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METHOD OF AND APPARATUS FOR
PROVIDING LOOK AHEAD COLUMN
REDUNDANCY ACCESS WITHIN A MEMORY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS:

This application claims priority under 35 U.S.C. §119(e)
of the co-pending U.S. provisional application Ser. No.
60/128,039 filed on Apr. 6, 1999 and entitled “METHOD OF
AND APPARATUS FOR PROVIDING LOOK AHEAD
COLUMN REDUNDANCY ACCESS WITHIN A
MEMORY.” The provisional application Ser. No. 60/128,
039 filed on Apr. 6, 1999 and entitled “METHOD OF AND
APPARATUS FOR PROVIDING LOOK AHEAD COL-
UMN REDUNDANCY ACCESS WITHIN A MEMORY”™

1s also hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention generally relates to semiconductor
memory devices. More particularly, the present invention
relates to redundancy circuits within semiconductor memory
devices.

BACKGROUND OF THE INVENTION

Random access memory (RAM) 1s a component used
within electronic systems to store data for use by other com-
ponents within the system. Dynamic RAM (DRAM) 1s a
type of RAM which uses a capacitor-type storage and
requires periodic refreshing in order to maintain the data
stored within the DRAM. Static RAM (SRAM) 1s another
type of RAM which retains the information stored within the
SRAM as long as power 1s applied. SRAM does not require
periodic refreshing 1n order to maintain the stored data. Syn-
chronous DRAM (SDRAM) operates within a synchronous
memory system such that input and output signals are syn-
chronized to an active edge of a system clock.

RAM 1s generally organized within the system into
addressable blocks, each containing a predetermined num-
ber of memory cells. Each memory cell within a RAM rep-
resents a bit of information. The memory cells are organized
into rows and columns. Each row of memory cells forms a
word. Each memory cell within a row 1s coupled to the same
wordline which 1s used to activate the memory cells within
the row. The memory cells within each column of a block of
memory are also each coupled to a pair of bitlines. These
bitlines are also coupled to local input/output (LIO) lines.
These local mput/output lines are used to read data from an
activated memory array or write data to an activated memory
array. The pair of bitlines includes a bitline and an inverse
bitline. A memory cell 1s therefore accessed by activating the
appropriate wordline and pair of bitlines.

An address bus and next address bus are used to access
specified memory cells within a memory array. The informa-
tion on the address bus or next address bus 1s latched onto
the wordline and bitline used for accessing data within the
memory array. The next address bus 1s used when operating,
in a burst cycle mode to transfer large blocks of data.
Addressing information 1s split into row and column address
information which 1s decoded by individual row and address
decoders to decrease access time. Burst cycle mode 1s used
to transier large blocks of data. Typically, 1n a burst cycle
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mode the memory array 1s divided into even and odd blocks
with the address bus used to access the even block and the
next address bus used to access the odd block. The next
address 1s typically generated by automatically incrementing
the address from the address bus. In this way, data may be
transierred more rapidly.

Memory circuits are fabricated on waters. Water yield 1s
defined as the ratio of non-defective chips to the number of
total chips fabricated on a given wafer. In general, as integra-
tion density in semiconductor memory devices increases, the
likelihood of defective cells 1n any one memory array also
increases. Therefore, the higher the integration density of
chips fabricated on a given water, the lower the water yield.

[

It has been determined that an effective method {for
increasing watfer yield 1s to use redundant memory to replace
defective memory. Redundant memory includes redundant
memory cells which are configured 1n rows and/or columns
and are used to replace rows and/or columns of the main
memory array which are found to have one or more defective
memory cells.

One problem which exists with the use of redundant
memory circuits as substitutes for main memory circuits 1s
access time. The column address 1s typically provided simul-
taneously to both a regular column address decoder and a
redundant column address decoder. The redundant column
address decoder 1s programmed with the addresses of defec-
tive columns. The redundant column address decoder
decodes the column address and determines if the column
address 1s programmed within the redundant memory array.
If the column address corresponds to an address pro-
grammed 1nto the redundant column address decoder, then
the redundant column address decoder disables the regular
column address decoder and 1nitiates access to the redundant
memory array. Otherwise, 1f the column address 1s not
included within the redundant memory array, then the regu-
lar column address decoder 1s not disabled and the memory
access 1s performed 1n the main memory array. The regular
column address decoder must wait for the output of the
redundant column address decoder to be valid before pro-
ceeding with the memory access. This waiting causes delays
and extends the time necessary for each memory access
operation.

A block diagram of a conventional redundancy address
decoding circuit which requires a delay 1n the decoding
scheme 1s 1llustrated in FIG. 1. Initially, either the informa-
tion on the address bus 10 or the information on the next
address bus 20 1s latched by a latch 30 onto the column
address bus 40. The information on the address bus 10 1s
latched by the latch 30 when beginning at a new column
address. When the column address enable signal (CAEN) 15
1s activated to a logical high voltage level, the information on
the address bus 10 1s passed through the transistor 13 and
latched by the latch 30 onto the column address bus 40. The
information on the next address bus 20 1s latched by the latch
30 onto the column address bus 40 for the next address 1n a
burst cycle mode. When the next address 1n a burst cycle 1s
needed, the column address counter signal (CACTR) 25 1s
activated to a logical high voltage level, enabling the next
address information from the next address bus 20 to be
passed through the transistor 12 and latched by the latch 30
onto the column address bus 40.

