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5 The present invention relates to a memory testing
apparatus for testing a memory element in the form of a
semiconductor integrated circuit (a semiconductor integrated
circuit memory element, hereinafter referred to as IC
memory), and particularly, relates to an improvement in a

10 memory testing apparatus.provided with a failure relief
analyzer which counts the number of failure memory cells in a
tested IC memory and determines whether or not the IC memory

can be relieved.

15 2. DESCRIPTION OF THE RELATED ART
Storage capacity of an IC memory is increasing more and
more, and accordingly an increased IC chip area and formation
of patterns at high density are required. As a result, there
is an increased possibility that a reduction of the yield of
20 IC memories caused by a very minute defect occurs. In order
to prevent the yield of IC memories from being reduced, there

~

are manufactured IC memories in each of which, for example,
one or more failure memory cells can be electrically replaced
by a substitute or alternative memory cell (also called a

25 spare line, relief line or redundancy circuit). As will be
described later, the IC memory of this kind is called a

memory of redundancy structure in this technical field, and a
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circuit nmenory element, hereinafter referred to as IC nenory), and
particularly, relates to an inprovenent in a mnenory testing apparatus
provided with a failure relief analyzer which counts the nunber of failure
menory cells in a tested |IC nmenory and deternines whether or not the IC ~~
menory can be refteved: 2— DESCRI PTI ON OF TH@ RELATED ART

St or age capacity of an | C menory is increasing nor ﬁnrex>and
accordingly an |7f]i‘ B#ﬂ@Rcﬁiac@i area and fornati oh gf..,ﬁzﬁt-‘f‘exms at | h| gh
density are requi f{{Hlll "ﬁl"ﬁ there is an increased poss“B“TTfy t hat

a reduction of thH rrermtz-es caused by a very m nute defect
occurs. In order

decision as to whether or not the redundancy~structufed
memory can be relieved is rendered by a failure relief
analyzer.
Fig. 5 shows a block diagram of a general construction of

5 an example of a prior memory testing apparatus having a
conventional failure relief analyzer. As is well known, this
memory testing apparatus comprises a timing generator 1, a
pattern generator 2, a waveform shaping device 3, a logical
comparator 4, a failure analysis memory 5 and a failure

10 relief analyzer 6.

The timing generator 1 generates a reference clock (REF

CLK). When the reference clock is supplied to the pattern
generator 2, the pattern generator 2 operates to generate an
address signal, a data signal and a control signal which are

15 to be applied to an IC memory to be tested or under test
(hereinafter simply referred to as memory to be tested or
under test) MUT. The pattern generator 2 also generates an
expected value data signal which is to be supplied to the
logical comparator 4. The address signal, the data signal

20 and the control signal are inputted to the waveform shaping .
device 3 where those signals are shaped to have waveforms
required to test a memory to be tested MUT, and then are
applied to the memory under test MUT as a predetermined test
pattern signal.

25 The data signal written in the memory under test MUT is
temporarily stored therein and is read out therefrom later.

The read-out data signal is inputted to the logical
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to prevent the yield of IC nenories from being reduced, there are
manuf actured | C nenories in each of which, for exanple, one or nore
failure nenory cells can be electrically replaced by a substitute or
alternative nemory_cell (also called a spare line, relief line or
redundancy circuit). As will be described later, the ICnggnDry of this

kind is called of redundancy structure in this t nical dhsedmn |
and a ﬁlsﬁér{ﬁr?/ Been Replaced Y - 2- ﬁ@ﬂg ;hiA ED -

T

comparator 4. An expected value data signal is supplied from

-3-

the pattern generator 2 to the logical comparator 4 where the
data signal inputted thereto from the memory under test MUT
is logically compared with the expected value data signal to

5 detect as to whether or not there is an anti-coincidence or
mismatch between both signals.

If the data signal does not coincide with the expected
value data signal, the logical comparator 4 outputs a failure
signal (failure data) to write and store it in the failure

10 analysis memory 5 at an address thereof specified by the
address signal generated from the pattern generator 2.
Usually, when the data signal coincides with the expected
value data signal, the logical comparator 4 generates a pass
signal which is not stored in the failure analysis memory 5.

