fourth of said plural 5 bits having a | ower significance than that of
sai d third bit is witten into said second region and said

third bit is wittenreateangohfemeais brsaedrpbngihgt paid plurafl bdgisons.
13. A nenory device according to clainms 10, 11 or 10 12, wherein said
second bit is awh&R &l €asbtsogei bfcaatid pluralbbiits is to be writteA nenory
devi ce according to claim 11, wherein said first and second
rearrangi ng neahstar theofipysbdreffion; anda plurality of selectors. 15

15. A nenory device according to claim 10, wherein | sai d ,rearrangi ng
nmeans i ncl udes a shi fentzglsmeangofor controlling said rearranging

5 means so that a second of said plural bit having a
lower significance than that of said first bit is
written into the first region and the first bit is
written into another one of the plurality of regions.

36. An apparatus according to claim 35, wherein
10 said rearranging means is a first rearranging means;
said apparatus further comprising:
second rearranging means for rearranging said
plural bits read out from the storage medium;
wherein said control means includes means for
15 controlling said second rearranging means so that the
first and second bits read out from the storage medium
are returned to correct positions.
37. An apparatus according to claim 35, wherein a
second one of the plurality of regions of the storage

20 medium includes a defective portion and a third of said

plural bits is to be written into the second region;
said_control means includes means for controlling
said rearranging means so that a fourth of said plural
bits with a lower significance than that of said third

25 bit is written into the second region and said third
bit is written into another one of the plurality of

regions.



receiving said plural bits, and said control neans for ... .controlling
said shift register to shift said second ~bit for witing into said

first region. 20 16. A nenory devi ce accordi ng tc”ﬂm[ m[lﬂﬂ" IH“I
wherein said control means includes a nenory section l“
information regarding an error address _ designating said défebtive*

portion, and for storing I nformati on of said first region, and 25
said control neans includes nmeans for controlling sai d rearrangi ng
means so that said second bit is witten in said first region, when

the address 38. An apparatus according to cRlims 35, 36dﬂ§|9ﬂﬁt6d
by said address neans agrees with the error addr ess. 17.

A menory devi ce whe@iti R ild stlcunts blit ikl HILSB (leasi?,sidreificamti d
regions are nenory regions of one of a 5 sem conductor nenory, a hard
di sk, a floppy &itk,. a CD RAM a SD-RAM a mmgneto-optical disk, a
phase change rewite-type disk or a nagnetic tape. 18. A
menory devi ce for std®i ndARPaziNes @fasfirding to claim .36, wherein

5 said first and second rearranging means are composed of
a plurality of selectors.

40. An apparatus according to claim 35, wherein
said rearranging means include; a shift register for
receiving the plural bits, and said control means for

10 controlling said shift register to shift said second
bit for writing into the first region.

41. An apparatus according to claims 35 or 36,
wherein said control means has a memory section for
storing information relating to the first region.

15 42. An apparatus according to claim 37, wherein
said control means has a memory section for storing
information relating to the first and second regions.

43. An apparatus according to claims 35, 36 or 37,
wherein said apparatus is for use with the storage

20 medium provided as one of a semiconductor memory, a
hard disk, a floppy disk, a CD-RAM, a SD-RAM, a
magneto-optical disk, a phase chénge rewrite-type disk
or a magnetic tape.

44. An apparatus for use with a storage medium for

25 storing data composed of plural bits having different
significances, the storage medium having a plurality of

portions divided into regions a first region of which



plural bits

means having a plurality of regions;

rearrangl ng

having different significances, conprising;m_lQm__”m

_Menory-

rearrangi ng means for

i ncl udes. a dZ?iegt Ioi/gral " tsport i on gﬂgnaaf Tlr;ft b??eggguamﬂIBMJmﬁu“mlll

bits

into said first

rearrangi ng
conposed of

conposed of continuing bit_seggence is to be whit% er

~means so that a second bit group of said plural
a continuing bit sequence and having a | ower

regi on; and control neans for controlllng sai d

bits

si gni ficance thanclbhdingf ar deffiective porsioh,saompriging:first bit group is
witten into said first region and said first bit group is witten
into anot her one of addresssmeang| fipxl provéfinggesnaddress designeding
nmenory device accordln% to claim18, wherein _, saidr, arranglng means

is a first rear EBRgPAY

conpri si ng:
plural bits

sai d cont%PI means |n Iu%g

10

15

20

25

A@&ngf thg storage meddumewheyeqsed

reaHiBﬁtaFFoﬁPs PdSHe nmeans;

r

gnd rearr.angi ng neans for rearranging said

wher ei n

%g”%%”ﬁeéﬁs for rearranging sald plural bits

when the address designates the defective portion for

writing a first of said plural bits; and

control means for controlling said rearranging

means so that a second of said plural bits having a

lower significance than that of said first bit is

written into the first region and said first bit is

written into another one of the regions.

