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(57) ABSTRACT 

A recon?guration memory device is provided associated 
With a main memory array. The recon?guration memory 
device generates a spare address in real time corresponding 
to a faulty address. The recon?guration memory device is 
coupled to an address line, so that When address information 
is received for the main memory array, the address infor 
mation is also received by the recon?guration memory 
device. The recon?guration memory device is adapted to 
send an output signal that results in the address in the spare 
memory address array being addressed, if the received 

( * ) Notice: This is a publication of a continued pros- address information corresponds to a stored faulty address. 
ecution application (CPA) ?led under 37 The output signal includes a spare control signal that directs 
CFR 1.53(d). components to look to the output of the spare memory. 
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BUILT-IN-SELF-TEST AND SELF-REPAIR 
METHODS AND DEVICES FOR COMPUTER 

MEMORIES COMPRISING A RECONFIGURATION 
MEMORY DEVICE 

FIELD OF THE INVENTION 

[0001] This invention relates to computer memories, and 
in particular to hardWare and techniques for detection and 
repair of defects in computer memory arrays. 

BACKGROUND OF THE INVENTION 

[0002] Computer memory arrays on chips involve a very 
large number of individual cells. For dynamic random 
access memories, the number of cells is very large. As a 
result, even loW defect rates arising out of the manufacturing 
process result in an unacceptably loW yield. Test procedures 
are applied to DRAM chips, usually on Wafer-by-Wafer 
basis. Every chip on each Wafer is tested on specialiZed 
equipment, Which identi?es the locations of defective cells. 
Location information is then supplied to a controller for a 
laser repair device, Which achieves a hardWare ?X. The 
repaired Wafer is then tested again. 

[0003] Such test and repair procedures result in higher 
yields. HoWever, the procedures are expensive because of 
the need to employ specialiZed test and repair equipment. 

[0004] In SRAM chips, and other chips With embedded 
logic, repairs are not ordinarily carried out. The siZe of 
arrays in SRAM chips and other such chips has been small 
enough that, even Without repairs, acceptable yield has been 
obtained. Also, because SRAM chips are generally more 
specialiZed and manufactured in smaller quantities, the cost 
of con?guring laser repair machines must be averaged over 
a relatively small number of Wafers, When compared to 
DRAM chips. 

[0005] In chips With embedded memories, it has become 
possible to have test procedures carried out by logic on the 
chip, knoWn as built-in self-test units. The built-in self-test 
units for SRAM chips carry out a veri?cation process 
resulting in a simple indication of Whether there is a defect 
in the memory array. As defective chips are simply dis 
carded, no additional information is required. 

[0006] HoWever, array siZe in SRAM chips is steadily 
increasing. Accuracy in manufacturing techniques is not 
increasing suf?ciently rapidly to maintain yields. Further 
more, additional components, Which Were formerly in sepa 
rate devices, are also being added to SRAM chips. The 
added components increase functionality of the chips, and 
are sometimes referred to as a system on a chip. These 
devices mean that individual chips are much more eXpen 
sive, making discarding faulty chips undesirable. 

SUMMARY OF THE INVENTION 

[0007] According to one aspect of the invention, a recon 
?guration memory device is provided associated With a main 
memory array. The recon?guration memory device includes 
a table listing faulty addresses in the main memory array, 
and, associated With each faulty address, an address in a 
spare memory array. The recon?guration memory device is 
coupled to an address line, so that When address information 
is received for the main memory array, the address infor 
mation is also received by the recon?guration memory 
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device. The recon?guration memory device is adapted to 
check the table to determine Whether the received address 
information corresponds to a stored faulty address. The 
recon?guration memory device is adapted to send an output 
signal that results in the address in the spare memory address 
array being addressed, if the received address information 
corresponds to a stored faulty address. This permits real time 
repair of the main memory. 

[0008] According to another aspect of the invention, main 
memory addresses received on an address line are compared 
to faulty addresses stored in a look-up table in a device on 
the same substrate as the main memory. When a received 
address is found in the table of faulty addresses, a corre 
sponding spare address is identi?ed. The spare address 
identi?es a location in a spare memory, also located on the 
substrate. The corresponding spare address is then 
addressed. 

