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10 Background of the Invention

An integrated circuit memory is generally implemented as
an array of memory cells in a plurality of rows and columns.
Memory cells are addressable through row and column decoders.

15 Data is then written into, or read from, the addressed memory
cells. Also, an integrated circuit memory may be subdivided into
blocks of memory cells which are addressed by block decoding. A
plurality of blocks may be grouped into arrays of blocks with a -
memory containing one or more arrays.

20 As the memory storage capacity of integrated circuit
memories increases, the possibility of having manufacturing
defects in the rows and columns increases. And this results in a
decrease in production yields. One way to increase production
yields in large integrated circuit memories is column and row

25 redundancy. In an integrated circuit memory with redundancy, a
manufacturing defect in a particular row can be cured by using a
redundant row in place of the defective row. Likewise, a defect
in a particular column can be cured by using a redundant column
to replace the defective column. To implement column and row

30 redundancy, redundant control logic and redundant read/write
data paths are also required.

In order to repair a defective row or column, the defective
row or column is deselected and a redundant row or column is
assigned in its place by blowing a fusible link. The fusible link

35 may be blown using a high-energy laser, or may be blown

~ electrically at probe test. The ability to repair a memory that



redundant row in place of the defective row Likew se, a defect in a
particul ar colum can be cured by using a redundant colum to replace the
defective colum. To inplenent colum and row 30 redundancy, redundant
contrwol |ogic and redundant read/wite data paths are also required. In
order to repair a defective row or colum, the defective row or colum is
desel ected and a redundant row or col um ié assigned in its place by
blowing a fusible link. The fusible link 3 may be bl own using a
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and ground pins on the sides of the package, whereas integrated
circuit memories using the conventional pinout technique have
10 power and ground pins on the corners. A problem that has arisen
with redundancy in memories that use the revolutionary pinout is
that the access time of the redundant memory array may be
slower than the access time of the main memory. This is because
the redundant read/write control logic is centralized, thus
15 requiring gliobal redundant control signals to travel longer
distances to reach the separated input/output circuitry. This
problem becomes worse as the number of memory cells on an
integrated circuit memory becomes very large.
Another problem associated with redundancy is increased
20 die width due to the redundant read/write control signals
crossing the array area. In order for the die to fit into the
standard SOJ/FLAT package, the die width must not exceed a
maximum value. Thus the die width of larger memories may
become a critical factor.
25

Summary of the Invention

Accordingly, there is provided, in one form, a memory having
column redundancy with improved access time of the redundant
30 columns and that is easily configurable for words of different
widths. The memory comprises a left array having a top and a
bottom and a left array of redundant columns below the left
array. There is a right array having a top and a bottom and a right
array of redundant columns below the right array. A read global
35 data line is coupled to the left array and to the right array and
disposed therebetween, for reading data from the left and right
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10 A bottom read portion is coupled to the read global data line and

to the redundant read global data line and disposed below the left

and the right redundant arrays, for selectively coupling a second

data signal from either, the read global data line or the redundant

read global data line, in response to a second fuse operation.

15
Brief Description of the Drawings

FIG. 1 shows a block diagram of a memory with column
redundancy in accordance with one embodiment of the present
20 invention; _
FIG. 2 depicts a block diagram of a portion of the redundant
write path of the memory in FIG. 1;
FIG. 3 depicts a block diagram of the bottom portions of the
redundant read path of the memory in FIG. 1;
25 FIG. 4 illustrates a block diagram of the write fuses of the
bottom left write portion of FIG. 2;
FIG. 5 illustrates a block diagram of the read fuses of the
bottom left read portion of FIG. 3;
FIG. 6 illustrates in partial schematic form and partial
30 logic diagram form a write fuse circuit of the write fuses of FIG.
4; and
FIG. 7 shows a block diagram of a programmable comparator
block.

35 Description of the Preferred Embodiment



di spgsed therebetween, for reading data fromthe left and right 3
arrays. A redundant read global data |ine is coupled to the left and right
arrays of redundant colums and di sposed therebetween, for readi ng data
fromsd he left array of redundant columms and the right array of redundant
colums. A top read portion is coupled to 5 the read global data |line and
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right arrays, for providing a first data sﬂgnal conducted by either, the
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5 Brief De$cripddtassobufiess mndintgdeepders) acadigt showpek MemgnadQdf a
menory with cojreiidés clneanayray? oRahehiisryC eelist 21 ORE rigfHROSHERN6f thekritty
present 20 | ”&’Sﬁé'é’é‘j a left redundant array of memory cells 23 at the bottom
of the left array 21, and a right redundant array of memory cells
24 at the bottom of right array 22. Memory 20 also includes a
10 bottom left write portion 30A, a top left write portion 30B, a top
right write portion 30C, a bottom right write portion 30D, a
bottom left read portion 50A, a top left read portion 50B, a top
right read portion 50C, and a bottom right read portion 50D.
Finally, memory 20 has write JDEC fuses 32, 25, 87, and 88, and
15 read JDEC fuses 59, 85, 86, and 80. Left array 21 and right array
22 are each divided into 16 sub-arrays or blocks.

Bottom left write portion 30A receives a plurality of
predecoded column address signals labelled "COLUMN ADDRESS",
and receives input data corresponding to external data provided

20 as differential signal pairs labelled "DATA IN A". In response,
write portion 30A provides four differential signal pairs to left
array 21 via four write global data line pairs 37 and two
differential signal pairs to left redundant array 23 via two
redundant write global data line pairs 39. Top left write portion .

25 30B receives COLUMN ADDRESS and input data provided as
differential signal pairs corresponding to external data labelled
"DATA IN B". In response, write portion 30B provides four
differential signal pairs to left array 21 via four write global
data line pairs 41 and two differential signal pairs to left

30 redundant array 23 via two redundant write global data line pairs
26. Top right write portion 30C receives COLUMN ADDRESS and
input data provided as differential signal pairs corresponding to
external data labelled "DATA IN B". In response, write portion
30C provides four differential signal pairs to right array 22 via

35 four write global data line pairs 42 and two differential signal
pairs to right redundant array 24 via two redundant write global



FIG ,2 depicts a block diagramof a portion of the redundant wite path of
the menory in FIG 1; FIG 3 depicts a block diagram of the bottom portions

of the redundant read path of the nenory in FIG 1; 25 FIG 4
illustrates a block diagramof the wite fuses of the bottomleft wite
portion of FIG 2; FIG 5 illustrates a block diagramof the read fuses of

the bottomleft read portion of FIG 3; FIG 6 illustrates in parti al
schematic formand partial 30 |[|ogic di agr%mforma wite fuse circuit of
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21, a right argy tef difféfntial signal pairs to right redundant array 24 via

two redundant write global data line pairs 28.

Bottom left read portion 50A receives COLUMN ADDRESS and

receives two differential signal pairs corresponding to data from

10 feft array 21 or right array 22 via two of the read global data line
pairs 29. Read portion 50A also receives data from left
redundant array 23 and right redundant array 24 via redundant
read global data line pairs 44. In response, read portion 50A
provides two corresponding data signals labelled "DATA OUT A".

15 Top left read portion 50B receives COLUMN ADDRESS and receives
a two differential signal pairs corresponding to data from left
array 21 or right array 22 via two of the read global data line
pairs 29. Read portion 50B also receives data from left redundant
array 23 and right redundant array 24 via redundant read global

20 data line pairs 44. In response, read portion 50B provides two
corresponding logic signals labelled "DATA OUT B". Top right read
portion 50C receives COLUMN ADDRESS and receives two
differential signal pairs corresponding to data from left array 21
or right array 22 via two of the read global data line pairs 29.

25 Read portion 50C also receives data from left redundant array 23
and right redundant array 24 via redundant read global data line
pairs 44. In response, read portion 50C provides two
corresponding logic signals labelled "DATA OUT C". Bottom right
read portion 50D receives COLUMN ADDRESS and receives four

30 differential signal pairs corresponding to data from left array 21
or right array 22 via two of the read global data line pairs 29.
Read portion 50D also receives data left redundant array 23 and
right redundant array 24 via redundant read global data line pairs
44. In response, read portion 50D provides two corresponding

35 logic signals labelled "DATA OUT D". Note that DATA IN A, DATA
IN B, DATA OUT A, DATA OUT B, DATA OUT C, AND DATAQUT D



cellg 22, a left redundant array of menory cells 23 at the bottom of the

|l eft array 21, and a right redundant array of nenory cells 24 at the bottom
of right array 22. Menory 20 also includes a 1 0 bottomleft wite portion
30A :atop left wite portion 30B, a top right wite portion 30C, a bottom
right wite portion 30D, a bottomleft read portion 50A, a top left read
portion 50B, a top right read portion 50C, _and a bottomright read portion
50D. Finally, nenory 20 has wite JDEC fus@s 32, 25, 87, and 88, and 1 5
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via two r&O8unddumingra tsingleoaite deyclel | Eacharead portion 50A, 50B, 50C, and
50D may read two bits of data from memory 20 during a single
read cycle, or read mode. All four read portions may be selected
to read data during a single read cycle. As an example, if the data
organization of memory 20 is X8, write portions 30A and 30B may
15 write data into left array 21 or write portions 30C and 30D may
write data into right array 22 during a single write cycle,
depending on which write portions are selected. All four read
portions 50A, 50B, 50C, and 50D may be used to read data from
left array 21 or from right array 22 during a single read cycle. If
20 the data organization of memory 20 is X4, two write portions and
all four read portions are used during a single write or read cycle
as described for the X8 data organization, but only two bits of
data are written into each of the selected write portions and only
one bit is read from a read portion. If the data organization of
25 memory 20 is X1, only one bit of data is received or provided at a
time. Therefore, for a X1 data organization, only one write
- portion is required and only one read portion is required for a
single write or read cycle. Note that FIG. 1 depicts the relative
physical locations of write portions 30A, 30B, 30C, and 30D and
30 read portions 50A, 50B, 50C, and 50D in relation to left array 21
and right array 22. Write global data line pairs 37 and 41 are
routed down the left side of left array 21 and write global data
line pairs 42 and 43 are routed down the right side of right array
22. Read global data line pairs 29 are routed between left array
35 21 and right array 22. Memory 20 uses the revolutionary pinout



26. Top right wite portion 30C recei ves COLUMN ADDRESS and i nput data
provided as differential signal pairs corresponding to external data

| abel l ed "DATA IN B". In response, wite portion 30C provides four
differential- signal pairs to right array 22 via 35 four wite global data
line pairs 42 and two differential signal pairs to right redundant array 24
via two redundant wite gl obal 5 data Ipne pairs 27. Bottomright wite
portion.30D recei ves COLUMN ADDRESS and |ntut data provided as differential
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"DATA QUT A". provided to the same four pins as DATA IN A, or they can be

provided to separate pins. The same is true for write portions

10 30B and 30C and read portions 50B and 50C. A X4 data
organization would have the same data in/data out arrangement
as the X8, except that half of the number of data signals are used.
A X1 data organization has one pin for receiving external data and
a separate pin for providing data.