45. An apparatus according to claim 44, wherein

said rearranging means is a first rearranging means;

said apparatus further comprising:
second rearranging means for rearranging said
plural bits read out from the storage medium;

wherein said control means includes means for

controlling said second rearranging means so that the

first and second bits read out from the storage medium

are returned to correct positions.

46. An apparatus according to claim 44, wherein a

second one of the regions includes a defective portion

and said address designates the defective portion for

writing a third of said plural bits;

said control means includes means for controlling

said rearranging means so that a fourth of said plural



cantrol ling said second rearranging means so that the first and — -

second bit groups read out from said nenory ' nmeans o
correct positions. 20. A nenory device accordi,mmmm”""mﬂ”ﬂ"
wherein 5 a second one of said plurality of regi.ons ifAcl udes a s

defective portion and a third bit group okgsaid plural . bits conposed
of a continuing bit sequence is to be witten into said second

regi on; said control means includes nmeans for controlling 10
said rearrangi ng neans so that a fourth bit group having a | ower
signi ficance thpitéhRavohgr @spewerveignificahceésthansshdtt bifr dalhdt group
and conposed of a continuing bit sequence is witten into said
second 15 reyinsd botl $aiwribten bntogthepsesondi reghonnandasetiter

one of said plurality of regions. 21. A nenory device according
to clainms 18, 1thibrd bit is2erinhencintgaadothesnanpi efgEbapPluErddsy a
LSB. 22. A nenory device according to claim 19, wherein

said first and @EcERELiPBErrangi ng neans are conposed of 20 a
plurality of select

: 23. A nen devi di t | ai
ls, wheredn 8%53 PR PRABRRYS raGROTAABALARS CYSLNFS 3y o8PoPE: 4Per
receiving sai ura |t d i d.contral ces 1
Said shift reqi EbereLy sais, SoieRR RiE Es' 8 LB pagE sfspiribRRk No' i o
igid first regiBEt)' 24. A nenory device according to clains 18 or

48. An apparatus according to claim 45, wherein

said first and second rearranging means are composed of
10 a plurality of selectors.

49. An'apparatus according to claim 44, wherein
said rearranging means includes a shift register for
receiving said plurél bits, and said control means for
controlling said shiftlregister to shift said second

15 bit for writing into the first region.

50. An apparatus according to c;aims 44 or 45,
wherein said control means includes a memory section
for storing information regarding an error address
designating the defective portion, and for storing

20 information of the first region, and
said control means includes means for controlling
said rearranging means so that said second bit is
written in the first region, when the address
designated by said address means agrees with the error
25 address.
51. An apparatus according to claims 44, 45 or 46,

wherein the regions are memory regions of one of



wherein said control neans has a menory section for - - storing - __ .
information relating to said first region. ' 25

: . _ . A nmenory device
according to claim 20, wherein said control means" ﬂ NMM
section for storing 5 information relating to said f m"n

regi ons. 26. A nenory device ag%grging to clains iB,ng'oP

20, wherein said plurality of regions are nory regi ons of one of a
sem conduct or nenory, a hard di sk, a floppy disk, a CD-RAM a
SD- RAM a magneto-optical 10 di sk, a phase change rewite-type disk or

a magnetic a s@Rfconductor memdfy, aRERHYJ48K,CA EQbppyOdiak dal a
conposed of plural bits having different significances, conprising:

menory nmeans hagbhogam, phUsb-RAM, 0k pagheebsoptical diskded iphaser egi ons;
address neans for providing address designhating the portion of said
menory neans wheh&ngei gepkiteltppesdisk or ar magoebdcsteped;

rearrangi ng neans for rearranging said plural bits 20 when a first one
of said regions i ncb@desAn dppasatwe for usgowithsaaf§orage HeGiags for

desi gnates sai d defective
5 storing data composed of plural bits having different

significances, the storage medium having a plurality of
regions a first region of which including a defective
portion, comprising:
rearranging means for rearranging said plural bits
10 when a first bit group of said plural bits composed of
continuing bit sequence is to be written into the first
region; and
control means for controlling said rearranging
means so that a second bit group of said plural bits
15 composed of a continuing bit sequence and having a
lower significance than that of respective bits of said
first bit group is written into the first region and
said first bit group is written into another one of the
plurality of regions.
20 53. An apparatus according to claim 52, wherein
said rearranging means is a first rearranging means;
said apparatus further comprising:
second rearranging means for rearranging said
plural bits read out from the storage medium;
25 wherein said control means includes means for
controlling said second rearranging means so that the

first and second bit groups read out from the storage



portion for witing a first bit group of said plural bits conposed
of a continuing bit sequence; and control neans for controlling

said rearranging 25 means so that a second bit group
bits conposed of a continuing bit sequence haV| ng HI Imgﬂ In”mﬂ IIII
significance than that of respective bitsgf said fir

- 53 - bit group is witten into said flrst regi on and sald
first bit group is witten into another one of said regi ons.

