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(57) ABSTRACT 

The memory cells of an integrated memory are successively 
tested and immediately following the detection of a defect of 
the memory cell currently being tested, the affected roW line 
or column line is replaced by programming one of the 
redundant lines. After a certain number of the redundant 
lines have been programmed, the programming of at least 
one of the redundant lines is canceled if a further defect is 
found. This redundant line is programmed for repairing a 
defect of another memory cell. 
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METHOD OF REPAIRING DEFECTIVE MEMORY 
CELLS OF AN INTEGRATED MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending 
International Application PCT/DE99/02571, ?led Aug. 17, 
1999, Which designated the United States. 

BACKGROUND OF THE INVENTION 

[0002] Field of the Invention 

[0003] The invention lies in the integrated technology ?eld 
and relates, more speci?cally, to a method for repairing 
defective memory cells of an integrated memory. 

[0004] Such a method is described in US. Pat. No. 5,410, 
687. There, individual memory cells of a memory are tested 
Which are located at cross points of roWs and columns. The 
memory has, for each column and each roW, an error counter 
in Which the errors detected for this column or roW, respec 
tively, are added together. After all memory cells have been 
checked, a repair of defective memory cells is effected by 
means of redundant column and roW lines on the basis of the 
information stored in the error counters. The method 
described has the disadvantage that the error counters 
needed for its execution require a relatively large space. 

[0005] Us. Pat. No. 5,206,583 describes an integrated 
circuit Which has separable connections (fuses) for a per 
manent programming of redundant elements. The integrated 
circuit also has reversibly programmable elements in the 
form of latches Which are connected in parallel With the 
fuses and Which are used for testing the reversible program 
ming of the redundant elements. 

SUMMARY OF THE INVENTION 

[0006] The object of the present invention is to provide a 
method of repairing defective memory cells of an integrated 
memory device Which overcomes the above-noted de?cien 
cies and disadvantages of the prior art devices and methods 
of this general kind, and Wherein the necessary hardWare 
components require the smallest possible area. 

[0007] With the above and other objects in vieW there is 
provided, in accordance With the invention, a method of 
repairing defective memory cells of an integrated memory. 
The memory has memory cells arranged at cross points of 
roW lines and column lines and reversibly programmable 
redundant lines including redundant roW lines and redundant 
column lines. The method comprises the steps of: 

[0008] 
[0009] immediately upon detecting a defect of a 
memory cell being tested, replacing the respectively 
affected roW line or column line by programming 
one of the redundant lines; 

[0010] after a certain number of the redundant lines 
have been programmed, canceling a programming of 
a given one of the redundant lines upon detecting a 
further defect; and 

successively testing the memory cells; 

[0011] programming the given redundant line for 
repairing a defect of another memory cell. 
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[0012] In other Words, according to the novel testing 
method, the memory cells are successively checked. Imme 
diately folloWing the detection of a defect of the memory 
cell checked in each case, the roW line affected or the column 
line affected is replaced by programming one of the redun 
dant lines. After a certain number of the redundant lines has 
been programmed, the programming of at least one redun 
dant line is canceled When a further defect is detected, and 
this redundant line is programmed for repairing a defect of 
another memory cell. 

[0013] The column lines can be, for example, bit lines and 
the roW lines can be, for example, Word lines of the 
integrated memory. In other exemplary embodiments, the 
column lines can also be Word lines and the Word lines can 
be bit lines of the memory. 

[0014] The method has the advantage that (in contrast With 
the above-noted US. Pat. No. 5,410,687) no error counters 
are required for each column line and roW line to be checked 
since a defect is in each case repaired immediately after it 
has been detected. To achieve a certain optimiZation of the 
repair to be carried out, nevertheless, the programming of at 
least one of the redundant lines is canceled in dependence on 
the number of redundant lines already programmed previ 
ously so that this redundant line can then be used to repair 
a defect found later. 