[0009] According to another aspect of the invention, a 
method is provided for correcting for faults in a computer 
main memory located on a substrate. One or more faulty 
addresses are identi?ed in the main memory. The faulty 
addresses are stored in a recon?guration device in the 
substrate. For each faulty address, a unique corresponding 
spare address is selected. The spare address identi?es a 
location in a spare memory array also located on the 
substrate. The spare address is stored in the recon?guration 
device associated With the corresponding main memory 
address. When a signal is received identifying one of the 
faulty address locations, the spare address location corre 
sponding to that faulty address location is addressed. 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIG. 1 is a block diagram of a device according to 
the present invention. 

[0011] FIG. 2 is a detailed block diagram of a device 
according to the present invention. 

[0012] FIG. 3 is a How chart shoWing steps in a process 
according to the present invention. 

[0013] FIG. 4 is a How chart shoWing steps in a process 
according to the present invention. 

[0014] FIG. 5 is a someWhat schematic diagram of a 
memory array according to the present invention. 

[0015] FIG. 6 is a detailed schematic diagram of a portion 
of the memory array of FIG. 5. 

[0016] FIG. 7 is a block diagram of a spare memory block 
according to the invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0017] Referring noW to FIG. 1, there is shoWn a high 
level block diagram of a memory device and associated 
devices. The components shoWn on the block diagram are all 
on a substrate, normally a silicon chip. These components 
are all components of What is generally referred to as the 
memory block of a memory device. There is shoWn a static 
read only memory (SRAM) 10, a data in selector 14, an 
address selector 18, a repair control unit 22, and a test and 
repair unit 26. Data input line 30 couples an input side of 
data in selector 14 to other devices. Data input line 30 may 
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be, for example, a 16-bit line. Test data line 34 couples an 
output of test and repair unit 26 to an input side of data in 
selector 14. Test data line 34 is preferable of the same 
bandwidth as data input line 30. Memory input line 38 
couples an output of data in selector 14 to memory 10. 
Address input line 42 couples address selector 18 to other 
devices. Address input line 42 may be a 16-bit line. Test 
address line 46 couples an output of test and repair unit 26 
to address selector 18. Address input line 50 couples an 
output of address selector 18 to memory 10. Second address 
input line 54 couples repair control unit 22 to other devices. 
Second address input line 54 may be a 7-bit line. Repair 
control unit output line 58 couples an output of repair control 
unit 22 to memory 10. Data output line 62 couples an output 
of memory 10 to other devices, through branch 63, and to 
test and repair unit 26, through branch 64. Data output line 
62 may be 16-bit line. 

[0018] Referring noW to FIG. 2, there is shoWn a block 
diagram of test and repair unit 26, Which may also be 
referred to as built-in self-repair (BISR) and self-test unit. 
Test and repair unit 26 is depicted With various devices 
surrounding memory unit 10. Test and repair unit 26 is seen 
to include BISR controller 70, BISR address generator 75, 
BISR data generator 80, and BISR output data evaluator and 
repair 85. The components of test and repair unit 26 may 
also be referred to as memory test hardWare. BISR controller 
70 is coupled through data line 88 to BISR data generator 80. 
BISR controller 70 is coupled through data line 90 to BISR 
address generator 75. BISR controller 70 is coupled through 
a data line to address selector 18, Which is a multiplexor in 
this embodiment. BISR controller 70 is also coupled to 
read/Write and chip select selector 92. An output of BISR 
data generator 80 is coupled to repair control unit 22 though 
multiplexor 94. The output of BISR data generator 80 is also 
coupled to data in selector 14, Which is a multiplexor. An 
output of BISR address generator 75 is coupled, through 
multiplexor 96 to recon?guration control unit 22. Multi 
plexor 96 selects betWeen signals from BISR address gen 
erator 75 and external address signals. Multiplexor 98 is 
provided intermediate BISR address generator 75 and mul 
tiplexor 96. Multiplexor 98 permits testing of both repair 
control unit 22 and memory unit 10 using addresses output 
by BISR address generator 75. The output of BISR address 
generator 75 is also coupled to address selector 18. 