28. A nenory device according to claim27, wherein 5 sai d rearrangi ng
means i s a firsmeddam ae nptwares] to correct pamitdiorenory device further
conpri si ng: second rearrangi ng neans for rearrangi ng said
plural bits read outS4. oArs@pbanatnysy ageowiing to claim Shemvdiersin da
control neans includes nmeans for 10 controlling said second rearrangi ng
means so that tif@cond ong jqfsithenPlawadddwiak RIS danrlndes rQ)m sal d
menory nmeans are returned to correct 05|t|ons

menory device a tiye PR #rd g diding bit gr%‘%é?ﬁ)rﬁﬁ%epjd?r%]al d

regi ons incl f
egions | § “de%*%é*%éﬁﬁéégé of a continuing bit sequence is to be

written into the second region;
said control means includes means for controlling
said rearranging means so that a fourth bit group
having a lower significance than ﬁhat of respective
10 bits of said third bit group and composed of a
continuing bit sequence is written into the second
region and said third bit group is written into another
one of the plurality of regions.
55. An apparatus according to claims 52, 53 or 54,
15 wherein said second bit group includes a LSB.
56. An apparatus according to claim 53, wherein
said first and second rearranging means are composed of
a plurality of selectors.
57. An apparatus according to claim 52, wherein
20 said rearranging means includes a shift register for
receiving said plural bits, and said control means for
controlling said shift register to shift said second
bit group for writing into the first region.
- 58. An apparatus according to claims 52 or 53,
25 wherein said control means has a memory section for
storing information relating to the first region.

59. An apparatus according to claim 54, wherein



15. _portion and sai d address designates said defective portlon.for
WW|t|ng a third bit group of said plural ~ bits conposed of a

continuing bit sequence; said control neans

controlling said rearrangi ng neans so that a fourummmﬂﬂlmum
having a |ower significance than that of ggspective * bftst of* sdid
third bit group and conposed of a continuing bit sequence is witten
into said second - region and said third bit group is witten into

anot her one of said plurality of regions. 25 30. A nmenory

device accordi Ngai@® E6RLIS] Zreans Hﬁs a memo2y, sebeiennfesi gteeingd bit
group includes a LSB. 31. A nenory device according to claim 28,

wher ei n information relating to the first ahd second reglosald first
and second rearrangi ng neans are conposed of a pluralit :

sel ectors. 60. 32AnAappana§udeatcerdtngrupnglcbmél§2n1§% okh8Aei n
sai d rearrangi ng neans includes a shift register for recei ving said
plural bits, an@hgaﬁuncbh?rﬁluﬁééh§Yf@f reglOnscBﬁFrHFWPﬁg £8040BF;

regi ster to shift said second [
reglon 5 one of a semlconductorbﬁtmgrOUp fﬁar&f&&%ﬂ? 5”%30%%§d first

disk, a CD-RAM, a SD-RAM, a magneto-optical disk, a
phase change rewrite-type disk or a magnetic tape.
61. An apparatus for use with a storage medium for
storing data composed of plural bits having different
10 significances, the storage medium having a plurality of
portions divided into fegions a first region of which
including a defective portion, comprising:
address means for providing address designating
the portion of the storage medium where said plural
15 bits are to be stored;'
rearranging means for rearranging said plural bits
when said address designates the defective portion for
writing a first bit group of said plural bits composed
of a continuing bit seéuence; and
20 control means for controlling said rearranging
means so that a second bit group of said plural bits
composed of a continuing bit sequence having a lower
significance than that of respective bits of said first
bit group is written into the first region and said
25 first bit group is written into another one of the
regions.

62. An apparatus according to claim 61, wherein



33.- A.nenory deV|ce according to clainms 27 or 28, wherein. sai.d

control means includes a menory section 10 for storlng I nformati on
regardi ng an error address designating said d uu I I “ Land
for storing i nformation of said first region, 1 ﬂl"ﬂﬂlﬂmlllﬂ I aid
control means includes nmeans for controlliRg - sdidfrearrngi nd neans
so that said second bit group is 15 i“tten in said first region, when
t he address desi gnat ed by said address neans agrees with the error
addr ess. 34. A nenory device according to clains 27, 28 or

29, wherein SaiQai&graairéhglﬁgnﬁéinEEQBOBSfQEsQ”QeQEr%ngaﬂg means;
sem conduct or nenory, a hard disk, a floppy disk, a RAM' a

SD- RAM a magnet o- opghgdl afipakataspliageheraegfprising:rewite-type disk or
a magnetic tape. 35. An apparatus for use with a storage nmedi um

for storing dsteoadnpeastanyingumebnsi teorhaeargadigihegr @atid 25
significances, the storage nedi umhaving a plurality of regions a
first regi on of phhrah batbuidtead eutefrom the storaggomeddmam;conpri si ng:

5 wherein said control means includes means for
controlling said second rearranging means so that the
first and second bits group read out from the storage
medium are returned to correct positions.

