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NONVOLATI LE MEMORY BLOCKI NG ARCHI TECTURE AND
REDUNDANCY LD OF THE | NVENTI ON .~ The pr ' ntion
pertains toYﬁM‘@eFd of conputer nenories. "~ More part%ﬂ@‘;thi S

i nvention relates to a bl ocked electrically erasable and progranmabl e
nonvol atil e nmenory i ncorporating | ocal decoders for bl ocks and
redundant bl ocks such that when one block is found defective, the
defective bl ock does not affect other blocks and can be replaced with
a redundant bl ock. BACKGROUND OF THE | NVENTI ON One type

of prior art flash Erasable a b eal nmabl e Read- Only
Menory ("flash. EPROM') is or ggg%@g%ﬁ@gmtmoa\{g\lﬁsdaéﬁggé‘ol ums. Menory

cells are placed at intersectABGBIEECTYRE AND BEDUNDANGY it |ines. The
fl ash EPROM can IEIEEDOP TREMNVENTION ect ure by grouping a nunber of

Crct ooy ammed the. rTeSsRYbAST RS o o reREpRHARE aridhes. Loc'
el ectrical erasurhorepaitigyady. bisipventionJgiatesto a blockgd Rlecitically asasakle) t ne
sources of all thandplogtammablemonvolatié asdmory incorporating iocal decoders for

blocks and redundant blocks such that when one block is found

defective, the defective block does not affect other blocks and can be

replaced with a redundant block.

BACKGROUND OF THE INVENTION

One type of prior art flash Erasable and electrically
Programmable Read-Only Memory ("flash EPROM") is organized into
rows and columns. Memory cells are placed at intersections of word
lines and bit lines. The flash EPROM can have a blocked architecture
by grouping a number of columns into one block. The flash EPROM can
be programmed by a user. Once programmed, the flash EPROM retains
its data until erased by electrical erasure. " A high erasing voltage is
made availabie to the sources of all the cells in a merhory block
simultaneously. This results in a block erasure. The flash EPROM can
also have a full array erasure by applying the erasing voitage to the
sources of all memory cells of the flash EPROM simultaneously. The
erased block or array of the flash EPROM can then be reprogrammed
with new data.

One type of prior art flash EPROM typically includes redundant
memory cells. The redundant memory cells are used to replace -
defective cellis of the main memory array. Figure 1 shows one prior art
redundancy scheme for a flash EPROM.

As can be seen from Figure 1, flash EPROM 10 includes a main
memory 11 that is organized into a number of memory blocks BLOCKO
through BLOCKn. Each block includes word lines and bit lines. The bit
lines of a block extend only within the block while the word lines are
shared by all the blocks. The array configuration of each block of
memory array 11 is shown in Figure 2.
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only extend within block 25. Memory cells 25a and 25¢ have their -
controt gates connected to word fine 22a and memory cells 25b and 25d
have their control gates connected to word line 22b. The drains of cells
25a and 25b are connected to bit line 21a and the drains of cells 25¢
and 25d are connected to bit line 21b. The sources of cells 25a-25d are
all connected to a source line 23.
Referring back to Figure 1, each block of memory array 11 also
- includes a number of redundant columns. For example, BLOCKO has
redundant columns 12 and BLOCKn has redundant columns 12n. Each
of the redundant columns within a block can replace one defective
column within that block.

Because the word lines of memory array 11 extend to all the
blocks of array 11, a redundant row that extends to all the blocks of array
11 is needed to replace a defective row of memory array 11. As can be
seen from Figure 1, memory array 11 includes redundant rows 13.
When rows of memory array 11 are found defective, redundant rows 13
are used to replace the defective row.

Disadvantages are, however, associated with this prior art
redundancy scheme. One disadvantage associated is that such
redundant arrangement sometimes may not be able to replace a defect
in the main memory array. For example, as can be seen from Figure 2,
when word line 22a is shorted to bit line 21b through a defect
connection 27, the redundancy scheme as shown in Figure 1 cannot
replace the defective row. This is due to the fact that the redundant rows
can only replace the defective rows in the main array when the defective
rows are shorted together. if only one row of the main memory array is
found defective, the defective row will affect the memory operations of
the adjacent rows of the defective row.

Moreover, another disadvantage of the prior art redundancy
scheme is that when a block has more defective columns than the
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toget her. |f onl ynumbenafithe tiscardeddiashrEPROM chipsper smeon wafer increases,
the overall fabrication cost of the flash EPROM increases accordingly.

One of the features of the present invention aflows (1) a
redundant block of a nonvolatile memary to replace a defective block of
the memory and (2) the defective block not to affect other blocks of the
memory.

A nonvolatile memory includes a global line. A plurality of blocks
and a redundant block are also included in the memory, each block
having a plurality of local lines coupled to a plurality of memory cells and
a decoder coupled to.the global line and the local lines for selecting one
of the local lines to be coupled to the global line when enabled and for
isolating the local lines from the global line when disabled such that
when one of the blocks is found to be a defective block, the defective
block does not affect the global line and can be replaced by the
redundant block.

A nonvolatile memory includes a global line. A plurality of blocks
and a redundant block are provided, each having (1) a local decoder
coupied to the global line and (2) a plurality of local lines coupled to a
plurality of memory cells and the local decoder. The local decoder of a
selected block decodes an address to connect the global line to a
selected local line of the local lines while the local decoder of each of the
unselected blocks does not connect the global line to any local line
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nunber of redundant columms provided, that bl ock sinply cannot be
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not
limitation in the figures of the accompanying drawings, in which like
references indicate similar elements and in which:

Figure 1 shows a prior art redundancy arrangement of a flash
EPROM having a number of memory blocks;

Figure 2 shows a defect within one of the blocks of the flash
EPROM of Figure 1;

Figure 3 is a block diagram of a flash EPROM that employs one
embodiment of the present invention;

Figure 4 illustrates one array configuration of the flash EPROM of
Figure 3 with the local decoders;

Figure 5 illustrates another array configuration of the flash
EPROM of Figure 3 with the loca! decoders.

DETAILED DESCRIPTION

Figure 3 is a block diagram of the circuitry of flash EPROM 30,
which implements an embodiment of the present invention. Flash
EPROM 30 includes a memory array 31, which is made up of floating
gate flash EPROM celis that store data at addresses. For one
embodiment, memory array 31 stores 8 Mbits ("Megabits") of data. For
alternative embodiments, memory array 31 can be smaller than or larger
than 8 Mbits.

Alternatively, flash EPROM 30 can be other types of nonvolatile
memories. For example, flash EPROM 30 can simply be an EPROM
("Electrically Programmable Read-Only Memory").

Flash EPROM 30 can be used in any kind of computer system or
data processing system. The computer system within which flash
EPROM 30 is used can be a personal computer, a notebook, a laptop, a
personal assistant/communicator, a minicomputer, a workstation, a
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SUMVARY OF THE | NVENTI ON One of the features of the present

I rvent i on al Wwowgsdsd a redundant bl ock of a nonvol ati per/ssEREiast O
repl ace a defective bl ock of the menory and (2) the defective bl ock
not to affect other bl ocks of the nmenory. A nonvol atil e
menory includes a global line. A plurality of blocks and a redundant
bl ock are also included in the nenory, each bl ock - having a plurality
of local lines coupled to a plurality of n@oory cells and a decoder
coupled to the global line and the local lines for selecting one of
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redundant bl ock. gny otherdatastorﬁga y hatile mem)ry i ncludes a gl obal Iine.
A plurality of bl ocCks

a are each having
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decoder. The | ocadg rﬁt@@l%{ﬁfto@ub%trate sel ect ed bl ock decodes an address to
connect the gl obal | ocal |ine of the Igcal | i nes

while the | ocal decodgfor(ﬂnee%mwmef‘ﬁ@ac‘t‘ memarycall O mempty AMay 3HE’D ot
connect the gl obastore one bibohugtalas oak timercFor another embodiment, each

memory cell of memory array 31 can store muitiple bits ot data at one
time.