The mformation latched by the latch 30 onto the column
address bus 40 1s provided as an input to both a regular
column decoder 50 and a redundant column decoder 60. The
regular column decoder 50 and the redundant column
decoder 60 are arranged in parallel to decode the address
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information on the column address bus 40. If the redundant
column decoder 60 detects an address within a correspond-
ing redundant column memory array 100, then the redundant
column decoder 60 sends a disabling signal to the regular
column decoder 50 which disables the regular column path-
way. If the redundant column decoder 60 detects an address
within the redundant column memory array 100, then the
redundant column decoder 60 also provides the decoded
redundancy address information to a redundancy column
select circuit 90. The redundancy column select circuit 90
then provides this information to circuitry (not shown) to
complete the memory access operation, either read or write,
within the redundancy column memory array 100. If the
redundancy column decoder 60 does not decode an address
within the redundancy column array 100, then the regular
column pathway 1s not disabled and the regular column
decoder 50 then provides the decoded address information to
a regular column select circuit 80. The regular column select
circuit 80 then provides this mnformation to circuitry (not
shown) to complete the memory access operation, either
read or write, within the corresponding regular column
memory array 110.

Accordingly, 1n such a configuration, 1n order to ensure
that the regular column pathway 1s properly disabled when
the column address 1s within the redundant memory array
100, the output from the regular column decoder 50 1s
delayed until the disable output 70 from the redundant col-
umn decoder 60 1s valid. This delay 1s included within each
memory access operation. One previous method for resolv-
ing this delay was to load both regular and redundant column
activate information and data onto both the regular local I/O
signal lines and the redundant local I/O signal lines and then
select the appropriate local 1/0 signal lines using the disable
output of the redundant column decoder.

A block diagram of a prior art technique for avoiding
delay during memory access operations 1s 1llustrated 1n FIG.
2. Initially, either the information on the address bus 200 or

the information on the next address bus 210 1s latched by a
latch 230 onto the column address bus 240. The information
on the address bus 200 1s latched by the latch 230 when
beginning at a new column address. The column address
enable signal (CAEN) 216 1s activated to a logical high volt-
age level, enabling the information on the address bus 200 to
pass through the transistor 212 and to be latched by the latch
230 onto the column address bus 240. The information on
the next address bus 210 1s latched by the latch 230 for the
next address 1n a burst cycle mode. When the next address in
a burst cycle 1s needed, the column address counter signal
(CACTR) 225 15 activated to a logical high voltage level,
ecnabling the next address information from the next address
bus 210 to pass through the transistor 213 to the latch 230.
The next address information 1s then latched by the latch 230
onto the column address bus 240.

A regular column decoder 250 and a redundant column
decoder 260 are arranged 1n parallel to decode the address
information on the column address bus 240. The regular
column decoder 250 1s coupled to a regular column address
select circuit 280 and the redundant column decoder 1s
coupled to a redundant column address select circuit 290.
The regular column decoder outputs the regular column
address corresponding to the current addressing information
to the regular column address select circuit 280 which
instructs drivers (not shown) to perform the memory access
operation within the regular memory array 300 utilizing the
local I/O signal lines 310. If the redundant column decoder
260 detects an address within the redundant column memory
array 320, then the redundant column decoder 260 outputs
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the decoded redundancy address information to the redun-
dancy column address select circuit 290 which instructs
memory drivers (not shown) to perform the memory access
operation within the redundancy column memory array 320
utilizing the redundant local 1/O signal lines 325. Both the
local 1/0 signal lines 310 and the redundant local 1/O signal
lines 325 are coupled to a multiplexer 330. The local 1/O
signal lines 310 are coupled to an mnput A of the multiplexer
330, while the redundant local 1/O signal lines 325 are
coupled to an mput B of the multiplexer 330. The signal
REDUN 350 1s output from the redundant column decoder
260 and provided as the control input to the multiplexer 330,
to control which of the I/O signal lines 310 or the redundant
local 1/0 signal lines 325 are selected by the multiplexer
330. If the redundant column decoder 260 detects an address
within the redundancy column array 320, the REDUN signal
350 1s raised to a logical high voltage level by the redundant
column decoder 260 and the data on the redundancy local
I/O signal lines 325 at the mput B to 1s selected by the
multiplexer 330. Otherwise, i the redundant column
decoder 260 does not detect an address within the redun-
dancy column array 320, the signal REDUN 1is pulled to a
logical low voltage level and the data on the local I/O signal
lines 310 at the input A 1s selected by the multiplexer 330.
This solution will speed up access time during memory
access operations but requires significant additional layout at
the cost of additional space and complexity. What 1s needed
1s an 1mproved circuit for decoding a column address and
controlling access to regular and redundancy column
memory cells.

SUMMARY OF THE INVENTION

A look ahead column redundancy circuit provides high
speed memory access to both regular memory arrays and
redundant memory arrays. In the preferred embodiment of
the present invention, the information on both the address
bus and the information on the next address bus are decoded
by redundant column decoders in parallel. The decoded
information from the redundant column decoders 1s then
provided to a redundancy column pathway as the addressing
information from the address bus and the next address bus 1s
provided to a main column pathway through a latch. The
information on the address bus 1s latched when beginning at
a new column address. The mnformation on the next address
bus 1s latched for the next column address when operating in
a burst cycle mode. The main column pathway preferably
includes a main column decoder and a main column select
circuit. A disable signal 1s also activated by the redundant
column decoders 11 the addressing information for a current
memory access operation corresponds to an address within
the redundant memory array. When activated, the disable
signal disables the main column select circuit within the
main column pathway. If the addressing information for a
current memory access operation does not correspond to an
address within the redundant memory array, then the
memory access operation 1s performed within the main
memory array within any additional delays. Since the decod-
ing 1s performed before the information 1s latched onto the
column address bus, the proper pathway 1s selected without
the need for any additional delay.