63. An apparatus according to claim 61, wherein a
10 second one of the regions includes a defective portion
and said address designates the defective portion for
writing a third bit group of said plural bits composed
of a continuing bit sequence;
said control means includes means for controlling
15 said rearranging means so that a fourth bit group
having a lower significance than that of respective
bits of said third bit group and composed of a
continuing bit sequence is written into the second
region and said third bit group is written into another
20 one of the plurality of regions.
64. An apparatus according to claims 61, 62 or 63,
wherein said second bit group includes a LSB.
65. An apparatus according to claim 62, wherein
said first and second rearranging means are composed of
25 a plurality of selectors.
66. An apparatus according to claim 61, wherein

said rearranging means includes a shift register for



rearrangi ng nmeans for rearranging said plural bits . when a first_one
of said plural bits is to be witten into the first region; and

of 'sald plural bit having a - lower argntticance t niAINGUN N AN

first bit is witten into the firsgsregion and the*fifst bi"t s *
witten into another one of the plurality of regions. 36. An
apparatus according to claim35, wherein 10 said rearranging neans is a
first rearrangi ng neans; sai d apparatus further conprising:
second rearrangir8gei®ang baidr pauradgbigssaatdd said cphtral means ad out
fromthe storage nedi um wherein said control neans incl udes
means for 15 contmbldlihgngasdi ¢hidtomegiekeratg shifbaseido seleond he
first and second bits read out fromthe storage nedium are returned
to correct posibitngroup for writing Antgppheafdsrsic&88dPRg to cl ai m 35,
wherein a second one of the plurality of ré%ions of .the storage 20
medi um i ncl udes a défect ARe 2PBRAEASNSaAFCRTAANG] tOr Cdaims 61 or B2n 41 pits
is to be witten_intg the second regi sai d _contrql, neans

i ncl udes @eans WBPrGéﬁtﬁéﬁﬂiﬁ@?tr°i?h%géﬁdiP&&PF&ﬁgﬁn&emgiﬁés?ﬁ R a
ot o o Bhoming, spdokiplibh Seubiiny BB, oo geitd 1o o
bit is witten EQEQgﬁQ%&RSYtﬂ@ed%EeE@§d@ Wodltibh ,Ofand for storing
information of the first region, and
said control means includes means for controlling
10 said rearranging means so that said second bit group
is written in the first ¥egion, when the address
designated by said address means agreés_with the error
address.
68. An apparatus according to claims 61, 62 or 63,
15 | wherein the regions are memory regions of one.of a
semiconductor memory, a hard disk, a floppy disk, a CD-
RAM, a SD-RAM, a magneto-optical disk, a phase change
rewrite~-type disk or a magnetic tape.
69. A method of reading and writing data to a
20 storage medium having a plurality of regions, the data
composed of plural bits having different significances,
comprising steps of:
rearranging said plural bits when a first one of
said regions includes a defective portion and a first
25 one of said plural bits is to be written into said
first region, so that a second one of said plural bits

having a lower significance than that of said first bit



regi ons. _ - 56 - 38, An
apparatus according to clainms 35, 36 or 37, wher ei'n—said—second bit

is a LSB (|l east significant bit). 39.

according to claim 36, wherein 5 said first and S*m‘mﬂﬁiﬁﬂ%mmﬂ‘j
means are conposed of a plurality g@f4 selectors. "SRR Ty .
appar atus according to claim 35, wherein sai d rearrangi ng neans

i ncludes a shift register for receiving the plural bits, and said
control. neans for 10 ~controlling said shift register to shift said
second bip Wehtwen! iidGol Badd! Herkitr vegieg and the first bik i
apparatus according to clains 35 or 36, wherein said control neans
has a nenory seeicittehointo anothear ong ioff wheaplaraldtyt iofy tegidnes # i r st
region. 15 42. An apparatus according to claim 37, wherein
said control neang has a nmenory section for storing i nformation
relating to the first and second regions. 43. An_ apparat us
according to clai ns Feary@ngingy sal plural bits read out from the
5 storage medium so that the first and second bits are
returned to correct positions.
70. A method according to claim 69, wherein the
step of rearranging said plural bits when a first
region includes a defective portion includes a step of
10 writing into said first region a LSB as the second bit.
71. A method of reading and writing data to a
storage medium having a plurality of portions divided
into regions, the data composed of plural bits having
different significances, comprising steps of:

15 providing an address designating the portion in
said storage medium, where said plural bits are to be
written;

rearranging said plural bits when a first one of
said regions includes a defective portion and said

20 address designates the defective portion for writing a
first one of said plural bits, so that a second one of
said plural bits having a lower significance than that
of said first bit is written into said first region and
the first bit is written into another one of the

