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(57) ABSTRACT

Disclosed is a semiconductor memory device capable of arbi-
trarily setting an upper limit of the number of error correc-
tions during a test operation. The semiconductor memory
device has a counter, a register, and a comparison circuit. The
counter counts the number of error corrections. The register,
when an upper limit setting signal (in the case shown in FI1G.
1, an external upper limit fetch signal) is externally inputted to
change the upper limit of the number of error corrections,
changes the upper limit. The comparison circuit compares the
number of error corrections with the changed upper limit.
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SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Divisional Application, which claims the
benefit of pending U.S. patent application Ser. No. 12/273,
270, filed Nov. 18, 2008, which claims the benefit of U.S.
patent application Ser. No. 11/102,715, filed Apr. 11, 2005,
now patented U.S. Pat. No. 7,467,337, issued Dec. 16, 2008,
which also claims the benefit of Japanese Patent Application
No. 2004-370316, filed Dec. 22, 2004. The entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
memory device, and particularly to a semiconductor memory
device having an error correction function.

[0004] 2. Description of the Related Art

[0005] In a semiconductor memory device such as a
DRAM (Dynamic Random Access Memory) mounted on
computer equipments, a necessary memory capacity rapidly
increases in recent years. In response to the increase in
memory capacity, a miniaturization technique progresses.
However, when the miniaturization technique progresses,
reliability in a memory cell is reduced. In order to prevent the
reduction in reliability, the following redundant technique has
been used. An extra memory region (redundant region) is
provided in a memory cell array. In place of a defective
memory cell in a normal memory cell array region, a non-
defective memory cell in the redundant region is selected to
relieve defects. According to this technique, although the
reduction in the reliability of products themselves can be
prevented, the following problem occurs in recent years. In
the memory cell requiring a refresh operation, such as a
DRAM cell, a data retention time is suddenly degraded, and
thereby defects occur after packaging or shipping of products.
[0006] One example of countermeasures for the defects
caused by data retention time degradation includes a method
of mounting an ECC (Error Checking and Correcting) func-
tion. In the method of mounting a commonly used ECC
function capable of 1-bit error correction, even when read-out
data have an error of 1-bit, the error can be corrected using the
ECC function. Further, a method of mounting the ECC func-
tion to allow it to take over the repair of defects by the
redundant technique is also considered. More specifically,
when the error within the ECC code (e.g., hamming code) is
a 1-bit error, the error correction is performed by each read-
out operation in a state of a 1-bit error without using the
redundant region.

[0007] Therefore, a single-bit defect (it means a defect that
not two or more defects but only one defect is generated by
one read-out operation due to BL (bit line) short/open) to
some extent can be repaired without using the redundant
region. As a result, even defective chips which are heretofore
discarded due to excessive amounts of defective bits that
cannot be repaired using a predetermined redundant region
can be changed into non-defective chips. Therefore, this can
contribute to improvement in the yield.

[0008] However, when the number of single-bit defects of
which the repair by the redundant technique can be taken over
by the ECC function is too large, a probability of repair
defective bits caused by a data retention time degradation is
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reduced. Accordingly, what becomes important here is as
follows. The first point is that the number of defective bits of
which the repair by the redundant technique can be taken over
by the ECC function is determined at the time of packaging or
shipping chips as products. The second point is that the test
operation can be performed.

[0009] For that purpose, a semiconductor memory device
having a counter, a register, a comparison circuit, and an
output circuit is required. Each element has the following
function. The counter can count the number of error correc-
tions. The register can set the upper limit of the number of
error corrections. The comparison circuit can compare values
of'the counter with those of the register. The output circuit can
output the comparison results.

[0010] The semiconductor memory device having the
above-described functions is disclosed, for example, in Japa-
nese Unexamined Patent Publication No. 49-60450 (p. 3,
FIG. 2), Japanese Unexamined Patent Publication No.
1-94599 (pp. 4-5, FIG. 1), and Japanese Unexamined Patent
Publication No. 6-131884 (paragraph numbers [0006] to
[0008], and FIG. 1). The semiconductor memory device has
the following configuration.