15 In such a way, the information on failure memorf cells of
a memory under test MUT generated during a series of tests is
stored in the failure analysis memory 5. After the test is
completed, the failure anélysis for the memory under test MUT
is carried out with reference to the failure data stored in

20 the failure analysis memory 5.

The failure analysis memory 5 has the same operating rate
or speed and storage capacity as those of the memory under
test MUT, and the same address signal as that applied to the
memory under test MUT is applied to the failure analyses

25 memory 5. In addition, the failure analysis memory 5 is
initialized prior to the start of a test. For example, when

initialized, the failure analysis memory 5 has data of
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decirsion as to whether or not the redundancy-structured nenory can be

relieved is rendered by a failure relief analyzer. Fig. 5 shows a
bl ock di agram of a general construction of an exanple of a prior nenDry
testing apparatus having a conventional failure relief anal yzer

Monreis «—»-.(

wel | known, f{hisS WeENOry testing apparatus conprises a tinmin '@é&&FEGD¥A&gfLN§
a pattern generator 2, a waveform shaping device 3, a logical _cQEparagor
4, a failure ;ﬂEﬁﬁﬂEﬁMxé and a failure relief analyzer 6. — ~The——

timng generat' ﬁ'i ': - a reference clock (REF CLK). Wen the
reference cl oclkilEf ;? to the pat-tern generator 2, the pattern
generator 2 opera rate an

logical "0s” written in all of the addresses thereof. Every
time a failure data indicating the anti-coincidence is
Qenerated from the logical comparator 4 during a test of a
memory under test MUT, a failure data of, for example,

5 logical "1" indicating failure of a memory cell is written in
the same address of the failure analysis memory 5 as that of
the memory cell which has generated the anti-coincidence.

The failure relief analyzer 6 separately and
simultaneously counts the total number of failure cells
10 stored -in the failure analysis memory 5 and the number of
failure cells on each address line (row address lines and
column address lines) stored in the failure analysis memory
5, and analyzes to determine whether the relief of the tested
memory is possible or not by use of relief lines, i.e., spare
s memory cells (spare lines or redundancy circuits) provided in
the tested memory MUT. .A memory having such relief lines is,
as mentioned above, called a redundancy-structured memory in
‘this technical field.
Here, a brief explanation will be given regarding a
20 redundancy-structured memory. Fig. 6 shows in outline an
arrangement of an example of such redundancy-structured
memories. A memory tO be tested MUT has, in addition to a
memory cell array (main storage portion) MCA where memory
cells are arrayed in rows (lateral rows) and columns
25 (longitudinal rows), row address relief lines SR and column
address relief lines SC formed on the periphery of the memory

cell array MCA. The memory cell array MCA, the row address
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address signal, a data signal and a control signal which are to be applied
to an IC menory to be tested or under test (hereinafter sinply referred to
as nmenory to be tested or under test) MJT. The pattern generator 2 al so
generates an expected value data signal which is to be supplied to the

| ogi cal comparator—4—The—address signal, the data signal and the contro
signal are inputted to the waveform shaping device 3 where those signals
are shaped to hﬁMﬁmMH$Q%@ngﬁmm§eqU|red to test a nenory to be tested MJT,
and then are apillE Agngygrenory under test MJT as a pr ,g@gyneﬁwtesLﬁf
pattern signal. [{ fis] E u signal -§witten in the menory,| under? ﬁﬁmﬁiN
is tenporarily's IS & and is read out therefrom i ater %héﬂ
read-out data signal is inputted to the | ogical

)

relief lines SR and the column address relief lines SC are
formed in the same semiconductor chip. 1In thié exanple,
there is shown a case where two row address relief lines SR
are disposed along one side of the row address direction of
5 the memory cell array MCA and two column address relief lines

SC are disposed along one side of the column address
direction of the memory cell array MCA, respectively.
Bowever, it is needless to say that the number of relief
lines and the positions where those relief lines are disposed

10 are not limited to the example as illustrated.