15 FIG. 2 depicts a block diagram of bottom left write portion
30A of memory 20. The structure of top left write portion 30B,
top right write portion 30C, and bottom right write portion 30D
are identical to bottom left write portion 30A. Bottom left write
portion 30A includes redundant write generator 31, data

20 multiplexer 34, redundant data multiplexer 35, write drivers 36,
redundant write drivers 38, write global data line pairs 37, and
redundant write global data line pairs 39. A Write global data line
pairs 37 include write global data line pairs 37A, 37B, 37C, and
37D. Redundant write global data line pairs 39 include redundant

25 write global data line pairs 39A and 39B. Write JDEC fuses 32 is
connected to redundant data multiplexer 35 and redundant write
genefator 31. Each of the four write global data line pairs 37A,
37B, 37C, and 37D is connected to a plurality of columns in left
array 21. Redundant write global data line pair 39A is connected

30 to redundant column set 53 in left redundant array 23. Redundant
write global data line pair 39B is connected to redundant column
set 54 in left redundant array 23. Therefore, in the illustrated
embodiment, only two sets of redundant columns 23 are
connected to bottom left write portion 30A. Redundant column

35 sets 51 and 52 are connected to top left write portion 30B via
redundant global data line pairs 26. In other embodiments, a



15 ,Top left read portion 50B recei ves COLUVWN ADDRESS and receives a two
differential signal pairs corresponding to data fromleft array 21 or right
array 22 via two of the read global data line pairs 29. Read portion 50B

al so=receives data fromleft redundant array 23 and right redundant array
24 via redundant read global 20 data |line pairs 44. In response, read
portion 50B provides two corresponding |ogic signals |abelled "DATA QUT B".
Top right read portion 50C recei ves COLUMY ADDRESS and recei ves two
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that DATA I N % DATA I N B, DATA QUT A, .DA d% ﬁ« 51JT DATA auT
D eselect a write driver of write drivers 36 when data is to

10 written into redundant column set 53 or 54. Write JDEC fuses 32
provide static, DC logic signals because they provide for more
relaxed timing for control signals CGRZ53 and CGRZs4 during a
write cycle.

FIG. 3 depicts a block diagram of bottom left read portion

15 50A and bottom right read portion 50D of memory 20. The
structures of read portions 50B and 50C are identical to read
portions 50A and 50D. Bottom left read portion 50A includes
redundant read generator 60, redundant read generator 61, output
data multiplexer 62 labelled "OUTPUT MUX", and output data

20 multiplexer 63 labelled "OUTPUT MUX". Bottom right read portion
50D includes redundant read generator 81, redundant read
generator 82, output data multiplexer 83 labelled "OUTPUT MUX",
and output data multiplexer 84 labelled "OUTPUT MUX". Redundant
array 23 includes redundant column sets 51, 52, 53, and 54, as

25 previously illustrated, and local column decoders 66, 67, 68, and
69. Redundant array 24 includes redundant column sets 55, 56,
57, and 58, and local column decoders 70, 71, 72, and 73. Read
JDEC fuses 59 is connected to redundant read generators 60 and
61. Read JDEC fuses 80 is connected to redundant read generators

30 81 and 82. Read global data line pairs 29 connects read portions
50A, 50B, 50C, and 50D to both left array 21 and right array 22.
Redundant read global data line pairs 44 includes connectors 78
and 79. Redundant read global data line pairs 44 connects left
redundant array 23 and right redundant array 24 to read portions

35 50A, 50B, 50C, and 50D.
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6 copnect to output buffers and bondi ng pads (not shown). The redundant
read/ wite operation of nenory 20 will be discussed below. Menory 20 is
configurable for a data organi zation, or word 5 width of X1, X4, or X8, and
has separate data paths for reading data fromnenory and for witing data
into nmenory. Each wite portion 30A, 30B, 30C, and 30D is capabl e of
witing four bits of data into nenory 20 during a single wite cycle, also
called wite node. However, only two of thed wite portions are selected 1 0

during a single W'E@ctﬂé@t%f Fe”dﬁhdaiﬁdc@miﬁnQVSﬁO'LSS 5@§ar ed”iﬁ 50D may
read two bits of data
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X8 data Organ'régﬁltgnin ti‘aﬁr Oéﬂﬁ'tlél.\(&s co‘?un?ms in left array 21 or right array
10 22 being replaced by four contiguous columns in redundant
column array 23 or 24. In other embodiments, a set of redundant
columns can include more or less than four contiguous columns.
Local column.decoder 66 is connected between redundant
column set 51 and redundant sense amplifier 65 and receives a
15 control signal' labelled "CGRT51". Local column decoder 67 is
coupled between redundant column set 52 and redundant sense
amplifier 65 and receives control signal CGRT52. Local column
decoder 68 is coupled between redundant column set 53 and
redundant sense amplifier 64 and receives control sighal CGRZ53.
20 Local column decoder 69 is coupled between redundant column set
54 and redundant sense amplifier 64 and receives control signal
CGRZ54. Local column decoder 70 is coupled between redundant
column set 55 and redundant sense amplifier 65 and receives
control signal CGRT55. Local column decoder 71 is coupled
25 between redundant column set 56 and redundant sense amplifier
65 and receives control signal CGRT5g. Local column decoder 72
is coupled between redundant columns 57 and redundant sense
amplifier 64 and receives control signal CGRZ57. Local column
decoder 73 is coupled between redundant column set 58 and
30 redundant sense amplifier 64 and receives control sighal CGRZ58.
Note that the letter "T" in the control signal name simply means
that the control signal goes to the top read and write portions,
and the letter "Z" simply means that the control signal goes to the
bottom read and write portions. Memory 20 may be designed to
35 include additional redundant sense amplifiers and sets of
redundant columns.



data.,are witten into each of the selected wite portions and only one bit
Is read froma read portion. If the data organization of 25 nenory 20 is
X1, only one bit of data is received or provided at a tine. Therefore, for
a Xl:data organization, only one wite portion is required and only one
read portion is required for a single wite or read cycle. Note that FIG 1
depicts the relative physical locations of wite portions 30A, 30B, 30C,
and 30D and 30 read portions 50A, 50B, 5@ and 50D in relation to |eft
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DATA OUT A an a@aeuﬁwtt IBlAXers V€ a8 ¢ 84 ghttemreadt D, whi ch
can be portions 50A and 50D, respectively. Data output multiplexers 62,
63, 83, and 84 receive data from both read global data line pairs
10 29 and redundant read global data line pairs 44. Data output
multiplexers 62 and 63 provide DATA OUT A. Data output
multiplexers 83 and 84 provide DATA OUT D. Redundant read
generators 60 and 61 receive one of the control sighals CGRZ53,
CGRZs4, CGRZ57, or CGRZ58. Redundant read generators 60 and 61
15 also receive DC logic sighals from read JDEC fuses 59 and provide
enable signals labelled " RGR 62" and" RGR g3" to data output

multiplexers 62 and 63, respectively. When enable signal RGR g2

is received by data output multiplexer 62, data is read from one
of redundant column sets 53, 54, 57, or 58 instead of from a

20 defective column during a read cycle of memory 20. For example,
to read data from redundant column set 53, local column decoder
68 receives control signal CGRZ53. This causes data to be
received by redundant sense amplifier 64, which then directs the
data to redundant read global data line pairs 44. Redundant read

25 generator 60 receives control signal CGRZ53 and also DC logic
signals from read JDEC fuses §9. As a result, enable signal

RGR g2 is provided to data output multiplexer 62 which causes

data output multiplexer 62 to read data from redundant read
global data line paii's 44 instead of from read global data line
30 pairs 29.

Either connector 78 or 79 is installed during the
manufacturing process when the last metal layer is deposited in
order to configure the data organization of memory 20. Connector
79 is used to provide a connection between redundant sense

35 amplifier 65 and read portions 50B and 50C when configuring
memory 20 for a X8 or X4 data organization. Connector 78 is not



provi,ded to the sane four pins as DATAIN A or they can be provided to
separate pins. The sane is true for wite portions 1 0 30B and 30C and
read portions 50B and 50C. A X4 data organi zati on woul d have the sane data
i n/data out arrangenment as the X8, except that half of the nunber of data
signals are used. A X1 data organi zation has one pin for receiving external
data and a separate pin for providing data. 1 5 FIG 2 depicts a block
di agram of bottomleft wite portion 30A ok 1 menory 20. The structure of top
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pair 39B 18 connectBy sepacatimgatite credumdant read/write control logic into
individual units and locating these units close to their respective
read and write portions, the need to route redundant control
signals across the integrated circuit memory is reduced. This
allows for smaller transistor sizes and shorter propagation
15 delays, thereby improving access time of the redundant columns
and reducing the amount of surface area on the integrated circuit
used for column redundancy.

FIG. 4 illustrates a block diagram of write JDEC fuses 32 of
bottom left write portion 30A of FIG. 2. Write JDEC fuses 32 -

20 includes eight fuse circuits 90, 91, 92, 93, 94, 95, 96, and 97.
Fuse circuit 90 provides a DC logic signal labelled "WJ53M37A".
Fuse circuit 91 provides a DC logic signal labelled "WJs4M37A".
Fuse circuit 92 provides a DC logic signal labelled "WJs3M37B".
Fuse circuit 93 provides a DC logic signal labelled "WJ54M37B".

25 Fuse circuit 94 provides a DC logic signal labelled "WJs3M37C".
Fuse circuit 95 provides a DC logic signal labelled "WJ54M37C".
Fuse circuit 96 provides a DC logic signal labelled "WJ53M37D".
Fuse circuit 97 provides a DC logic signal labelled "WJ54M37D".
Redundant write generator 31, and redundant data multiplexer 35

30 (shown in FIG. 2) each receive all eight of these DC logic signals
from write JDEC fuses 32.