In one aspect of the present mvention, an apparatus for
accessing a memory structure including a main memory
array and a redundant memory array comprises an address
bus for carrying addressing information for a current
memory access operation, a main column pathway including
a main column decoder for decoding addressing information
and a main select circuit for selecting appropriate groups of
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memory cells within the main memory array for a current
memory access operation and a redundant column pathway
including a redundant column decoder for decoding address-
ing information and a redundant select circuit for selecting
appropriate groups ol memory cells within the redundant
memory array for a current memory access operation 1f the
current memory access operation 1s accessing memory cells
within the redundant memory array, wherein the redundant
column pathway 1s selected if the current memory access
operation 1s accessing memory cells within the redundant
memory array. The redundant column decoder disables the
main select circuit 1f the current memory access operation 1s
accessing memory cells within the redundant memory array.
The redundant column decoder 1s provided the addressing
information before the main column pathway. The main col-
umn pathway 1s provided the addressing information and the
redundant select circuit 1s provided decoded redundant
addressing information from the redundant column decoder
in response to a control signal. The groups of memory cells
are columns.

In another aspect of the present invention, a method of
completing memory access operations within a memory
structure including a main memory array and a redundant
memory array, comprises the steps of determining from
addressing information for a current memory access opera-
tion if the addressing information represents an address
included within the redundant memory array, decoding a
redundant address within the redundant memory array, if the
addressing information represents an address included
within the redundant memory array, providing the address-
ing information for the current memory access operation to a
main column pathway and providing the redundant address
to a redundant column pathway 1n response to a first control
signal, decoding a main address within the main memory
array corresponding to the addressing information; activat-
ing a group of main memory cells within the main memory
array corresponding to the main address and selecting the
redundant column pathway if the addressing information
represents an address included within the redundant memory
array. The method further includes the step of disabling the
step of activating a group ol main memory cells, 1f the
addressing information represents an address included
within the redundant memory array. The method further
includes the step of activating a group of redundant memory
cells within the redundant memory array, if the addressing
information represents an address included within the redun-
dant memory array. The step of decoding a redundant
address 1s completed before the step of providing the
addressing 1information. The groups of main memory cells
are columns within the main memory array. The groups of
redundant memory cells are columns within the redundant
memory array.

In yet another aspect of the present invention, an appara-
tus for controlling access to a memory structure including a
regular memory array and a redundancy memory array com-
prises an address bus for carrying addressing information for
a current memory access operation, a first redundancy col-
umn decoder coupled to the address bus for decoding the
addressing information, the first redundancy column
decoder 1ncluding a first output for providing a first decoded
redundancy address and a second output for providing a dis-
able signal, a first pass through circuit coupled to the address
bus for passing through the addressing information in
response to a first control signal, a first latching circuit
coupled to the first pass through circuit for latching the
addressing information which has passed through the first
pass through circuit, a regular column decoder circuit
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coupled to the first latching circuit for decoding the address-
ing information and providing a decoded regular address, a
second pass through circuit coupled to the first output of the
first redundancy column decoder for passing through the
first decoded redundancy address 1n response to the first con-
trol signal, a second latching circuit coupled to the second
pass through circuit for latching the first decoded redun-
dancy address from the first output of the first redundancy
column decoder which has passed through the second pass
through circuit, a regular column select circuit coupled to the
regular column decoder to receive the decoded regular
address and to select a corresponding regular column
address within the regular memory array, wherein the regu-
lar column select circuit 1s also coupled to receive the dis-
able signal from the second output of the first redundancy
column decoder for disabling the regular column select cir-
cuit if the addressing information corresponds to an address
within the redundancy memory array and a redundancy col-
umn select circuit coupled to the second latching circuit to
receive the first decoded redundancy address and to select a
corresponding redundant column address within the redun-
dancy memory array, ii the addressing information corre-
sponds to an address within the redundancy memory array.
The first redundancy column decoder 1s provided the
addressing information before the first latching circuit. The
first control signal 1s a column address enable signal. The
apparatus further includes a next address bus for carrying
next addressing information for a next memory access
operation, a second redundancy column decoder coupled to
the next address bus for decoding the next addressing
information, the second redundancy column decoder includ-
ing a third output for providing a second decoded redun-
dancy address and a fourth output for providing the disable
signal, a third pass through circuit coupled to the next
address bus for passing through the next addressing informa-
tion 1n response to a second control signal, wherein the third
pass through circuit 1s also coupled to pass the next address-
ing information through to the first latching circuit and a
fourth pass through circuit coupled to the third output of the
second redundancy column decoder for passing through the
second decoded redundancy address 1n response to the sec-
ond control signal, wherein the fourth pass through circuit 1s
also coupled to pass the second decoded redundancy address
through to the second latching circuit. The first and second
column decoders are provided the addressing information
and the next addressing information before the first latching
circuit. The second control signal 1s a column address
counter signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a conventional redun-
dancy column accessing circuit.

FIG. 2 shows a block diagram of a prior art solution to
timing delays in the conventional redundancy column
accessing circuit.

FIG. 3 shows a block diagram for the look-ahead column
redundancy circuit of the present invention.

