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The invention relates to nmenory devices, and, in particular, to menory
managemnent of devices for conputer systens and the like. It finds

particul ar application in nmenory systens that use partially working

menory cir MOPEMMEere defective rows, columms, bits or 5 %@"W he main
merry circuit are replaced by good rows, colums,: bits or bytes from a
suppl ementary store (usually called a substitute store). These nenory

systens may i ncl ude the cont MéhéryMiipamento di sabl e a defective area

when it is being accessed and enable a replacenent area. This

control | i ng meansThednyeptenplates tognemonydeyises, and) in pRrHglay, to memapygnanagemaeyt
In the sem CBPWR:'MP@E%%&M%@ iidd. Cre BRATSAICAEY btiRatiinSn nitiorF at ed as

di ce on ers of s die containing a rray.” These
dice are tesmmmmywmmmmwwmmﬁm;moare

packaged f se. The .ot | ce tho i ch nt ai.n_an re
def ecti ve freﬁ%kf pan %'{f?ﬂt ?‘ﬁ@? ﬁ?%dég?'ﬁé’ Jﬁéa' ﬁﬁgsrﬁé%
fault tol er agtsy éntargletore:@:sualliy calledasubﬁtﬁte@fbré)ﬁmihﬁgntﬁrgrswmﬂﬁ# pat ent

application PCI/ GB94/ 00577 rel ates to the contral . of  nenory tens

usi ng a par t ingludethe,eontrellipg means tp disable adsfoctive areacyhen itis being acceqep bl e

arr angenent feﬂzi)b d Eht Ent ST@Q’E&G@-& ?ﬁ'ﬁﬂé GEfeHE'® ds'h Yhatif ey of the
circuitry can be co |gure3H|an a nu erﬂhg }serent ways. Mﬁ! The
i nvention wi lehginewbeparticul arly described, by way of exanple, with

referencey, In the semiconductor industry, solid state memory devices are fabricated as dice on
wafers of silicon, each die containing a memory array. These dice are tested and those
which can be made to work perfectly are packaged for use. The other dice, thase which
contain one or more defective memory cells, are usually either discarded or used in some
fault tolerant memory device.

15 Our co-pending international patent application PCT/GB94/00577 relates to the
control of memory systems using a partial memory engine. We have now devised a more
flexible arrangement for replacing bits, bytes, rows or columns in which some of the
circuitry can be configured in a number of different ways.

The invention will nowbeparﬁcularlydescribed,byway of example, with reference

20 to the accompanying drawings, in which

Figure 1 shows a diagram of blocks in a RAM (random access memory) chip which
has faults in part of the rows and columns;

Figure 2 shows a pictorial representation of part of a fault tolerant memory;

Figure 3 shows a diagram of part of a fault tolerant memory; and

25 Figure 4 shows a diagram of one slice from a fault tolerant memory.

Some memory circuits, for example DRAMs (Dynamic Random Access Memories)

- are composed of a number of planes (typically four, eight, or sixteen), with each plane
containing a number of blocks of memory cells. Figure 1 illustrates the case where one

plane is composed of sixteen blocks, although in this type of arrangement all four rows in

30 ablock usually share the same row address and all four columns in a block usually share

the same column address. It is common in memory circuits to have block failures within
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20 to the acconpanying draw ngs, in which Figure 1 shows a

di agram of bl ocks in_aRAMrandom access nemary) chip which___

has faults in part of the rows and col ums; Figure 2 shows a
pictorial representation of part of a fault tol erant nenory;

Figure 3 shows a diagramof part of a fault tolerant nenory; and 25
Figure 4 shwoo6a182 agram of one slice froma fault tol er arRCTAEIA6{00320

Sone nenory circuits, for exanpl e DRAMsS(Dynam ¢ Random Access Menori es)
are conposed of a nurrber of planes (typically four, eight, or sixteen),

wi th each pl awmawnmmma&n@wwme@fm%m%&twmwwﬁ%w&k Figure

1 jllustrates e case where one pl ane is conposed of sixteen bl ocks,
al t hough in within arpper eslumn isheingmeqessed and tosubstitugsblock foothatbleskock usual |y

share the sane r ﬁgg[ ﬁ|| &ﬂh M§B t"kﬁ? gﬁ% share

t he same col um gl\éyr SS Fﬁ?fo%p&lcom#oeﬁk% H ; CI I’?‘l’il {f avebb ock
failures w tffhé\reasonformlstypemélhﬁ.ﬂi‘ﬁtmws mtheblocksareusually selected by the