As a result of the test of a memory to be tested MUT, in
case that three failure memory cells X;, X» and X3 are
detected, for example, on the i-th row address line Ri (1 is
an integer) and three failure memory cells Yi, iz and Y3 are

15 detected, for ezample, on the i-th column address line Ci, if
the row address line Ri is substituted bf any one of the row
ad&ress relief lines SR with respect to its electrical
connection, the row address line Ri having the failure cells
can be relieved. Similarly, if the column address line Ci is

20 substituted by any one of the column address relief lines SC
with respect to its electrical connection, the column address
line Ci having the failure cells can also be relieved.

In such a way, a redundancy-structured memory is arranged
such that failure memory cells in its memory cell array MCA

25 can be relieved by its row and column address relief lines.
Therefore, by counting the number of failure memory cells of

each row address line and the number of failure memory cells
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-3-- conparator 4. An expected value data signal is supplied from the
pattern generator 2 to the | ogical conparator 4 where the data signha
inputted thereto fromthe nenory under test MJUT is logically conpared with
the expected value data signal to detect as to whether or not there is an
anti - coi nci dencé or —mstratch-bet ween both si gnal s.

een }{c:glaced =iy
o | THIS SHEZT 545 Brpy |
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I e ]

of each column address line and by comparing the number of
row and column address lines each having failure cells with
the number of relief lines, a decision can be rendered as to
whether the mgmofy cell array MCA can be relieved or not.

"5 For this reason, as shown in Fig. 7, in the conventional
failure relief analyzer 6 the number of failure memory cells
in each row address liné within the memory cell array MCA is
counted by a row address.failure counter RFC and the number
of failure memory cells in each column address line within

10  the memory cell array MCA is counted by a column address
failure counter CFC, and in addition, the total number of
failure memory cells are counted by a total failure counter
TFC. Then, based upon those counted values, the possibility
of relief of the memory cell array MCA is determined.

15 Fig. 8 shows a block diagram of an arrangement of an
example of the conventicnal fajlure analysis memory 5 and a
block diagram of an arrangement of an example of the
conventional failure relief analyzer 6. The failure analysis
memory 5 comprises an address formatter FOM) for matching an

20 address of a failure memory cell in a memory under test MUT |
with an address of the failure analysis memory 5 in which the
failure signal indicating the failure memory cell is stored,
and a memory part AFM for storing a failure signal supplied
from the logical comparator 4 shown in Fig. 5 at an address

25 specified by an address signal formatted by the address
formatter FOM;. The address formatter FOM; formhts an

address signal for accessing the memory part AFM based on,
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I f the data signal does not coincide with the expected value data signal,
the | ogical conparator 4 outputs a failure signal (failure data) to wite
and store it in the failure analysis nenory 5 at an address t hereof
specified by the " address signal generated fromthe pattern generator 2.
Usual | y, when—the—data-si-gnal—coincides with the expected value data

signal, the |logical conparator 4 generates a pass signal whi H”ﬂS%ﬂpixuggg??*ﬁ

stored in the %&J%mrmgamlkyﬁacsd menory 5. In such a way, the Rrs SPLACED
i nformation on.g k il cells of a menory under test MJT geﬁerateﬁ' f
during a seriesfj ﬂ“ 4 !stored FT+ the failure analysis nenory 5. After
the test is conp H ailure analysis for the nenory under test MJT

is carried out mnth reference to the failure data stored in the failure

anal ysi s nEqPEyexample, a row address signal Xi (i is an integer) and a

column address signal Yi (i is an integer) (in the
illustrated example, each address signal has 11 bits of 0-10)
as shown in Fig. 9 supplied from the pattern generator 2 (see

5 Fig. 5), thereby to access the same address of the memory
part AFM of the failure analysis memory 5 as that of the
memory under test MUT which is accessed by the row and column
address signals. By such arrangement, at the same address of
the memory part AFM as that of the memory under test MUT

10 where a failure memory cell has occurred can be stored the
corresponding failure signal indicating that failure memory
cell.