PR.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

A look-ahead column redundancy circuit of the present
invention includes a main memory pathway and a redun-
dancy pathway in order to minimize memory access time
and delays during memory access operations. Addressing
information from an address bus and a next address bus 1s
provided to a pair of redundant column decoders. The redun-
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dant column decoders decode the addressing information
and determine 11 the addressing information corresponds to
an address within the redundant memory array. The decoded
information from the redundant column decoders 1s then
provided to a redundancy column pathway as the addressing,
information from the address bus and the next address bus 1s
provided to a main column pathway. The main column path-
way 1ncludes a latching circuit, a main column decoder and a
main column select circuit. A disabling signal 1s activated by
the redundant column decoders 11 the addressing information
for the current memory access operation corresponds to an
address within the redundant memory array. When activated,
the disabling signal disables the main column select circuit
within the main column pathway and prevents the memory
access operation to the main memory array.

FIG. 3 shows a block diagram of the look ahead column
redundancy access circuit of the preferred embodiment of
the present invention. An address bus 300 and a next address
bus 301 are used to transfer addressing information when
accessing memory cells during memory access operations
such as read and write operations. The address bus 300 1s
coupled to the source of a pass through transistor 316 and as
an mput to a redundancy column decoder 302. The next
address bus 301 1s coupled to the source of a pass through
transistor 318 and as an input to a redundancy column
decoder 303. A column address enable signal (CAEN) 313 1s
coupled to the gate of the transistor 316. A column address
counter signal (CACTR) 312 1s coupled to the gate of the
transistor 318. A latch 304 1s coupled to the drain of transis-
tor 316 and the drain of transistor 318. The column address
enable signal CAEN 1s enabled when operating in a normal
transfer mode, and allows the information on the address bus
300 to pass through the transistor 316 to the latch 304. The
column address counter signal CACTR 1s enabled when
operating 1n a burst cycle mode, and allows the information

on the next address bus 301 to pass through the transistor
318 to the latch 304.

The output of the latch 304 1s coupled to a column address
bus 305. The column address bus 305 1s coupled to a regular
column address decoder 306. The regular column address
decoder 306 decodes the addressing information on the col-
umn address bus 305. The output of the regular column
address decoder 306 1s coupled to a regular column select
circuit 307, which recerves the decoded addressing informa-
tion and instructs drivers to read or write data from the
proper address in the normal memory array 310.

A first output A of each of the redundant column decoders
302 and 303 is coupled to the regular column select 307
through a disabling signal line (DISABL) 315. A second
output B of the redundant address decoder 302 1s coupled to
the source of a pass through transistor 317. A second output
B of the redundant address decoder 303 1s coupled to the
source of a pass through transistor 319. The column address
enable signal CAEN 313 1s coupled to the gate of the transis-
tor 317 and the column address counter signal CACTR 312
1s coupled to the gate of the transistor 319. A latch 308 is
coupled to the drain of the transistor 317 and the drain of the
transistor 319. The column address enable signal CAEN 1s
enabled when operating 1n a normal transfer mode, and
allows the decoded addressing information from the second
output B of the redundant address decoder 302 to pass
through the transistor 317 to the latch 308. The column
address counter signal CACTR 1s enabled when operating 1n
a burst cycle mode, and allows the decoded addressing infor-
mation from the second output B of the redundant address
decoder 303 to pass through the transistor 319 to the latch
308. The output of the latch 308 i1s coupled to a redundancy
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column select circuit 309. The latch 308 provides the
decoded addressing information from the redundant address
decoders 302 and 303 to the redundant column select circuit
309 for redundant memory access operations. The redun-
dancy column select circuit 309 receives the decoded
addressing information and nstructs drivers to read or write
data from the proper address in the redundancy column
memory array 311. The redundant address decoders 302 and
303 raise the disabling signal DISABL 3135 to a logical high
voltage level when an address within the redundant memory
array 1s detected. When raised to a logical high voltage level,
the disabling signal DISABL 315 disables the regular col-
umn select circuit 307 and prevents the memory access
operation from taking place within the main memory.

The address bus 300 1s used to transter addressing infor-
mation when operating 1n a normal transier mode. In a nor-
mal transfer mode, each subsequent address 1s generated and
provided on the address bus 300. The next address bus 301 1s
used to transfer addressing information at the next address to
be accessed when operating in the burst cycle mode. When
operating 1n the burst cycle mode, the next address 1s nor-
mally generated independent of the CPU by incrementing a
starting address during a burst cycle.

When executing a read or write operation, both the
address bus 300 and the next address bus 301 are used to
transier the addressing information for accessing the appro-
priate memory block. This addressing information 1is
decoded by the redundancy column decoders 302 and 303
which are configured 1n parallel.

The information from the address bus 300 and the next
address 301 bus 1s then also selectively latched by the latch
304 onto the column address bus 305 depending on the state
of the column address enable signal CAEN and the column
address counter 51gnal CACTR. The mformation from the
address bus 300 1s latched by the latch 304 onto the column
address bus 305 during normal operating mode, while the
information from the next address bus 301 1s latched by the
latch 304 onto the column address bus 305 when accessing
the next address 1n a burst cycle mode.

The information on the address bus 300 1s latched by the
latch 304 when beginning at a new column address. The
column address enable signal CAEN 1s activated to a logical
high voltage level, enabling the information on the address
bus 300 to pass through the transistor 316 and to be latched
by the latch 304 onto the column address bus 305. When the
column address enable signal CAEN 1s activated to a logical
high voltage level, the decoded addressing information from
the redundant address decoder 302 1s also passed through the
transistor 317 and latched by the latch 308.

The information on the next address bus 301 1s latched by
the latch 304 onto the column address bus 305 for the next
address 1n a burst cycle mode. When the next address 1n a
burst cycle 1s needed, the column address counter signal
CACTR 1s raised to a logical high voltage level, enabling the
next address information from the next address bus 301 to
pass through the transistor 318 and to be latched by the latch
304 onto the column address bus 305. When the column
address counter signal CACTR 1s raised to a logical high
voltage level, the decoded addressing information from the

redundant address decoder 303 is also passed through the
transistor 319 and latched by the latch 308.