Each fuse circuit 90 - 97 has a fusible link that can be
blown with a laser. As an example, if the fusible link of fuse
circuit 90 is blown, then WJs3M37A will be a logic high DC

35 signal. If the fusible link of fuse circuit 90 is not blown, then
WJs53M37A will be a logic low. Write JDEC fuses 32 can



set 24 in left redundant array 23. Therefore, in the illustrated

enbodi nent, only two sets of redundant columns 23 are connected to bottom
left wite portion 30A. Redundant colum 35 sets 51 and 52 are connected
to tep left wite portion 30B via redundant global data line pairs 26. In
ot her enbodi nents, a 8 different nunmber of sets of redundant col ums can
be included in redundant arrays 23 and 24. Wite drivers 36 receive colum
address signals COLUW ADDRESS Dat a nul tligl exer 34 and redundant data
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Referrmg now to both FIG. 2 and FIG. 4, if redundant write
generator 31 receives both control signal CGRZs3 and a logic high
10 DC signal WJs3M37A from write JDEC fuses 32, redundant write

generator 31 will provide enable signal WGR to a write driver of

write drivers 36 indicating that the addressed column from left
array 21 is defective. Control sighal CGRZ53 is also received by
redundant write drivers 38 and data intended for a defective
15 column on write global data line pair 37A would instead be
written on redundant column set 53 via redundant global data line
39A. Likewise, if there is a defective column in left array 21
that is coupled to write global data line 37B, redundant column
set 54 may be substituted for the defective column and adjacent
20 columns by blowing the fusible link in fuse circuit 93 to cause DC
signal WJs4M37B to be a logic high. Write JDEC fuses are used to
write data into redundant column sets and read JDEC fuses are
used to retrieve data from redundant column sets. Since there
are two redundant column sets 53 and 54 associated with bottom
25 left write portion 30A, and four write global data line pairs 37A
-37D, eight fuse circuits are required in write JDEC fuses 32 to
include all of the possible combinations of redundant write global
date line pairs 39 with write global data line pairs 37.
FIG. 5 illustrates a block diagram of read JDEC fuses 59 of
30 Dbottom left read portion 50A. Read JDEC fuses 59 includes eight
fuse circuits 110, 111, 112, 113, 114, 115, 116, and 117. Read
JDEC fuses 59 provides eight DC signals to redundant read
generator 60 and 61. Fuse circuit 110 provides a DC logic signal
labelled "RJ53Mg2". Fuse circuit 111 provides a DC logic signal
35 labelled "Rd54M@2". Fuse circuit 112 provides a DC logic signal
labelled "RJ57Meg2". Fuse circuit 113 provides a DC logic signal




structures of read portionsg50B and 50C are identical to read portions 50A
and 50D. Bottom |l eft read portion 50A includes redundant read generator 60,
redundant read generator 61, output data multiplexer 62 |abelled "QUTPUT
MUX"*, and output data 20 nultiplexer 63 |abelled "OUTPUT MJX". Bottom

ri ght read portion 50D includes redundant read generator 81, redundant read
generator 82, output data nultiplexer 83 |l abelled "OUTPUT MJX', and out put
data nul tipl exer 84 | abelled "OUTPUT MJX" 13%Redundant array 23 incl udes
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from fuse circuits 114, 115, 116, and 117 are received by
redundant read generator 61. Each fuse circuit 110 - 117 has a

10 fusible link that can be blown with a high energy laser. Read
JDEC fuses 59 function in the same way as write JDEC fuses 32.
If the fusible link of fuse circuit 110 is blown, then DC signal
RJs3Mg2 will be provided as a logic high. If the fusible link of
fuse circuit 110 is not blown, then DC signal RJ53Mg2 will be a

15 logic low. Read JDEC fuses 59 can therefore be used to
permanently store information as to which redundant column is to
replace a defective column during a read cycle. For example, in
the embodiment shown in FIG. 3, read JDEC fuses 59 are used to
link a redundant column set 53, 54, 57, or 58 to either of data

20 output multiplexers 62 or 63.

Referring now to both FIG. 3 and FIG. 5, if while memory 20

is in read mode, redundant read generator 60 receives a logic high
DC signal RJ53Mg2 from read JDEC fuses 59, and also receives
control signal CGRZ53, then enable signal RGR g2 will be

25 provided by redundant read generator 60 to output multiplexer 62,
preventing output multiplexer 62 from receiving data from read
global data line pairs 29. At the same time, control signal
CGRZs3 is also received by local column decoder 68 allowing data
to be received by redundant sense amplifier 64 from redundant

30 column set 53. Output multiplexer 62 then receives the data from
redundant read global data line pairs 44.

If a read portion is not used because of the particular data
organization, then the read JDEC fuses that are associated with
those portions are not used. For example, if the word width is X8,

35 then all fuse circuits of the read JDEC fuses are used because all
of the read portions are used. But if the word width is X4, only



Each.set of redundant columms 51 - 58 is arranged in groups of four
contiguous colums. Any of the sets of redundant colums 51, 52, 53, or 54
in left redundant array 23 can replace four contiguous colums in |eft
array 21. And any of the sets of 5 redundant col umms 55, 56, 57, or 58 in
ri ght redundant array 24 can replace four contiguous colums in right array
22. When any defective colum is to be replaced, three other adjacent
colums are replaced as well as the identit4ed defective colum. This
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control si@nallinkertigi lhasala divsttermialdeouied focaufitstdpower supply
voltage terminal labelled "VDD" and a second terminal connected
to a node labelled "N1". Transistor 102 has a first current
electrode coupled to the second terminal of fusible link 101, a
second current electrode connected to N1, and a control electrode
15 for receiving a control signal labelled "NB{AS". Transistor 103
has a first current electrode coupled to the second current
electrode of transistor 102, a second current electrode coupled to
a second power supply voltage terminal labelled "V§S", and a
control electrode coupled to the control electrode of transistor
20 102 and for receiving NBIAS. Transistor 104 has a first current
electrode coupled to the second terminal of fusible link 101 at
node N1, a second terminal coupled to V§g, and a control
electrode. Inverter 105 has a first terminal coupled to the
second terminal of fusible link 101 at node N1 and a second
25 terminal coupled to the control electrode of transistor 104 and
providing DC signal WJs3M37A. In the present embodiment, VDD
is approximately 5.0 volts above VSS and NBIAS is approximately
2.0 volts above VSS.
Before fusible link 101 is blown, a current path exists
30 Dbetween Vpp and node N1. Transistors 102 and 103 are both
driven into saturation by NBJAS, thereby providing constant
current sources which cause a constant DC current to flow
through fusible link 101 and transistors 102 and 103.
Transistors 102 and 103 are sized very small and are much more
35 resistive then fusible link 101, causing the voltage at node N1 to
be substantially VDD. Since N1 is being held at a logic high, DC



25 between redundant columm set 56 and redundant sense anplifier 65 and
receives control signal [err] Local colum decoder 72 is coupled between
redundant colums 57 and redundant sense anplifier 64 and receives control
signal [err] Local columm decoder 73 i's coupl ed between redundant col umm
set 58 and 30 redundant sense anplifier 64 and receives control signal
[err] Note that the letter "T" in the control signal nanme sinply neans that
the control signal goes to the top read afdd®wite portions, and the letter

"Z" sinply rreaéignhhaw g&g\/l%?l&ri%' aﬁ'agltf&gc%ﬁ\ﬁ twldwanmtt%fnsﬁﬁ 04 wite
portions. Menory esi gned I ncl ude addltlon r edundant
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il 1 pl oxer s GRDRANNEAY VERSC I Rverlds 03 LAises WiBaHEi7a t Bisome
respectively. @dpgm)lljug}m.t fransistarkd04 becomes conductlve and is sized to
be a strong pulldown, thereby latching inverter 105 at a logic
high and insuring that DC signal WJ53M37A stays at a logic high.
10 In another embodiment, fuse circuit 90 can be changed by
replacing series transistors 102 and 103 with a single transistor
to serve as the constant current source.
Shown in FIG. 7 is a block diagram of programmable
comparator block 45. Programmable comparator block 45
15 includes comparators 200, 201, 202, 203, 204, 205, 206, and
207, and address fuses 300, 301, 302, 303, 304, 305, 306, and
307. If memory 20 has a data organization of X1, comparator 200
is coupled to address fuses 300, receives column address signals
A12, A13, A14, A15, A16, A17, A18, A19, and A3, and provides
20 control signal CGRT51. Comparator 201 is coupled to address
' fuses 301, receives address signals A12, A13, A14, A15, A16,
A17, A18, A19, and A3, and provides control signal CGRT52.
Comparator 202 is coupled to address fuses 302, receives
address signals A12, A13, A4, A15, A16, A17, A18, A19, and A3,
25 and provides control signal CGRTs5. Comparator 203 is coupled
to address fuses 303, receives address signals A12, A13, A14,
A15, A16, A17, A18, A19, and A3, and provides control signal
CGRTse. Comparator 204 is coupled to address fuses 304,
receives address signals A12, A13, A14, A15, A16, A17, A18,
30 A19, and A3, and provides control signal CGRZ53. Comparator 205
is coupled to address fuses 305, receives address signhals A12,
A13, A14, A15, A16, A17, A18, A19, and A3, and provides control
signal CGRZ54. Comparator 206 is coupled to address fuses 306,
receives address signals A12, A13, A14; A15, A16, A17, A1S8,
35 A19, and A3, and provides control signal CGRZ57. Comparator 207
is coupled to address fuses 307, receives address signals A12,



63, 83, and 84 receive data fromboth read global data line pairs 10 29
and redundant read gl obal data line pairs 44. Data output multiplexers 62
and 63 provi de DATA OQUT A Data output nmultiplexers 83 and 84 provi de DATA
OQUT b. Redundant read generators 60 and 61 receive one of the control
signals [err] [err] or CGRZ58. Redundant read generators 60 and 61 1 5

al so receive DC Ioglc signals fromread JDEC fuses 59 and provi de enabl e
signals labelled " RGR 62" and" [err] 63" %% data out put mul tiplexers 62

and 63, respecAi8clAt4,VA46, DS A1, 0A$8, [A19,] ahd ASSaindEprovidest soatroput
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10 plurality of fuses for permanently storing the column address of
a defective column. A validity fuse is also provided for each of
address fuses 300 - 307. When a defective column is found
during the manufacturing process of memory 20, and the
defective column is determined to be repairable by replacing it
15 with a redundant column set, the address of the defective column
is stored by blowing the proper fusible links of one of address
fuses 300 - 307. The validity fuse is also blown to indicate that
the address of a defective column has been stored. The
comparator then compares the incoming column address signals it
20 receives to the address that is stored in the address fuse, and
provides a control sighal when the address signal matches the
address stored in the address fuse. As an example, if the address
of a defective column is stored by address fuse 304, then
comparator 204 will compare the external addresses it receives
25 to the stored address in address fuse 304. When the addresses
match, comparator 204 provides control signal CGRZ53 to
redundant write generator 31 and redundant write driver 38
during a write cycle, and to redundant read generator 60, 61, 81,
_ and 82 during a read cycle.
30 Referring again to FIG. 2, in a write mode of memory 20,
DATA IN A is received by data multiplexer 34 of bottom left
write portion 30A, COLUMN ADDRESS is received by write drivers
36. COLUMN ADDRESS selects which of write drivers 36 is to be
driven to a state representative of the logic state of signal DATA
35 IN A. Write global data line pairs 37 then carries the data to the
selected address in left array 21 where it is written into memory




order to configure the data organi zation of nmenory 20. Connector 79 is used
to provide a connection between redundant sense 35 anplifier 65 and read
portions 50B and 50C when configuring nenory 20 for a X8 or X4 data

or gani zati on. Connector 78 is not installed for a X8 or X4 data

organi zation in order to separate redundant sense anplifier 64 fromread
portions 50B and 50C. Read portions 50A and_ 50D will only read data from
redundant col umm sets 53, 54, 57, and 58, lahd read portions 50B and 50C 5
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redundancy.  provides DC signal WJ53M37A to redundant write generator 31
10 and to redundant data multiplexer 35. DC signal WJ53M37A is
used to identify which redundant column set 53 of redundant
columns 23 is to replace the defective column in left array 21
that is coupled to write global data line pairs 37A.
Programmable comparator 204 provides an control signal CGRZ53
15 ' to redundant write generator 31 and to redundant write drivers
| 38. Redundant write generator 31 provides enable signal WGR to

disable a write driver of write drivers 36 to prevent data
corresponding to DATA IN A from being written onto the defective
column. Redundant write drivers 38 are enabled by control signal