Memory array 31 is divided into a number of blocks BLOCKO
through BLOCKn and a number of redundant biocks 34 through 34i.
Each of blocks BLOCKO through BLOCKn includes a local decoder. For
example, block BLOCKO includes a local decoder 32 and block
BLOCK1 includes a local decoder 33. In addition, each of redundant
blocks 34 through 34i includes a redundant iocal decoder. For
example, redundant block 34 includes a redundant local decoder 35
and redundant block 34i includes a redundant local decoder 35i. Each
block of blocks BLOCKO through BLOCKn and redundant blocks 34
through 34i includes a number of bit lines and local word lines (not
shown in Figure 3). The bit lines of a block only extend within that
particular block and the local word lines of a block only extend within the
block. For example, bit lines 43 through 43i extend only within BLOCKO
and bit lines 45 through 45i extend only within block BLOCKn. Memory
cells are placed at intersections of the local word lines and bit lines. Ali
the bit lines of memory array 31 are connected to a Y gating circuit 42.

The local word lines within each of blocks BLOCKO0-BLOCKn and
redundant blocks 34-34i are connected to the local decoder of the
respective block. in addition, memory array 31 also includes a number
of global word lines 48 through 48n. Gilobal word lines 48-48n are
connected to each of local decoders 32 through 32n and redundant
local decoders 35 through 35i. Gilobal word lines 48-48n extend
through all of blocks BLOCKO0-BLOCKn and redundant blocks 34-34i.
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DRAW NGS The present] i nveggp Istrated by way of exanple
and not limtation in the Eonpanyi ng draw ngs, in
whi ch |ike references indicate simlar elenments and in which:

Figure 1 shows a prior art redundancy arrapbgerrent of a flash EPROM
havi ng a nunber of nenory bl ocks; Figure 2 shows a defect

wi thin one of the _blocks of theflash EPROM of Figure 1;
Figure 3 is a bl oSlotal word lines 48-48n-ara, mrm@tpmmaaygowed to the
embodi nent of t helocabwond lineswsfrgachblock of memory arrdy 8tbat dan b widotidally one
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word lines 48-48n to be connected to the local word lines of block
BLOCKO and redundant local decoder 35 can cause global word lines
48-48n to be connected to the local word lines of redundant block 34.

Alternatively, memory array 31 can be constructed such that each
of blocks BLOCKO through BLOCKn and redundant blocks 34-34i has a
number of word lines and local bit lines. The word lines only external
within the block and the local bit lines only extend within the block. The
local bit lines of a block are connected to a local decoder of that block.
In addition, memory array 31 includes a number of globat bit lines that
extend through all the blocks of memory array 31. The global bit lines
are connected to the local decoder of each of the blocks. The global bit
lines are then connected to Y decoder 39 via Y gating circuit 42.

Figure 3 does not show the local word lines within each of the
blocks of memory array 31. Figure 4 shows one array configuration of
each block of memory array 31, including local decoder and local word
lines, which will be described in more detail below. Figure 5 shows
another array configuration of each block of memory array 31, including
local decoder and local word lines, which will also be described in more
detail below. _

Referring to Figure 4, blocks 61 and 62 can be any two adjacent
blocks BLOCKO0-BLOCKn and redundant blocks 34-34i of memory array
31 of Figure 3. As can be seen from Figure 4, each of blocks 61 and 62
includes one of local decoders 63 and 64. Global word lines 48 through
48n are connected to each of local decoders 63 and 64.

Block 61 includes bit lines 70 through 70m and local word lines
71 through 71n. Block 62 includes bit lines 80 through 80m and local
word lines 81 through 81n. Block 61 inciudes a common source line 73
and block 62 includes a common source line 83. Each of common
source lines 73 and 83 is connected to an erasure switch of erasure
switches 36 (Figure 3). In addition, each of biocks 61-62 includes a
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- DETAI LED DESCRI PTI ON Figure 3 is a block diagram of the
cixcuitry of flash ERRQOM30 —which lnplenents an enbodi nent—of -t he

present invention. Flash EPROM 30 includes a nenory array 31, which

i s- made up i ng gate flash EPROM cel |l s that st t

addr esses. %?B%{%@;l enbodi nent, nenory array 31 storespé;?%%"@
(Megabits") of data. For al ternative enbodinents, nenory array 31 can
be smal |l er than or |arger than 8 Miits. Al ternatively,

fl ash EPROM 30 can be other types of nonvolatile menories. For

exanpl e, flash EPROM 30 can sinply be an EBF ("Electrically
Progranmabl e Read-Only Menory"). . Fl ash EPROM 30 can be used in

Syatem i hi n i 4iokqt 188h B roM,cae 3/AnBod S BfbeeibRE s traif O ©'
conput er, a not elJines and Ipeajiwgrd lines of that blacko Figurest shawseelisofdaini cator, a
m ni conputer, a WAMUYHhTRScOBr bRsck 61 and ofils Baatfrsugh 85c for block 62. Each
FETAESS6A0S4S cell in one block has its drain connected to one bit line, it control gate
connected to one local word line and its source connected to the
common source line of that block. For example, cell 74a has its drain
connected to bit line 70, its control gate connected to local word line 71,
and its source connected to source line 73. It shall be noted that none of
the celis within each of biocks 61 and 62 is physically connected to
global word lines 48-48n. Bit lines 70-70m and 80-80m are then
connected to Y gating circuit 42 (Figure 3). Each of the local word lines
within one block are connected to the local decoder of that biock. For
example, local word lines 71-71n are connected to local decoder 63 of
block 61 and local word lines 81-81n are connected to local decoder 64
of block 62.
As can be seen in Figure 4 and in accordance with one
embodiment of the present invention, each of decoders 63-64 includes
a number of one-to-one decoders, each being formed by a select
transistor. For example, local decoder 63 includes a number of select
transistors 76 through 76n, each being connected between one of
global word iines 48-48n and one of local word lines 71-71n. Likewise,

" local decoder 64 includes a number of select transistors 86 through 86n,
each being connected between one of global word lines 48-48n and
one of local word lines 81-81n. This indicates that each of decoders
63-64 can selectively connect global word lines 48-48n to the respective
local word lines within the respective block. For example, when
transistors 76-76n are turned on, global word lines 48-48n are
connected to local word lines 71-71n of block 61. Similarly, when
transistors 86-86n of local decoder 64 are turned on, each of global
word lines 48-48n is connected to its respective one of local word lines
81-81n. In this case, when one of global word lines 48-48n is the
selected word line, the select transistor of local decoder 64 also causes
the corresponding local word line to be the selected word line.
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conput er system_1In addition, the systemin which flash EPROM 30 is
used can be a printer system a cellular phone system a digital
apswering syste any other data storage system For
one enbodi rre‘FfP’Egl’P%%h EPROM 30. enpl oys MOS circuitry BCTUSISPS784, o
circuitry of flash EPROM 30 resides on a single sem conduct or
substrat e. For one enbodi ment, each nmenory-cell of nenory
array 31 can store one bit of data at one time. For another

enbodi nent, each menory cel |l of rrermé'y array 31 can store multiple
bits of data at one tinme. Menory array 31 is divided

into a nunber of bl ocks BLOCKO thro BLOCKn and a nunber of
redundant bl ocks 34 t saw'éwwushowseléma&h a losak deenders 83andRHnh BLOCKN
i ncludes a | ocal onlcindiatdes bne-to-one detodsrs, eacty bb icablidéecders 68landesd a | ocal

cach of edundan "‘%L‘ not 'ﬂrﬁ""’s%#"ﬁﬁa*‘gﬁa'ﬁs bl Torf BGP45. Inthio tBhe) 0 oc "

decoder. For ok connagted; thiocy QRQ? S$ $3T§f‘udes a redundant | ocal
decoder ﬁS and Ascbancbmsedwm Figurei4, ekcll ot selectarhnsibiors 76576t otg?acoger
35i. Eac ﬁl‘r@?ﬁﬂt %lﬂcg@ ocks
34 through%sg%: (Féq %onu er o@g QHFI nes an ocgef&w@?‘gtl I nes
(not shown B °'3 '"efﬁe In;add l'PHeSa‘EﬂOase&?QSé'l?"éﬁF%fs@,@t i t hi n
t _haL _ ) parti dmdahdewdmlsaialsd:oh'lﬂelléd)toabe oe addloffitnsa biock delevt signal é exlt end
Wi thin the i Q.Jgéﬁu xt end on

wi t hi n BLOCKO rPﬁﬁQJI?H Fﬂ@ﬁ@ g'leg 78 éﬂuﬁﬁggﬂé 't%e (Tlgfovvlﬁt h| n bl oci
BLOCKN.  MenDry {Figrs Btaceeeive o Papegive ROtk SHOGHONaR 4l vor d

lines and bit Ii mnaﬂdlBSn the bit lines of nenory array 31 are

connected to a Y gati RgHall'verdted that Figure 4 only shows one embodiment of the
present invention for local decoders 63 and 64. Alternatively, local
decoders 63 and 64 can be implemented by other types of decoders.
For example, each of local decoders 63-64 can include a number of
two-to-four decoders, each being connected to two of global word lines
48-48n and four of the local word lines for decoding a select data
received from the two global word lines to select one of the four local
word lines. When this occurs, the block select signal for that local
decoder is connected to each of the two-to-four decoders cf the local
decoder for enabling each of the two-to-four decoders. Further, the local
decoder of a block may be implemented by a number of three-to-eight
decoders, each being connected to three of giobal word lines 48-48n
and eight of the local word lines within that biock. Moreover, Figure 5
illustrates another embodiment of local decoders 32-32n and 35-35n of
Figure 3. Alternatively, other types of decoding schemes may be used.