[0019] Memory unit 10 includes input and output devices 
as set forth in more detail beloW With respect to FIG. 3. 
Read/Write and chip select selector 92 is coupled through 
line 72 to an output of BISR controller 70. Read/Write and 
chip select selector 92 is also coupled, through line 73, to an 
external source of read/Write and chip select signals. It Will 
be understood that BISR controller 70 is adapted to provide 
on line 72 signals emulating read/Write and chip select 
signals. Address selector 18 is coupled, as noted, to BISR 
address generator 75, and to an external address bus (not 
shoWn). Data in selector 14 is coupled both to an output of 
BISR data generator 80 and to an external data bus (not 
shoWn). 
[0020] As for the inputs of repair control unit 22, multi 
plexor 94 is also coupled to an output of BISR output data 
evaluator and repair 85. Multiplexor 96 is coupled to an 
external address bus, as is address selector 18. BISR con 
troller 70 is also directly coupled to recon?guration control 
unit 22. An output of recon?guration control unit 22 is 
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coupled to repair address decoder 102, to RCU output data 
evaluator 104, and to BISR output data evaluator and repair 
85. 

[0021] It Will be understood from FIG. 2 and the above 
description that BISR controller 70 provides the logic for 
self-repair and self-test device 26. 

[0022] BISR controller 70 is a suitable programmable 
device, such as several ?nite state machines and associated 
control signals. Microcontrollers could also be employed. 

[0023] The steps in the testing process Will noW be 
described With reference to FIG. 3. The ?rst step is an 
algorithmic test on repair control unit 22, as shoWn by block 
120 labeled CONDUCT ALGORITHMIC TEST ON 
REPAIR CONTROL UNIT. This step is carried out by BISR 
controller 70 providing signals to BISR address generator 75 
and BISR data generator 80 to carry out an algorithmic test 
on repair control unit 22. The algorithmic test consists of 
alternately Writing to and reading from the cells in repair 
control unit 22 according to a prede?ned algorithm. The 
algorithm may be, by Way of example, a 17n or 17-step 
algorithm. An algorithm knoWn as Algorithm B is an 
example of such an algorithm. RCU output data evaluator 
104 receives output data from repair control unit 22 during 
this test. RCU output data evaluator 104 is designed simply 
to determine Whether or not there are any faults detected 
during the algorithmic test. BISR controller 70 provides 
control data to RCU output data evaluator 104. RCU output 
data evaluator 104 compares data received from repair 
control unit 22 to control data received from BISR controller 
70. RCU output data evaluator 104 then reports the result of 
the test, i.e., Whether or not a discrepancy, and therefore a 
fault, has been detected, to BISR controller 70. As shoWn by 
decision block 125, labeled FAULTS DETECTED‘), if faults 
are detected in repair control unit 22, the conclusion is that 
the chip is unrepairable, as shoWn by ending block 130, 
labeled UNREPAIRABLE. In that event, the test is ended. 