[0011] FIG. 9 shows a configuration of a conventional
semiconductor memory device.

[0012] A conventional semiconductor memory device 20
has a data bit section 21, a parity bit section 22, an error
correction circuit 23, a parity calculation circuit 24, a counter
25, aregister 26, a comparison circuit 27, an output circuit 28
and an input circuit 29. The data bit section 21 stores a data bit
out of data stored in a memory cell array comprised of
memory cores (not shown). The parity bit section 22 stores a
parity bit out of data stored in a memory cell array comprised
of memory cores (not shown). The error correction circuit 23
performs an error correction with reference to the data bit and
the parity bit. The parity calculation circuit 24 generates a
parity bit according to input data, for example, by the opera-
tion based on a hamming code. The counter 25 counts the
number of error corrections. The register 26 stores an upper
limit of the number of error corrections. The comparison
circuit 27 compares the counted number of error corrections
with the upper limit of the number of error corrections stored
in the register 26.

[0013] In the conventional semiconductor memory device
20, the error correction circuit 23 performs a 1-bit error detec-
tion and a 1-bit error correction with reference to, for
example, 64 data bits and 7 parity bits. When detecting a
defective bit, the circuit 23 inverts the bit for the error correc-
tion and then, outputs the results through the output circuit 28.
The counter 25 counts the number of error corrections when
a count start signal is inputted during the test operation. The
comparison circuit 27 compares the number of error correc-
tions with the upper limit of the number of error corrections
previously stored in the register 26, and thereby judging
whether or not the number of error corrections exceeds a
predetermined upper limit. When the number of error correc-
tions exceeds the upper limit, the output circuit 28 generates
an alarm.

[0014] The conventional semiconductor memory device,
however, has some problems as described hereinbelow. The
first problem is as follows. Even if the number of error cor-
rections counted during the test operation is too large or too
small with respect to the set upper limit, the upper limit
cannot be arbitrarily set. This upper limit is an upper limit of
the number of the defective bits of which the repair by the
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redundant technique can be taken over by the ECC function.
Accordingly, defective bits beyond the upper limit are
repaired by the redundant region. Therefore, the second prob-
lem is as follows. When the upper limit is too small, many
redundant regions are required depending on the number of
error corrections. On the contrary, when the upper limit is too
large, a probability of relieving the defective bits caused by a
data retention time degradation is reduced in the case where
the number of error corrections is large.

[0015] Thethird problem s as follows. Due to deterioration
with time of the memory cell, the number of the defective bits
after the packaging or shipping increases more than that dur-
ing the test operation in some cases. Despite this, there is no
section for grasping this situation.

[0016] The fourth problem is as follows. Depending on the
test pattern, the same address data are accessed two or more
times in some cases and at this time, the defective bit is
carelessly counted two or more times.

SUMMARY OF THE INVENTION

[0017] Inview ofthe foregoing, itis an object of the present
invention to provide a semiconductor memory device capable
of arbitrarily setting an upper limit of the number of error
corrections during a test operation.

[0018] It is another object of the present invention to pro-
vide a semiconductor memory device capable of grasping an
increase of defective bits due to deterioration with time of a
memory cell.

[0019] It is yet another object of the present invention to
provide a semiconductor memory device capable of correctly
counting the number of error corrections.

[0020] To accomplish the above-described objects, accord-
ing to one aspect of the present invention, there is provided a
semiconductor memory device having an error correction
function that corrects a defective bit. This semiconductor
memory device comprises the following elements: a counter
that counts the number of error corrections; an upper limit
setting section that changes an upper limit of the number of
error corrections in response to an upper limit setting signal
inputted externally; and a comparator that compares the num-
ber of error corrections with the upper limit.