As can be seen from Figure 4, global word lines 48-48n are

isolated from local word lines 71-71n by local decoder 63 and from local
word lines 81-81n by local decoder 64. When local decoder 63 is
enabled by the block select signal BSm, global word lines 48-48n are
electrically connected to local word lines 71-71n. Similarly, when local
decoder 64 is enabled by the block select signal BSn, global word lines
48-48n are electrically connected to local word lines 81-81n.
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-6- dobal word lines 48-48n are, however, not physically connected to the
| ocal word |ines of each block of nenory array 31 but can be electrically
connected to the local word |ines of each Brock via the respective | ocal

[ nes 48-48n 1o be corlR@GEUIANES Wb Ga-abABFPN Phite BPSERJEReBEReKD and
redundant | ocal deachdthefocahwordhlines oflaoblabk abme@madry agray 3148 formeddey a
connected to the dgialiodSpsly élllélﬁ\sstﬂg tﬁ&%ﬁ@%s%@%nﬁ& ates of the flash
Alternatively, %'@ @/ can &&{@ZM il am e, o I Ofrd bl ocks
BLOCKO t hr ough B! L ot example, Técal wo
line 71 is formed by a polysilicon strip that aiso forms the control gate of
each of fiash EPROM cells 74a through 75a. In addition, local word line
81n of block 62 is formed by a polysilicon strip that also forms the control
gate of each of flash EPROM celis 84c through 85c. Each of global word
lines 48-48n is formed by a second metal layer that is above a first metal
layer that forms each ot the bit lines of memory array 31. The first metal
layers in & block are above the polysilicon strips that form the local word
lines within that block.

By isolating global word lines 48-48n from local word lines
71-71n of block 61 and from local word lines 81-81n of block 62, global
word lines 48-48n are separated from each of the blocks of memory
array 31 and do not disturb other blocks of memory array 31 when one
block of memory array 31 is selected to be connected to global word
lines 48-48n for a memory operation. For example, when select -
transistor 76 connects global word line 48 to local word line 71 of block
61 for a programming operation, the high programming voltage Vpp
applied on global word tine 48 does not disturb memory cells 84a-85a
of unselected block 62. In other words, the memory cells of the
unselected blocks of memory array 31 do not experience any gate
disturbance when a selected black undergoes the programming
operation. In addition, because global word lines 48-48n are not
physically connected to the memory cells within each block of memory
array 31 and are a humber of layers above the local word lines of each
block, each of global word lines 48-48n is not affected when its
corresponding local word in one block is found defective. For example,
if local word lines 71 of block 61 is found defective, none of global word
lines 48-48n is affected. This is due to the fact that local decoder 63
separates local word lines 71-71n from global word lines 48-48n. This
in tum causes each of local word lines 81-81n of block 62 not to be
affected at all by the defect along local word line 71. As described




nunber of word lines and local bit [ines. The word lines only extend within
thé block and the local bit lines _only extend wthin the bl ock. _The | ocal

bit lines of a block are connected to a | ocal decoder of that block. In
addi ti on, rrermra/ array 31 includes a nunber of global bit |ines that extend
through al | ™YR%};¥s of nenory array 31. The global bit | FREY 43
connected to the | ocal decoder of each of the blocks. The global bit |ines
are then connected to Y decoder 39 via Y gating circuit 42, , Figure 3
does not show the local word Iines within each of the bl ocks of nmenory
array 31. Figure 4 shows one array configur%tion of each bl ock of nenory
array 31, including | ocal decoder and | ocall%ord Ii nes, which wll be
described in nore detail below. Figure 5 shows another array configuration

of each bl ock of #eevs jhedeiest alengilocal werd:ling 4t £an becyskoert ihane etBY wor d
l'ines, which w || linéssP0O-70nm o8 arshbftdo ilstaliwoed liles 49 Asds known, a defectigé erri ng

208y 16l i B sl M i g

and redundant blo y an be seen

e N arr )
from Figure 4, ealPraany it When tishapPensIOGRIcord B8t 5Jeaarl @dr s 63
and 64. d obal woddfectiveewortBling)r By isolating the docab wost limes dfca block from thecal

decod 63 and 6 N i b oo : ' d
Igggl e\r/\zrd I?Res é'fbf’h‘ﬁ"%d Iﬁ{#gg%%E}Eh%n%m?jgg%%gf?igsgﬁhpérougﬂ 80m
and 1 ocal word Ii ifoiated froMagrblocks, This Shareiore aliews acefective Biork 1908 ce

li ne 73I and bl7§c kré‘;ﬂac'ed:b)udeedmdamrtﬂwkwmweaﬂémng&ﬁ? nkernbryodperationsn
source lines a n ‘ :
Tt et 567 guBLofi bReke PR g Ruga s il ol ) Apticc
y a redundant block which would otherwise not be repaired by the prior
| art redundancy scheme.

When block 61 is one of blocks BLOCKO0-BLOCKnN and block 62
is one of redundant blocks 34-34i, block 62 can be used to replace
block 61 by asserting the BSn block select signal whenever the BSm
block select signal for block 61 should be asserted.

Referring to Figure 5, array 31 is shown with another
configuration for the local decoders. As can be seen from Figure 5, |
blocks 101 and 111 can be any two adjacent blocks of blocks
BLOCKO0-BLOCKn and redundant blocks 34-34i of Figure 3 and local
decoders 100 and 110 can be any two local decoders 32-32i and
35-35i. Block 101 is connected to local decoder 100 and block 111 is
connected to local decoder 110. Figure 5 only shows two global word
lines 48 and 48i for illustration. As can be seen from Figure 5, each
global word line is connected to a number of local word lines within a
block via the local decoder. For example, global word line 48 is
connected to a number of local word tines 90 of block 101 via local
decoder 100 and to a number of local word lines 92 of block 111 via
local decoder 110. Similarly, global word lines 48i is connected to a
number of local word lines 91 of block 101 via local decoder 100 and to
a number of local word lines 93 of block 111 via local decoder 110.
Each local word line is connected to the control gates of a row of
memoty cells within one block. Although Figure 5 does not show the
memory cells within each block, it is, however, evident that the array
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nunber of flash EPROM cel | s arranged at the intersections of the b|t

| i nes and Iq? d lines of that block. Figure 4 shows cgl dhgygégn

t hrough 75c T1of ock 61 and cel|ls 84a through 85c for bl ock agh

cell in one block has its drain connécted to one bit line, it control gate
connected to one local word line and its source connected to the

common source |ine of that block. For exanple, cell 74a has its drain

connected to bit line 70, its control gategigonnected to local word line 71,
and its source connected to source line 73. It shall be noted that none of

Gl obal word | i ne ﬁﬁﬁ%‘m@ gf pich BE0REEs 361 a3 eibe dalRiYiianed i ©
connected to Y gd@hhef Rigue@ A+ 42 (Figure 3). Each of the Iocal word |ines
wi thin one block are mrmmeedeémfrbineﬁbm etehad docad Hetdddrs DO GENd For

exanpl e, |ocal m‘% .he|ga§s 41 abhedbs Heol8P BAE hilrdtihr ot WD gBfedd Fadid Of

bl ock 61 and | oc re connec

of bl ock 62. D gate is 9@"@&1‘?"5@ asglahalworg; lipgrandsa salact ineeithBdance with
pnel . enbodiauhrnssodeddder.pFesexambleyaddﬁess decogér 100ariaciudes a 63- 64

i ncl udes

number of select lines 109, each being connected to one of AND gates
102 through 102n and one of AND gates 105 through 105n. Similarly,
address decoder 110a includes a number of select lines 119, each
being connected to one of AND gates 112 through 112n and one of
AND gates 115 through 115n. Decoders 100a and 110a both receive a
portion of an X address. Decoder 100a is enabled by a block select
signal BSm and decoder 110a is enabled by a block select signal BSn.
In this embodiment, each of decoders 100a and 110a is also connected
to bus 43 of Figure 3 to receive a portion of an X address and global X
decoder 38 receives the remaining portion of the X address. For one
embodiment, decoders 100a and 110a receive a number of the least
significant bits of an X address and global X decoder 38 raceives the
remaining bits of the address.