[0024] If no faults are detected in repair control unit 22, 
the next step depends on Whether the retention tests are to be 
skipped, as shoWn by decision block 135, labeled SKIP 
RETENTION TESTS? Retention tests determine Whether 
data is retained in memory cells over an extended period of 
time. Retention tests generally involve Writing a knoWn 
pattern to a memory, Waiting a preselected period of time, 
reading the data stored in memory, Writing the complement 
of the knoWn pattern, Waiting the preselected period of time 
again, and reading the data stored in memory. If there is any 
discrepancy betWeen the data Written to the memory in 
either step and the data read from the memory, the memory 
is failing to retain data, usually as the result of manufactur 
ing errors. As the preselected period of time is ordinarily 
measured in minutes or hours, retention tests are only 
conducted When completely necessary, such as on the initial 
testing of the chip folloWing manufacturing. In the ?eld, 
because of the delay in using the memory resulting from the 
need to Wait for the preselected period of time, retention 
testing is not desirable. Also, retention faults ordinarily arise 
from manufacturing defects, and do not ordinarily develop 
in memories after manufacture. Therefore, the value of 
retention testing in the ?eld is limited. The BFC signal to 
BISR controller 70 indicates Whether or not the retention test 
is to be skipped. If the retention test is not being skipped, 
then the next step is to conduct a retention test on repair 
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control unit 22, as shown by block 140, labeled CONDUCT 
RETENTION TEST ON REPAIR CONTROL UNIT. A 
retention test is conducted under the control of BISR con 
troller 70 by BISR data generator 80 providing data to repair 
control unit 22 and BISR address generator 75 providing 
address information for the data. RCU output data evaluator 
104 is used by BISR controller 70 to check for retention test 
results indicating a retention fault. 

[0025] If the retention tests are being conducted, the next 
step is conducting a retention test on memory 10, as shoWn 
by block 145, labeled CONDUCT RETENTION TEST ON 
MEMORY. BISR controller 70 initiates the retention test on 
memory 10 by providing suitable instructions to BISR 
address generator 75 and BISR data generator 80. Data is 
output to BISR output data evaluator and repair 85. 

[0026] If both retention tests are successful, the testing 
proceeds to testing of RCU output data evaluator 104 and 
BISR output data evaluator and repair 85, as shoWn by block 
150, labeled TEST EVALUATORS. As can be seen from 
FIG. 3, the step of testing of RCU output data evaluator 104 
and BISR output data evaluator and repair 85 is also the step 
immediately folloWing the algorithmic test on repair control 
unit 22, if the retention tests are not being conducted. AWalk 
and address test is conducted on BISR output data evaluator 
and repair 85 and RCU output data evaluator 104 by BISR 
controller 70. 

[0027] The next step is to initialiZe repair control unit 22 
by storing 0’s in all of its memory locations, as shoWn by 
block 155, labeled STORE ALL O’S IN REPAIR CON 
TROL UNIT. This step is carried out by BISR controller 70 
providing suitable instructions to BISR data generator 80 to 
generate 0’s and BISR address generator 75 to designate all 
memory addresses in repair control unit 22. 

[0028] After completion of the foregoing step, the next 
step is the execution of an algorithmic test on main memory 
only of memory 10 and the updating of repair control unit 22 
With data re?ecting mapping betWeen defective cells in main 
memory and corresponding spare cells in one or more spare 
memories of memory 10. This process is shoWn by block 
160, labeled WITH REPAIR CONTROL UNIT LOCKED 
OUT, CONDUCT ALGORITHMIC TEST ON MAIN 
MEMORY ONLY AND UPDATE REPAIR CONTROL 
UNIT. This step is explained in detail beloW With reference 
to FIG. 4. During this step, BISR controller 70 provides 
control signals to BISR address generator 75 and BISR data 
generator 80 to perform an algorithmic test on the main 
memory 10. BISR output data evaluator and repair 85 
evaluates the data received from memory 10. BISR output 
data evaluator and repair 85 sends a signal to BISR con 
troller 70 indicating Whether or not the data is faulty. The 
information as to Whether or not the output data is faulty is 
employed by the algorithm to decide the next step. If the 
output data, as indicated by the signal from BISR output data 
evaluator and repair 85 is not faulty, then there is no need to 
update repair control unit 22, and the algorithm proceeds to 
the next address. If the output data is faulty, then the 
algorithm proceeds to a repair branch, discussed in detail 
beloW With reference to FIG. 4. During this testing step, 
repair control unit 22 is locked out. This is accomplished by 
BISR controller 70 sending a suitable signal to address 
multiplexor 98. As a result, the testing is carried out pro 
ceeding through the entire main memory. Any allocations of 
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spare memory cells are disregarded during this step. No 
testing is carried out on the spare memory block or blocks 
in memory 10. 