Once the appropriate addressing information 1s latched by
the latch 304 onto the column address bus 305, 1t 1s provided
to the regular column decoder 306. The regular column
decoder 306 decodes the addressing information. The
decoded addressing information 1s then forwarded to a regu-
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lar column select circuit 307 indicating the column address
where the memory access operation 1s to be completed. The
regular column select circuit 307 nstructs drivers to read or
write the information from the approprniate address within
the normal memory array 310.

However, 11 etther of the redundancy column decoders
302 or 303 detect a column address within the redundancy
column memory array, the approprnate redundancy column

decoder 302 or 303 outputs a disabling signal (DISABL) on
the signal line 315 to the regular column select circuit 307,
thereby disabling the regular column pathway. Preferably,
the disabling signal DISABL 1s active high such that a logi-
cal high voltage level disables the regular column select cir-
cuit 307 and the regular column pathway. In this way, the
addressing information receirved by the regular column
select circuit 307 from the regular column decoder 306 1s
disregarded and an access of the main memory 1s prevented.

The mformation on the address bus 300 1s provided to the
redundancy column decoder 302. The information on the
next address bus 301 1s provided to the redundancy column
decoder 303. If either of the redundancy column decoders
302 or 303 detects an address within the redundancy
memory array 311, the decoded redundancy address 1s out-
put by the appropriate redundancy column decoder 302 or
303 and latched by the latch 308 to a redundancy column
select circuit 309, when the appropriate control signal
CAEN or CACTR 1s activated. The output from the redun-
dancy column decoder 302 passes through the transistor 317
when the column address enable signal CAEN 1s at a logical
high voltage level and the decoded addressing information 1s
latched by the latch 308 and provided to the redundancy
column select circuit 309. The output from the redundancy
column decoder 303 passes through the transistor 319 when
the column address counter signal CACTR 1s at a logical
high voltage level and the information 1s latched by the latch
308 and provided to the redundancy column select circuit
309. Once the redundancy column select circuit 309 receives
the decoded addressing information from the latch 308, the
redundancy column select circuit 309 instructs memory
drivers to retrieve from or write to the appropriate address
within the redundancy column memory array 311.

If neither of the redundant column decoders 302 or 303
decodes an address within the redundancy column memory
array 311, then the disabling signal DISABL 1s pulled to a
logical low voltage level and the regular column pathway 1s
not disabled. The disabling signal (DISABL) 315 1s pulled to
a logic low voltage level by the appropriate redundancy col-
umn decoder 302 or 303, 1if the current address to be
accessed 1s not within the redundancy column memory array
311. If the disabling signal DISABL is pulled to a logical
low voltage level, signalling that the current address to be
accessed 1s not within the redundancy column memory array
311, then the regular column select circuit 307 does not dis-
regard the addressing information received from the regular
column decoder 306. Instead, the regular column select cir-
cuit 307 instructs memory drivers (not shown) to retrieve
data from or write data to the appropriate address within the
regular memory array 310 1n order to complete the current
memory access operation.

If either of the redundant column decoders 302 or 303 do
decode an address within the redundancy column memory
array 311, then the disabling signal DISABL 1s raised to a
logical high voltage level and the regular column select cir-
cuit 307 1s disabled. If the regular column select circuit 307
detects that the disabling signal DISABL has been raised to a
logical high voltage level, then the regular column select
circuit 307 disregards the decoded addressing information
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from the regular column decoder 306 and the main memory
array 310 1s not accessed. By providing the addressing infor-
mation {from the address bus 300 and the next address bus
301 to the redundant column decoders 302 and 303 before 1t
1s provided to the regular column decoder 306, the redundant
column decoder 302 and 303 are able to decode the address-
ing information and determine if the addressing information
corresponds to an address within the redundant memory
array. If the addressing information does correspond to an
address within the redundant memory array, then the main
column pathway 1s disabled. If the addressing information
does not correspond to an address within the redundant
memory array, the main column pathway 1s not disabled and
1s also not delayed waiting for the disabling signal to become
valid.

The look-ahead column redundancy circuit of the present
invention reduces memory access delay times without a
complicated design layout or significant board space to
implement. The look ahead column redundancy circuit of
the present invention allows the addressing information for a
current memory access operation to be latched and pro-
cessed 1n parallel without delays associated with waiting for
the disabling signal.

The present invention has been described 1n terms of spe-
cific embodiments incorporating details to facilitate the
understanding of the principles of construction and opera-
tion of the invention. Such reference herein to specific
embodiments and details thereotf 1s not intended to limit the
scope of the claims appended hereto. It will be apparent to
those skilled 1n the art that modifications may be made in the
embodiment chosen for illustration without departing from
the spirit and scope of the invention.

What 1s claimed 1s:

1. An apparatus for accessing a memory structure includ-
ing a maimn memory array and a redundant memory array
comprising;

a. an address bus for carrying addressing information for a
current memory access operation;

b. a main column pathway including a main column
decoder for decoding addressing information and a
main select circuit for selecting appropriate groups of
memory cells within the main memory array for the
current memory access operation; and

¢. a redundant column pathway including a redundant col-
umn decoder for decoding addressing information hav-
ing a first output for providing a decoded redundant
address and a second output for providing a disable
signal, and further including a redundant select circuit
for selecting appropriate groups of memory cells within
the redundant memory array for the current memory
access operation 1f the first output of the redundant col-
umn decoder 1s providing the decoded redundant
address and the second output i1s providing the disable
signal, wherein the addressing information 1s decoded
by the redundant column decoder before the addressing
information 1s decoded by the main column decoder.