25 plurality of regions; and

rearranging said plural bits read out from the

storage medium so that the first and second bits are



wherein said apparatus is for use wwth the storage 20--- -nmedi um pr-ovi-ded-
as one of a sem conductor nenory, a hard disk, a flo ﬁ di.sk

CD-RAM a SD-RAM a magnet o-optical disk, a phaseulniﬁ Hlaumu'iﬂu!ll |

rewite-type disk or a nagnetic tape. :
for use with a storage nediumfor 25 _ ori_ng data conposed of plura
bits having different significances,” the storage nedi um having a
plurality of portions divided into regions a first region of which
- 57 . - i ncl uding a defective portion, conprising:

address neans f getpinedditog corradtr positdongnat i ng t he portion of
the storage nedi um where said plural bits are to be stored; 5
rearrangi ng means f @2.r edr methodg asgioddingr &io igliadm 71, whelrein lheaddr ess
designates the defective portion for witing a first of said plural
bits; and step ofcyepryangdags spdd pdumadl bitg whiea eefilxatyi ng

means so that a second of said plural bits having a_ 10 | ower

si gni fi cance t h&RILRE: inclydes pi Aefegitivies portionincladesn@o st@pP fir st

region and said first hit is Qﬁitten i nto anQt her one of the
r egi ons. of writing into said first region a LSB as the second

bit.

73. A method of reading and writing data to a
storage medium having a plurality of regions, the data
composed of plural bits having different significances,

10 comprising steps of:

rearranging said plural bits when a first one of

said regions includes a defective portion and a first
bit group of said plural bits composed of continuing
bit sequence is to be written into said first region,

15 - 80 that a second bit group of said plural bits composed
of continuing bit sequence having a lower significanée
than that of said first bit group is written into said
first region and the first bit group is written into
another one of the plurality of regions; and

20 rearranging said plural bits read out from the
storage medium so that the first and second bit groups
are returned to correct positions.

74. A method according to claim 73, wherein the
step of rearranging said plural bits when a first

25 .region includes a defective portion includes a step of
writing into said first region a LSB as one bit of the

second bit group.



45. An apparatus ‘according to claim44, wherein ' sai.d rearranging

neans.is a first rearrangi ng neans; 15 "~ sai d apparatus fur
conpri si ng: second rearrangi ng nmeans for rearr mﬂ‘\g“ﬂ T\g\l“\“\ :
plural bits read out fromthe storage nedi um 1 i"Os *
control neans includes neans for - cggtrolling said second ?earranging
nmeans so that the 20 first and second gits read out fromthe storage
medi um are returned to correct positions. 46. An
apparatus according to claim44, wherein a second one of the regions
includes a defectivespordimdthod of 284dfeRgdanddwessingsdgvates the
defective portion for 25 writing a third of said plural bits;

sai d control nmeanstdPEdedRedBANSaYigCcanplatality of portihonsrdavidedi ng
means so that a fourth of said plural

- 58 - intditegbans pgthe | daka somposedanfeplunalthitsohaving
third bit is witten into the second region and said third bit is
witten i nto andififeremt signhfipancesitgomprisingfstepsonf: 5 47.
An apparatus according to clains 44, 45 or 46, :

5 providing an address designating the portion in

said storage medium, where said plural bits are to be
written;

rearranging said plural bits when a first one of
said regions includes a defective portion and said

10 address designates the defective portion for writing
a first bit group of said plural bits composed of
continuing bit sequence, so that a second bit group of
said plural bits composed of continuing bit sequence
having a lower significance than that of said first bit
15 group is written into said first region and the first
bit group is written into another one of the plurality'
of regions; and
rearranging said plural bits iead out from the
storage medium so that the first and second bit groups
20 are returned to correct positions.

76. A method according to claim 75, wherein the
step of rearranging said plural bits when a first
region includes a defective portion includes a step of
writing into said first region a LSB as one of the

25 second bit group.
77. An apparatus for reading plural bits of data

from a storage medium, the plural bits having



wherein said second bit is a LSB (least significant Cobit). T

48. An apparatus according to clai m45, wherein sai | ,
second rearrangi ng neans are conposed of 10 a pIuraIiti"“I“B“"ﬂ.
| d+rearran

I} Il

49. An apparatus according to claim44, wherein sai d o n
means includes a shift register for _ receiving said plural bits, and
satd control neans for controlling said shift register to shift said
second 15 bit for witing into the first region. 50. An
apparatus according to clains 44 or 45, wherein said control means
includes a menog ypsegbtéPmined sef@énsbOahdgdifferenti signegacdncesan error
addr ess designating the defective portion, and for storing 20

i nformation of amé béisy setgred, ianthe storage mediiw &onar seawranging

i ncl udes neans for controlling said rearrangi ng neans so that said
second bit is sequeneeitsenthattat least pagi bit @fc@repEe®ddr ess

desi gnated by said address neans agrees with the error 25 addr ess.