[0021] According to another aspect of the present inven-
tion, there is provided a semiconductor memory device hav-
ing an error correction function that corrects a defective bit.
This semiconductor memory device comprises the following
elements: a counter that counts the number of error correc-
tions; an upper limit setting section that, when an upper limit
setting signal is inputted externally, sets a count result of the
number of error corrections in the counter as an upper limit of
the number of error corrections; and a comparator that com-
pares the upper limit with the count result in the counter after
the passing of a predetermined time.

[0022] According to yet another aspect of the present
invention, there is provided a semiconductor memory device
having an error correction function that corrects a defective
bit. This semiconductor memory device comprises the fol-
lowing elements: a counter that counts the number of error
corrections; an upper limit setting section that stores an upper
limit of the number of error corrections and that, when an
upper limit setting signal is externally inputted after comple-
tion of the counting in the counter, increments or decrements
the upper limit in synchronization with a clock signal; and a
comparator that compares a count result in the counter with
the upper limit.

Feb. 2,2012

[0023] According to yet another aspect of the present
invention, there is provided a semiconductor memory device
having an error correction function that corrects a defective
bit. This semiconductor memory device comprises the fol-
lowing element: an error correction memory section that
stores error correction information of whether or not the error
correction is performed, at every combination of data bits and
parity bits required to construct a code capable of 1-bit error
correction.

[0024] The above and other objects, features and advan-
tages of the present invention will become apparent from the
following description when taken in conjunction with the
accompanying drawings which illustrate preferred embodi-
ments of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 shows a configuration of a semiconductor
memory device according to a first embodiment of the present
invention.

[0026] FIG. 2 shows a configuration of a semiconductor
memory device according to a second embodiment of the
present invention.

[0027] FIG. 3 shows a configuration of a semiconductor
memory device according to a third embodiment of the
present invention.

[0028] FIG. 4 shows a configuration of a semiconductor
memory device according to a fourth embodiment of the
present invention.

[0029] FIG. 5isatiming chart showing a state of writing of
error correction information into an error correction memory
bit.

[0030] FIG. 6 shows a storage state of a memory core after
the writing of error correction information into an error cor-
rection memory bit.

[0031] FIG. 7 is a timing chart showing a state of read-out
of an error correction memory bit and a state of counting of
the number of error corrections.

[0032] FIG. 8 shows a configuration of a semiconductor
memory device according to a fifth embodiment of the
present invention.

[0033] FIG. 9 shows a configuration of a conventional
semiconductor memory device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] Preferred embodiment of the present invention will
be described in detail below with reference to the accompa-
nying drawings, wherein like reference numerals refer to like
elements throughout.

[0035] FIG. 1 shows a configuration of a semiconductor
memory device according to a first embodiment of the present
invention.

[0036] The semiconductor memory device 10a of the first
embodiment has the following elements: a data bit section 11
that stores a data bit; a parity bit section 12 that stores a parity
bit; an error correction circuit 13 that performs an error cor-
rection with reference to the data bit and the parity bit; a parity
calculation circuit 14 that generates a parity bit in response to
input data by the calculation based on, for example, a ham-
ming code; a counter 15a that counts the number of error
corrections; a register 16a that sets an upper limit of the
number of error corrections; a comparison circuit 17 that
compares the counted number of error corrections with the
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upper limit of the number of error corrections stored in the
register 16a; an output circuit 18; and an input circuit 19.
[0037] The data bit section 11 and the parity bit section 12
each are configured by memory cell arrays comprised of
memory cores (not shown). The memory cell array is config-
ured by a 4-bit or 8-bit unit such that four or eight memory
cells are selected on one column selection line.

[0038] A sense amplifier, a write amplifier, or a column
decoder or row decoder that specifies an address is omitted in
the figure.