20 CGRZs3 to allow DATA IN A to be written onto redundant column
set 53 via redundant write global data line pairs 39A.

Referring again to FIG. 3, in a read mode of memory 20, data

is provided from left array 21 via read global data line pairs 29
to data output multiplexer 62, 63, 83, or 84. If a defective

25 column in left array 21 has been replaced by redundant column set
53 from left redundant array 23, programmable comparator 204
provides a control signal CGRZ53 to redundant read generators 60
and 61 and local column decoder 68. Fuse circuit 110 of read
JDEC fuses 59 provides logic high DC sighal RJ53Mg2 to redundant

30 read generator 60. When control signal CGRZs53 is received by
redundant read generator 60 during a read cycle, enable signal
RCGR g2 is provided to output multiplexer 62. Receiving enable

signal RGR g2 causes output multiplexer 62 to receive data from

redundant read global data line pairs 44 instead of from read
35 global data line pairs 29. Control signal CGRZ53 is also provided

to local column decoder 68 which causes redundant column set 53



FIG, 4 illustrates a block diagramof wite JDEC fuses 32 of bottomleft
wite portion 30A of FIG 2. Wite JDEC fuses 32 20 includes eight fuse
circuits 90, 91, 92, 93, 94, 95, 96, and 97. Fuse circuit 90 provides a DC
| ogic signal | abell ed [err] Fuse circuit 91 provides a DC |ogic signal

| abel l ed [err] Fuse circuit 92 provides a DC | ogic signal |abelled [err]
Fuse circuit 93 provides a DC | ogic si gnal abelled [err] 25 Fuse circuit
94 provides a DC | ogic signal |abelled [err Fuse circuit 95 provides a DC
| ogi c signal Itebprévide| datd teuedundanii serese @mroplifiers 64. DE¢dyndani seake
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fuses 32 can he re to permanently st undant
columm is palrs 4.
While the invention has been described in the context of a

preferred embodiment, it will be apparent to those skilled in the

10 art that the present invention may be modified in numerous ways
and may assume many embodiments other than that specifically
set out and described above. For example, there can be a different
number of sets of redundant columns, and the sets of redundant
columns can be located somewhere other than the bottom of the

15 arrays of memory cells. Also, there can be a different number of
contiguous columns in a set of redundant columns. Additionally,
another type of non-volatile memory can be used in place of read
and write fuses to store information as to which redundant
column set is to replace a defective column. In addition, data

20 organizations different from X1, X4, or X8 may be used.
Accordingly, it is intended by the appended claims to cover all
modifications of the invention which fall within the true spirit
and scope of the invention.




to repl ace a defective colum. Each fuse circuit of wite JDEC fuses 32 is
used to assign a particular redundant columm to a particular set of wite
gl obal data line pairs. In the enbodiment 5 shown in Fl : i

fuses 32 are used to link redundant colum sets 53 and 54 10 M i 8 pdé ced
data line pairs 37A, 37B, 37C, and 37D. Referring now to

FIG 4, if redundant wite generator 31 receives both contrk;“y‘ﬁ\mm‘m h
and a logic high 1 0 DC signal [err] froh8wite JDEC fuses! @B

write generator 31 will provide enable gigpHs WGR to a wite driver of
wite drivers 36 indicating that the addressed colum fk array 21 is
defective. Control signal [err] is also received by redphdEnSHEET HAS BEENEr S
38 and data i \Wen@aini:or a defective 1 5 colum on wife gl REMAGED2 |1 ne
~pair 37A would instead be witten on redundant columm s€ ' t
gl obal data line 39A. Likewise, if there is a defective colum in left
array 21 that 1.s cdpmemory (R0),ecomprigingata | i ne 37B, redundant col um

set 54 may be substituteg ﬂ_raltr?gsgqgieﬁé,jlmg gg{dpggn@ng g%aﬁ.pnt 20 colums

by bl owi ng_the fusible ITnk in rcul cause si’gnal [err] to
be a | ogi c®high. Wite Jodefti geray of sJegdundani eplumng 23); helow sridd

colum sets and read JDEC fusasayrgz-p)s,ed to retrieve data from redundant
colum sets. Since there are.two re@gﬁdﬁmt. col U{L‘n sets 56 ﬁnd_54 associ at ed
with bottom25 left wid &BBRBY ,NaYIRg: 8y e@gPBN2Mdat a 1 ne

D]

pairs 37A a right array of redundant columns (24) below said
right array (22);
10 a read global data line (29) coupled to said left array

(21) and to said right array (22) and disposed
- therebetween, for reading data from said left
and right arrays (21 and 22);
a redundant read global data (44) line coupled to said
15 left and right arrays of redundant columns and
disposed therebetween, for reading data from
said left array of redundant columns (23) and
said right array of redundant columns (24);
a top read portion (50B) coupled to said read global
20 data line (29) and to said redundant read global
data line (44) and disposed above said left and
right arrays (21 and 22), for providing a first
data signal conducted by either, said read global
data line (29) or said redundant read global data
25 line (44), in response to a first fuse (85)
operation; and
a bottom read portion (50A) coupled to said read
global data line (29) and to said redundant read
global data line (44) and disposed below said
30 left and said right redundant arrays (21 and 22),
for selectively coupling a second data signal
from either, said read global data line (29) or
said redundant read global data line (44), in
response to a second fuse (59) operation.
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-37D, eight fuse circuits are required in wite JDEC fuses 32 to include

all of the possible conbinations of redundant wite global date Iine pairs

39 with wite global data line pairs 37. FIG 5 |IIustratesTaskl{ea(Hﬁsdéea%
of read JDEC fuses 59 of 30 bottomleft read portion 50A Rm W
ge

59 includes eight fuse circuits 110, 111, 112, 113, 114, 115
Read JDEC fuses 59 provides eight DC S|gnals to redundant rea
and 61. Fuse circuit 110 prOV|des a DC 1 0d0c signal |abelled [err] Fuse

circuit 111 ppovi das meffery o @ﬁﬁlrsﬁgl abelled [err]. Fuse circuit 112
@

provides a DC I ogic signa beII e CII‘ uit rovides a DC
| ogi ¢ si gnal 1 3 |ab& i%‘g JrERy ‘}éng ?plﬂﬂ chﬂjtﬁqz@g)a DC | ogl c

signal labelled [err]. Gujeftcamayiof ¥édundant dmlumrEC(EG imelowgsaid | lefle! | ed
[err]. Fuse circuit 116 provi qgg 'a DC logic signal labelled [err]. Fuse
circuit 117 provides aDCIo ¥ gnal 5 labelled [err]. DC logic signals
fromfuse&ircuits 110, altight areay a(aa) hayuagea rtepeandda thOtthUUndant read
generator 60 and DC | ogigc f I gl 1 and 117
are received by redundaﬁt rr?h?%ﬁréxaer?:;? é?aﬁ‘zﬁu ﬁseééckpr ?&ﬁw %%’d 117
has a ’

a left write global data line (37) disposed left of and
coupled to said left array (21);
10 a right write global data (43) disposed right of and
coupled to said right array (22);
a left redundant write global data line (39) disposed
left of and coupled to said left array of
redundant columns (23);
15 ~ a right redundant write global data line (28) disposed
right of coupled to said right array of redundant
columns (24);
a left write portion (30A) for selectively coupling a
first data input signal to either said left write
20 global data line (37) or to said left redundant
write global data line (39) in response to a first
fuse (82) operation; and
a right write portion (30D) for selectively coupling a
second data input signal to either said right
25 global data line (43) or to said right redundant
global data line (28) in response to a second
fuse (88) operation.

[THIG SHEET HAS BEEN
REPLACED
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10 .fusible link that can be blowmm with a high energy |aser. Read JDEC

fuses 59 function in the sanme way as wite JDEC fuses 32. [f the fusible
link of fuse circuit 110 is blown, then DC signal [err] w | |ThisShgt HasiBéeR:
a legic high. If the fusible link of fuse circuit 110 is not ng“m Tm

signal [err] will be a 15 logic |low Read JDEC fuses 59 can

used to permanently store information as to which redundant co

repl ace a defective colum during a read &kle. For exarrpl e, in-the

enbodi ment sh@w i THE nefhopye ?b)Jlaf_CCfalmag 5&,@;@ e ﬁ@b ngt Nk a redundant
colum set 53, 54, 57, or 58t %agh 0 @ R‘(Jﬁ‘fzt mJ.It | exers 62
or 63. Referring now to &deRAFEle ‘%ﬁ? ) pou @rayin

read nmode, redundant read ger@ijtand &6 saldenghs &rrdlyDQ(QQ? haurgdh di§p6$€ﬂa|

thabl e Si gnal RGR 62 wi 1 b 5%@%@%@@&? PERIE A RAodnid B o0 to
out put mul®i pl exer 62, prever@nddgighit auraysu(2i @@(22)52 fromreceiving data
fromread gl obal data |'%‘?e€ hHant $eadt %@glscﬁfg @E[34§%l§9%dsf&§%5d[e”]

is also received by | oc unn decaode e recelrved by
redundant sense anplifier 64 lef oﬁnﬁeﬂghﬂaﬁﬂ'a)&) ofc &¢

mul tipl exer 62 then receives gdua 2yt ﬂr@igpbedunﬂﬁ?bbémdegl @bﬁlredam-g l'ine

pairs 44. |If a read portion i used se of the | ar data
organi zation, then the read *rﬁgéssq'aafe?graé'r%s?;cr ‘5%’&5 ﬁ;olumns
: 10 (23) and said right array of redundant columns
(24); |

a top read portion (50B) coupled to said read global
~ data line (29) and to said redundant read global
data line (44) and disposed above said left and
15 - right arrays (21 and 22), for providing a first
data signal conducted by either, said read global
data line (29) or said redundant read global data
line (44), in response to a third fuse (85)
operation; and
20 a bottom read portion (50A) coupled to said read
global data line (29) and to said redundant read
global data line (44) and disposed below said
left and said right redundant arrays (23 and 24),
for selectively coupling a second data signal
25 from either, said read global data line (29) or
said redundant read global data line (44), in
response to a fourth fuse (59) operation.