[0029] During the foregoing step, the chip may be 
declared unrepairable for a variety of reasons, as discussed 
in more detail beloW With reference to FIG. 4. In that event, 
the testing process is stopped. If the foregoing step of 
algorithmic testing of the main memory and allocation of 
spares is completed, the next step is to determine Whether 
repair control unit 22 has been updated. This is shoWn in 
FIG. 3 by decision block 165, labeled WAS REPAIR 
CONTROL UNIT UPDATED? If repair control unit 22 Was 
not updated, then the testing is completed, as shoWn by the 
line marked NO leading from block 160 to block 190, 
labeled END. 

[0030] If repair control unit 22 Was updated, then the next 
step is to commence conducting an algorithmic test of 
memory 10 With repair control unit 22 activated. BISR 
controller 70 causes BISR data generator 80 and BISR 
address generator 75 to conduct an algorithmic test on 
memory 10. During this step, an appropriate signal is 
provided by BISR controller 70 to multiplexor 98 so that 
repair control unit 22 is activated. The same algorithmic test 
as is conducted on the main memory is preferably used. This 
step is indicated in FIG. 3 by block 170, labeled WITH 
REPAIR CONTROL UNIT ENGAGED, COMMENCE 
ALGORITHMIC TEST ON MAIN MEMORY AND 
ALLOCATED SPARES. As this test proceeds, faults may be 
detected in cells in the spare memory blocks. As Will be 
recalled, no general test of the cells of the spare memory 
blocks is conducted. As many of the cells in a spare memory 
block are not allocated and therefore not used, the test 
procedure Would be unnecessarily prolonged by testing 
every cell in the spare memory blocks. 

[0031] During this step, if no faults are detected, the test 
is at an end. This is indicated by decision block 175, labeled 
FAULT DETECTED‘), and the line labeled NO leading from 
decision block 175 to block 190, labeled END. If any faults 
are detected, neW spare cells Will be required. Accordingly, 
the algorithm determines if any neW spare cells are avail 
able, as indicated by decision block 180, labeled SPARES 
REMAINING? If no spares are available, the algorithm 
determines that the chip is unrepairable, as indicated by the 
line labeled NO leading from block 180 to block 130, 
labeled UNREPAIRABLE. If spares are remaining, neW 
spare cells are allocated to replace cells in the spare memory 
array that are found to have faults. If the allocation algorithm 
identi?es an available neW spare cell, then repair control unit 
22 is updated, and the algorithmic test is restarted. This is 
indicated in FIG. 3 by block 185, labeled UPDATE REPAIR 
CONTROL UNIT. The process then returns to conducting 
the algorithmic test on the main memory and the allocated 
spares With the repair control unit engaged, as indicated by 
the line leading from block 185 to block 170. This process 
continues until the entire memory array is tested, With the 
repair control unit engaged, thereby testing allocated spare 
cells, and no faults are found. Alternatively, the process ends 
When the allocation algorithm determines that no spare cells 
are available. The test process is then concluded. BISR 
controller 70 then provides a signal indicating Whether the 
memory chip is usable. 

[0032] Referring noW to FIG. 4, the allocation algorithm 
Will be explained in greater detail. The algorithm set forth in 
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FIG. 4 is carried out by BISR controller 70. The algorithm 
has generally tWo functions. The ?rst function is to deter 
mine Whether or not a spare component is available. The 
second function, invoked after the ?rst function determines 
that a spare component is available, is the allocation of a 
spare component in the spare memory block. As part of the 
process, the address of the faulty component, and the 
address of the allocated spare component, are stored in 
suitable association With one another in repair control unit 
22. In FIG. 4, block 400, labeled REPAIR BRANCH, 
indicates the commencement of the repair process. The 
repair process commences after completion of the algorith 
mic test. The algorithmic test is carried out on an address 
by-address basis. The information identi?ed by the algorith 
mic test is carried. The algorithm is capable of identifying 
the location of the fault to the degree of detail desired. For 
eXample, if spares are allocated on a cell-by-cell basis, the 
algorithm must be capable of specifying the address of the 
faulty cell. If spares are allocated on a bit-by-bit basis, then 
the algorithm need only specify the bit and column that 
contains the fault. In block 410, the information is the 
number of faults, and the bit and column numbers of the 
faults. The algorithm then determines Whether the number of 
faults eXceeds the number of faults repairable at the address, 
as indicated by block 415. For eXample, the algorithm may 
be con?gured to relate to a main memory block that is 
divided into a number of sub-blocks, and in Which the 
number of faulty bits in each Word that can be replaced in 
each sub-block is equal to the number of spare memory 
blocks. This may alternatively be stated as no more than one 
bit in each spare memory block may be assigned to any one 
main memory sub-block. 