PCT/ GB96/ 00320 . (O r col S it Wo Id e desi le to be
able to det em"a‘“&ﬁ&éﬁ? g‘“ﬂf?ﬁ’gi"“ ‘LEW’ H???ﬁs bei ng
accessed and geQwolisst signifibnebid £€ tisell Obnerd dbrelads teolumnsofblocmﬁeﬁtﬁé gure 1
the four colums are | abelled MSB 11, MSB 10, MS 1, and MSB O The

reason for t ithres mesysigaificantbits|are used (sigee: 21 2B), mnsl g0 onnlnthee:bmpblofl’m Iubeial | y
sel ected by tt\bg most significant bits from the column address are required to locate the block of
columns and the full row address is required to locate the defective row.

10 In Figure 2 there are a number of blocks, representing the function of a fauit tolerant
memory made according to the present invention. When an entire row from a block ina
plane is being substituted then the full row address 2 is decoded together with the N most
significant bits of the column address, where N = log2 (the number of blocks in a column).
The remaining bits in the column address (the least significant bits) 4 are decoded to

15 address the memory cells 6. The output of the memory cells 6 is sent to a router 8
accompanied by data routing information 10 which informs the router of which data bits
need to be replaced by the bits from the memory cells 6.

In Figure 3 there are a number of slices 12. Each slice 12 (as shown in more detail
in Figure 4) includes a register 14 to contain the address of a faulty memory location, a

20 comparator 16 to compare the incoming address 18 with the address stored in the register
14, substitute memory cells 6 to repiace defective bits from a main memory, a bit select
register 20 to hold the substitute bits, a bit relocation register 22 to determine which
particular bit (or bits) needs to be substituted, and a data bus 24 on which the substitute data
is placed. The bit relocation register is essential because it ensures that the correct bit is

25 replaced from the main memory. An address decoder 26 is used to decode a portion of the
row or column address which is used to address main memory. There are also two registers
28 and 30 for holding the relevant portion of the row or column address.

One aspect of the present invention is the use of only a portion of the incoming
address in the comparator circuitry. The incoming address is in the form of x bits for the

30 row address and y bits for the column address, where x is typically twelve and y is typically
twelve, although the invention is not restricted to these or similar numbers of address bits.
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5. nost significant bits of the colum address. Wiere there are four
columms of' bl ocks_t hen the two_omst sigoificant bits are—used—where —
there are eight colums of blocks then the three nost significant bits
are used (since 2[err] =8), and so on. In the exanple of Figure 1 the

two nost significant bits fromthe colum address are required to | ocate

t he bl ock owo9ensi82&0l urms and the full row address is requPFHEBIHNIWPCat e

t he defective row. 10 In Figure 2 there are a nunber of bl ocks,
representing the function of a fault tol erant rrermry made according to
the present Invenuemexéﬁhwauﬂémsem\ﬁmm&in gyhﬁax&ofthe patti@ne is
bei:ng substltut ed then the full row address |s decoded toget her with the
N rost emary pagine: Sispe moss faitymemeny girenits gentain relatiyphy fe exyors (pospared: he

gggtr)g;sozt EL%&% S chant %r?'t S JQ o@gﬁ%§%m$s&?ﬁ’e

menory cells cﬁﬁcﬁmmuunmetsmémmMﬁmhbm&itsqmoﬁtbrmorfomhits 8

acconpani e ta r.Ouki n for n 10 which informs the router of

whi ch dat a b| %ﬁﬁ“&’? tg% ‘by the bits fromthe menory cells
6. I %Emm&&m%o&hﬂﬁ@aﬁaao@ swm%u&ffondwxﬁ@mﬁamﬁa@mfd ce 12
(as shown in nore detail I n Figur I ncl udes register 14 to
contain the auembt@wa&%awmngmﬂm slmen@loql@m%hpm{tww to

conpare the i er
14, substi tutéﬁe B&E@Qf‘f&&gﬁfo rehﬁ é@ﬁ‘hgﬂ ect | ve §1§1§u olﬁn abﬁrrsglgnltﬂrrermry,
a bit select mmﬂdWﬁﬁhﬂnﬂwﬁﬁg&Maﬁr&sbﬂaﬂyﬁhﬂﬂemﬂgmﬁm