THIG SHEET HAS BEEN
REPLACED
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those portions are not used. For exanple, if the word width is X8, 35 then
all fuse circuits of the read JDEC fuses are used because alThisGheet laced
portions are used. But if the word width is X4, only 14 hﬁm‘lﬁlu

- read: portion is used. All wite JDEC fuses may be used i ndepe

data organi zation. This feature nmakes the col umm redundancy easi
configurable for different word wi dths during fabrication of nenory 20. 5
FIG 6 illustrates in partial schematic f 2% and partial |ogic diagramform

a fuse circuit490 op érhe Qﬁ%fé&amrﬁ%edﬁhaane rand tidcakifed ddlani T ead

JDEC fuses 59 are idepti se CLI‘C égb use ci,rcuit 90 incl udes

fusible link 101, @-Héf?ﬁf&y t¢ (Plslség 0SOMBYIPIAG  and inverter

105. Fusible 10 i nk 10anhagray bf rmenﬂnyrrememsumwd drganizZed #i rower

supply vol tage term nal | abel %ﬁﬂ é&ﬁ&ngnd a second termnal connected to a
0

node | abelled "N1". Transisto first current electrode coupled to
the second5terninal of f astedundantkauray, o redundantmqlwmnsd&);rode

obel T ed " NBI A", “Tr ans; EiERtiaE! gCsaAPaRE Wit GRARI 48G Tineel(29) afudle!
the second current el ectrode 8f) t%?gttﬂs ,aréalée(gahd current el ectrode
coupled to pluralities of redundant read and write global data
lines (44 and 39) coupled to said redundant array
10 (23);

an address comparator (200) including address fuse
means (300) for providing a plurality of
defective address signals in response to an input
address and a corresponding plurality of fuse
15 ' signals;
a write portion (30A) coupled to write fuse means
(32) for providing an input/output data signal to
a selected one of said redundant write global
data lines (39) in response to said defective
20 address signals during a write cycle; and
' a read portion (50A) coupled to read fuse means (59)
for receiving said input/output data signal and
for providing said input/output data signal to a
selected one of said redundant read global data -
25 lines (44) in response to said defective address
signals during a read cycle.

THIS SHEET HAS BEEN
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a second power supply voltage ternminal |abelled [err] and"a"‘ontrol

el ectrode coupled to the control electrode of transistor 2g;ssk&vH laced
receiving [err] Transistor 104 has a first current el ectrod

second term nal of fusible link 101 at node N1, a second te m
to VSS, and a control electrode. Inverter 105 has a first t coupl ed
to the second termnal of fusible Iink 101 at node N1 and a second 25

term nal coupled to the control electrode @8 transistor 104 and provi di ng

DC signal [errg In hhhé}ﬁB%f(QOF'ﬁé‘Wl’\ teadPRotie ad'ePwritB! flode>- O Vol ts

above [err] and [err] is .approximatel’y 2.0 volts above -[err] Bef ore fusible
link 101 is bl own, H"LP'Fﬁ 9path exists 30 between VDD and node NLI.

Tr anshstors 10t2 a{ld 103 a{ plurality d:flama?;srw amid! 22)) @aohycbm;rr]smgteateby
provi di ng constant current so o a rent ,to
f1 ow through fusible Iink 109 BidraTey % infuatifo ERs S Bhd plifbhs: bt . °102
and 103 ar® sized very snal| memarg aeﬂa nore 35 resistive then fusible

link 101, causing the vobt ?ﬂﬁa‘ﬁ}%@@%ﬁ% 6p“nﬁ sy nﬂhf’éll)h %,rsSlM N1

is being held at a logic h err I's at 8
N-channel transistor 104 is and 41), each Se COU o a correspon ing

array (21 and 22) for carrying data to selected
columns of said corresponding array;

10 a plurality of sets of read global data line pairs (29),
each set coupled to an array (21 and 22), for
carrying data from selected columns of said
array;

a plurality of redundant columns of memory cells (23

15 and 24); _

a plurality of sets of redundant write global data line
pairs (28 and 39), each coupled to a
corresponding redundant column, for carrying
data to said redundant columns (23 and 24);

20 a plurality of sets of redundant read global data line
pairs (44), each coupled to said redundant |
columns (23 and 24) for carrying data from said
redundant columns (23 and 24);

comparator means (45) for detecting when a defective

25 column in one of said arrays (21 and 22) is to be
replaced by a redundant column;

a plurality of write fuse means (32) for selecting one
of said redundant columns to replace a defective
column when the memory (20) is in the write

30 mode;

N
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nongonducti ve because the voltage at the control el ectrodée of transistor
104 is a logic low. Wien fusible link 101 is blown, the CurmrﬂheelaﬂislBeenReplaced

through fusible link 101 and transistors 102 and 103 5 is b
Tranrsi stors 102 and 103 pull the voltage at N1 down to subst
and inverter 105 causes [err] to become a logic high. Transi

becones conductive and is sized to be a StZ{Zﬁng pul | down, thereby |atching
i nverter 105 at a logic high and insuring at DC signal [err] stays at a

togic high. 1 0 In anotélepluozg;oﬁamnte fportionsr (30A aAd c30B)e edchnged by

repl acing series transistors ﬁgg}?lgﬁc&régpgna%da {?Er%'gg%}ﬁ §¥ serve

as the constant current sourc
progr ammabl e conpar at or bl ockwrite global slatabline qairsi(87oandl 43 as 1 5

ASSLESESf32226‘585”305003030]%%@;%%@%0%% 8?%'d§&§ A edidadfl, ) | o
a data org®@nization of Xi, coWﬂEﬁ Bpab(ﬂﬂt?sh%tﬁﬁ'& % ﬁﬂgr égg fiuses 300,
recei ves colum address si gnaggrréégondihg, ofibtof Alid \&hﬁe {08é. niskhs $32 and

a0 prondee 20 “eontr e e S Ak (L ok
A18, A19, and A3, and provi desitb@entwiitingi datd QrdJor ]satd)nwal‘ettgllobM)Zdata
COuP! L0 e ess Tusce 02 e ISR AL, HEckh, BlfingHra o A1
Conpar at of 0203 is coupl ed said redundant write global da?a lme pairs (26
and 39) selectively in response to said
comparator means (45) detecting a defective
column when the memory (20) is in the write
mode;
15 a plurality of read fuse means (59 and 85) for
selecting which redundant column is to replace a
defective column when the memory (20) is in the
read mode; and
a plurality of read portions (50A and 50B), each
20 coupled to a corresponding one of said sets of
read global data line pairs (29), a corresponding
one of said sets of redundant read global data
line pairs (44), a corresponding one of said read
fuse means (59 and 85), and to said comparator
25 means (45) for either reading data from said
| read global data line pairs (29), or for reading
data from said redundant read global data line
pairs (44) selectively in response to said
comparator means (45) detecting a defective
30 column when the memory (20) is in the read
mode. |

e
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to address fuses 303, receives address signals Al2, Al3, -At4—ALS5; Al6G—

Al7, A18, Al9, and A3, and provides control signal [err]. fo et R
coupl ed to address fuses 304, receives address signals Al2, m
Al6,: Al7, A18, 30 A19, and A3, and provides control signal fﬁﬁ‘m]ulj
Conparator 205 is coupled to address fuses 305, receives ad

Al2, A13, Al4, Al5, Al16, Al7, Al18, A19, and_ A3, and provides control signal
[err]. Conparator 206 is coupled to addr ed f uses 306, receives address

signal s Al2, A43, Mimefidry (36) halifg &lfaddodd SncRadweie rAedepr OVi des
control signal [err]. Copparator 20771s coupled to address fuses 307,
Sommdigta

recei ves address sigARISANY: 1 6 A13, Al4, Al5, Al6, Al7, Al18, Al9, and
A3, and provides control signal [err]. The particul ar address signals

and may be.di 11 er ent B €T EHGr Sc Ok O ety BanSRRY’ BhdCoBh qadfTen
of X4 or X8, fewer addree@mpriging sawplurality refglbilecks ahdntersectingonpwsat or
oSundant. oo uem. oot oo rERKSRIE o chogtlony Ghlsbecaine e BrE gl
ei ght conparators an8d ﬁ%\rdﬁYeéQSf Wag Baf9p fortienraad @ Reiomno - 307
has a portion and said right array (22) having a top portion
-and a bottom portion;
10 four sets of write global data line pairs (37, 42, 43, and
41), each set of write global data line pairs (37, 42,
43, and 41) coupled to corresponding ones of top and
bottom portions of said left and right arrays (21 and
22) for carrying data to selected columns of said
156 portions of said array;
four sets of read global data line pairs (29), each set of
read global data line pairs (29) coupled to
corresponding ones of top and bottom portions of said
left and right arrays (21 and 22) for carrying data
20 from selected columns of said portion of said array;
a left plurality of sets of redundant columns (23) of
memory cells located at the bottom of said left array
(21), for replacing defective columns in said left
array (21);
25 a right plurality of sets of redundant columns (24) of
memory cells located at the bottom of said right array
(22), for replacing defective columns in said right

array (22);
a plurality of sets of redundant write global data line
30 pairs (26, 39, 27, and 28), each coupled to a

corresponding redundant column for carrying data to
said redundant column;
a plurality of redundant read global data line pairs (44),
each coupled to a corresponding redundant column for
35 carrying data from said redundant column;

e
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10, plurality of fuses for permanently storing the colum address of a
def ective colum. A validi ty fuse is also provided for each Qﬁlsgﬁ&r}ﬁgng laced

fuses 300 - 307. Wen a defective colum is found during the
process of nmenory 20, and the defective colum is determ ned t Ij"l
repairable by replacing it 1 5 wth a redundant colum set,

the defective colum is stored by bl ow ng the proper fu5|ble Ilnks of one
of address fuses 300 - 307. The validity f2@e is also blown to indicate

that the address of éoﬁﬁf&%&éﬂ?gé&h&”%?aforbweéﬁ 19g SWhep8 defadthad or then
colum ad

conpares the inconmn ress I th dd
thg}[) is stored in thg adePlkuan ripsgaid, ?ﬂ%oaghgéréméc{%ﬁrﬁpg ?éﬁd f :ﬁ:s

addrelss S|]9nf[51|h maélghes t fap ladgdebys astredad(ljant tcoturadgr ess fusg As a][l

exanpl e, i e addr S ess fuse
304, then conpar ator%'zglf?'{ﬁhﬁf ‘@oﬁ%ﬁé ﬁﬁ?% Z%Er@a 52@?’@*@ f(ﬁ receives 25
to the stobed address i nselddtingsohasef 3aid redundantd columnsséc replatce a
conpar at or 204 provi des agfg({tﬂ)&sagqﬂﬁh Whenl thé m@W?%y\ntio R er at or