In alternative embodiments, AND gates 102-102n, 105-105n,
112-112n, and 115-115n can be replaced with other types of logic
circuits. ' .

When, for example, global word line 48 is the selected global
word line and block 101 is the selected biock for memory operations, the
BSm signal enables decoder 100a while the BSn signal disables
decoder 110a. Decoder 100a then decodes the address bits received
via bus 43 and selects one of select lines 109. For example, when
decoder 100a selects select fine 109a, AND gate 102 is therefore
enabled to connect selected global word line 48 to local word line 90a.
Although AND gate 105 is also enabled, AND gate 105 does not select
the corresponding iocal word line because global word line 48i is not
selected. Meanwhile, decoder 110a is disabled and does not select any
of select lines 119 such that all of AND gates 112-112n are blocked and
none of local word lines 92 is connected to selected global word line 48.



a_nunber of one-to-one decoders, each being forned by a sel ect
transi stor. For exanmple— ocal decoder 63 includes a nunber of select
transistors 76 through 76n, each being connected between one of

gl-obal word W;ﬂ 48n and one of |ocal word |ines 71-71%@@#@

| ocal decoder I'ncl udes a nunber of select transistors 8 6n,
each bei ng connected between one of global word |ines 48-48n and one
of local word Iines 81-81 n. This indicates that each of decoders

63- 64 can sel ectively connect global word |ines 48-48n to the respective

| ocal word lines within the respective blag For exanpl e, when
transistors 76-76n are turned on, global d lines 48-48n are

ransistors 86 86n of Teptipahek & Fieute ¥ olibi Wotp s 4Eaah are 8o
word |ines 48-48rednnectedite ot decoder 88 of flasipEPROM 30n X décdder 3B iswthedromi nes
81I 81t nd - Ejh: |S detoder Eﬁ‘ha ct taﬁﬁy ot O?glrjeé%ﬂabl W‘éﬁ%@##q causes
The cor r espondi neASfo &6 dne,dr bal wtim Tnes A 380 6C 5 epnereie = W
96/ 34391 data onto at least one of global word lines 48-48n. X decoder 38,
PCT/ US96/ 05748  however, does not select any local word line within each block of

memory array 31. '

For one embodiment, X decoder 38 selects a selected one of
global word lines 48-48n for every address applied. For another
embodiment, X decoder 38 generates a select data onto two or more of
global word lines 48-48n for every address applied.

In addition, flash EPROM 30 includes a Y decoder 39 and a block
decoder 37. Y decoder 39 is connected to Y gating circuit 42. Y

~ decoder 39 receives a column address from bus 43 to select one byte of
(i.e., eight) bit lines or one word of (i.e., sixteen) bit lines from a selected
block of memory array 31 via Y gating circuit 42.

Block decoder 37 selects a selected block for every block
address applied. Block decoder 37 selects the selected block by
enabling the local decoder of the selected block. Block decoder 37
does this by generating the appropriate one of the block select signals
BS0-BSn. In addition, block decoder 37 can also enable one of
redundant blocks 34-34i by enabling the respective redundant local
decoder of that block with one of the block select signais RBS0-RBSi.
Block decoder 37 is also connected to bus 43 for receiving the block
address. For one embodiment, the block address of flash EPROM 30 is
part of the column address received in Y decoder 39. Block decoder 37
outputs the block select signals BS0 through BSn and RBS0 through
RBSi via a number of block select lines 49 through 49s. In addition,
block select lines 49-49s are also connected to erasure switches 36.

Erasure switches 36 includes a number of switches, each being
coupled to the common source line of one block of blocks
BLOCKO0-BLOCKn and redundant blocks 34-34i. Each of erasure
switches 36 selectively connects the Vgg (i.e., ground) or Vpp (i.e.,
erasure) voltage to the common source line of its associated block in



- 8- Because Figure 4 shows that each of |ocal decoders 63 and

64 only includes..one-to-one decoders—each-oflocal decoders—63 and
64 does not receive any additional address bits frombus 43. In this
case, is not connected to | ocal decoders 63- 6?,

As can be see&n rom Figure 4, each of select transistors 7 c?'éus ¥ %

| ocal decoder 63 is controlled to be on and off by a bl ock sel ect signal
BSm applied on line 78. In addition, each of select transistors 86-86n of
| ocal decoder 64 is controlled to be on and of f by a block sel ect signal
BSn applied on line 88. Lines 78 and 88 arg, connected to bl ock

decoder 37 (Figure 3) to receive the respective bl ock select signals

BSm and BSn. one
enbodi ment of th@mmancﬁﬂgbéﬁgﬂ#\'fe%'ﬁﬁ@@ nﬁ%ncgﬁegg{e%%%ctﬂ@%ﬁ aé)ga?G
Al ternatively, | &using the menaeryoperations (ke read, pEegraBming) andArasyrey ot her
types of decoder%peratwns) For exanpl e, each of |ocal decoders 63-64 can

| ud nb f d to t
ot gl'obal word: | ines Each ot BkEedit sidhBhrBED tonofiBh Bty afid Y fiasgh, © 11
decodi ng a sel ectRBSitia applied tqﬂ;edo&ai@’eﬂodenQﬂmewfxbl%'@lﬂl-o%ﬂtauq’ﬁﬁﬁ to

sel ect one of thandretuhddritiblocks 34-34i! Fdrigxample/iReé bldek seRitt BSH sigh@l bl ock

Tvo- Lo-four decodPapiad sl degpaer 52 gﬂﬁéﬁéﬁwﬁﬁ%ﬁ%ﬁ%ﬁ*ﬂéﬂéﬁﬁh of Che

t wo-t o- f our decodPpiied tq redundant lneal dangder 35. When theBS@signabisock may be
i npl ement ed by a asesRed by biddk' dszoder 87 Jibkal decodefiSE flenabled i Fedeiveny

Cora T nes i o 4 i U i B sioft e -
enbodi ment of | o daesaéb@ch@GK%nWw@QﬁBSO signal isfasgerted by
Al ternatively, otdissk dedaeier 87, rRibAdandosalltutedenss isdénabiéd to receive the
select data from global word lines 48-48n to select one of the local word
lines of redundant block 34.
Flash EPROM 30 also includes a comparison logic 40 and CAM
("Content Addressable Memory™) sets 41 connected to comparison logic
40. CAM sets 41 include a number of sets of CAM cells, each acting as
a storage to store data. For one embodiment, each set of CAM sets 41
is fourteen bits wide and CAM sets 41 include eight CAM sets.
Alternatively, the number of CAM sets 41 can be larger or smaller than
eight and each CAM set can have more or fewer than fourteen bits.
Each set of CAM sets 41 is used to activate a redundant block for
replacing a defective block. When a CAM set of CAM sets 41 is used to
activate a redundant block for replacing a defective block of blocks
BLOCKQ-BLOCKn, that CAM set stores the block address of the
defective block and that of the redundant block for replacing the
defective block. For example, if block BLOCK1 is found defective and
needs to be replaced by redundant block 34i, the block address of block
BLOCK1 and that of redundant block 34i are then stored in a CAM set of
CAM sets 41. Whenever an address is applied to bus for addressing
flash EPROM 30, that address is also applied to comparison iogic 40.
During read operation, block decoder 37 asserts all block select
BS1-BSn and RBS0-RBSi signals to speed up the read operation.
Alternatively, on device power up of flash EPROM 30, comparison logic

;




As can be seen from Figure 4, global word lines 48-48n are I sol at ed
fromlocal word lines_71-71 n_by |ocal decoder_63 and fromlocal = word
lines 81-81 n by | ocal decoder 64. Wen | ocal decoder 63 is enabl ed
by the bl ock |l ect signal BSm global word |ines 48-48n are

el ectricall y‘@‘gﬁ%@é’f‘ed to local word lines 71-71 n. Sim | ar PFTUR80Cal
decoder 64 is enabled by the bl ock sel-ect signal BSn, global word Iines