2. The apparatus as claimed 1n claim 1 wherein the second
output of the redundant column decoder provides the disable
signal to the main select circuit 1f the current memory access
operation 1s accessing memory cells within the redundant
memory array.

3. The apparatus as claimed in claim 1 wherein the redun-
dant column decoder 1s provided the addressing information
betfore the main column pathway.

4. The apparatus as claimed 1n claim 3 wherein the main
column pathway 1s provided the addressing information and
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the redundant select circuit 1s provided the decoded redun-
dant address from the redundant column decoder 1n response
to a control signal.

5. The apparatus as claimed in claim 4 wherein the groups
of memory cells are columns.

6. A method of completing memory access operations
within a memory structure including a main memory array
and a redundant memory array, comprising the steps of:

a. determining from addressing mformation for a current
memory access operation 1 the addressing information
represents an address included within the redundant
memory array;

b. providing the addressing information for the current
memory access operation to a main column pathway
aiter the step of determining 1s completed;

c. decoding a main address within the main memory array
corresponding to the addressing information;

d. activating a group ol main memory cells within the
main memory array corresponding to the main address;
and

¢. providing a disable signal to a main column select cir-
cuit and a decoded redundant address to a redundant
column pathway 1if the addressing information repre-
sents an address included within the redundant memory
array and selecting the redundant column pathway.

7. The method as claimed 1n claim 6 further comprising
the step of disabling the step of activating a group of main
memory cells, 1f the addressing information represents an
address included within the redundant memory array.

8. The method as claimed 1n claim 6 further comprising
the step of activating a group of redundant memory cells
within the redundant memory array, 1f the addressing infor-
mation represents an address included within the redundant
memory array.

9. The method as claimed 1n claim 8 wherein the step of
providing the disable signal 1s completed before the step of
providing the addressing information.

10. The method as claimed 1n claim 6 wherein the groups
of main memory cells are columns within the main memory
array.

11. The method as claimed 1n claim 8 wherein the groups
of redundant memory cells are columns within the redundant
memory array.

12. An apparatus for controlling access to a memory struc-
ture including a regular memory array and a redundancy
memory array comprising:

a. an address bus for carrying addressing information for a

current memory access operation;

b. a first redundancy column decoder coupled to the
address bus for decoding the addressing information,
the first redundancy column decoder including a first
output for providing a first decoded redundancy address
and a second output for providing a disable signal;

c. a first pass through circuit coupled to the address bus for
passing through the addressing information in response
to a first control signal;

d. a first latching circuit coupled to the first pass through
circuit for latching the addressing information which
has passed through the first pass through circuait;

¢. a regular column decoder circuit coupled to the first
latching circuit for decoding the addressing informa-
tion and providing a decoded regular address;

f. a second pass through circuit coupled to the first output
of the first redundancy column decoder for passing
through the first decoded redundancy address 1n
response to the first control signal;
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g. a second latching circuit coupled to the second pass
through circuit for latching the first decoded redun-
dancy address from the first output of the first redun-
dancy column decoder which has passed through the
second pass through circuit;

h. a regular column select circuit coupled to the regular
column decoder to receive the decoded regular address
and to select a corresponding regular column address
within the regular memory array, wherein the regular
column select circuit 1s also coupled to receive the dis-
able signal from the second output of the first redun-
dancy column decoder for disabling the regular column
select circuit 1f the addressing information corresponds
to an address within the redundancy memory array; and

1. a redundancy column select circuit coupled to the sec-
ond latching circuit to receive the first decoded redun-
dancy address and to select a corresponding redundant
column address within the redundancy memory array,
if the addressing information corresponds to an address
within the redundancy memory array.

13. The apparatus as claimed in claim 12 wherein the first
redundancy column decoder i1s provided the addressing
information before the first latching circuit.

14. The apparatus as claimed in claim 13 wherein the first
control signal 1s a column address enable signal.

15. The apparatus as claimed in claim 12 further compris-
ng:

a. a next address bus for carrying next addressing informa-

tion for a next memory access operation;

b. a second redundancy column decoder coupled to the
next address bus for decoding the next addressing
information, the second redundancy column decoder
including a third output for providing a second decoded
redundancy address and a fourth output for providing
the disable signal;

c. a thuird pass through circuit coupled to the next address
bus for passing through the next addressing information
in response to a second control signal, wherein the third
pass through circuit 1s also coupled to pass the next
addressing information through to the first latching cir-
cuit; and

d. a fourth pass through circuit coupled to the third output
of the second redundancy column decoder for passing
through the second decoded redundancy address in
response to the second control signal, wherein the
fourth pass through circuit 1s also coupled to pass the
second decoded redundancy address through to the sec-
ond latching circuit.

16. The apparatus as claimed in claim 15 wherein the first
and second column decoders are provided the addressing
information and the next addressing information before the
first latching circuait.

17. The apparatus as claimed 1n claim 16 wherein the
second control signal 1s a column address counter signal.

18. A memory subsystem comprising:

an address bus;

a main column pathway configured to receive an address
from the address bus and further comnfigured to be
coupled to a main memory array, wherein the main
column pathway includes at least a first storage ele-
ment and a first decoder; and

a redundant column pathway configured to rveceive the
address from the address bus and further configured to
be coupled to a redundant memory arvay, wherein the
redundant column pathway includes at least a second
storage element and a second decoder;
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wherein in the main column pathway, the first storage
element is configured to store the address prior to the
address being decoded by the first decoder, and in the
redundant column pathway, the second decoder is con-
figured to decode the address prior to an output of the
second decoder being stored within the second storage
element.