[0033] A line marked YES leads from block 415 to block 
455, labeled UNREPAIRABLE. This If the number of faults 
eXceeds the number of faults repairable at the address, the 
fault is unrepairable. 

[0034] If the number of faults does not eXceed the number 
of faults repairable at the address, then the neXt step is to 
determine Whether the available spares have already been 
allocated in repair control unit 22. To do this, in this 
con?guration, BISR controller 70 sends suitable signals to 
repair control unit 22 to look up the bits that designate the 
column in question. This step is indicated by block 425, 
labeled HAS FAULTY COLUMN BEEN PREVIOUSLY 
IDENTIFIED AS FAULTY‘). In this step, the algorithm 
determines only Whether the 7-bit addresses are the same. 

[0035] If the faulty column has been previously identi?ed 
as faulty, the neXt step depends on Whether the algorithm is 
in replace When done mode, or replace immediately mode. 
Replace When done mode refers to the process conducted 
With repair control unit 22 locked out. Replace immediately 
mode refers to the process conducted With repair control unit 
22 engaged. In replace immediately mode, the replacement 
column is marked as faulty, as indicated by block 430. In 
replace When done mode, the algorithm determines Whether 
the neWly identi?ed fault is the same as the previously 
identi?ed fault, i.e., Whether the previously identi?ed fault 
and the neWly-identi?ed fault are in the same sub-block. 
This step is illustrated in FIG. 4 by block 435, labeled 
SAME FAULTS? If the faults are in the same sublock, then 
a fault that Was previously corrected by assignment of a 
corresponding spare address has been detected. As indicated 
by the line labeled YES leading from block 435 to block 
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440, labeled PROCEED TO NEXT ADDRESS, if this is the 
case, then the repair branch is completed. The test algorithm 
Will then proceed to the neXt address in sequence. 

[0036] In the event that the faulty column Was not previ 
ously identi?ed as faulty, or if the algorithm is in replace 
immediately mode, or if the algorithm is in replace When 
done mode and the neWly-identi?ed fault is different from 
the previously-identi?ed fault, the neXt step is to determine 
Whether the number of faults and allocated spares eXceed the 
limit of available spares. This is indicated by block 445. If 
the number of faults and allocated spares exceeds the limit 
of available spares, the fault is unrepairable, as indicated by 
the line marked YES leading from decision block 445 to 
block 455. If the number of faults and allocated spares does 
not eXceed the limit, then the algorithm proceeds to the step 
of allocating spares, and entering the fault and spare infor 
mation into repair control unit 22, as indicated by block 460. 

[0037] Allocation of spares is carried out by simply ?nd 
ing the neXt available column in the appropriate spare 
memory block. Preferably, spares are allocated on a rotation 
basis through the spare memory blocks so that the number 
of allocated spare columns is approximately the same in all 
spare memory blocks. 

[0038] When allocation and entering of the information is 
completed, the neXt step depends on Whether the algorithm 
is in replace When done mode or replace immediately mode. 
In replace immediately mode, the entire memory, including 
the spares, is retested immediately. Accordingly, as indicated 
by block 465, the process is reinitialiZed. In replace When 
done mode, the process proceeds to block 440, labeled 
PROCEED TO NEXT ADDRESS. This indicates that the 
repair branch is complete and the testing algorithm proceeds 
to the neXt address. 