[0015] The reversible programming of the redundant lines 
can be done, for example, by means of reversibly program 
mable elements such as the latches described in Us. Pat. 
No. 5,206,583. The repair method according to the invention 
is distinguished by an extremely small hardWare expenditure 
so that it is particularly suitable for implementing a self-test 
and a self repair of the integrated memory to be repaired. 
This means that all components required for carrying out the 
repair method are components of the integrated memory or, 
respectively, are arranged in the same integrated circuit 
together With this memory. On the other hand, naturally, the 
method according to the invention can also be implemented 
in softWare or can also be performed by an external tester of 
the integrated memory. 

[0016] 
tion: 

In accordance With an added feature of the inven 

[0017] the memory cells are tested for defects roW by 
roW; 

[0018] upon ?nding a defect of the memory cell 
being tested, the affected column line is replaced 
With one of the redundant column lines if a number 
of the programmed redundant column lines does not 
exceed a threshold value; 

[0019] if the threshold value is exceeded, any pro 
gramming of redundant column lines Which has 
taken place due to defects having been found in the 
affected roW line is canceled; and 

[0020] the affected roW line is replaced With one of 
the redundant roW lines. 

[0021] In accordance With an additional feature of the 
invention, the threshold value, i.e., the limit value for the 
number of redundant column lines to be programmed, is 
changed during the checking. This provides for an adapta 
tion to the number of redundant column lines not yet 
programmed Which still exists. 
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[0022] According to this ?rst embodiment of the repair 
method, the memory cells are checked for defects roW by 
roW and, When a defect of the memory cell just checked is 
detected, the column line affected is replaced by a redundant 
column line if the number of programmed redundant column 
lines does not then exceed a limit value. When the limit 
value is exceeded, any programming of redundant column 
lines Which has taken place on the basis of defects detected 
in the roW line affected are canceled and the roW line affected 
is replaced by one of the redundant roW lines. 

[0023] In this embodiment, a repair of detected defects in 
each case takes place perpendicularly to the direction of 
testing. This is because testing takes place roW by roW and 
replacement initially takes place column by column. It is 
only When the number of the redundant column lines already 
used exceeds the limit value that the preceding programming 
operations are at least partially canceled. HoWever, it is only 
the programming operations of those redundant column 
lines Which have been programmed on the basis of defects 
recogniZed in the relevant roW line Which are being can 
celed. Since the roW line affected is then replaced by a 
redundant roW line and the programming of redundant 
column lines Which has taken place on the basis of roW lines 
previously tested is not canceled, all defects detected are 
repaired in the manner described Within a single test run 
through the memory cells if there are suf?cient redundant 
lines. 

[0024] In accordance With an alternative feature of the 
invention, the novel method provides for the folloWing 
steps: 

[0025] testing the memory cells, beginning at a start 
address; 

[0026] once all redundant lines have been pro 
grammed, canceling the programming of one of the 
redundant lines if a further defect is found; 

[0027] retesting the memory cells, beginning at the 
start address; 

[0028] if, during the retesting step, a defect is found, 
With an address before the further defect, reversing 
the canceling of the programming of the correspond 
ing redundant line; 

[0029] subsequently repeating the three preceding 
method steps With respect to the step of canceling the 
programming of another one of the redundant lines; 

[0030] if, after canceling the programming of one of 
the redundant lines, during the subsequent testing of 
the memory cells, no defect is found With an address 
before the further defect, repairing the further defect 
With the redundant line that has become available 
due to the canceling of its programming. 

[0031] In other Words, the memory cells are tested begin 
ning With a start address. Once all redundant lines have been 
programmed, the programming of one of the redundant lines 
is canceled When another defect is detected. The memory 
cells are then tested again beginning With the start address. 
If then a defect is detected, the address of Which is arranged 
before the further defect, the cancellation of the program 
ming of the corresponding redundant line is reversed. This 
means that the corresponding redundant line is programmed 
to replace the same normal line as before the cancellation of 
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its programming. After that, the three preceding method 
steps are repeated With respect to the cancellation of the 
programming of another one of the redundant lines. If, after 
the cancellation of the programming of one of the redundant 
lines, no defect With an address arranged before the further 
defect is detected during the subsequent testing of the 
memory cells, it is repaired With the redundant line Which 
has become free due to the cancellation of its programming. 