48-48n are electrically connected to |local word |ines 81-81 n., : WO
96/ 34391
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I n accordance with one enbodi nent of the present invention, each of

conti nuous. pol ysi iceﬁfe»e?rﬁg dogBoa AT e fte Blosk selac Sanatdish whe 1 ash
EPROM cel | s al ongdefestivehiooks of memory amaydd. Duoringreadpoperatian; athencarnd
o T e o S AR Lt 0 S R | o
Fi ne eagl (_I’)l oPdgfegé I?v'ggwpgﬁ?‘g‘r fﬁ?sa&ﬁgnygi fective qck‘ﬁ statad iny) so
forns the control CAM sets 41. If the incoming address is directed to block BLOCK1 and
) BLOCK1 is replaced by redundant block 34i (i.e., comparison logic 40
detects a match), comparison logic 40 causes Y decoder 39 to act on
the block address of redundant block 34i instead of that of the incoming
address. '

During programming operation, when an address is applied to
bus 43, comparison logic 40 compares the incoming address with the
block addresses of all the defective blocks that are stored in CAM sets
41. If the incoming address is directed to block BLOCK1 and block
BLOCK(1 is replaced by redundant block 30i (i.e., comparison logic 40
detects a match), comparison logic 40 causes block decoder 37 not to
act on the incoming address. in addition, comparison logic 40 applies
the block address of redundant block 34i to block decoder 37 such that
redundant local decoder 35i instead of local decoder 33 is enabled. - In
addition, comparison logic 40 also causes Y decoder 39 to act on the
block address of redundant block 34i instead of that of the incoming
address. During erasure operation, because the Y address only
contains the block address of a selected block, comparison logic 40
does not cause Y decoder 23 to act.

When block decoder 37 is controlled by comparison logic 40 to
access redundant block 34i whenever block BLOCK?1 is addressed,
block decoder 37 asserts the block select RBSi signal and deasserts the
block select BS1 signal. This can be done by any conventional means
and circuitry. Comparison logic 40 can be any known comparison logic.

In the foregoing specification, the invention has been described
with reference to specific embodiments thereof. It will, however, be
evident that various modifications and changes may be made thereto
without departing from the broader spirit and scope of the invention.

The specification and drawings are, accordingly, to be regarded in an
itlustrative rather than a restrictive sense.



gate of each of flash EPROM cells 84c through 85c. Each of global word

btnes 48-48n.is formed by a second_netal layer that is above afirst netal ——
| ayer that forms each of the bit lines of nenory array 31. The first netal

l ayers in a e above the lcon strips that for ;”h | word
i nes wthi n‘%’ﬁg{sﬂg{ ock. THIS SHEET 18A% BEERY 9! obal V\gﬁfg | %48- 48n
fromlocal word Iines 71-70 n oRgb 61 and fromlocal word |ines

81-81 n of block 62, global n are-separated—from each

of the bl ocks of nenory array 31 and do not distur o
menory array 31 when one - . bl ock of rreilgry array 31 ii BW ml ‘
1ONn FOr =

connected to global word i nes 48-48h"Tor a .nmenory
exanpl e, when selgcé transi stor 76 connects global word line 48 to
| ocal word |ine | ock 61 for a programm ng operation, the high

programm ng vol t MfbatMsclaimed is:appl i ed on gl obal word line 48 does not
di sturb nenory cells a-8 ; I sdlock 62. I n other words,
8¢ %nonvolat‘lééf&ée}g&gr g@bgﬁ%@b

the nenory cells of th(% unls_e : menory array 31 do not
experience any gate ) &9pbAlfi®se when a sel ected bl ock under goes the
progr ami ng oper(B) i o pluralitydofi memory blecks ard gl redahdant ibibdki, eaeh 48- 48n
are not phy&d,@q}iéi connected to the nenory cells within each bl ock of
menory array an Z,re, an nbaﬁ{g(%f Iqeti,ers_ above the local word lines
of each bl ock, each &9 gl BPlyraliy.of lpcallinesis_ 45n i s not affected when
its correspondi ng | o)} wardécodencaupied tokthesglobalranddetaldinesdor For
exanpl e, | Tsdl6ally Soubihg 15 gibbaPlindlo’le Binesobal e i Boasidelge none
of gl obal word lin 8-248n [.s af e fact that

local decoder 63 Withan ptarm B%Wﬁﬁhg%eﬁggééilﬁsﬁfﬁéﬁr%}% @Pobal wor d
| i nes 48-48n. Thiisolating the locallinesdftars dse global liies when theodecddends 81- 81 n of
bl ock_62 not to hfisabled suéh tiRft WifenTneof th8ndmbryt66Kstis @ dutectivesiber)or d
line 71. As descrtheedjefective block does not affect the global line and can be replaced by
the redundant block;
(C) circuitry for disabling the decoder of the defective block and
"enabling the decoder of the redundant block whenever the defective
block is addressed. |
2. The nonvolatile memory of claim 1, wherein each of the
memory blocks and the redundant block further comprises memory cells
that are electrically erasable and programmable, and each of the
memoty cells stores a plurality of data bits at one time.
3. The nonvolatile memory of claim 1, wherein the nonvolatile
memory is an electrically programmable and erasable memory.
4. The ncnvolatile memory of claim 1, wherein the nonvolatile
memory is for use in a data processing system.
5. The nonvolatile memory of claim 1, wherein the global line
is a global word line and the local lines are local word lines.
6. . The nonvolatile memory of claim 1, wherein the global line
is a global bit line and the local lines are local bit lines.
7. A nonvolatile memory, comprising:
(A) a plurality of global lines, each being selected by an
address of the nonvolatile memory;
(B) a plurality of memory blocks and a redundant block, each
comprising

This Sheet Has Been Re,placed
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above, the defect along local word line 71 can be a short to one of bit

| rnes 70-70 or a short to local word line 49. As is known, a defective

word line typPIBPN affects the nrnpm wﬁzﬁ Sﬁ its acﬁ%%’”fr’ﬁ/vs of

menory cells. Wen this happens, - oca IS
defective word line. By isolatingi rd |ipes 01 i bl ock fromthe

gl obal word lines, a defect in a bl ock of menory array 3‘! mm;mn(”m”w
i solated fromother blocks. This therefore allows a defe

repl aced by a redundant bl ock w t hout af f etfi ng the nenory operatlon
of other blocks. In addition, this allows a defective block to be replaced
by a redundant bl ock whi ch{ioul @ prality i insahbnesie repaired by the pr| or

art redundancy schene. (i)  a plurait) on s@leetitarisistofs, eaen E"?,’H b bl )
62 can be used &' *““é’ﬁﬁbﬁ?""es o g3 °fB”§ ol 8 REa g RiBanpd Lo
si gnal whenever tﬁq@'ogssﬁlecl signal, whereie the: redungant blﬂdt can epla@@lashoul d be
assert ed. defective block of the memory blocks; \

(C) circuitry for disabling the select transistors of the defective
block and enabling the select transistors of the redundant block
whenever the defective block is addressed.

8. The nonvolatile memory of claim 7, wherein when the
select transistors in one of the plurality of biocks are not switched on by
the block select signal of that block, the local lines in that block are
isolated from the global fines.

9. The nonvolatile memory of claim 7, wherein the each of the
memory blocks and the redundant block further comprises memory cells
that are electrically erasable and programmable, and each of the
memory celis stores a piurality of data bits at one time.

10.  The nonvolatile memory of claim 7, wherein the nonvolatile
memory is an electrically programmable and erasable memoty.

11.  The nonvolatile memory of claim 7, wherein the nonvolatile
memory is for use in a data processing system.

12.  The nonvolatile memory of claim 7, wherein the global
lines are global word lines and the local lines are local word lines.

13.  The nonvolatile memory of claim 7, wherein the giobal
lines are giobal bit lines and the local lines are local bit lings.