[0039] Referring noW to FIG. 5, there is shoWn a partially 
schematic vieW of the architecture of computer memory 10 
in accordance With the invention. Computer memory 10 is 
an embedded memory, i.e., a memory that is supplied With 
other devices, such as logic devices or circuits other than 
memory circuits. Memory 10 is disposed on a substrate of 
conventional materials, such as silicon. It Will be understood 
that memory 10 includes a large number of memory cells, 
each of Which is de?ned by the intersection of a roW and 
column. Memory 10 is not disposed in a single array of cells 
but is divided into multiple subarrays 504 and 508. Subarray 
504 has associated With it, as indicated by block 512, devices 
devoted to the input and output of information from and to 
subarray 504. Subarray 504 is further divided into multiple 
blocks, and in particular, eight blocks 516, indicated as 
Block 8 through Block 15 in FIG. 5. Each block 516 has the 
same number of roWs and columns. A single block of main 
roW decoders 520 is provided physically along the ends of 
roWs and intermediate tWo of blocks 516, and in particular 
intermediate Block 11 and Block 12. Main roW decoders 520 
are adapted to provide roW signals in accordance With 
Well-knoWn techniques. 

[0040] Similarly, subarray 508 has associated thereWith 
input/output devices 513. Subarray 501 is further divided 
into eight blocks 518, indicated as Block 0 through Block 7. 
Each block 518 has the same number of roWs and columns. 

[0041] Subarray 508 has de?ned at one end thereof spare 
block 524. Spare block 524 includes one or more spare 
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arrays, and associated controls, as described in more detail 
below. Spare block 524 and blocks 518 are arranged in a 
substantially continuous array. The array is not entirely 
continuous, as main roW decoders 526 are disposed among 
blocks 518. In addition, controls in spare block 524 are 
disposed intermediate the spare array and blocks 518. 

[0042] Referring noW to FIG. 6, there is shoWn the 
architecture of one-half of memory 10 in more detail. As is 
conventional in memory architectures, there are a series of 
data input busses 530 and a series of data output busses 532. 
As is conventional, busses 530 and 532 are coupled through 
data lines to devices external to memory 10. Each data input 
bus 530 has a main output 534 and one output 536 corre 
sponding to each spare block. In the illustrated embodiment, 
there are tWo spare blocks 540, 542. Each main output 534 
is coupled to main input/output bus 544. Main input/output 
bus 544 is in turn coupled to each of main blocks 516. Each 
of main blocks 516 includes a Write/read portion 517 and a 
series of multiplexors 518, in accordance With conventional 
techniques. 
[0043] Data output busses 532 each have a main input 546 
and spare inputs 548 corresponding to each spare block. In 
the embodiment illustrated in FIG. 6, there are tWo spare 
inputs 548. Each main input 546 is coupled to main input/ 
output bus 544. Each spare input 548 is coupled to one of the 
spare blocks. 

[0044] Each input bus 530 and each output bus 532 is 
coupled to a suitable line so as to receive a spare control 
signal from a spare control decoder 550. The spare control 
signal identi?es Whether or not the main output or input or 
one of the spare outputs or inputs is to be enabled. 

[0045] Referring noW to FIG. 7, there is shoWn a sche 
matic diagram of the architecture of a spare memory block 
according to the invention. Spare memory block 524 has tWo 
blocks, each of Which includes a spare block memory array 
554, line precharges 556 coupled to the spare block memory 
array; a read/Write multiplexor 558, and a read/Write circuit 
560. Line precharges 556, read/Write multiplexer 558, and 
read/Write circuit 560 are controlled by spare block control 
562. Details of the foregoing components are Well-known in 
the art. The memory arrays are arranged in column, or bit 
lines, intersected by roW, or Word lines. Spare block roW 
decoders 564 are provided in a conventional manner. 