[0032] This embodiment of the invention provides for the 
cancellation of the programming of those redundant lines 
Which only repair defects Which have already been detected 
and Which, in addition, have already been eliminated by 
other redundant lines. These defects, therefore, stay repaired 
after the programming of the relevant redundant line has 
been canceled. 

[0033] In accordance With a concomitant feature of the 
invention, the memory is marked unrepairable if, after the 
further defect has been found, the successive canceling of 
the programming of all redundant lines does not provide for 
a repair of all the detected defects. 

[0034] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0035] Although the invention is illustrated and described 
herein as embodied in a method for repairing defective 
memory cells of an integrated memory, it is nevertheless not 
intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made therein 
Without departing from the spirit of the invention and Within 
the scope and range of equivalents of the claims. 

[0036] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a ?oWchart of a ?rst embodiment of the 
repair method according to the invention; 

[0038] FIG. 2 is a supplement to the ?oWchart of FIG. 1; 

[0039] FIG. 3 is a ?oWchart illustrating a second embodi 
ment of the repair method; 

[0040] FIGS. 4 to 10 are diagrammatic plan vieWs and 
related tabular layouts shoWing an exemplary embodiment 
for carrying out the repair method of FIG. 3; and 

[0041] FIGS. 11 and 12 are diagrammatic plan vieWs and 
related tabular layouts of an exemplary embodiment of the 
execution of the repair method illustrated in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] Referring noW to the ?gures of the draWing in 
detail and ?rst, particularly, to FIG. 1 thereof, the memory 
cells of the integrated memory are successively tested. To 
test the next memory cell in each case, the address is 
correspondingly incremented. With each beginning of the 
testing of a neW roW line, a counter X is set to Zero. If a 

defect is detected, the counter X is incremented by one and 
the count of the counter X is compared With a limit value Y. 
The limit value Y applies to the number of maximum 
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column lines permitted and programmed for the repair in the 
current roW line. This is because the memory cells are tested 
roW by roW Whereas the repair is carried out column by 
column When a defect is found. As long as the counter X 
does not exceed the limit value Y When a defect is found, the 
defect is eliminated by a redundant column line. If, hoWever, 
the counter X exceeds the limit value Y, the programming of 
the redundant column lines Which have been programmed 
for the repair of defects detected in the current roW line is 
canceled. After that, the current roW line is repaired by a 
redundant roW line. 

[0043] It is particularly advantageous if the redundant roW 
line acting as replacement itself is checked for errors after 
the replacement. For this purpose, the repair method is 
continued With the check of the memory cell of the redun 
dant roW line Which has the loWest column address. If errors 
are detected on the redundant roW line, a repair is initially 
effected via the redundant column lines as before. If their 
number exceeds the permissible limit value, their program 
ming is canceled and the redundant roW line is replaced by 
another redundant roW line. Naturally, the checking of the 
memory cells of a programmed redundant roW line can be 
omitted if the redundant lines have been tested before they 
Were programmed and only error-free redundant lines are 
subsequently used for a repair. 