31 and redundant wite driver vvrlte cycl e undant
read generator 60, 61 8W"t§néln<8(éedur| ng a r ead cycl e. Referr| ng

again to FIG 2, in yrwemﬁenpaﬁrahs?qsoWATﬁoBchs amp@
data nul tipl exer 34 of bottﬁm I efltﬁﬂ/pfo BDF\E%H i on ,30A Hs d t
received by wite driver$ A gspanding opg; of, Saf ﬁﬁ?e r| vers
36 is to h® write global data line pairs (37, 42, 43, and 41), a
corresponding one of said sets of redundant write
global data line pairs (29), a corresponding one of said
write fuses (25, 32, 87, and 88), and to said
comparator means (45), for either writing data onto
15 said write global data line pairs (37, 42, 43, and 41),
or for writing data onto said redundant write global
data line pairs (29) selectively in response to said
comparator means (45) detecting a defective column
when the memory (20) is in the write mode;
20 a plurality of read fuses (59, 80, 85, and 86) for selecting
which of said redundant columns is to replace a
defective column when the memory (20) is in the read
mode; and _
a plurality of read portions (50A, 50B, 50C, and 50D), each
25 coupled to a corresponding one of said sets of read
global data line pairs (29), a corresponding one of said
redundant read global data line pairs (44), a
corresponding one of said read fuses (59, 80, 85, and
86) and to said comparator means (45) for either
30 reading data from said read global data line pairs
(29), or for reading data from said redundant read
global data line pairs (44) selectively in response to
said comparator means (45) detecting a defective
column when the memory (20) is in the read mode.
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driyen to a state representative of the logic state of stghrat—DATA 35—+N—
A. Wite global data line pairs 37 then carries the data 509 e gkgq d
address in left array 21 where it is witten into nmenory a
defective colum in left array 21 has been repl aced, corrpadﬁu mﬁgf G
7 wll have address fuses 304 blown to correspond to the a

defective colum. The validity fuse of address fuses 304 wll also be
blown. If the defective 5 colum is one ti@a is coupled to wite gl obal

data line pairg 37 I i S 53
fromleft reduﬁ'danfTh?pgly g;ﬁ%ﬁsrgra?ﬁ %ﬁgzg%:lgféﬁﬁ&ﬂxgﬂgg%%g%fgé gg' will

be bl own. Fuse ci r3(i &N Riovides; B ic signal \g & wiits, padionc
signal [err] to red@30#gn80B;i30C gandr 30D) &drrédspondiegt thereth wleer alat a

set 55 of r edundant USHNBIRR G "irb 300, Gote Hse o BB, ST 8RN Ber
array 21 tBat is codpwnl tooindicate which | regiurglantneolpumn ds3toA replamg amabl e

conpar at or 204 provaélﬁg:tﬂ% c‘.{m&hﬂi signal CGRzZ53 1 5 to redundant wite
generator 31 and to redundant wite drivers 38. Redundant wite generator

31 provides enable signal WoR to disable a wite driver of wite drivers 36
to prevent datg  The memory of Claim 7, further comprising a plurality of

redundant write generators (31), each coupled to a
10 corresponding one of said write portions (30A, 30B, 30C,
and 30D) and to said comparator means (45), for receiving
said DC logic signal and providing a control signal to
deselect a defective column to prevent data from being
written onto the defective column when the memory (20) is
15 in the write mode.

9. The memory of Claim 6, wherein each read fuse (59, 80, 85,
and 86) provides a DC logic signal to a read portion (50A,
50B, 50C, and 50D) corresponding thereto when a fusible

20 link (101) in said read fuse (59, 80, 85, and 86) is blown to
indicate which redundant column is to replace a defective
column.

10. The memory of Claim 9, further comprising a plurality of

25 redundant read generators (60, 61, 81, and 82), each coupled
to a corresponding one of said read portions (50A, 508, 50C,
and 50D) and to said comparator means (45), for receiving
said DC logic signal and providing a control signal to
deselect a defective column to prevent data from being read

30 from the defective column when the memory is in read the
mode.
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cor,responding to DATA IN A frombeing witten onto the defective col um.
Redundant wite drivers 38 are enabled by control signal 20 [err] to all ow
DATAIN Ato be witten onto redundant colum set 53 via redundant wite
gl ebal data line pairs 39A. Referring again to FIG 3, in a read node of
menory 20, data is provided fromleft array 21 via read global data Iine
pairs 29 to data output multiplexer 62, 63, 83, or 84. If a defective 25
colum in left array 21 has been replacedzgy redundant colum set 53 from

left lrefiund?”t aTM%RY WITH E(DGEUMNCREWNDRNGW4AMD\ILOG’3\HZED| trol
signal [err o redun el col um
decoder 68. Fuse ci rcuﬁ&%fﬂﬁwg&@%%@% %F’J'&%E%gi ¢c high DC
signal [err] to redundant 30 read generator 60. Wen control signal [err]
i's received by redundant read generator 60 during a read cycle, enable

signal RGR 62 is provided to output nultiplexer 62. Receiving enable signal
RGR 62 cadses out put nultipIexéﬂxﬂzﬂﬂagieﬁﬁiﬂgﬁﬁﬂﬁﬁﬂmﬁon1redundant read
gl obal data line pairs 44 instead of fromread 35 global data |ine pairs
o b A Fidholy @07 hak o Wy, beSRRbLET gfedy oofi 0. "
anpl i fi er 64.arddbaszmtplurality of redundant columns of memory cells. A
comparator (45) detects an access to a defective column. A
10 redundant write generator (31) and write fuses (32) are provided
for each write portion (30A, 30B, 30C, and 30D) to replace the
defective column with a redundant column by replacing a write
global data line (37) with a redundant write global data line (39).
Redundant read generators (60 and 61) and read fuses (59) are
15 provided for each read portion (50A, 50B, 50C, and 50D) to
“replace a defective column by deselecting a read global data line
(29) and replacing it with a redundant read global data line (44).
The fuses and redundant generators are located close to their
global data lines, thus reducing the routing of control signals and
20 improving the access time of redundant columns.

(FIG. 1 accompanies this abstract)



ampl ifier 64 provides corresponding data to redundant- read gl obal data |ine
pairs 44. The data is provided to all of data output nultiplexers 62, 63,
83, and 84. But only data output mnultiplexer 5 60, which received enable
signal RCR 62,wi |l provide a DATA QUT A which corresponds to data on
redundant read global data line pairs 44. Wiijjge the invention has been

described in the context of a preferred enbodinent, it will be apparent to
those skilled in the 10 art that the present invention magbe nodified in
nuner ous ways and nma y enbodi nents ot her than thag™s Mtgal |y
set out and descrifk @g - r exanple, there can be a dif A ber

of sets of redundan uHRSknd the seis of @edundant colu ch =<

| ocat ed somewher exfGljar- t hag,the kott omiof thek15 <arrays of |fenory GdiE&H

Al so, there can b‘e:'_\‘a’ (ﬁgf'i’% - N YUouSCcotrunms |n?%%%qﬁ+

redundant col ums.  Addiihémal |fy—=atother—type—of —on- ot-aticy %enp-l_«y (

used in place of .read r% it fuSts to sfofer nforlngtehorag gcg@icr

redundant col um icoTared ace a defectiye ol unn.|HMn adgilfion: d:

nC from )1, X4, or X8|nmpy be usled. Accofd®ngly, i
I

2]

organi zations di _ e | _ y, | ng&
intended by the Jygended clains to cover alll | nodifi atli ons of the inve Dign
whi ch fall w’thigghetrue spird)t'arlrd—s-eop!, : ti%n. 2
ol R g L, N ReAD o
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9602277 7 -19- Cains 1. A nenory conprising: a left array having a top and

a bottom 5 a left array of redundant colums bel ow said bottom of

said lLeft array; a right array having a top and a bottom a right array of
redundant col ums bel ow said bottom of said right array; a read global data -
line coupled to said left array and to said right array and di sposed

t her ebet ween,  for reading data from sai dgjgeft and 10 right

arrays; a redundant read global data line coupled to said |eft and right
arrays of redundant col ums and di sposed therebetween, for reading
fromsaid |eft array of redundant columms and said righf %éﬁﬁy of redf@ndant
col umms; 15 - top read neans, coupled to said read gl | ARRAY | fne
and to said redundant. read gl d6al datagling andj di sposef above sai dof §p of
?E $ 5ignal, and Tn

said left and r8@ht~arrays, fox receiving g firgt fise
response, selectivel y coupling fi '.ggﬁp 17 zplfro
gl obal data line and said redundantEZéﬁ gloggg a 20 =
and bottomread neans, coupled to saidjread glopal datajline &2 to s3id
r edundant rqugglobal data | ine and di sposgqd be] ow gai d bULLU%b
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of ;said left and said right redundant arrays, for receiving a second fuse
signal, and in response, selectively coupling a second data 25

signal fromone.of said read global data |ine and said redundant read
global data line 2. The nenory of claim1, further conprising a second read
gl obal data li.ne coupled to said left and right arrays and di sposed