[0039] Inthe semiconductor memory device 10a of the first
embodiment, the register 16a that stores the upper limit of the
number of error corrections is different from that of a con-
ventional semiconductor memory device. More specifically,
the register 16a changes the upper limit in response to the
upper limit setting signal (which is hereinafter referred to as
an “external upper limit fetch signal” in the first embodiment)
inputted externally. A setting upper limit is fetched in the
register 16a through data input/output pins (not shown), for
example, when the external upper limit fetch signal goesto a
high level during the test operation. The upper limit is an
upper limit of the number of defective bits of which the repair
by the redundant technique can be taken over by the ECC
function.

[0040] Operations of the semiconductor memory device
104 are described below.

[0041] At the time of data writing, data inputted from the
data input/output pins (not shown) are stored in a specified
address in the data bit section 11 through the input circuit 19.
On this occasion, the parity calculation circuit 14 generates a
parity bit in response to input data by the calculation based on
an ECC code (e.g., a hamming code). Then, the parity bit
section 12 stores the generated parity bit in a predetermined
address.

[0042] For example, when constructing the ECC code
capable of 1-bit error correction, the following parity bits
each are generated. The parity bits of 4 bits, 5 bits, 7 bits and
8 bits are generated for the data bits of 8 bits, 16 bits, 64 bits
and 128 bits, respectively. Then, the generated parity bits are
stored in the parity bit section 12.

[0043] Ontheotherhand, at the time of data read-out opera-
tion, for example, the 64 data bits and 7 parity bits which are
required to construct the ECC code are read out in one read-
out operation from the addresses specified in the data bit
section 11 and the parity bit section 12. On this occasion, the
error correction circuit 13 performs a 1-bit error detection and
a 1-bit error correction with reference to the data bits and the
parity bits. When detecting a defective bit, the circuit 13
inverts the bit for the error correction and outputs the cor-
rected data.

[0044] Next, operations during the test are described.
[0045] During the test operation, addresses are incre-
mented or decremented according to a predetermined test
pattern, so that all the address data of the data bit section 11
and the parity bit section 12 are accessed. The error correction
circuit 13 performs a 1-bit error detection and a 1-bit error
correction with reference to, for example, the 64 data bits and
the 7 parity bits corresponding thereto, which are required to
construct the ECC code. The counter 154 starts a counting
operation of the number of error corrections when a count
start signal inputted from an external pin goes to a high level
during the test operation. At this time, a count value outputted
from the counter and the upper limit of the number of error
corrections stored in the register 16a are inputted into the
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comparison circuit 17 and compared. The comparison result
in the comparison circuit 17 is outputted through the output
circuit 18. When the count value in the counter 15a does not
reach the upper limit set in the register 164, the counter 15a
continuously counts the number of error corrections. When
the test using a predetermined test pattern is completed, for
example, the count start signal inputted into the counter 154
goes to a low level and as a result, the counter 15a stops the
counting operation of the number of error corrections. Fur-
ther, when the count value in the counter 15a reaches the
upper limit during the test operation, the output circuit 18
generates, for example, an alarm and as a result, the counter
154 stops the counting operation.

[0046] Incidentally, this upper limit is an upper limit of the
number of defective bits of which the repair by the redundant
technique can be taken over by the ECC function. Therefore,
when the upper limit is too small, many redundant regions are
required depending on the number of error corrections. On
the contrary, when the upper limit is too large, a probability of
relieving the defective bits caused by a data retention time
degradation is reduced in the case where the number of error
corrections is large. Therefore, the semiconductor memory
device 104 of the first embodiment is configured such that the
upper limit set in the register 16a can be adjusted during the
test operation. More specifically, after completion of the
counting of the number of error corrections, when the exter-
nal upper limit fetch signal inputted goes to, for example, a
high level, the register 16a fetches the setting upper limit from
the data input/output pins (not shown) and sets it as a new
upper limit.

[0047] The register 16a sets the upper limit, for example as
follows. After completion of the counting of the number of
error corrections, the register 16a changes the upper limit
according to generation of an alarm. Based on whether or not
the generation of an alarm changes by the change of the upper
limit, the register 16a detects the approximate number of
error corrections. In addition, the defective bit caused by the
data retention time degradation is estimated. Thus, the upper
limit is set. As a result, the upper limit can be set according to
the number of error corrections during the test.