Lglegcszat Loggre@ig{fﬁ? 22 to d tergéne iﬁ P’Bﬂ“%&@hﬁ’?cu' ar th té‘gr ts)

is placed. Thﬁo:hmesfoeéd%mwggmwwaﬂa&em@fﬂ%&ﬁgwwm@dws that
the correct bit is 25 replaced fromthe nain nenory. An address decoder 26

is used to deddsrss wopld be pssd toyaddeess the memory egllsor col unm address which is

used to address %mmmI&%@@aﬁv@&&mmwﬁe&w e full addresfwitd'd 30

for holding the relevant portion o e row or columm address.
One aspect of endreatcoluma sonthining the sarheebit sequenée ayet the threg chasembitspthen he

Do, o SR RS Sl S e o O R 5 ¢
addr ess, wher be totédithit ¥ffu rowhhy/mére/than onefadlt then the bitdraia tetolumn addréssiehosen

al t hou hthelnventlon IS pno estrl t to.these or | ar nunbers of
addresg bits. for geéxﬁr lo%ﬂuefaults,othemsethe irtnsequencewouldno

uniquely address each fauit.
The present arrangement is very flexible because the bits chosen for each defective
20 location can be different for each slice. If there were a column error in one of the blocks
then it would be prefezable to use the full column address and a curtailed row address rather
than the full row address and a curtailed column address. With certain embodiments both
of these options (full row - partial column, and partial row - full column) may
advantageously be used. It should be emphasised that each slice is separately configurable.
25 This means that one siice might compare the full row address and the three least significant
bits of the column address, the next slice might compare the full column address and the
three least significant bits of the row address. It is not essential to the operation of the
invention that three bits are used. In some embodiments more bits might be used, in others
fewer bits might be used.
30 The configuration of the memory cells will depend on the type of replacement
policy that is being implemented by the partial memory engine. In one of the above
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-2- . WD 96/ 31825

PCT/ GB96/ 00320 ——— | n_ather enbodi nents, individual hits may be
repl aced by nmeans of the parti al menory engi ne. Since nost faulty
menory circuits contain relatively few errors (conpared with the total
nunber of menory cells) it is unlikely in nost cases that there will be
ot her dw09s31828 bits in the sane row or colum w th t hBECHGRI/00320
sequence of three or four bits 5 in the |east significant portion of the
addr ess. In a further enbodi nent, a nenory system has the

fol | owi ng Ch%&ﬁﬁﬁl@in‘t%&&ﬁlocﬂ&ﬁf&columnrép‘lm&n&ﬁ ﬁEytmit%BQﬂéﬁﬁﬂeméht&?n bi t

col:umm address, 'sixteen blocks in each plane (twd rows

bl ocks) and Aheefore,ythe memony eells wed i ghepabowe smbadiment would Pda(thaﬁhﬁab# ten

bits in the but
only the thré’gdrr"’rsosétgi Signi MWW Fmth%?etb%ggn%%o%uﬁ ress
V\Di.” d bedgonﬁﬁihdﬁepl&h?]mWsmmw&eranglhngméunﬁmﬁbrr]i\ﬁth?]lkbsf I nmi‘}?mOr ed
col um addyess. The ot or at |.east sone e ot i.its of the
col um 5 M%EM@B“@B&F@% ?; Bf) it each
Provi ded therl@caﬁéx?cd%ﬁlbéﬂﬁud?ﬁ&fr&dsé@ The kén bitd wollld cbﬁwa%ﬁhsetesasimﬁcm full

address with errors at colum addresses containing the same bit
sequence overbits pEeither the rovherselnms address, whichever was ot beingpsed psandapw &0 then

address w1 cyfphiol " €k sighfifean 3adrBs bEHE (elt Yoerls@E fHat Bilre i & cotiRtd
range of addresses. This is essential to be able to address each location in the memory cell
10 array.
It will be appreciated that various modifications may be made to the above
described embodiments within the scope of the present invention.