51. An appar at usiguifidanget éscetpredain asngp-defective pegtion,of,e

regions are nenory regions of one of .
5 the storage medium and at least one bit of lesser

significance is stored in a defective portion of the
storage medium, comprising:
means for reading out the plural bits from the
storage medium having the defective portion; and
10 " means for rearranging the plural bits to the
predetermined sequence the bits had prior to storage in
the storage medium having the defective portion.
78. A method of reading plural bits of data from a
storage medium, the plural bits having a predetermined
'15 sequence and different significances and being stored
in the storage medium in a rearranging sequence, so
that at least one bit of greater significance is stored
in a non-defective portion of the storage medium and at
least one Bit of lesser significance is stored in a
20 defective portion of the storage medium, comprising the
steps of:
reading out the plural bits from the storage
medium having the defective portion; and
rearranging the plural bits to the predetermined
25 sequence the bits had prior to storage in the storage
| medium having the defective portion.

79. An apparatus and method for reading and



-59- a sem conductor nenory, a hard disk, a floppy.disk, a..  _
CD-RAM a SD-RAM a nagneto-optical disk, a phase change

\r/\n'emi ;e-st gfgggi ?ni;diotrjmaf gwragngti : Fs?ngi ng data conpggédAgf aﬂmm"“ﬂnmﬂllﬂﬁmg

di fferent signi ficances, the storagg nedi um having & pfurtal ity Sof ™
regions a first region of which including a defective portion,
conpri si ng: rearrangi ng neans for rearranging said plural bits
10 when a first. bit group of said plural bits conmposed of

continuing bit wegugngedasaloshbstantiadliynae hezefinbefore descrdledn; and
control neans for controlling said rearrangi ng nmeans so that a
second bit groupith sefdrphaeatobthe atsompapyipgsdgawingscontinuing bit
sequence and having a | ower significance than that of respective
bits of said first bit group is witten into the first region and
said first bit group is witten into another one of the plurality of
regions. 20 53. An apparatus according to claimb52, wherein

said rearranging neans is a first rearrangi ng neans; sai d
apparatus further conpri sing: second rearrangi ng neans for
rearranging said



plural bits read out fromthe storage nedium 25 ~ wherein said

control neans includes neans for ' controlling said second rearranging
nmeans. se t hat :t he first and second bit groups read out fromthe

st orage -+ 60 - medi um ar e
returned to correct positions. : 54. An appardatus according to
claimb52, wherein a second one of the plurality of regions includes
a - .defective portion and a third bit group of said plural 5 bits
conposed of a continuing bit sequence is to be witten into the
second region; sai ADSERBCY OXp AN icl@sunesans for
controlling sai d _rearrangi ng neans So that fourth b| rou

having a | ower si gniAPP@WHSt M M%E!m&r FP&B@@RW Itt"é;g

et hn ™ BB iensereniFR o Bl vl
S T T R
' ncl.udes a LSB. py a controlfcifludtPnalys I%Q‘i‘i'ra‘iltig% Plutad Bitd (4eerein
to X3) of data having different significaﬁces when a
first (A) of the regions includes a defective portion
and a first one (X3) of the plural bits is to be
written into the first region, so that a second (X0) of
the plural bits (X0 to X3) having lower significance
than that of the first bit (X3) is written into another
one (D) of the plurality of regions (A to D). A second
rearranging circuit (13), controlled by the control
circuit (14), rearranges the plural bits (X0 to X3) of
data read out from the memory circuit so that the first

and second bits (X0, X3) are returned to correct

positions.

(Please note that Figure 2 should accompany the abstract when published)



said first and second rearrangi ng neans are conposed of a plurality
of se€lectors. : 57. . An apparatus according to claimb52, wherein

20 said rearrangi ng nmeans includes a shift register for recei ving
said plural bits, and said control means for controlling said shift
register to shift said second bit group for witing into the first
regi on. 58. An apparatus arqotting to clains 52 or 53, 25
wherein said control means has a nenory section for storing
information relating to thegf 'fAst regi on. 59. An apparat us
according to claimb54, wherel : -
- said control neans|has a nenory section for storing
information relatin regi ons. 60. An

61

to
appar at us cdrding | 2 r 54, wherein the plurality of
regi ons arzfmsrmry ré@Aéhghngéfycmaﬂﬂe of afJsem cdnductor nenory, a hard
di sk, a floppy dr sk, a a M a nagneto-optical disk, a
phase change rewite-type disk or a nmagnetic tape. 61. An
apparatus for [‘U’SE—WI'H'I_a storage TredunT T oT 14
_ {
| CR
pi—t MEMORY SECTION CoNTHOL
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storing data conposed of plural bits having different 10 signi ficances,
t'he storage nmedium having a plurality of portions divided into
regions a first region of which i ncluding a defective portion,
conpri si ng: address neans for providi ng address designating
the portion of the storage nmedi um where said plural 15 bits are to be
st or ed; rearrangi ng nmeans X grirearranging said plural bits
when sai d address designates the defective portion for witing a
first bit group of said plural bits conposed of a ntinuing bit
sequence; a xzzg control neans for controlling d rearranging
means so th dc¥0d bit group of said plural bits conposed of a
continuing byt {sefjugnce having a | ower significance than that of
respective bjtq og daid first o bit group is witten into the first
regi on and sfi ¢ 5 first bit group iIs wittén into anothef one of the
regi ons. 62. An appar afjus accordirng {o clarmol,] wherein