[0044] An exemplary embodiment of the ?rst embodiment 
of the repair method according to the invention Will be 
explained With reference to FIGS. 11 and 12 in the text 
Which folloWs. In FIG. 11, a memory cell array of the 
integrated memory is shoWn in the left-hand part and an 
overvieW of the redundant lines is shoWn in the right-hand 
part. FIGS. 11 and 12 and 4 to 10 essentially use the same 
type of representation Which is Why this Will only be 
discussed once. The memory cells MC of the integrated 
memory are arranged at cross points of bit lines BL and Word 
lines WL. The bit lines BL are numbered through from 0 to 
3 and the Word lines WL are numbered through from 0 to 4. 
Defective memory cells MC are marked by crosses. Memory 
cells MC already repaired by redundant lines are marked by 
squares. A circle marks the current defect, that is to say one 
that has just been found, of the memory cells MC. In the 
right-hand part of FIG. 11, a table is shoWn Which contains 
all available redundant lines of the memory as an illustra 
tion. In the exemplary embodiment explained With reference 
to FIGS. 11 and 12, the memory has tWo redundant Word 
lines RWLO, RWL1 and three redundant bit lines RBLO, 
RBL1, RBL2. The table speci?es Which of these redundant 
lines has already been programmed for replacing one of the 
normal lines BL, WL. A Zero means that the associated 
redundant line has not yet been programmed and a one 
means that programming has already taken place. 

[0045] The left-hand part of FIG. 11 also shoWs the 
manner in Which the defective memory cells MC have been 
repaired. To the right of the memory cell array, the redundant 
bit lines RBLi programmed for replacing the respective 
normal bit lines BL have been entered and beloW the 
memory cell array, the redundant Word lines RWLi pro 
grammed for replacing the normal Word lines are entered. In 
the present case, a sequential test of the memory cells MC 
has already taken place before the state shoWn in FIG. 11, 
beginning With memory cell address 0,0 (that is to say Word 
line WLO and bit line BLO) in the direction of the Word lines 
WL. Memory cell 0,0 does not exhibit a defect. After that, 
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memory cell 0,1 Was tested (Word line WLO, bit line BL1) 
and a defect Was found. This defect Was repaired by replac 
ing the bit line 1 With the redundant bit line RLBO. After that, 
testing of the memory cells continued and, at the beginning 
of the next Word line WL1, the error counter X Was reset to 
Zero. The defective memory cell 1,0 on Word line WL1 Was 
repaired by the redundant bit line RBL1 and the error 
counter X Was incremented to the value 1. Since bit line BL1 
has already been replaced by the redundant bit line RBLO, 
the next error found is the one having the address 1,2. This 
is repaired by means of the redundant bit line RBL2. The 
error counter X is incremented to 2. Next, the defect of 
memory cell 1,3 is found. This state is shoWn in FIG. 11. 
This defect is not repaired by means of a redundant bit line 
since the error counter X is increased to three and has thus 
exceeded the limit value Y Which also has a value tWo. In 
consequence, the programming of the redundant bit lines 
RBL1 and RBL2 Which have been found at addresses 1,0 
and 1,2 on the basis of the defects found in the current Word 
line WL1, is canceled. In contrast, the programming of the 
redundant bit line RBLO Which replaces the normal bit line 
BL1 is not canceled since it did not take place due to a defect 
detected in the current Word line WL1. Its programming 
took place on the basis of the defect With address 0,1, found 
in the Word line WLO. After that, the normal Word line WL1 
is replaced by the redundant Word line RWLO. 

[0046] FIG. 12 shoWs this state of the integrated memory. 
The limit value Y is again set to the value 2 since tWo of the 
redundant bit lines RBLi are again available for program 
ming. These are redundant bit lines RBL1 and RBL2, the 
programming of Which has been canceled as has just been 
described. The memory cells are continuously tested so that 
next the defect having address 3,0 is detected. This is again 
repaired by means of one of the redundant bit lines RBLi. 
The repair method is analogously continued, the program 
ming of some of the redundant bit lines being canceled 
Whenever the count of counter X exceeds the limit value Y 

[0047] If the number of available redundant bit lines RBLi 
not yet programmed changes, the limit value Y is neWly 
established at the beginning of the testing of the next Word 
line WLi. In FIG. 2, a supplement to the ?oWchart of FIG. 
1 can be found at the point designated byA and B, according 
to Which the limit value Y is adapted, for example, if the 
number of redundant column lines already programmed 
exceeds a value Z. In this case, only a relatively small 
number of redundant column lines is noW available for 
programming so that the limit value Y must be reduced to a 
value Y‘. 