A failure signal is supplied to one input terminal of a
gate Gl of the failure analysis memory 5 from the logical

15 comparator 4 shown in Fig. 5. A write timing signal WRITE is
applied to the other input terminal of the gate Gl. The
'failure signal is supplied to a write clock input terminal WE
of the memory part AFM only when the write timing siénal
WRITE is applied to the gate Gl (at the timing of the write

20 timing signal).

During the time duration that data signal temporarily
stored in the memory under test MUT are read out therefrom,
the write timing signal WRITE is applied to the gate Gl, and
a logical "1" signal is always supplied to a.data input

25 terminal Di of the memory part AFM of the failure analysis
memory 5. Therefore, since the memory part AFM is accesseq,

every time a failure signal of logical "1" is outputted from

/8 'd L O €91 L661-91-60

{ (8 39yd QIININd) B  3A3Yd h69B-EES IV 4661 BH:ST 91/60 QAAIAIZY ]



The 'failure analysis nenory 5 has the sanme operating rate or speed and
storage capacity as those of the nenory under test MJT, and the sane
address signal as that applied to the nenory under test MJT is applied to
the failure analyses nenory 5. In addition, the failure analysis nenory 5 °
is initialized prior to the start of a test. For exanple, eI
initialized, gjkmﬁﬂghxﬁls menory 5 has data of m? LHIS HEijaw 30

i

the logical comparator 4, by an address signal which is the

oy

i,

8-

same as the address signal supplied to the memory under test

MUT at that time, the failure data of logical "1" is written

at the same address of the memory part AFM as the address of
5 the memory under test MUT. Consequently, when the test is

completed, the failure data each having a logical "1" are

written at the same addresses of the memory part AFM as those

of all the memory cells where failures occurred.

The failure relief analyzer 6 comprises a row address

10 generator RAP, a column address generator CAP, a carry
detector CS1 for detecting when the row address geﬁerator RAP
has generated all the addresses in one row and outputting a
carry signal, a row address failure counter RFC for counting
the number of failure memory cells in each row address line,

15 a column address failure counter CFC for counting the number
of failure memory cells in each column address line, a total
failure counter TFC for counting the total number of failure
memory cells, and a gate G2 for controlling the writing of
failure data.

20 The row address generator RAP and the column address
gencrator CAP generate row address signals Ro-Rip
(corresponding to the row address signals Xi shown in Fig. 9)
and column address signals Cp-Cjp (corresponding to the
column address signals Yi shown in Fig. 9), respectively, in

25 synchronism with a clock CLK. These row address signals Rg-
Rio and column address signals Cp-Cpp are inputted to the row

address failure counter RFC and the column address failure
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| ogiccal "OGs" witten in all of the addresses thereof. Every tine a failure
data indicating the anti-coincidence is generated fromthe | ogical

conparator 4 during a test of a nenory under test MJT, a failure data of,
for exanple, "l'ogital "1" indicating fdilure of a menory cell is witten in
the sane addr e s@det i Bed, |Iun§ anal ysis nmenory 5 as that of““fhemﬂennty MMMMMM
cell which has g ant i - coi nci dence. The fai ljut’d ﬁ%¥ﬂéﬁAsgrrN§
anal yzer 6 sepalmEﬂHlE li Brml t aneously counts the total huaber R ‘éﬂ!-xA»L |
failure cells failure analysis nenory 5 and the nunber  6f
failure cells on each address line (8w address |ines and colum address
lines) stored in the failure analysis nenory 5, and anal yzes to determ ne
whet her the relief of the tested

counter CFC, respectively.

The row address failure counter RFC comprises a memory
Mppc which is accessed by a row address signal and stores a
failure data at the accessed address thereof and an adder

5 aDpD; for adding one {1) to the number of failure data (number
of failures occurred) read out from the memory Mgrrc-

The column address failure counter CFC comprises a memory
Mcpe which is accessed by a column address signal and stores
a failure data at the accessed address thereof and an adder

10 ADDy for adding one (1) to the number of failure data (number
of failures occurred) read out from the memory Mcrc.

Further, the total failure counter TFC comprises a memory
Mppc for merely storing the total number of failure memory
cells at the same address, and an adder ADD; for adding one

15 (1).