- 62 - sSgrd Tearr g eans 175 f{TstrTeary arlgi hg neans;

‘\Ehl i I 11|I W‘ICR

SELECTOR | SELECTOR | SELECTOR | SELECTOR
\s3 l \g2 } s L \s0
TO REGION A TOREGIONB ' TOREGIONC  TO REGION D

FI1G6 3

FROM REGION A

FROM REGION B -
FROM REGION C - (8
FROM REGION D ==
_ CR
& R | Y Y Y Y Y v Y r
SELECTOR SELECTOR SELECTOR SELECTOR
l \s3’ 1 \s2* { \gy’ l \s0’
X3 X2 X1 X0

FI1G 4



sai d apparatus further conprising:

~rearranging said
wherein said contro

second rearrangi ng neans so that the

pl ural
means i ncl

read out fromthe storage

63. An apparatus according to claim®é
regi ons includes a defectlve portion

defective portion
conposed of a
nmeans i ncl udes neans
a fourth bit group
respective

continuing bit sequefce 1S witten 1nto

; |REARRANGIN&rﬁiﬂféH

mtstSi

wr

ng
I’O
In

c
f

gy

d th

second rearranging neans for

bits read out fromthe storage nedi um 5

nmedi

udes neans for controlling said
first and second bits group
%nyaﬁe returned to correct positions.
erein a 10 second one of the
and sai d address designates the
|t|ng a q bit group of said plural bits
s%&gence said control
sai d rearrangi ng neans so that
g 3 mir significance than that of
biyt group and conposed of a

the second region and said
one of the plurality of

third bit group i
regions. PP eri~eriptt eording|to clainms 61, 62 or 63,
wherein said second Kﬂ andlup %! uoxs a LSB. 654 .An appar at us
according to claim62_Where n daid firgt and_second rearrangi ng
nmeans are conposed o 25 pIurqllty pf seljectors. ' 66. An
apparatus according o claim6l, wherein CONTROL
a | I CIRCUIT
! I
Jaleiclo G 1,
o | SECTION !
L]
X0| Xif X2 x3 5
13~} REARRANGING CIRCUIT
X3 X2 X{ X0 FI16 5
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said rearrangi ng neans includes a shift register for

- 63 - receiving said plural bits, and said control neans for
controlling said shift register to shift said second bit group for
witing into the first region. 67. An apparatus according to
claims 61 or 62, 5 wherein said control means includes a nenory section
for storing_information reqgardi ng an ¢4 /otl addr ess desi gnating the
def ective pprtion, agha-+0f~st-0H-RQ *fornatlon of .the first region
and saiq cont means includesjmeans for controlling 10
sai d rearrawgingﬁhpqns S at sdid second it group Is witten in
the first rggieni™ when t ddr egs desi gnat ed by said address neans
agrees with thﬁeerL_____m ess. @ J—~< 68. An apparatus according
to claims 6], 62 or 63 15 ereln)the egions are nenory regions of
one of a -~ ' yo&-hayd]di sk, a floppy disk, a CD
RAM a SD—RAN‘ a netogppq q ‘dl a phase change rewrite-type
di sk or a npgpe ¢ tjape. = | g A mpthod of reading pad writing
data to a F0| = 3tq gegTecil q&f}ua\i Ea pl frality of regions, the data
TR w8 9s | :
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conposed of plural bits having different significances,
rearrangi ng said plural

steps of:

conpri sing
bits when a first one of

said regions includes a defective portion and a first 25 one of said
plural bits is to be witten into said first region, so that a second
one of said plural bits havi ng sa,llolwer significance than that of
said first bit -64 - S
witten into said first regiﬁ1 arretire—ftyrst &it is witten into
anot her one of the plurality]of regi on$ © and rearrangi ng
sai d pl ural bit-s—+ead—out—+q4it hax 5 cofster@ge nedium so that the first
and second bifs are rdturng@ tocghrread positions. 70. A
met hod accofd{ng to claim69, mheqsin t hp step of rearranging said
plural bitsiwhep a first region ipcludes a defectiggfportion
i ncl udes a ptgpf{of 10 MW|tingi§nto spid first region I LSB as the
second bit. , lmet had of rpading and witing data to a
storage ned{ um paying ¢ty 2f porf+&hs di vi ded into regions,
t he data cofmppsed| of {pl s feaving
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di fferent significances, conprising steps of: 15 provi di ng an