be noted that if a row has nore—than-one fault then the bits fromthe

¢ oumm—address—chosen—————-Fof ri son nust be=di f f er ent—for—att+—of—ttHe
faults, otherw se the bit sequeE 'mm,s” uni quel y address each
faul t. The present ’mW fl exi bl e because the
bits chosen for each defective 20.locati 8n tan* be dlfferent for each slice.
I f there weNO %3S um error. in one of the bl ocks t heRCF F"Mﬂ%’& be
preferable to use the full colum address and a curtail ed row address

r at her than the full row address and a curtail ed colum address. Wth
certain enbodi ments both of thes@Lo\ﬂMSons (full row - partial col um,

and partial row - full colum ant ageous be u It should
be enphasi sed-t hatM%méﬁgE‘Eg"l §Pé@ﬂﬁl“<‘ﬂ@f Wﬂgfi’éfﬁ’ qngadg%cqxﬁl SOMEEans
that one sli Ggedfiofd Witk & fmdtichal ﬂ@mgab&use%ﬁ&gmem&mm&ﬁwm

signi ficant Its of the columm address, the next slice m ght conpare
the full col Mrmmmd*mgelowuqmcmmwmﬁgmmmﬂw &r t he
row addr es 0 Qd 0 entsi on
that thr eegblﬁcgesgi?'%rlstt é@%&en%%%eggﬁ R"’rﬁ)‘jri%- %ggﬁﬁe ?catgée}l\éhés}‘tgd in
ot hers fdimﬁng)ntsnsrfbgﬂm:ﬁm arcestes 80an alternative loI&tmnonluhltlgmachiresslﬁorof t he
menory cells will,6 depend on the type of replacenent Lcy that is
bei ng i npl ene ing,7 stofagelopqtion m PRF %ferfg? ﬁ@?’“ﬁ?f of kmoyn d?'%%t“’ém

- 3- locatlohS@iadactetBed in that said comparator means is adapted to decode only a portion

PCT/ GB96/ 00320
of the address for accessing said storage location

10 2. Memory management apparatus according to claim 1, characterised in that the

receiving means are adapted to receive an address as a row and column address.

3. Memory management apparatus according to claim 1 or claim 2 characterised in
that said comparator means is adapted to use a full row address and a partial column
15 address.

4, Memory management apparatus according to claim 1 or claim 2 characterised in
that said comparator means is adapted to use a full column address and a partial row
address.

\
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exanples it was a block row or columm replacenent policy that was being

| #plenent ed————TFherefore; t he—nereiy—eelt-s—used | N t he—above—erbodirert——
woul d only have to be addressabl e in individual blocks. i e. they would

not have to be bit addressable. However, if a bit replacenent system

were being used in conjunction with a 1k by 1 nenory, then 5 the nenory

woul d haveWQPS3#825ddr essed by ten addregg bits (since 2[e?ﬁ"c‘l'9mmso t hat

each | ocation coul d be uniquely addressed. The ten bits would cone from
the | east significant, bits of either the row or col umm address,
whi chever was not being used as an input to the conparator. The | east

significant address bits are used to ensure that there is a continuous
range of addresses. This is essential to be able to address each | ocation
in the nmenory cell 10 array. It will be appreciated that
various nodifications may be nmade to the above descri bed enbodi nents
wi thin the scope of the present jnvention.

_____ I

MSB11 MSB10 MSBOt MSBOO

Fig.1

2 6 10
i 1 !
FULL ADDR. DATA ROUTING
DECODE MEMORY CELLS DATA o,
i~] LsB 8
DECODE ROUTER |~




WO 96/31825 ~ PCT/GB96/00320
2/2

SLICE
SLICE
SLICE
SLICE
SLICE
SLICE
SLICE
SLICE

ADDRESS DECODE

X ir L6

~~ rC/Re Rc/rC [~28

S [ )

Fig.3
24
LN o 1% 16 + r N 12
r- P o o a S G —— S G Gy Sl CED G " e . C— — i T G S— o—
| A BB 5 _i
N
| [REGISTER [={COMPARATOR =1 "cE11S || SELECT [ RELOCATION !