14. A nonvolatile memory, comprising:

(A) aglobal iine;

(B) a plurality of blocks and a redundant block, each
comprising -

(i)  a plurality of local lines;

(i) alocal decoder coupled to the global line and the
local lines for decoding an address to connect a selected local line of
the local lines to the global line when the local decoder is enabled by a
block select signal and for isolating the local lines from the global line
when the local decoder is disabled such that when one of the blocks is a

—_—
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Referring to F| gure 5, array 31 is shown wth anot her configuration

far_the |ocal decoders As can be seen fromFEigure 5 bl ocks 101 and
111 can be any two adj acent bl ocks of bl ocks BLOCKO- BLOCKn and

r edundant bl 5? §4-34i of Figure_3 and Iocal decodera %8% ﬁg 110
can be any t‘&/@ ! decoders 32-3ﬂL§ S B@é\'l 35i. Blo

connected to | ocal decoder 100 and p S W

decoder 110. Figure 5 only shows Ltwe ﬂ ol word for
illustration. As can be seen fron1F|gure 5 each lj II
connected to a nunber of local word lines within a

| ocal decoder. For exanple gl obal word IT 48 is connected to a
nunber of | ocal rd ]| 90 of ock 101 vi decoder, 100 and
to a nunber of d@é QUP%W?LS_LWW@PC“M glopglline apgt o ger

I110. I Si m Llalr! Y, gﬂanthégl frepltaabd bynthe réﬁundmtchlnukect ed to a nunber of
ocal wor i nes 0 0
nunber of | ocal v&r}é‘ eseg %H‘ﬁ%#(mﬁéé Vi a aé&qr&ecg%
Each | ocal word | ?@d Eﬂﬁwgl& 8 lecp tq‘?éo efibe rg nb "t?l"ef
mermory cell's wit the dafective bidck ig\atiresged.Fi gure 5 does not show t he
ROy ooy ” N ead) PhfighonvblatiR mBMERY 6 claffy 14 Rhefeifing BEa" " 2Y
PCT/ US96/ 05748  decoder of each of the blocks and the redundant block further
comprising
(1)) a decoder coupled to receive the address;
(i)  a plurality of logic circuits, each being coupled to the
global line, one of the local lines, and the decoder.
16. The nonvolatile memory of claim 14, wherein the global
line is a global word line and the local lines are local word lines.
17.  The nonvolatile memory of claim 14, wherein the global
line is a global bit line and the local lines are local bit lines.

This Sheet Has Been Replaced




-11- configuration of each of blocks 101 and 11 can be easily

obt-a+hed—in cddght of Figure 4 As can be _seen from
Figure 5, each of |ocal decoders 100 and 110 i ncludes an address
decoder and woigaldsy Of AND gates. Each AND gate is copnected to a
gl obal word line and a select Iine of the addr ess deJ&#ﬁ%*W5ﬁ”
exanpl e, -address decoder |00a includes a nunber of select |ines 109,
each being connected to one of AND gaHe; 5 102 through 102n and one of
AND gates 105 through 105n. Simlarly, address decoder 11 Ca incl udes
a nunber of select lines 119, each bei ng connected to one of AND
gates 112 through 11 2n and one of AND gates 115 through 115n.
Decoders 100a a 110a both receive a portion of an X address.
Decoder 100a i s qnabl ed by & bl ock sekect si gnal BSm®&ind decoder 110a
i s enabl ed by a bNock sel@eedsignal—B3a Lo_this enpolligent, each of
decoders 100a and 11Ca i g al so fonpect ed bf Fijgure 3 to
receive a portion of an QR addrefps prrer=gi-gioe b8 recei ves
the remai ning portion of Jthe X hddless. bnt , decoders
100a and 110a receive a rjunber pf fhe le bits of an X
address and gl obal X decdder 38} regei ves i ts of the
addr ess. Inlalternftile enbpdi nentg, s 192-102n, 1
05- 105n, 112-11 214, and L1"p-115n}jcan be replaged W t hjot her types
of logic Circupts. en, ftor gl opal word line
48 is the sel ected gljoweH woyd ling and block 141 i thg sel ected
bl ock for menory operfati qns, tI—Te Bpm si gnal dechp & 100a
while the BSn signg |disgblgs o s o | &
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decoder 11 Oa. Decoder 100a then decodes the address bits received
via-bus 43 and selects one of select lines 109. For exanple, when
decoder 100a selects select line 109a, AND gate 102 is therefore

enabled to sel ected gl obal word line 48 to | ocal rd i Oa.
Al t hough ANBﬁg£¥%£EOS is al so enabl ed, AND gate 105 does ﬁ%Fgﬁgﬁégh

the corresponding |local word |ine because global word line 48i is not

sel ected. Meanwhil e, decoder 11 Ca is %igabled and does not sel ect any

of select lines 119 such that all of % DYgates 112-11 2n are bl ocked and
none of local word lines 92 is connected to sel ected gl obal word line 48.
WD 96/ 34391
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Referring back to Figure 3, global word |lines 48-48n are al so

connected to X decoder 38 of flash EPROM 30. X decoder 38 is the row
decoder of menory agray 31. X decoder 38 receives a row address from

bus 43 to sel ect oneNof global word |lines 48-48n, or to generate a sel ect
data onto at | east oag\of gl obal word |ines 48-4§31 X decoder 38,
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however, does not sel ect any | ocal mord l'ine within each block of

+renory array 31. For .c : X decoder 38_selects a
sel ect ed one of gl obal word |ines 48-48n for every address appli ed.
For anot her mbodi nent, X decoder 38 generates a sel ?@rn@h@s Qto two
or nore of WO bbal word | ines 48-48n for every addres

In addition, flash EPROM 30 i ncl udes a Y decoder 39 and a bIock
decoder 37. Y decoder 39 is connected uit 42. Y

decoder 39 rgceives a cq : - ydy B
(i.e., eightj\bit lines i -_, ipnes frgm a
sel ected bl ock of ‘ 3 ' | :
Bl ock decoder 37 sel eaid ; o7 addr ess
applied. Bl ock decoder N7 sele 4 % ed _Dblock b enablj ng the
| ocal decoder of the seljected 8l 0G4, Bl oc : IS by
generating the appropridte ond of=dNhe bl o 3 I Okek B3O BSn.
In addition, block decoder 37 |cafljd so en bl ocks
34-34i by enabling the rlespectfi@fir'ectrrcs e o der of ft hat
bl ock with one of the bljock sqlfefjl stomre RESE=—-RBSM | ock decoder
37.is also connected to|bus 43 THE |recei vi @et he bIock s. For
one enbodi nent, the bl odk addrje§ Iqf flashg ."a£N|30 I S f the
colum address received}]in Y Jec;u:r 39. BR® decoder outjput s the
. bl ock select signals BS® t hrodghi|BIn_and RESO i hr g Si vila a
- nunber of block select lJi nes 4@ Hnrfough 4’ n addltloh, bl dck
sel ect |ines 49-49s arelal so don{iEdt ed to ﬂre SW tie q.
Erasure switches 36 r clfudes 4_n -er of = hes, eaoH bd 0 coupl ed
to the common sourcqg |infe of ch o.- s BLa G>B&OCkn and
redundant bl ocks $&-|34i . Each |of brasure SWTT 4 36 seleggimqu
connects the V[enﬁ (1. ,angUp 3 or Vpp(ﬂge., g
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erasure) voltage to the common sour¢e line of its associated block in

W0 96/ 34391 s : .

PCT/ US96/ 05748 -13-

accordance w t bl ock select signal fromone of select_l] - 49s
during the Wﬁperat lons (i.e., read, progranm ng, andP§§§W“

oper ati ons). Each of bl ock select signals BSO t hrough BSn and
RBSO t hr ough RBSi is applied to Zl"g,\ | ocal decoder of one of bl ocks
BLOCKO- BLOCKn and redundant bl ocks™ 34-34i. For exanple, the bl ock
sel ect BSO si gnal Is applied to | ocal decoder 32 and the bl ock sel ect
RBSO signal ig] applied to redundant |ocal decoder 35. When the BSO
signal is asserted by bl ock degoder 37, |ocal decoder 32 is enabl ed
to receive the select data from gl obal word |ines 48-48n to sel ect
one of the |ocal ——unrd Lines_qf Bl ock BLOCKO, JWen the RBSO signal is
asserted by bfock de defoder 35 is enabled

i @S 48-48n to sel ect

B

to receive the 81 selgc d
ong of the | ocal V\b,:d o\ ,.
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| i nes of redundant bl ock 34. " Fl ash EPROM 30 al so includes a
conpari sg arison | OgIC__A._O__a.n.d_CAM_ ! =Y - NEHCB'F"y—"—)’—S'e't—S“ZI-l rm—