19. The memory subsystem as vecited in claim 18, wherein

the second decoder is configured to assert a disable signal if
a current memory access operation is accessing memory

cells within the vedundant memory array, and wherein the
main column pathway further includes a first select circuit
coupled to veceive the disable signal, wherein the first select
circuit is configured to be disabled responsive to receiving
the disable signal.

20. The memory subsystem as vecited in claim 19, wherein
the first select civcuit is coupled to receive an output from the
first decoder, and wherein the redundant column pathway
further includes a second select civcuit coupled to receive an
output from the second storage element.

21. The memory subsystem as vecited in claim 20, wherein
the first select circuit is coupled to provide access to the
main memory array, and wherein the second select circuit is
coupled to provide access to the redundant memory array.

22. The memory subsystem as vecited in claim 19, wherein
the second decoder is configured to not assert the disable
signal if the current memory access operation is accessing
memory cells within the main memory array.

23. The memory subsystem as vecited in claim 19, wherein
the memory subsystem further comprises a next address bus
coupled to provide the address to the first storage element
and further coupled to provide address signals to a third
decoder. wherein the third decoder is in the redundant col-
umn pathway, and wherein the next addrvess bus is config-
ured to convey the address during a burst cycle mode.

24. The memory subsystem as vecited in claim 23, wherein
the thivd decoder is configured to assert the disable signal if
the address received from the next address bus indicates that
the curvent memory access operation is accessing cells in
the redundant memory array.

25. The memory subsystem as vecited in claim 18, wherein
each of the first and second storage elements is a latch.

20. A system comprising.

a main memory array;

a redundant memory array;
an address bus;

a first storage element;

a main memory decoder configured to decode an address
stored in the first storage element,;

redundant memory decoder configured to decode an
address sent on the addvess bus and configured to gen-
erate an indication of whether the sent address is asso-
ciated with any memory cells in the redundant memory
array;

a

a second storage element coupled to stove an output of the
redundant memory decoder; and

selection circuitry configured to selectively cause either
the main memory array ov the redundant memory array
to be accessed depending on the indication.

27. The system as recited in claim 26, wherein the selec-
tion circuitry includes a main memory select circuit coupled
to provide access to the main memory array and a vedundant
memory select circuit coupled to provide access to the
redundant memory array, wherein the main memory select
circuit is coupled to rveceive the indication.

28. The system as recited in claim 27, whervein the main
memory select circuit is coupled to receive an output from
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the main memory decoder, and wherein the redundant
memory select circuit is coupled to receive an output from
the second storage element.
29. The system as recited in claim 27, wherein the main
5 memory select civcuit is configured to be disabled responsive
to receiving the indication.

30. The system as rvecited in claim 27, whevein the redun-
dant memory decoder is configured to not assert the indica-
tion if the address is associated with memory cells in the
main memory array.

31. The system as recited in claim 27 further comprising:
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a next addrvess bus configured to convey a next address,
wherein the first storage element is configured to store

the address conveyed on the next address bus; and

1> a next address decoder configured to decode the next

address conveyed on the next addrvess bus and config-
ured to generate an indication if the next address is
associated with memory cells in the redundant memory

array,

Y \wherein the selection circuitry comnfigured to selectively

cause either the main memory arvay or the rvedundant
memory array to be accessed depending on a state of
the indication.

32. The system as rvecited in claim 31, wherein the main
memory select circuit is coupled to receive the indication
from the next addrvess decoder, and wherein the main
memory select circuit is configured to be disabled responsive
to receiving the indication.

33. The system as recited in claim 31, wherein the next
address decoder is configured to not assert the indication if
the next address is associated with memory cells in the main
memory array.

34. The system as recited in claim 31, wherein the second
storage element is configured to stove an output of the next
address decoder.

35. The system as rvecited in claim 31, wherein the next
address is associated with a burst cycle mode.

36. The system as recited in claim 26, wherein each of the
first and second storage elements is a latch.

37. An apparatus configured to receive addressing infor-
mation corresponding to a memory access, COmMprising:
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a main memory contvol pathway configured to receive
said addressing information, wherein said main
memory control pathway includes a main decoder con-
figured to decode said addressing information, produc-
ing decoded addressing information usable to select a
group of memory locations in a main memory array;,

45

a redundant memory control pathway configured to
receive said addrvessing information, wherein said
redundant memory control pathway includes a vedun-
dant decoder;

50

wherein, if said addrvessing information corresponds to a
group of memory locations in a redundant memory
array, said vedundant decoder is configured to provide
via a first output, decoded addressing information
usable to select said group of memory locations in said
redundant memory array, and, via a second output, an
activated disable signal;

55

60  wherein said redundant decoder is configured to decode

said addressing information before said main decoder.

38. The apparatus of claim 37, wherein said main memory

control pathway and said redundant memory control path-

way and configured to select columns in said main memory
array and redundant memory array respectively.

39. The apparatus of claim 37, wherein said redundant

decoder is configured to provide said activated disable sig-

65
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nal to said main memory control pathway, disabling said
main memory control pathway from selecting said group of
memory locations in said main memory array.

40. The apparatus of claim 37, wherein addrvessing infor-
mation is provided to said redundant decoder before being
provided to said main memory control pathway.