[0048] FIG. 3 shoWs the ?oWchart for a second embodi 
ment of the repair method according to the invention. The 
memory cells are tested sequentially, beginning With an 
address ADR=0. As long as no fault is found, the address is 
continuously incremented. When the last address has been 
reached and no defect remains as unrepairable, the inte 
grated circuit is considered to be repaired and the repair 
method is terminated. As soon as a defective memory cell 
has been found, the defect is repaired by replacing the roW 
line affected, or the column line affected, by means of a 
corresponding redundant line as long as a redundant line is 
still available for programming. If, hoWever, all redundant 
lines have already been programmed, the programming of 
one of the redundant lines is canceled so that the original, 
normal column or roW line, respectively, is addressed again. 
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After that, all memory cells are again sequentially tested 
beginning With start address ADR=0. If then no defect is 
found, the address of Which is before the defect last found, 
it is certain that the defects repaired by the redundant line, 
the programming of Which has been canceled, have also 
been repaired by other redundant lines (that is to say several 
times). The redundant line Which has become available can 
therefore be used for repairing the defect last found. If, 
hoWever, a defect having a loWer address than that of the 
defect last found is found, the canceling of the programming 
of the redundant line affected is reversed. This means that it 
is neWly programmed in exactly the same manner as Was the 
case before the cancellation of its programming. This redun 
dant line can thus not be used for repairing the current 
defect. Instead, the programming of another one of the 
redundant lines is canceled and the cells are tested again. 
This method is repeated until the cancellation of the pro 
gramming of one of the redundant lines is successful or until 
the programming of all redundant lines has been succes 
sively canceled Without having been able to repair the 
current defect. In the latter case, the chip is marked as 
defective and the repair method is terminated. 

[0049] In the text Which folloWs, an actual exemplary 
embodiment of the repair method shoWn in FIG. 3 is 
described With reference to FIGS. 4 to 10. In this exemplary 
embodiment, the integrated memory has tWo redundant 
Word lines RWLO, RWLl and tWo redundant bit lines RBLO, 
RBLl. Defective memory cells MC are again identi?ed by 
crosses in the memory cell array. A circle identi?es the 
current defect found. In this exemplary embodiment the 
repair of knoWn defects is effected by programming the 
redundant lines in the order shoWn in the table in the 
right-hand part of the ?gures. To repair the ?rst defect 
having address 0,1 (Word line WLO, bit line BL1), the 
redundant Word line RWLO is, therefore, used. A pointer P 
points to the redundant line Which is to be used next in each 
case. 

[0050] FIG. 5 shoWs the integrated memory after Word 
line WLO has been replaced by redundant Word line RBLO 
With respect to the address. The programming of the redun 
dant Word line RWLO Which has taken place is marked by a 
1 in the table. The pointer P points to the redundant line 
RWLl to be programmed next. Testing of the memory cells 
is sequentially continued and the defect of memory cell 1,0 
is found next. According to FIG. 6, this defect is repaired by 
programming the redundant Word line RWLl. During this 
process, the other defects on Word line WL1 are also 
repaired automatically Without this having to be tested. It is 
assumed here that the programmed redundant lines are in 
each case free of errors. This can be detected by a test 
performed before they are programmed. Only the redundant 
lines found to be free of errors during this process are used 
for a repair. 

[0051] Since the next Word line WL2 does not have a 
defect, the next defect found is the one having address 3,0. 
In the meantime, the pointer P points to the third redundant 
line RBLO so that the current defect is replaced by redundant 
bit line RBLO. This is shoWn in FIG. 7. According to FIG. 
8, the next defect having address 3,1 is replaced by redun 
dant bit line RBLl. 