t her ebet ween and 30 substantially parallel to sai®read global data
l'ine, for conducting signals conplenentary to said readzdtobal data |ine.
3. Anenory conprising: g left array having a top and aﬁﬁﬁtfnnz k3
left array of redundant ©6hyms bel ow said bottom & safdfleft argay; ag
right array having a top ang a bottom a rightsarr@gy of jrpdundagt=>col uims
bel ow sai d bottom.oo Ld riabt _arrave.a leftwritg gl obal datawline
.di sposed | eft of anql ouplled th saild | eft arrgz'>5—— al rightuwite
gl obal data di sy I ghty of And doupl ¢d to- i o ray; a Peft
redundant wite ba] datja |ipe dijsposed | eftgo bl ed L said Lgft
array of redundqm co %gns;mﬁ “gPt. dgndant [ .'1ﬁﬁ7ﬂﬂ77ﬁr}
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selectively coupling a first data input signal to one of said left wite

gl obal data line and said | eft redundant wite global data |ine and right
wite means for receiving a second fuse signal and in response, selectively
coupling a second data input signal to one of said right 15 :

gl obal data line and said right redundant gl obal data |line. 4. The nenory
of claim3, wherein said left-wite nmeans copprises-a top left wite neans
and a bottomleft w.ite nmeans, and said right wite neans conprises a top
right wite neans and a bottomright wite nmeans. 20 5. The nenory of claim
3, further conprising: a [?%a,d\q‘lpobal data I dpupl ed t&g&% left array
and to said right array a di sposed there , Tor r data from
said left and right arrays; 25 a redongant read gl obal -data |ine
coupled to said left and right arrays df I‘(‘dtgld t colu ﬁ" i sposed

t herebet ween, for reading data from saild | ¢f E=arfay of redJ ant” col ums
and said array of redundant colums; tgp re ans coupled to said read
gl obal data line and to said 30 _ ' | data

| ine and di sposed above said top of saild | right arrays, for
receiving a third fuse signal and in regspopse—sel ectively coupling a first

data signal conductd by one of said re olg3l B&t—a—-l—r&éﬂl.bstm d
redundant read gl obal data line and * ( S ——Y S *
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-21 - bottomread nmeans coupled to said read .global data |ine and to said
redundant read global data |ine and di sposed bel ow said bottomof said |eft
and said right redundant arrays, for receiving a fourth fuse signal and in
response, selectively coupling a second data 5 signal from one
of said read gl obal data |ine and said redundant read gl obal data line. 6.
A nmenory/ conprising: an array of nmenory el enents organi zed in rows and
colums; 10 " a redundant array of #6dundant col urms;_ pluralities of
read and wite global data lines coupled to said array; pluralities of
redundant read and write gl obal data |lines coupled to said redundant array;
an address conparat.or including address fuse neans for providing a 15
plurality of defective address signals in response to an input address and
a corresponding plurality of fuse signals; wite nmeans, coupled to, for
"selectively coupling an_input data signdfppo a sel ected one of said
redundant write gl obal ra\kines in redponse to said defective address
signals during a wite cycleX and 20 read nmeans coupled to for

sel ectively coupling an output data sig 103 sel ected one of said
redundant read gl obal data lines in respdnse
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L 4

10 :
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to said defective address signals during a read cycle. 7. A nenory having a
reéd node and a wite node, conprising: 25 a plurality of arrays,
each conprising a plurality of intersecting rows and col ums of nenory
cekls; a plurality of sets of wite global data line pairs, each set
coupled to a corresponding array for carrying data to sel ected col unms of
sai d correspondi ng array; 30 a plurality of sets of read gl obal data
| ine pairs, each set coupled to an array,9Por carrying data from sel ected
col ums of sq% array; a plurality of redundant columms of nenory cells;
-22 - a plura |T§\iﬁ sets of redundant wite global data |ine pairs, each
coupled to a correspondi ng redundant columm, for carrying data to said
redundant colums; a plurality of sets_of redundant read gl obal. data

pairs, each coupl eGQRDTm COREs2 redundanCGRIssms for caly
data from said redundant col ums;.

arator neans f detecting whent
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wite node; a plurallty of wite eans, each coupled to a correspondi ng one

of Said sets of wite global data I|ne pairs, a correspondi ng one of said

. sets of redundant wite global data line pairs, a corresponding one 15

of said wite fuse neans, and to said conpar t|v§7& .
witing data onto one of said wite gl obal gﬁr&& nd sdard .
redundant wite global data line pairs in re al d conparator neans

detecting a defective colum when the nenory is in the wite node; 20

a plurality of read fuse neans for selecting which redundant colum is to

replace a defective colum when the nemarqygis in the read node; and a

plurality of read neans, each coupled to a corresponding one of said sets

of read gl obal data line pairs, a corregpondi ng one of said 25

sets of redundant read gl obal data Iin€ Ew“ s, a correspondi ng one of said

read fuse means, and to said conparator means for selectively reading data

from one of 1saAqlné,ﬁ3 %@Bﬂglngata | i ne pairs/and said redundant read gl obal
ar ator neans detecting a defective

gg} t’ojlrrlnI \?\Eeﬁalt LZ Ifgleheasrpaynﬁa‘"“g a WBW OUOM:t he read node. 8. The menory.

of claing7, whereileftefedy obmdidundant cslumms below saii bottorn@frsaid [6fi arayts

redundant  col UMy right array having a top and a bottom;

a right array of redundant columns below said bottom of said right array;

a read global data line coupled to said left array and to said right array
and disposed therebetween, for reading data from said left and

10 right arrays;

a redundant read global data line coupled to said left and right arrays of
redundant columns and disposed therebetween, for reading data
from said left array of redundant columns and said right array of
redundant columns; .

15 ( top read means, coupled to said read global data line and to said
redundant read global data Iilne and disposed above said top of
said left and right arrays, for receiving a first fuse signal, and in
response, selectively coupling a first data signal, from one of
said read global data Iine__gg_g said redundant read global data

20 linej and '

[bottom read means, coupled to said read global data line and to said
redundant read global data line and disposed below said bottom
of said left and said right redundant arrays, for receiving a second
fuse signal, and in response, selectively coupling a second data

25 ‘signal from one of said read global data line -and said redundant
read global data linef.

2. The memory of claim 1, further comprising a second read global data line
coupled to said left and right arrays and disposed therebetween and
30 substantially parallel to said read global data line, for conducting signals
complementary to said read global data line.

3. A memory comprising:
a left array having a top and a bottom;
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-23 -'9. The nenory of claim?7, wherein said plurality of arrays conprises
a first array and a second array , and wherein said plurality of redundant
colums conprises a first plurality of redundant colums |ocated at a
bottomof said first array and a second plurality of redundant col ums

| ocated at a bottom of said second array. 10. The nmenory of claim9,
wherein said first plurality of redundant colums is for replacing
defective columms in said first array and said second plurality of
redundant colums is for replacing defective colums in said 1

second array. 11. The nmenory of claim 7-20herein each of said wite fuse
nmeans provides a DC logic signal to wite neans correspondi ng thereto when
a fusible link in said wite fuse neans is blown to indicate which
redundant col um# ledt array of redundant gplugins belawrsaid botiompfisaid lefbarraye nenory

of claim 11, furd Rght gﬁgphwmgga fopPand al dthmef redundant write generators,
P e 0 (oBLEFa) L e i SRS o9 o PSR B g 5
to desel §§t a ded loft wiite gbbahdatadlnerdaspusseddwftaoffmmmle@ tcwsard left array; he_
77" wher i each % LA WHREoSEAF e dobed bR SFAIR) odubied 37 SHEMBGM Siey 2
correspali ng t feelaft redmdnntawrltsglabel Hatalinendisppaed left of and cpupleditossaideans
is blowmmMo indicate Iéﬁ'a?&yr@ﬂ%wﬁ&éntcé&lb‘rﬁﬁsf S to replace a defective
col um. a right redundant write global data line disposed right of coupled to said
right array of redundant columns;
10 [left write means for receiving a first fuse signal and in response,
selectively cdupling a first data input signal to one of said left write
global data line and said left redundant write global data line; and
right write means for receiving a second fuse signal and in response,
selectively coupling a second data input signal to one of said right
15 global data line and said right redundant global data Iin7l

——

4. The memory of claim 3, wherein said left write means comprises a top left
write means and a bottom left write means, and said right write means
comprises a top right write means and a bottom right write means.

20

5. The memory of claim 3, further comprising:

a read global data line coupled to said left array and to said right array -
and disposed therebetween, for reading data from said left and
right arrays;

25 a redundant read global data line coupled to said left and right arrays of
redundant columns and disposed therebetween, for reading data
from said left array of redundant columns and said array of
redundant columns;

'{top read means coupled to said read global data line and to said
redundant read global data line and disposed above said top of
said left and right arrays, for receiving a third fuse signal and in

wselectlvely coupling a first data signal conductd by one

_of said read global data line and said redundant read global data

it At D

lln?l and
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14. The menory of claim 13, further conprising a plurality of redundant
read generators, each coupled to a read neans and to said conparator 3
means, for receiving said DC | ogic signal and for desel ecting a defective
colunn to prevent data frombeing read fromthe defective colum when the
menory is in read node. 15. A nenory having a read node and a wite node
conpri si ng: -24 - a left and a right array of nenory cells each
conprising a plurality of blocks of intersecting rows and col unms of nenory
cells; said |left array having a top portion and a bottom portion and said
right array having a top portion and a b@&lt-om portion; 5 four sets
of wite global data line pairs, each set of wite global data line pairs
coupled to corregponding ones of top and bottom portions of said |left and
right arrays forbolepyread m@aasmue&de@t@déemsﬁ&aéﬂa?ahmp apdito &Rid of sai d

array; four set$ of r?é@ﬁ&h%bad@l@dl'd&?aﬂlﬁéraﬁd @i@ﬁbsé&bew‘w saRcbattehal

data line 10 oy co and
bott om portions of smsﬁﬁf@hﬂlﬂcﬁ'g &F?%E{al“gﬁpr@é{ﬁ{}]’?_ﬁepﬂwg 3 fayrth
sel ected col ums of séise pignal and dr rw:mhser selectively ebuplimg asdedondodataet s of

SO ST o RN O bl A 58 okt

read global data ling.