[0046] As can be seen from the foregoing disclosure, an 
apparatus and methods are provided for self-test and self 
repair of a memory array using devices on the same chip. No 
external hardWare is required. In addition, the self-test and 
self-repair can be carried out in the ?eld, such as upon 
start-up of the device to Which the memory relates. As a 
result, faults that develop in the ?eld can be corrected. 

[0047] It Will be understood that various changes in the 
details, materials and arrangements of the parts Which have 
been described and illustrated above in order to explain the 
nature of this invention may be made by those skilled in the 
art Without departing from the principle and scope of the 
invention as recited in the folloWing claims. 

What is claimed is: 

1. A method for correcting for faults in a computer 
memory located on a substrate, comprising the steps of: 
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identifying a faulty address location in the computer 
memory; 

storing said faulty address location in a recon?guration 
memory device on said substrate; 

selecting a spare address location on said substrate; 

storing said spare address location in said recon?guration 
memory device associated With said faulty address 
location, 

When a signal is received identifying said faulty address 
location, addressing said spare address location based 
on said addresses as stored in said recon?guration 
memory device. 

2. The method of claim 1, Wherein said step of identifying 
a faulty address location in the memory comprises generat 
ing signals from a self-test device on said substrate. 

3. The method of claim 1, Wherein said step of selecting 
a spare address location is carried out by a device on said 
substrate. 

4. The method of claim 1, Wherein said step of storing 
comprises generating signals from a device on said substrate 
to said recon?guration memory device. 

5. The method of claim 1, Wherein said step of identifying 
comprises comparing each received address to a table con 
taining faulty addresses, and, When a faulty address is 
identi?ed, signaling said associated spare address. 

6. A method for real-time correction of faults in a com 
puter memory on a substrate, comprising the steps of: 

comparing received addresses to a table of faulty 
addresses stored in a device on said substrate; 

When a received address is found in said table of faulty 
addresses, identifying a corresponding spare address 
from said table; and 

addressing the corresponding spare address. 
7. The method of claim 6, further comprising the step of 

storing in said device a table comprising a plurality of faulty 
address locations and, associated With each of said faulty 
address locations, a spare address location. 

8. Apparatus for correcting for faults in a computer 
memory located on a substrate, comprising: 

a recon?guration memory device on said substrate for 
storing said faulty address locations and, for each of 
said faulty address locations, an associated spare 
address location, said recon?guration memory device 
being coupled to an address line and to a memory 
block, Whereby, When a signal is received on said 
address line, identifying a faulty address location, said 
recon?guration memory device addresses the spare 
address location in said memory block associated With 
said faulty address location. 

9. The apparatus of claim 8, further comprising a self-test 
device on said substrate for generating signals for testing 
addresses in said memory. 

10. The apparatus of claim 8, further comprising a device 
on said substrate for selecting a spare address location 
associated With each identi?ed faulty address location. 

11. The apparatus of claim 8, further comprising a device 
on said substrate for generating signals said substrate to said 
recon?guration memory device representing said faulty 
address locations and said associated spare address loca 
tions. 
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12. Apparatus for correcting for faults in a computer 
memory located on a substrate, comprising the steps of: 

means for identifying a faulty address location in the 
computer memory; 

recon?guration memory device on said substrate for stor 
ing said faulty address location and a spare address 
location on said substrate and associated With said 
faulty address location; and 

means for addressing said spare address location based on 
said addresses as stored in said recon?guration memory 
device When a signal is received identifying said faulty 
address location. 
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13. The apparatus of claim 12, further comprising a 
self-test device on said substrate for generating signals to 
identify said faulty address location. 

14. The apparatus of claim 12, further comprising means 
on said substrate for selecting said spare address location. 

15. The apparatus of claim 1, further comprising signal 
generation means on said substrate for generating signals to 
said recon?guration memory device to cause said recon?gu 
ration memory device to store said addresses. 

16. The apparatus of claim 12, comprising means on said 
substrate for comparing each received address to a table of 
faulty addresses, and for, When a faulty address is identi?ed, 
signaling said associated spare address. 

* * * * * 