[0048] Next, the semiconductor memory device ofasecond
embodiment is described.

[0049] FIG. 2 shows a configuration of the semiconductor
memory device according to the second embodiment of the
present invention.

[0050] In the diagram, the same elements as those in the
semiconductor memory device 10qa of the first embodiment
are indicated by the same reference numerals as in the device
10qa and the description is omitted.

[0051] In the semiconductor memory device 105 of the
second embodiment, a register 165 that sets an upper limit is
different from the register 164 in the semiconductor memory
device 10qa of the first embodiment. When the upper limit
setting signal (referred to as a “count value memory signal” in
the second embodiment) is inputted (goes to a high level)
externally, the register 165 sets a count result of the number of
error corrections in the counter 154 as the upper limit of the
number of error corrections.

[0052] Operations of the semiconductor memory device
105 of the second embodiment are described below. Opera-
tions during the reading and the writing are the same as those
in the semiconductor memory device 10a of the first embodi-
ment and the description is omitted.
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[0053] Duringthetest operation, after completion of count-
ing of the number of error corrections by the counter 15a,
when the count value memory signal goes to, for example, a
high level, the register 165 stores the count result. After pass-
ing of a predetermined time in which a stress test is per-
formed, a test is performed again by using the same test
pattern as that used in a previous test. The comparison circuit
17 compares the previous count result which is set in the
register 165 with this count result which is outputted from the
counter 154. When this count result increases more than the
previous one, the output circuit 18 generates, for example, an
alarm. Therefore, deterioration with time can be grasped.

[0054] In addition, the semiconductor memory device 10a
of the first embodiment may be configured as follows. The
count value memory signal is allowed to be inputted into the
register 16a. When the signal goes to a high level, the register
164 stores the count value in the counter 15a instead of
fetching the upper limit externally.

[0055] Next, a semiconductor memory device of a third
embodiment is described.

[0056] FIG. 3 shows a configuration of the semiconductor
memory device according to the third embodiment of the
present invention.

[0057] In the diagram, the same elements as those in the
semiconductor memory devices 10a and 105 of the first and
second embodiments are indicated by the same reference
numerals as those in the devices 10a and 105 and the descrip-
tion is omitted.

[0058] In the semiconductor memory device 10c¢ of the
third embodiment, the register 16¢ is different from the reg-
ister 164 in the semiconductor memory device 10a of' the first
embodiment. When the upper limit setting signal (referred to
as an “upper limit increment/decrement signal” in the third
embodiment) is externally inputted (goes to a high level), the
register 16¢ increments or decrements the upper limit in syn-
chronization with a clock signal.

[0059] Operations of the semiconductor memory device
10c¢ of the third embodiment are described below. Operations
during the reading and the writing are the same as those in the
semiconductor memory devices 10a and 105 of the first and
second embodiments and the description is omitted.

[0060] Duringthe test operation, after completion of count-
ing of the number of error corrections by the counter 15a,
when the upper limit increment/decrement signal goes to, for
example, a high level, the register 16c¢ increments or decre-
ments the previously stored upper limit in synchronization
with a clock signal. On each occasion, the comparison circuit
17 compares the count result of the number of error correc-
tions with the upper limit. For example, when no alarm is
generated, the upper limit is decremented. By doing so, the
upper limit is made smaller than the count result of the num-
ber of error corrections on reaching a certain value. As a
result, an alarm is generated. On the other hand, when an
alarm is generated, the upper limit is incremented. By doing
s0, the upper limit exceeds the count result of the number of
error corrections on reaching a certain value. As a result, no
alarm is generated. That is, details of the number of error
corrections can be grasped based on the signal outputted from
the comparison circuit 17.