address designating the portion in said storage nedium where said
plural bits are to be witten; rearrangi ng said plural
bits when a first one of said regions includes a defective portion
and said 20 address designates the defective portion for witing a
first one of said plural bits, so that a second one of sai d plural
bits having a | ower significance than gbai of said first bit is
witten into said first region and %he first bit is witten into
anot her one of the 25 lurality of regions; and rearrangi ng
said plural bits read out ¢bromthe st orage nmediumso that the first
and second bits are B e - 65 -
returned to correct positi@ns. <;72. A met hod according to claim
71, wherein the. step of rearrangi @ said plural bits when a first
region includes a defectiv, oftigon igngl udes a step 5 of witing into
said first region a LSB as{the[sécdn bit.

1O 1O DM D] D O

=
- ]
14
T
oo S
ul
- s -
N O a
o o
e =
e
- N
| | (L)
N[O Ol imlog ~| O w
o o oo o @
) o
o _ ')
&+
'T)
o
B —— o
o.
O~ (O[O S|~ O
o o o} ol o] ol v ®
P H




73. A nethod of reading and witing data to a st orage nedi um havi ng

a plurality of regions, the data conposed of plural bits having
di fferent significances, 10 conpri sing steps of:
rearranging said plural bits when a first one of sai d regions
I ncludes a defective portion and a first bi-:t group of said plura
bits conposed of conti nui ng bit sequence is to be witten into said
first region, 15 so that a second bit group of said plural bits
conposed of continuing bit sequencelhaving a | ower significance
than that of said first bit group is witten into said first region
and the first bit group is witten into anot her one of the plurality
of regions; and 20 rearranging said plur® bits read out fromthe
storage nediumso that the first and second bit ggeuRs are returned
to correct positions. _ 74. A nethod acc Lng to claim73,
wherein the step of rearranging said plura rts when a first 25
region inclydeg (a defective p0(1ion i ncl udes a stég ot witing into
said first neg|on & |LUSB|gs| ¢rje| bit of the 5 énd bit group.
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75. A nethod of reading and witing data to a storage nedi um havi ng
a plurality of portions divided into regions, the data conposed .of
plural bits having di fferent significances, conprising steps of: 5
provi di ng an address designating the portion in sai d storage nmedi um
where said plural bits are to be witten; rearrangi ng
said plural bits when a first one of said regions includes a
defective portion and said 10 address designates the defective portion
for witing a first bit group 8f/daid plural bits conposed of
continuing bit sequence, so that a second bit group of said plural
bits conposed of continuing bit sequence having a | ower significance
than that of said first bit 15 group is witten into said first region
and the first bit group is witten into another one of the plurality
of regions; andMS$B) rearrangi ng sa{gg@jural bits read out fromthe

storage nediumso t fg thexfirst i d secgpd bit groups 20 are returned
to correct positio‘_ i igi A ﬁ%&ﬂod according to claim75,
wherein the 1?ep GTxaearr“é i ng 3 plural bits when a first

regi on includes a defectivejportiof includes a step of witing into
said first region a $£SB as pne of ghe
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25 second bi't group. 77. An apparatus for reading plural
bits of data froma storage nedium the plural bits having
- 67 - a predeterm ned sequence and different significances

and being stored in the storage nediumin a rearranging sequence, SsoO
that at |east one bit of greater significance is stored in a

non-def ective portion of the storAgda nedium and at | east one bit of

| esser .%Wf ective portion of the

st orage nedijum corrpr'I'S'l -z nmearjs for reading out the plural
bits fromtHe lstor rreduumhaw ng tfhe defective portion; and 10
nmeans for rﬁarrawhng t he ral lbits to thg predet er m ned sequence

t he bits hag p or tb sto |n| mthe st orage nedi um havi ng t he

def ecti ve pcrtl —————— od qf“ﬂ'eadi ng plural bits of data

froma

st orage Jediy

e pI urai_

t}s having a predetermn ned

15

sequence ang cfl—ffai'ent Siegni ||car|ceS-land lpel ng stored he storage
mediumin a rqalzapgl ng &quengce,l SICE that at | east one t of
greater signifi npelgs §or|ed [ lZEn 4 rlon-defective portten of the
storage nedijum d{au & :g} :8&‘ : .
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| east one bit of l|esser significance is stored in a 20 defective
portion of the storage nedium conprising the steps of:

readi ng out the plural bits fromthe storage - medi um havi ng t he
defective portion; and rearranging the plural bits to the
predeterm ned 25 sequence the bits had prior to storage in the storage
medi um havi ng the defective portion. 10/ 11 79. An apparatus and

met hod for readi ng and - 68 -

witing data, substantially as hereinbe#UPQTagggpibed with reference to

t he acconpanyi ng draw ngs. L_ -]
D
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