The carry detector CS1 cutputs a carry signal every time
all bits of the row address signal outputted from the row
address generator RAP become logical "l1s", and supplies the
carry signal to the column address generator CAP. The column ‘

20 address generator CAP increases or increments the column
address by one (+1) every time a carry signal is received.

Every time a row address signal and a column address
signal are inputted to the respective memories Mgpc and Mbpc.
to specify a row address and a column address of those

25 memories respectively, the respective numbers of the failure
memory cells stored in the specified row address and the

specified column address are read out from those memories
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menory i s possible or not by use of relief lines, i.e., spare nenory cells
(spare lines or redundancy circuits) provided in the tested menmory MJT. A
menory having such relief lines is, as nentioned above, called a

redundancy- st+-uet-tred-aeaory in this techni cal field. Here, a brief
explanation will be given regarding a redundancy-structured nenory. Fig. 6
shows in outﬂmméhaq%maﬁﬁa apnt of an exanple of such THIS 4

redundancy-stry | A menory to be tested MJT égs h§2§§g§§" ';
to a nenory c@ storage portion) MCA where metory-—cell re_ i

arrayed in rows ) and cdQums (I ongitudinal rows), row
address relief lines SR and colum address relief |lines SC fOrned on the
peri phery of the nmenory cell array MCA. The nenory cell array MCA the row

address Mprc and Mcrc and are supplied to the corresponding adders

ADD; and ADD;, respectively. Each of those adders ADD; and
ADD; adds 1 (one) to the value read out from the
corresponding one of the memories Mgrc and Mcpc, and supplies
5 the summed value to the input terminal Di of the
corresponding one of the memories Mgrc and Mcrc-
When a failure daté is read out from the failure analysis
memory 5 in the state that the summed results of the adders
ADDy and ADD; are being supplied to the input terminals Di of
10 the respective memories Mprc and Mcrc, the failure data is
supplied to one input terminal of the gate G2, and is
inputted to respective write clock input terminals WE of the
memories Mppc and Mcrec at the timing of the write timing
signal WRITE supplied to the other input terminal of the gaté
15 G2. As a result, the respective summed results at their
input terminals Di are written at the addresses of the
memories Mrpc and Mcrpe being accessed by the row address
signal and the column address signal, respectively.
That is, the summed results of the adders ADD; and ADD:
20 (values obtained by adding 1 (one) to the values read out
from the respective memories Mgpc and Mcrc) are written in the
corresponding memories Mrrc and.Mcyc only when a failure data
is read out from the failure analysis memory 5. If no
failure data is read out from the failure analysis memory 5,
25 those sumﬁed results are not written in the respective
memories Mpre and Mcrpc. Therefore, the numbers of failure

memory cells are accumulated row by row and column by column,
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-5- ' relief lines SR and the columm address relief lines SC are forned in
the same sem conductor chip. In this exanple, there is shown a case where
two row address relief lines SR are disposed al ong one side of the row
address direct+on-of __the nmenory cell array MCA, and two col umm address
relief lines SC arg dlsposed al ong one side of the col um-address ...... R
. This Sheet Has Bogn R mlhs e HAS BEEN 7

Wi

and stored in the respective counters RFC and CFC for each of

the row addresses and for each of the column addresses,
respectively.
Further, the total failure counter TFC is arranged such
5 that each time a failure data is read out from the failure
analysis memory 5, the number of the failure data is
accumulated and the acdumulated value is stored in the same
address.
As mentioned above, when the number of failure memory
10  cells is counted in the failure relief analyzer 6 separately
for each row address and each column address, in the
conventional failure relief analyzer, the entire memory area
of the memory part AFM which is a component of the failure
analysis memory 5 is accessed for reading out the failure
15 data stored in the memory part AFM. That is, in the
conventional failure relief analyzer, the memory area from
the first address to the last address of each of all rows and
each of all columns of the memory part AFM is entirely read.
Therefore, with the'increase'of storage capacity of a memory
20 under test in recent years, there was a problem that it took
a very long time for reading out the failure data, and hence

a very long time was required for the failure relief process.