[4

E T e b

ADDRESS |
DECODE | 26

U 213 Ny

~ rC/Rc Re/rC 28

S




G184 -9

CLAIMS . . 1. A rrermrv dvam:J:orrprl Si ng' ~a matrix array of

y:o%?“ S
arranged in rows an col ums;” each of said nenory cells beln

uni quel y addressﬂmﬂlmmﬂllmm tion of a cell R(?e UMP gHEET
cell colum addr array being subdiv dinto a plurallty of

5 bl,,ocks each corrpr|5| ng a sub-matri x array of said nenory cells and
bei ng uni quel y addressabl e by a conbi nation of a block row address
and a bl ock colum address, said bl ock CL row address consisting of -a
first plurality of nost si gnlflcant bits d”mﬁe row addresses of the
nmenory cel l s cont ai neg within said bl ogk, and said bl gck col ym address
consi sting df ‘A memory deiescamprising: amAtX grayAf: JRETROTY EFHT TEAMESDINTOWEANG he
col um addresses of* the menory cells 10 contai ned within said bl ock;
st or age nearslumispeazt of said memwry delisdeinguniduelyeaddrassablerby 3 cambination of a cell of
said matrix array and correspondi ng addresses of replacement nmenory cells

froma rowat@feld dridl £ceRiSRinin Bddpyss (R :hEtn& *lﬁ'asj 8ing ‘iubcﬁﬂ%&ﬁxiﬂ’@ﬁl%ﬁﬂi of

nmeans responsive to a sel ected one first “conbination of a 'block
of e cel 1 ok Bpeeompitin HpoBSRAER Rrsipe %ﬁrg@o@%@ Pand peing nifih, o O
means

addressable by a combination of a block row address and a block column address, said block
row address consisting of a first plurality of most significant bits of the row addresses of the
memory cells contained within said block, and said block column address consisting of a
second plurality of most significant bits of the column addresses of the memory cells

10  contained within said block; storage means adapted to store addresses of faulty memory cells
of said matrix array and corresponding addresses of replacement memory cells from a
substitute memory provided in the device; and comparator means responsive to a selected one
of a first combination of a block row address and a cell column address only and a second
combination of a cell row address and a block colurnn address only, said comparator means

15 further including selector means to select an appropriate data bit for substitution by a data bit

from said replacement memory.

2. A memory device according to claim 1 wherein said matrix array of memory cells is
provideii in a discrete chip which is coupled to an off-chip device incorporating said storage

20  means, substitute memory and comparator means.

3. A memory device ai:cording to claim 1 or claim 2 wherein said data bit from said

replacement memory is selected by an address comprising a part of the address of the
REPLACEMENT SHEET |

corresponding faulty memory cell.
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fur Iector means to select an appropriate data bit
for subst m MEHE bi t . fromsaid replacement nenory.
2. A nenp ng to claim1 wherein saf£E tAOE

ry
cells is provided in a discrete chip which is couple Mgo agHE‘Em '
of f-chip device incorporating said storage 20 means, substitute nenory
and conpar at or neans. 3. A nenory device accordi ng to claim1l or
claim2 wherein said data bit fromsaid repl acenent menory is

sel ected by an address conpri si ng a part of the address of the

?Or respond 37 Af :%lérlntoﬁ device ra%corﬁmg to claim 3 wherein said data bit from said replacement

memory is selected by a substitute row address and a substitute column address and at least
one of said substitute row address and said substitute column address comprises a plurality of

S least significant bits of the address of said faulty memory cell.

REPLACEMENT SHEET |
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4. A mepory device accordjng to claim3 wherein said data bit fromsaid
r epl acenent menory is sel ecteg-hy a substitute row address and a

substitute colunm address and at [east one ' ' -
address and said substitute colum address corrpriggspg%gpmﬁmg §ﬁE§\7{
| east stgnificant bits of the address of said faulty nenory cell.

: ABSTRACT

A device for replacing defective storage locations with working storage locations
comprises receiving means for receiving an incoming address for accessing a storage
location, comparing means for comparing the incoming address with all of the addresses

5 of known defective storage locations, and directing means for directing accesses to an
alternative location when the incoming address matches one of the addresses of known
defective storage locations. There is one alternative storage location and one comparing
means for each known defective storage location. In this invention only a portion of the
incoming address is used in the comparing means. In addition, each of the comparing

10 means may use a different portion of the address for accessing a storage location.

[Figure 4 to accompany the abstract]
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