[0061] Inaddition, the semiconductor memory device 10a
of the first embodiment may be configured as follows. After
completion of the counting of the number of error corrections
by the counter 15a, the upper limit increment/decrement sig-
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nal is inputted to the register 16a, so that the details of the
number of error corrections may be grasped.

[0062] Next, a semiconductor memory device of a fourth
embodiment is described.

[0063] FIG. 4 shows a configuration of the semiconductor
memory device of the fourth embodiment.

[0064] In the diagram, the same elements as those in the
semiconductor memory devices 10a, 105 and 10c¢ of the first
to third embodiments are indicated by the same reference
numerals as those in the devices 10a, 1056 and 10c¢ and the
description is omitted.

[0065] The semiconductor memory device 104 of the
fourth embodiment has the following function. When per-
forming a test using a test pattern that the same address data
are accessed two or more times, a defective bit is prevented
from being counted two or more times. In order to realize the
function, the semiconductor memory device 104 has an error
correction memory bit 12a. The bit 124 stores error correction
information of whether or not an error correction is per-
formed, at every combination of the data bits and parity bits
which are required to construct the ECC code (e.g., a ham-
ming code) capable of 1-bit error correction. A counter 155,
when a count start signal is inputted, counts the number of
error corrections based on the error correction information
stored in the error correction memory bit 12a.

[0066] The memory cell array is generally configured by a
4-bit or 8-bit unit. That is, four or eight memory cells are
selected on one column selection line. For example, in the
case where the array is configured by a 8-bit unit, when the
hamming code is constructed using 7 parity bits to 64 data
bits, a surplus of 1 bit occurs because 7 bits are required for
the storage of the parity bits. Consequently, the surplus of 1
bit is allocated to the error correction memory bit 124, so that
the function can be realized without increase of the memory
cell array.

[0067] Operations of the semiconductor memory device
104 of the fourth embodiment are described below.

[0068] Operations during the reading and the writing are
the same as those in the semiconductor memory devices 10a,
105 and 10c of the first to third embodiments and the descrip-
tion is omitted.

[0069] During the test operation, the semiconductor
memory device 10d first accesses all the address data of a
memory cell array and then performs 1-bit error detection and
1-bit error correction using the error correction circuit 13.
[0070] FIG. 5isatiming chart showing a state of writing of
error correction information into an error correction memory
bit.

[0071] Herein, an address Add (0) is first selected.

[0072] Then, a read-out operation from the memory core
(Core) is performed, for example, at every combination of 64
data bits and 7 parity bits, whereby 1-bit error detection and
1-bit error correction are performed by the error correction
circuit 13. The result is written, as the error correction infor-
mation, into the error correction memory bit 12a of the
memory core. For example, when the error correction is per-
formed, “1” is stored in the memory bit 124, and when the
error correction is not performed, “0” is stored in the memory
bit 12a. When performing the above-described processing for
all of the addresses Add (1), Add (2), . ..,Add (m-1) and Add
(m), all the address data are accessed, whereby the error
correction information is written into the error correction
memory bit 12a.
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[0073] FIG. 6 shows a storage state of the memory core
after completion of writing of the error correction informa-
tion into the error correction memory bit.

[0074] Error correction information of whether or not an
error correction is performed is stored at every combination
of the 64 data bits and 7 parity bits which are required to
construct the ECC code capable of 1-bit error correction.
When the error correction is performed, “1” is stored in the
error correction memory bit, and when the error correction is
not performed, “0” is stored in the error correction memory
bit.

[0075] Next, operations at the time of counting the number
of error corrections are described.

[0076] FIG. 7 is a timing chart showing a state of read-out
of an error correction memory bit and a state of counting of
the number of error corrections.