SUMMARY OF THE INVENTION
25 It is an object of the present invention to provide a
memory testing apparatus having a failure relief analyzer

which can compute the classified total of the number of
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direction of the nenory cell array MCA, respectively. However, it is
needl ess to say that the nunber of relief |lines and the positions where
those relief lines are disposed are not |limted to the exanple as

i |l ustrated. -~-AswamL§§ELL~g; the test of a menory to be tested MJT, in™~
case that three failure nenory cells X1, X2 and X3 are detectgjzwﬁor ..

exanpl e, on thejskpdfyrow address line R (i is an integer) an R S, T
failure menory Rl Gid BPhadd Y3 are detected, for exanpl e, hon. t WEPLACED
col urm addr ess lm N i he row address line R is substituted by any = =
one of the row'"*SdddEHiiiE|lfef |ines-BR wth respect to its electrical

connection, the row address line R having the failure cells can be
relieved. Simlarly, if the colum address line C is substituted by any

one of the cgl ym address rel.ief |lines SC X
faiiure memory céils in a memory under test in a short time

period even if the storage capaciﬁy of the memory under test
is large.
In one aspect of the present invention, there is provided
5 a memory testing apparatus comprising: a failure analysis
memory having the same storage capacity as that of a memory
under test, and being accessed by the same éddress signal as
that which is applied to the memory under test, the failure
analysis memofy storing, each time a failure memory cell is
10 detected from the memory under test, failure memory cell
information written at the same address of the failure
analysis memory as that of the memory under test in which
that failure memory cell resides; and a failure relief
analyzer for accessing all of the addresses of the failure
15 analysis memory to read out the stored failure memory cell
information therefrom after completion of the test, and
computing position information in which the failure memory
cell or cells reside and the total number of the failure
memory cells, thereby to determine whether the relief of the
20 tested memory is possible or not on the basis of the position
information and the total number of the failure memory cells,
the memory testing apparatus being characterized by: means
for subdividing the failure analysis memory into a plurality
of memory blocks; a flag memory having its addresses
25 corresponding to the subdivided memory blocks respectively,
and storing at an address thereof corresponding to a memory

block a flag representing that failure memory cell
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with respect to its electrical connection, the colum address Iline G

having the failure cells can also be relieved. In such a way, a
redundancy-structured nenory is arranged such that failure menory cells in
its menory celt—array MCA can be relieved by its row and colum address
relief lines. Therefore, by counting the nunber of failur?“nnnnry cells of
each row addr es3hit $heet Haswheit mber of failure menory celljsTHIS s SHEE zgquﬁ il

i [ s e

i

information has been written in that memory block; address

. fqrmatting means for taking out several bits from an address
signal applied to the failure analysis memory, thereby to
create an address signal for accessing all of the addresses

5 of the flag memory, when testing a memory under test; and
computing means for accessing all of the addresses of the
flag memory to read out the stored flag therefrom after
completion of the test, and reading out only the stored
contents of one or more memory blocks of the failure analysis

10 memory corresponding to the address or addresses of the read-
out one or more flags to compute position information of the
failure memory cell or cells, and the above object is
attained.

In a preferred embodiment of the invention, the computing

15 means comprises: a row address generator for generating the
same row address signal as a row address signal of an address
signal applied to the failure analysis memory; a column
address generator for generating the same column address
signal as a column address signal of the address signal

20 applied to the failure analysis memory; a flag address
generator for generating a flag address signal for accessing
all of the addresses of the flag memory after completion of
the test; second address formatting means for creating an
address signal for accessing all of the addresses of one or