41. The apparatus of claim 37, wherein the apparatus is
an electronics system including random access memory.

42. The apparatus of claim 37, wherein the apparatus is
configured to operate in burst mode.

43. The apparatus of claim 37, wherein, if said addressing
information does not correspond to a group of memory loca-
tions in said redundant memory array, said main memory

control pathway is configured to select a group of memory
locations in said main memory array.
44. An apparatus, comprising.

a first memory control unit configured to receive a
memory address, generate first control information
usable to select a group of locations within a main
memory arrvay, and convey said first control informa-
tion to said main memory array,

a second memory control unit configured to receive said
memory address;

whevrein, if said memory address corresponds to a group

of locations in a redundant memory array, said second

memory control unit is configured to:

generate second control information usable to select
said group of locations within said redundant
memory array,; and

disable said first memory control unit from conveying
said first control information to said main memory
array.

45. The apparatus of claim 44, wherein the apparatus is
an electronics system including vandom access memory.

46. The apparatus of claim 44, wherein first contvol infor-
mation is usable to select one or more columns with said
main memory array, and wherein said second control infor-
mation is usable to select one ov move columns within said
redundant memory array.

47. The apparatus of claim 44, wherein said apparatus is
configured to operate in burst mode.

48. The apparatus of claim 44, wherein if said memory
address does not correspond to a group of locations in said
redundant memory arvay, said first memory control unit is
configured to select said group of locations within said main
memory array specified by said conveyed first control infor-
mation.

49. An apparatus, comprising.

a main address pathway configured to receive a memory
address, generate first address selection information,
and convey said first address selection information to a
main memory array,

a redundant address pathway configured to rveceive said
memory address, wherein said redundant addvess
pathway, in response to determining that a group of
locations corresponding to said memory address is
stored in a redundant memory array, is configured to:
generate second address selection information and
convey said second address selection information to
said redundant memory arrvay; and

send an indication to said main address pathway that a
group of locations corresponding to said memory
address is stoved in said vedundant memory array;

wherein said indication is received by said main address
pathway before said main address pathway conveys
said first address selection information to said main
Memory array.
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50. The apparatus of claim 49, wherein said apparatus is
an electronics system including random access memory.

51. The apparatus of claim 49, wherein said apparatus is
configured to operate in burst mode.

52. The apparatus of claim 49, wherein said indication is
an activated disable signal, and whevein said main address
pathway is configured such that receiving said activated dis-
able signal prevents said main address pathway from con-
veying said first address selection information to said main
memory array.

53. An apparatus, comprising.

first means for receiving a memory address and
generating, in vesponse thereto, information usable to
select a group of memory cells in a first memory array;

second means for rveceiving said memory addrvess; for
determining whether said memory address corresponds
to one or move locations in a second memory array;
and, if so,
for generating information usable to select a group of
memory cells in said second memory array and acti-
vating a disable signal;

wherein said second means is configured to determine
whether said memory address corresponds to said one
or more locations in said second memory array before
said first means generates said information usable to
select said group of memory cells in said first memory
array.

54. The apparatus of claim 53, wherein said apparatus is
an electronics system including random access memory.

55. The apparatus of claim 53, wherein said first means, in
response to rveceiving said activated disable signal, is config-
ured to disable selection of said group of memory cells in
said first memory array.

56. A method, comprising:

determining, in a redundant memory control pathway,
whether addressing information for a currvent memory
access corresponds to one or more locations within a
redundant memory array,

after said determining:
providing said addressing information to a main
memory control pathway; and
decoding said addvessing information provided to said
main memory control pathway; and

if said addressing information corresponds to one or more
locations within said redundant memory array:
providing a disable signal to said main memory control
pathway; and
selecting said one or move locations within said redun-
dant memory array corresponding to said addressing
information.
57. The method of claim 56, further comprising said main
memory control pathway operating in burst mode.
58. A method, comprising:

decoding a memory address in a first memory control
unit;
determining, in a second memory control unit, whether
said memory address corresponds to one or more loca-
tions in a redundant memory array, and, if so:
generating address contvol information usable to select
said one or more locations in said redundant
memory array,; and
providing a disable signal to said first memory control
unit;
wherein said determining by said second memory control
unit is performed before said decoding by said first
memory control unit.
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59. The method of claim 58, wherein said determining is
performed by decoding said memory address within said
second memory control unit.

60. The method of claim 58, wherein said providing said
disable signal to said first memory contvol unit disables said
first memory control unit from selecting one or movre loca-
tions In @ main memory array.

61. The method of claim 58, further comprising said first
memory control unit operating in burst mode.

62. The method of claim 61, further comprising said sec-
ond memory control unit operating in burst mode.

63. A method, comprising:

providing a memory address to a first memory control unit
and a second memory control unit corresponding to a
first memory array and a second memory array, respec-
tively;
determining, in said second memory control unit, whether
said memory address corresponds to one or movre loca-
tions in said second memory array, and, if so:
generating address control information usable to select
said one or more locations within said second
memory array,; and
providing a disable signal to a first memory control unit
prior to said first memory control unit generating
address control information usable to select one or
movre locations within said first memory array.
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64. A method of completing memory access operations
within a memory structure including a main memory array
and a redundant memory array, comprising:

determining from addressing information for a current
memory access operation if the addressing information
represents an address included within the vedundant
Memory array;,

providing the addressing information for the current
memory access operation to a main column pathway
dfter the step of determining is completed,;

decoding a main address within said main memory array
corresponding to the addressing information;

if the addressing information represents an address
included within the redundant memory array:
providing a disable signal to a main column select cir-
cuit and providing a decoded redundant address to a
redundant column pathway; and
selecting the redundant column pathway.
65. The method of claim 64, further comprising activating
a group of cells in said main memory array if said addvess-

ing information does not rvepresent an address included
within the redundant array.
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