[0077] For example, when the count start signal is inputted
into the counter 155, all of the addresses Add (0) to Add (m)
are continuously selected for the read-out operation. As a
result, data of the error correction memory bit 12a are read out
inside the memory core (not shown). The counter 155 counts
up only when the datum of the error correction memory bit
12a is stored using “1”” which means that the error correction
is performed. FIG. 7 shows that as a result of the counting, the
number of errors is 5807 (16AF in a hexadecimal number).
The count result is outputted through the output circuit 18.
[0078] In a normal test pattern, each access to all the
address data is repeated two or more times. Therefore, when
the number of error corrections is directly counted by the
counter 155, the same address is carelessly counted two or
more times. As a result, there arises a problem that the correct
number of error corrections cannot be grasped. However, in
the semiconductor memory device 104 of the fourth embodi-
ment, the error correction memory bit 12q is used. Therefore,
even if the error correction in the same address is performed
two or more times, “1” is just overwritten into the error
correction memory bit. Accordingly, when counting up this
number, the correct number of error corrections can be
counted.

[0079] Next, a semiconductor memory device of a fifth
embodiment is described.

[0080] FIG. 8 shows a configuration of the semiconductor
memory device of the fifth embodiment.

[0081] In the diagram, the same elements as those in the
semiconductor memory devices 10a, 105, 10¢ and 104 of the
first to fourth embodiments are indicated by the same refer-
ence numerals as in the devices 10a, 105, 10¢ and 104 and the
description is omitted.

[0082] The semiconductor memory device 10e of the fifth
embodiment has a configuration that the upper limit setting
register 16a and comparison circuit 17 shown in the semicon-
ductor memory device 10a of the first embodiment are added
to the semiconductor memory device 104 of the fourth
embodiment.

[0083] According to the configuration as described above,
the upper limit set in the register 16a can be arbitrarily reset in
response to the count result of the correct number of error
corrections.

[0084] In addition, the semiconductor memory device 10e
of'the fifth embodiment may be further configured as follows.
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The count value memory signal as shown in FIG. 2 is allowed
to be inputted into the register 16a. When the signal goes to a
high level, the register 16a stores the count result by the
counter 154 instead of externally fetching the setting upper
limit. As a result, deterioration with time can be more cor-
rectly grasped.

[0085] According to the present invention, the upper limit
of'the number of error corrections can be changed in response
to the upper limit setting signal inputted externally. There-
fore, the upper limit of the number of error corrections can be
arbitrarily set, for example, in response to the number of error
corrections during the test operation.

[0086] Further, when the upper limit setting signal is input-
ted externally, the count result of the number of error correc-
tions in the counter is set as the upper limit of the number of
error corrections. Then, the upper limit and the count result
after passing of a predetermined time are compared. There-
fore, deterioration with time of the memory cell can be
grasped.

[0087] Further, after completion of the counting of the
number of error corrections, when the upper limit setting
signal is inputted externally, the upper limit is incremented or
decremented in synchronization with the clock signal. Then,
the count result and the upper limit are compared. Therefore,
details of the number of error corrections can be grasped by a
signal from the comparator.

[0088] Further, an error correction storage section is pro-
vided in which the error correction information of whether or
not an error correction is performed is stored at every com-
bination of the data bits and parity bits required to construct a
code capable of 1-bit error correction. Therefore, there can be
solved a problem that at the time of counting the number of
error corrections, the error correction in the same address is
performed two or more times, so that the correct number of
error corrections cannot be grasped, depending on the test
pattern.

[0089] The foregoing is considered as illustrative only of
the principles of the present invention. Further, since numer-
ous modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the invention to the
exact construction and applications shown and described, and
accordingly, all suitable modifications and equivalents may
be regarded as falling within the scope of the invention in the
appended claims and their equivalents.

1-5. (canceled)

6. A method for controlling a semiconductor memory
device having an error correction function of correcting a
defective bit, the method comprising:

counting, as a first value, a. number of error corrections in

a first test operation of the semiconductor memory
device using a first test pattern, and storing the first value
in a storage unit;

counting, as a second value, a number of error corrections

in a second test operation of the semiconductor memory
device using the first test pattern after a stress test is
performed;

comparing the second value with the first value stored in

the storage unit; and outputting an alarm in a case where
the second value is greater than the first value.
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