[0052] The next defect found and having address 3,3 can 
noW no longer be repaired Without problems since all 
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redundant lines have already been programmed and the 
pointer P again points to the ?rst redundant line RWLO. In 
this exemplary embodiment, the programming of the redun 
dant line to Which pointer P points (this is redundant line 
RBLO Which Was programmed ?rst) is noW canceled. Since 
the only defect Which has hitherto been repaired by the 
redundant Word line RWLO is the one having address 0,1 and 
this defect has also been eliminated by the programming of 
the redundant bit line RBLl, no defect having an address 
Which is arranged before the current defect having address 
3,3 is found during the subsequent test of all memory cells. 
The redundant Word line RWLO Which has become available 
due to the cancellation of its programming is, therefore, used 
for repairing the defect of memory cell 3,3. This state is 
shoWn in FIG. 9. Pointer P advances to the next redundant 
line. The memory test is continued With the memory cells 
MC not yet tested and the defect having address 4,2 is found. 
The programming of the redundant Word line RWLl, to 
Which pointer P is pointing, is subsequently canceled. The 
memory cells are again tested beginning at address 0,0, the 
defect having address 1,2 being found ?rst. Its address is 
smaller than address 4,2 of the current defect. The cancel 
lation of the programming of the redundant Word line RWLl 
is, therefore, reversed again. 

[0053] The pointer advances to the next redundant line 
RBLO (FIG. 10). Since the current defect having address 4,2 
has still not been repaired, the programming of this redun 
dant line RBLO is noW canceled. The memory cells are 
tested again beginning at start address 0,0. During this 
testing, no defect is found Which is before the current defect 
having address 4,2. The reason for this is that the defects 
having addresses 1,0 and 3,0 have already been repaired by 
the redundant Word lines RBLl and RWLO. The redundant 
bit line RBLO Which has become available can thus be 
programmed for repairing the current defect. This state is 
shoWn in FIG. 10. The pointer P advances to the next 
programmed redundant line RBLl. Lastly, the memory cell 
having address 4,3 is also tested and does not exhibit a 
defect. The repair method is thus concluded With an inte 
grated memory Which is completely repaired. 

We claim: 

1. A method of repairing defective memory cells of an 
integrated memory, Which comprises: 

providing an integrated memory With memory cells 
arranged at cross points of roW lines and column lines 
and reversibly programmable redundant lines including 
redundant roW lines and redundant column lines; 

successively testing the memory cells; 

immediately upon detecting a defect of a memory cell 
being tested, replacing the respectively affected roW 
line or column line by programming one of the redun 
dant lines; 

after a certain number of the redundant lines have been 
programmed, canceling a programming of a given one 
of the redundant lines upon detecting a further defect; 
and 

programming the given redundant line for repairing a 
defect of another memory cell. 
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2. The method according to claim 1, Which comprises: 

testing the memory cells for defects roW by roW; 

upon ?nding a defect of the memory cell being tested, 
replacing the affected column line With one of the 
redundant column lines if a number of the programmed 
redundant column lines does not eXceed a threshold 

value; 
if the threshold value is exceeded, canceling any pro 
gramming of redundant column lines Which has taken 
place due to defects having been found in the affected 
roW line; and 

replacing the affected roW line by one of the redundant 
roW lines. 

3. The method according to claim 2, Which comprises 
changing the threshold value during the testing. 

4. The method according to claim 1, Which comprises: 

testing the memory cells, beginning at a start address; 

once all redundant lines have been programmed, cancel 
ing the programming of one of the redundant lines if a 
further defect is found; 
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retesting the memory cells, beginning at the start address; 

if, during the retesting step, a defect is found, With an 
address before the further defect, reversing the cancel 
ing of the programming of the corresponding redundant 
line; 

subsequently repeating the three preceding method steps 
With respect to the step of canceling the programming 
of another one of the redundant lines; 

if, after canceling the programming of one of the redun 
dant lines, during the subsequent testing of the memory 
cells, no defect is found With an address before the 
further defect, repairing the further defect With the 
redundant line that has become available due to the 
canceling of its programming. 

5. The method according to claim 4, Which comprises 
marking the memory unrepairable if, after the further defect 
has been found, the successive canceling of the program 
ming of all redundant lines does not provide for a repair of 
all the detected defects. 