connected to conparison |ogic 40. CAM sets 41 include a nunber of
sets of CAW&)S»%)&?% each acting as a storage to storep@fbssosag one
enbodi nent, Lt of cam sets 41 . is fourteen.bits w-de and CAM
sets 41 include ei ght CAM sets. " Alternatively, the nunber of CAM sets
41 can be larger or snaller than 5 £hght and each CAMset can have nore
or fewer than fourteen bits. Each set of CAM sets 41 is used
to activate redundant bl ock for replacing a defective bl ock. Wen
a CAM set of "CAM sets 4 is used to activate a redundant bl ock for
repl aci ng a degective bI:ock of bl ocgs BL O BLOCKn, that CAM set

| ock and that of the

J).Lcmck__Em:..ex.za\.r:mJ.E1 i f

o0 be repl aced by
BLOCK1 and t ha} of

stores the block address of the defective
redundant bl ock forEr Jgdbe o o defectin
bl ock BLOCK1 is fodﬁ¢ dgf ecti ve and needs
redundant bl ock 34i, ;thg bl ock address of bl ock

redundant bl ock 34i gre fthep stgred jn a GAM set Jof CAM set 5 4.
Wienever an_address jjs gppljed tjo bup for jaddressf ng fl ash HP 30,
that addres¥is al sojapdlief_tojconphrisonN logic MO § 1 _ 1 __ Ourjng
read operati@n, block dgceder 37 asserts g | bl ogk,spl ect 31 -BSn
and RBSO RB% sig@ls tq%pked 4Yp the read operaty n( Al terrfati vel y,
on device p r up-of flja PRPM 30} co I son C
Wi Jelel<| 8 " Tlalel | §1
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causes bl ock decoder 37 to disable the bl ock sel ect signal of a1|4ddw|e1998
def ective bl ocks of menory array 31. During read operation] when an

address is received, conparison |logic 40 conpares the incofi ng
address with the bl ock addresses of all thg_defective bl ocls stored in

CAM sets 41. If the incomng address is directed to bl ock BCOCKT ana

BLOCK1 is replaced by, redundan ar son.l.ogi ¢ 40.
detects a match), cofparP¥R N E@Lﬁ'e%aﬁﬁg‘ééswd‘% r arsey 35 'Q@ngﬁg't
t he bl ock addreslislesf21raedmm1dabtarhd wold lidies 22s had@2hi Bloek 3 repinesents vine ng

address. argay_ co@ﬁ r%rPBPHéa{Tpi ﬂgc%)gf_@d}@@thr%@q BIOCRA! $48rd S
applied to arison he 1 ncom nq addr ess
with the ingsi22aiard 22 se>6¢"<éb!3¥‘t>mfébh@ke%5t ane bi| leerL¥ahanrd 7€ st ored

in CAM sets onlyléxte'nfd Mﬁﬁnlmmsg M&ﬁb%ﬂsszw 866 286 Haveltherk -BLOCK1

fogic a0 oue) beles e hord 8o PB g Setatvicell sBbarERdder
37 not to heaye tbalrtdwtmhgatasrrg)rmedte&ism wd:mﬂ i 2260 The arajrer ofsamiis| ogi ¢
40 appl i es 2§ah§n@|2@ i%r@‘i']‘y Ftegi‘;tggtgfgfgﬂ%gré aplh%g éﬁérstd? cQ?IQ cdecoder

37 such that red un eC | I nst coder 33
i s enabled. In and25Q 3w PPBﬂ?CtGGW‘bQHi'%‘Gr?ﬂ%gTEe §9U&e§@fc%l§@§aY2%éfﬁjer 39
to act on the all coleetéd esldrsouscefing edundant bl ock 34i instead of that of

the | ncom ng 299 89ng Bk RIFGLRS YT SadPBloRkiof e R4IREy t Bush addr ess
includes a number of redundant columns. For example, BLOCKO has
redundant columns 12 and BLOCKn has redundant columns 12n. Each
of the redundant columns within a block can replace one detective
column within that block. |

Because the word lines of memory array 11 extend to all the
blocks of array 11, a redundant row that extends to all the blocks of array
11 is needed to replace a defective row of memory array 11. As can be
seen from Figure 1, memory array 11 includes redundant rows 13a,
When rows of memory ai'(ay 11 are found defective, redundant rows 13a
are used to replace the defective row.

Disadvantages are, however, associated with this prior art
redundancy scheme. One disadvantage associated is that such
redundant arrangement sometimes may not be able to replace a defect
in the main memory array. For example, as can be seen from Figure 2,
when word line 22a is shorted to bit line 21b through a defect
connection 27, the redundancy scheme as shown in Figure 1 cannot
replace the defective row. This is due to the fact that the redundant rows
can only replace the defective rows in the main array when the defective
rows are shorted together. If only one row of the main memory array is
found defective, the defective row will affect the memory operations of
the adjacent rows of the defective row.

Moreover, another disadvantage of the prior art redundancy
scheme is that when a block has more defective columns than the

s e S s iRt
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contains the bl ock address of a selected bl ock, conparison | E:AQEMENT SHEET

does not cause Y decoder 29 to act. When bl ock oueT 3715
controlled by conparison logic 40 to access redundant bl oc|ﬁ43¢¢i
whenever bl ock BLOCK1 is addressed, . bl ock decoder 37 gsdert's 'g1998
bl ock select RBSi signal and deasserts the bl ock sel egt |

This can be done by any conventional neans and circuitjry. Conparison
| ogic 40 can be any known conpari son | ogic. - | n Theforegorny

specification, the invention has been descri bed with reference to
speci fic enbodi mnent@lobawesd lines 48480 apr\oygverprot physicallyiceanpectegkio the
\éar i o;ys mo]gi fi C?L |e dn?%mdrmm&rs??feéamgbigek '&é@?ﬁ?@éﬁ% Ie31tbu(§ rc]:%tt@é'lbct_lr_iﬁglly
o o0, oot e P boalarE iR Sl ehdEobib SRR esppive i
illustrative rat he_rdacrmje_r@f thattblock.i Fer eeample, local decoder 32 allows global
; (1)f57p y g—ﬁg'\/s Vhat I‘goﬁ ngé%?%‘@h to. bneec;:omqectedfb R ANbHE HIESBY Miock
CKO and redundant local decoder 35 can cause global word lines

48-48n to be connected to the local word lines of redundant block 34.

Alternatively, memory array 31 can be constructed such that each
of blocks BLOCKO through BLOCKn and redundant blocks 34-34i has a
number of word lines and local bit ines. The word lines only
within the block and the local bit lines only extend within the block. The
local bit lines of a block are connected to a local decoder of that block.
In addition, memory array 31 includes a number of global bit lines that
extend through all the blocks of memory array 31. The global bit lines
are connected to the local decoder of each of the biocks. The global bit
lines are then connected to Y decoder 39 via Y gating circuit 42.

Figure 3 does not show the local word fines within each of the
blocks of memory array 31. Figure 4 shows one array configuration of
each block of memory array 31, including local decoder and local word
lines, which will be described in more detail below. Figure 5 shows
another array configuration of each block of memory array 31, including
local decoder and local word lines, which will also be described in more
detail below. _

Referring to Figure 4, blocks 61 and 62 can be any two adjacent
blqcks BLOCKO-BLOCKn and redundant blocks 34-34i of memory array
31 of Figure 3. As can be seen from Figure 4, each of blocks 61 and 62
includes one of local decoders 63 and 64. Global word lines 48 through
48n are connected to each of local decoders 63 and 64.