6.A memory/comprising:
an array of memory elements organized in rows and columns;
10 a redundant array of redundant columns;
pluralities of read and write global data lines coupled to said array;
pluralities of redundant read and write giobal data lines coupled to said
redundant array;
an address comparator including address fuse means for providing a
15 plurality of defective address signals in response to an input
address and a corresponding plurality of fuse signals;
fwrite means, coupled to, for selectively coupling an input data signal to a
selected one of said redundant write global data lines in response
to said defective address signals during a write cycle; and
20 zread means coupled to for selectively coupling an output data signal to
selected one of said redundant read global data lines in response
to said defective address signals during a read cycle.

il

bz,

7. A memory having a read mode and a write mode, comprising:
25 a plurality of arrays, each comprising a plurality of intersecting rows and
columns of memory cells;
a plurality of sets of write global data line pairs, each set coupled to a
corresponding array for carrying data to selected columns of said

' corresponding array;
30 a plurality of sets of read global data line pairs, each set coupled to an
E array, for carrying data from selected columns of said array;

a plurality of redundant columns of memory cells;

eet
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15 ° array; a right plurality of sets of redundant col ums of
menory cells located at the bottomof said right array, for replacing
defective columms in said right array; a plurality of sets of redundant
wite global data line pairs, each coupled 20 to a
correspondi ng redundant colum for carrying data to said redundant col um;
a plurality of redundant read gl obal data line pairs, each coupled to a
correspondi ng redundant colum for carrying data from said redundant

- colum; 25 conpar at or nmeans for detecting when a defective colum in
said left or right array is to be repl a@22l-by a redundant columm; a
plurality of wite fuses for selecting one of said redundant colums to

repl ace a defective colum when the nmenory is in the wite node; a
plurality of wria pluiallyof sete-ef dupdaat wotexglobal dalading prjre reachicaupled 30

sets of wite global tgda gofrésisorithing Pedihdant béﬁﬁﬁﬂ%f‘_@aﬁﬁﬁgf&até%gaﬁfts_ of
redundant wite gl obal data%tlréﬂﬁ airs, a correspondi ng one of said wite

fuses, and to said cdfPURda » for witing data onto one of said
write global dataplurality oiisets obredlundant readiugiobak datailine pairs) @achajoupledie

pairs/ip response to (gal gy COITRYaRt BOIIRE for carfyfiiy data from said redundant
columns;

comparator means for detecting when a defective column in one of said
arrays is to be replaced by a redundant column;

a plurality of write fuse means for selecting one of said redundant

10 columns to replace a defective column when the memory is in the
write mode;

a plurality of write means, each coupled to a corresponding one of said
sets of write global data line pairs, a corresponding one of said
sets of redundant write global data line pairs, a corresponding one

15 of said write fuse means, and to said comparator means for
selectively writing data onto one of said write global data line
pairs,la_n_g said redundant write global data line pairs/fn response
to said comparator means detecting a defective column when the
memotry is in the write mode;

20 a plurality of read fuse means for selecting which redundant column is to
replace a defective column when the memory is in the read mode;
and

a plurality of read means, each coupled to a corresponding one of said
sets of read global data line pairs, a corresponding one of said

25 sets of redundant read global data line pairs, a corresponding one
of said read fuse means, and to said comparator means for

- selectively reading data from qne of said read global data line
-pairsjg_rﬁ_said redundant read global data line pairs/in response
to said comparator means detecting a defective column when the

30 memory is in the read mode.

l 8. The memory of claim 7, wherein each redundant column is a set of four
contiguous redundant columns.

This is the replacement sheet
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detecting a defective colum when the nenory is in the wite node; a
plurality of read fuses for selecting which of said redundant colum is to
repl ace a defective columm when the nenory is in the read node; 5

and a plurality of read neans, each coupled to a corresponding one of said
sets of read global data line pairs, a correspondi ng one of said redundant
read gl obal data line pairs, a corresponding one of said read fuses and to
sai d conparator neans for reading data from 10 one of said read
gl obal data |line pairs, and said redundant read global data line pairs in
response to said conparator nmeans detectpgg a defective colum when the
menory is in the read node. 15 16. The nenory of claim 15 wherein each
set of redundant columms conprises four contiguous redundant colums. 17.
The nenorly 8f Thememay oficiainn 7 wheneivsaidplaralty ofrasrayseeonpiiges adirst si gnal

to write fireans C9%9%5géaoﬁa%?ﬂyg,hélﬂ@ﬂhéréih'%hm ﬁluk’él of FediiHdant O

wite fu is blo to 1 ndicate redundant colum 1s to replace a
def ecti ve| col unn?g%"srﬁ%mﬁﬂﬁ?ﬁ yaV\IHWs" P'LHPWP?,'E@WF 31t CcolTng fooq gta _

pl ur a:c it gf r edbottem omzaid firgteareaypannd a,sezont pharalityost r@aundamrcrc?amedl ng
one o0 Wit nd .t [ onpar at or nmeans, for

recei vi sai d D@clgg%?%t §?’&ﬁ‘8f" %%a'gr%@f’ﬁ&ﬁgra&- control signal to desel ect
as defecfjive colum to prevent data frombeing witten onto the defective
col um  wienqhherHEERRYork of 'chif§, wherein said first plurality of redundant columns is

for replacing defective columns in said first array and said second

plurality of redundant columns is for replacing defective columns in said

10 second array.

11. The memory of claim 7, wherein each of said write fuse means provides a
DC logic signal to write means corresponding thereto when a fusible link
in said write fuse means is blown to indicate which redundant column is

16 to replace a defective column.

12. The memory of claim 11, further comprising a plurality of redundant write
generators, each coupled to a corresponding write means and to said
comparator means, for receiving said DC logic signal and providing a

20 control signal to deselect a defective column to prevent data from being

written on the defective column when the memory is in write mode.

13. The memory of claim 7, wherein each read fuse means provides a DC logic

signal to a read means corresponding thereto when a fusible link in said
25 read fuse means is blown to indicate which redundant column is to
replace a defective column.

14. The memory of claim 13, further comprising a plurality of redundant read
generators, each coupled to a read means and to said comparator

30 means, for receiving said DC logic signal and for deselecting a defective

column to prevent data from being read from the defective column when

the memory is in read mode. |

15. A memory having a read mode and a write mode comprising:
I —

| O A L ' |

This is the repiacement shest -

pate: 4 | WOy 1997



wite hode. 30 19. The nenory of claim 15, wherein each read fuse provides
a DC logic signal to a read neans correspondi ng thereto when a fusible Iink
in said read fuse is blown to indicate which redundant colum is to repl ace
a defective colum. -26 - 20. The menory of claim 19, further conprising
a plurality of redundant read generators, each coupled to a correspondi ng
one of said read neans and to said conparator neans, for receiving said DC
| ogi ¢ signal and providing a control signal to deselect a defective colum
to prevent data 5 frombeing read fromthe defective colum when the
menory is in read the node. 27 7. Tl renory of G aim 6, wherein each
wite fuse (25, 32, 87, and 88) provides a DC logic signal to a wite
portion (30A, 30B, 30C, and 30D) corresponding thereto when a fusible |ink
(101) in said wia leftfanta tight agay o memary @alls @achscomprising lagplarality ohdi cat e

whi ch redundant col umpdcks! st ihfdréétifgdows and columns of memory cells;
said left array having a top portion and a bottom portion and said right
array having a top portion and a bottom portion;

5 four sets of write global data line pairs, each set of write global data line
pairs coupled to corresponding ones of top and bottom portions of
said left and right arrays for carrying data to selected columns of
said portions of said array;

four sets of read global data line pairs, each set of read global data line
pairs coupled to corresponding ones of top and bottom portions of
said left and right arrays for carrying data from selected columns of
said portion of said array;
a left plurality of sets of redundant columns of memory cells located at the
~ bottom of said left array, for replacing defective columns in said left
5 array;

a right plurality of sets of redundant columns of memory cells located at
the bottom of said right array, for replacing defective columns in
said right array;

a plurality of sets of redundant write global data line pairs, each coupled

20 to a corresponding redundant column for carrying data to said
redundant column;

a plurality of redundant read global data line pairs, each coupled to a
corresponding redundant column for carrying data from said
redundant column;

25 comparator means for detecting when a defective column in said left or
right array is to be replaced by a redundant column;

a plurality of write fuses for selecting one of said redundant columns to
replace a defective column when the memory is in the write mode;

a plurality of write means, each coupled to a corresponding one of said

30 sets of write global data line pairs, a corresponding one of said
sets of redundant write global data line pairs, a corresponding one
of said write fuses, and to said comparator means, fo:/‘lvriting data
onto one of said write global data line pairs, nd said redundant
write globai data line pairs/ln response to sald comparator means

5~ et g
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defectlve colum. 8. The menory of Claim7, further conprising a
plurality of redundant wite generators (31), each coupled to a 10
correspondi ng one of said wite portions (30A, 30B, 30C, and 30D) and to
sai d conparator neans (45), for receiving said DC |ogic signal and
providing a control signal to deselect a defective columm to prevent data
frombeing witten onto the defective colum when the nenory (20) is 15

in the wite node. 9. The nenory of Claim6, wherein each read fuse (59,
80, 85, and 86) provides a DC logic signal to a read portion (50A, 50B,
50C, and 50D) corresponding thereto when2g fusi ble 20 “link (101) in

said read fuse (59, 80, 85, and 86) is blow to indicate which redundant
colum is to replace a defective colum. 10. The nenory of Claim9,
further conprising a gletecting:a defective column whemtheamemosnis igdhemwriter s (60,
61, 81, and 82), each led to a correspondi ng one of said read portions
(50A, 50B, 50C, and S;Egaog’ndt sai.d caonparat or neans for receiving

| . 3 (45)
said DC | ogic si GrRiMraliyobread SRS for selasting whichofi said m%l"?g‘r@éf%& ive
colum to prevent dat agplaceaddéfestiveedlufth when thé nfembheisda fties réad nisde;m
when thesrrermry s in r%ad t he node.
an
a plurality of read means, each coupled to a corresponding one of said
sets of read global data line pairs, a corresponding one of said
redundant read global data line pairs, a corresponding one of said
read fuses and to said comparator means forfreading data from
10 one of said read global data line pairs,'&':g said redundant read
oS ———
global data line pairs{in response to said comparator means
detecting a defective column when the memory is in the read
mode. '

15 [:| 16. The memory of claim 15 wherein each set of redundant columns comprises
' four contiguous redundant columns.

M 17. The memory of claim 15, wherein each write fuse provides a DC logic

'\g signal to write means corresponding thereto when a fusible link in said
20 § write fuse is blown to indicate which redundant column is to replace a

defective column.

18. The memory of claim 17, further comprising a plurality of redundant write
generators, each coupled to a corresponding one of said write means

289 and to said comparator means, for receiving said DC logic signal and
\’{ providing a control signal to deselect as defective column to prevent data
f from being written onto the defective column when the memory is in the
write mode.

30 19. The memory of claim 15, wherein each read fuse provides a DC logic
) signal to a read means corresponding thereto when a fusible link in said
é read fuse is blown to indicate which redundant column is to replace a
\f defective column.
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20. The memory of claim 19, further comprising a plurality of redundant read
generators, each caaﬁed to a corresponding one of said read means
and to said comparator means, for receiving said DC logic signal and
providing a control signal to deselect a defective column to prevent data

from being read from the defective column when the memory is in read
the mode.
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