Block 61 includes bit lines 70 through 70m and local word lines
71 through 71n. Block 62 includes bit lines 80 through 80m and local
word lines 81 through 81n. Block 61 includes a common source line 73
and block 62 includes a common source line 83. Each of common
source lines 73 and 83 is connected to an erasure switch of erasure
switches 36 (Figure 3). In addition, each of blocks 61-62 includes a
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(B) -a plurality of nenory bl ocks and a redundant bl ock, each._conprising

(19 cal lines; (i) a deco ﬂEP& @EII\ENT

the global and |ocal l|ines for sel ecti vel y coupling the gl ohja .'iar.c 6 sgifszT
of the ” uumﬂU'|uJﬁmor dance with an address i nformation jwHen-the

decoder i solating the local lines fromtHe |gl 34PCT 198
when the decoder " s®disabl ed such that when gne of the menorly bJocks js a

def ective bl ock, the defective bl ock does nofi®affect the gl gbal Iine and

can be replaced by the redundant bl ock; (C© circuitr ' '

the decoder of thell&dME ive bl ock and enabling the decoder of the

redundant bl ock onppaphenaifisqgef ective block is addressed. 2. The

nonvol atil e menory of cI alm wherejn each of the penory bl ocks and the
redundant bl ock furthertconp |%§°P%H%WT%WI'§°F}R£\S"&e el ectrically
erasabl e and programmeb{A), aagiesallinef the menory cells stores a plurality

wher ai n the nonvol at i 1 ctBlermoP P, ot PERERY BGEHS Sorf FEbrE bidtod Rl

menory. 4. comp#simgnvol atile nemory of claim 1, wherein the

nonvol atile menory is for usgyin g ypéfq€€§ﬁ]n@§ system The
nonvol ati |l e nenory of clalmg whe n t'he gl ohal e ? ﬁ ﬁ?ﬂ vvord
line and the local |ines arelocaP Hef Foidrled to the glgpal ang esItati | e

menory of clai m 1, seibetiwaiy cobpling tiagldbahiine o anglofhiad Idpat lihe e agodrdanee

Local [ imes are | aggh i bolyeRSSorormation fap 14 SBURY B bDEWERR o, o 1,y
an address of the lﬁ@lﬂi'@lgdhlel leca!érnesyrom the global lines when the decoder is
disabled such that when one of the memory blocks is a defective block,
the defective block does not atfect the global line and can be replaced by
the redundant block;

(C) circuitry for disabling the decoder of the defective block and

.' enabling the decoder of the redundant block v%l%e defective
block is addressed.

2. The nonvolatile memory of claim 1, wherein each of the
memory blocks and the redundant block further comprises memory cells
that are electrically erasable and programmable, and each of the
memory cells stores a plurality of data bits at one time.

3. The nonvolatile memory of claim 1, wherein the nonvolatile
memory is an electrically programmable and erasable memory.

4, The nonvolatile memory of claim 1, wherein the nonvolatile
memory is for use in a data processing system.

5. The nonvolatile memory of claim 1, wherein the global line
is a global word line and the local lines are local word lines.

6. The nonvolatile memory of claim 1, wherein the global line
is a global bit fine and the local lines are local bit lines.

7. A nonvolatile memory, comprising:

(A)  a plurality of global lines, each being selected by an
address of the nonvolatile memory;

(B)  a plurality of memory blocks and a redundant block, each
comprising




(B) -a plurality of nmenory bl ocks and a redundant bl ock, eac 1993 v mesy)

- 16- (i) _a plurality of local lines; KQEN SHEE

plurality select transistors, each for coupling one of thg plobal TTnes 7

to one of ﬂ‘iwwm."!”wu |l ocal lines in accordance with a pl acqupb?c,gg

si gnal , i ant bl ock can replace a defective plpck of "th
(~C5 circuitry for disahling the sel ei ranstsS+ors

menory bl ocks;
of the defective block and enabling the sel edb-transistors t he redundant

bl ock only when the defective block is addressed. 8. The
nonvol atile memory of claim @) wherpimlipheilochldinest ect transistors in one

of the plurality of blocks afg nog ufali é?ébtqvariﬁo@,g‘é%éh%ﬂ %ﬁglﬁp%}%
| at e glopal

liness 0 g, ohfi siohobias PeormpRbiy Brrainaphioral lass i omanson B
the menory bl ocks arlotiseleetisigaaliwHdreimkthbretibadamtwipek 8as repladela cel | s
that are electri Cahl—z?@c%&ﬁo@keoﬁﬂg n%rﬂgmi?é;e’ and each of the

(C) circuitry for disabling the select transistors of the defective
t())lgfk Vevxlrlléjnenabling the select transistors of the redundant block

the defective block is addressed.

8. The nonvolatile memory of claim 7, wherein when the
select transistors in one of the plurality of blocks are not switched on by
the block select signal of that block, the local lines in that block are
isolated from the global lines.

9. The nonvolatile memory of claim 7, wherein the each of the
memory blocks and the redundant block further comprises memory cells
that are electrically erasable and programmable, and each of the
memory cells stores a plurality of data bits at one time.

10. The nonvolatile memory of claim 7, wherein the nonvolatile
memory is an electrically programmable and erasable memory.

11.  The nonvolatile memory of claim 7, wherein the nonvolatile
memory is for use in a data processing system.

12.  The nonvolatile memory of claim 7, wherein the global
lines are global word lines and the local lines are local word lines.

) 13.  The nonvolatile memory of claim 7, wherein the global
lines are global bit lines and the local lines are local bit lines.

14. A nonvolatile memory, comprising:

(A) a global line;

(B) a plurality of blocks and a redundant block, each
comprising

() a plurality of locat lines;

(i) a local decoder coupled to the global line and the
local lines for.decoding an address to connect a selected local line of
the local lines to the global line when the local decoder is enabled by a
block select signal and for isolating the local lines from the global line
when the local decoder is disabled such that when one of the blocks is a
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menpry cells stores a IuraI| data bits at one tine. REPLACM%EET
nonvol atil e mem)ryL ﬂel n the nonvolatile nenprfy TS an
el ectrically progr bl e menory. 11. | The 1@@%?'1%8. | ¢
menory of claim7, whereln the nonvol atile nmenory is for useg in a data -
processi ng system The nonvol atile nmenory of c| ak - -1
t he gl obal I|nes are gl obal vvord i nes and t1h7e | ocal linesjare |ocal word
| i nes. The nonvol atile menory of ‘claim7, wherermmthe grobal
i nes are global lin nd, the. local lines are, | | i, nes.
14. A nonvol ati I Ffﬁ %brﬁ}? & %‘-FS‘VG block dogsfiot ﬁ&igq?éﬂ 599%\&5‘9 and

(B) a plurality @bnttbe)oé@aeetdbytinedemdmmt blonkk, each conpri sing

Coupl eq Lo the gl obal Rehe SHGERRor gisabing the Iqcal bgadey %q“e%%&@%t o
connect a sel ect edlogcandenabling ﬂnehlpqab@lacocllerrmhedeﬁh@d@tgﬁaﬂ;k n

the | ocal decoder the RISAVRbIBYK & Addteks&s! ect signal and for isolating the

local lines fromthe glo I ne when_the | ocal  deco i.s di sabl.ed ,such
t hat when one of the g| ks-ﬁl aonvoefattle memory of clancchl wheremsiﬁe local

decoder of each of the blocks and the redundant block further
comprising
(1) a decoder coupled to receive the address;
(i) a plurality of logic circuits, each being coupled to the
global line, one of the local lines, and the decoder.
16.  The nonvolatile memory of claim 14, wherein the global
line is a global word line and the local lines are local word lines.
17.  The nonvolatile memory of claim 14, wherein the global
line is a global bit line and the local lines are local bit lines.

;g ARAENDED SHEET

22 e




-17- def ectlve bl ock, ‘the defective block does not affect the gl ob%l-’q'*r"}-'e -4

and can be regl_a&g_d_by_‘r_h_e_r_@undant block: £C circuitry for
di sabling the | ocal decoder of the defective block and enabling the RI¢HP

decoder of the redundant block the defective block is addressggm CoP 5.
The nonvol atile menory of claim 14, wherein the |ocal decode ‘m (uf:- of
t he bl ocks and edundanhﬂmhmbmmﬁ& (i) a
decoder coupl ed t6 receive the addr eegmatonal Burcau (ii) a p uraI ity of

| ogi ¢ ci rRNAERNATIONAL mmmpumsmmaglmAmmmAmmmwm

| i nes,[ & ilteinbtonst Putent (ldssification 6 : L 0- qnvol.a of Cl a4wp

V\/nerel ¢ pg%éﬂ, al I|ne'l | s a gl obal m (‘Jﬂ I ne an}ﬁﬁh%{mca ‘i nes armggl
§
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(57) Abstract

A nonvolatile memory includes a global line (48-48n). A plurality of memory blocks (BLOCKO-BLOCKn) and a redundant block
(34-34i) are also included in the memory, each block having a plurality of local lines and a decoder (32-32n) for selectively connecting the
global line (48-48n) to one of the local lines when the decoder (32-32n) is enabled and for isolating the local lines from the global line
{48-48n) when the decoder (32-32n) is disabled. When one of the plurality of blocks (BLOCKO-BLOCKn) is found to be a defective block,
the defective block is replaced by the redundant block (34-34i). Circuitry is provided for disabling the decoder (32-32n) of the defective
block and enabling the decoder (35-35i) of the redundant block (34-34i) whenever the defective block is addressed.