25 more memory blocks corresponding to the address or addresses
of one or more flags read out from the flag memory on the

basis of the output signals from the flag address generator,
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of each columm address |ine and by conparing the nunber of row and colum
address lines each having failure cells with the number of relief lines, a
deci sion can be rendered as to whether the nenory cell array MCA can be
relieved or not. For this reason,” as shown in Fig. 7, in the
conventi onal t%J|Uﬁe relief analyzer 6 the nunber of failure nenory cells
in each row atyjEsssisi pliged n the menory cell array MCA -s—counted by a
row address f ai fI ﬁ} 1 HRFC and the nunber of fallure MERDFYSRTekAS sl |
HEHN hin the menory cell array I\/CAu_s_‘cduﬁtze:d:,j)y a_J
col um address failure counter CFC,.4and in addition, the total nunD&r

each col um addl
failure nenory cells are counted by a total failure counter

the row address generator and the column address generator;
row failure cell storage means for storing therein the
failure memory cell information relating to row addresses of
failure memory cell_information read out, after completion of

5 the test, from one or more memory blocks in which failure
memory cell information has been written; column failure cell
storage means for storing therein the failure memory cell
information relating to column addresses of the failure
memory cell information read out, after completion of the

io test, from the one or more memory blocks in which failure
memory cell information has been written; third address
formatting means for creating an address signal for accessing
all of the addresses of the row failure cell storage means on
the basis of the output signals from the flag address

15 generator and the row address generator; and fourth address
formatting means for creating an address Signal for accessing
all of the addresses of the column failure cell storage means
on the basis of the output signals from the flag address
generator and the column address generator.

20 The memory testing.apparatus described above further
includes means for storing therein the total number of
failure memory cells read out from one or more memory blocks .
in which failure memory cell information has been written.

In addition, in a preferred embodiment of the invention,

25 the flag memory is arranged such that when testing a memory
under test, it is accessed by an address signal created by

the address formatting means whereby a logical value
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TFC.” Then,

based upon those counted values, the possibility of relief of

the menory cell array MCA is determ ned. Fig. 8 shows a bl ock di agram
of an arrangenent _of an exanple of the conventional failure analysis
nmenory 5 and a block di agramof an arrangement of an exanple of the

conventional frgi
conprises an ad{ig ,
failure nenDryTﬁs_r_”]
failure anal ysi SHNERM

|ief analyzer 6. The failure analysis nmenory 5
hapheed FOM err] for matching an .ess..of..a._...__
hillory under test MJUT with an addFBESHBET the BEEN |
which the failure signal indicati¥FLrGED *

b

failure memory cell is stored, and aswenory part AFMfor storing a faifure
signal supplied fromthe |ogical conparator 4 shown in Fig. 5 at an
address specified by an address signal formatted by the address formatter

FOMerr].

i0

15

20

25

The address for

tter FOVLerr] for n
representing a ??ag is ég%£ten]at aﬂﬂghérggs of the flag

memory being accessed by the address signal each time failure
cell information is writtem in the failure analysis memory,
énd the address formatting means takes out most significant
several bits from a row address signal and most significant
several bits from a column address signal of an address
signal applied to the failure analysis memory, respectively,
thereby to create an address signal for accessing all of the
addresses of the flag memory.

It is preferred that the .storage capacity of the flag
memory is selected between one in several tens (1l/several
tens) and one in several thousand (1l/several thousand) of
that of the failure analysis memory.

According to the present invention, an address area of a
failure analysis memory is subdivided into a plurality of
memory blocks and a flag indicating whether or ﬁot one or
more failure data were written in each of the subdivided
memory blocks during the test is stored in a flag memory.
Each address of the flag memory corresponds to each memory
block which is a subdivided memory block of the failure
analysis memory. As a result, the presence or absence of
failure information in each memory block can be known
depending on the state of the flag stored in each address of
the flag memory.

Consequently, at the time of the faiiure relief analysis,
it is not necessary to read the address area within a memory

block of the failure analysis memory corresponding to an
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address signal for accessing the nenory part AFM based on,

-1 for exanple, a row address signal xi (i is an integer) and a colum
address signal Yi (i is an integer) (in the illustrated exanple, each
address signal has Tt—bits—ef 0-10) as shown in Fig. 9 supplied fromfhe
pattern generator 2 (see Fig. 5), thereby to access the sane address of
the nmenory Sheet e ——

: I "[,l\HaSBeenReplaced | THIS SHgr
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address in which a flag is not stored. Therefore, by
detecting the addresses in each of which a flag is stored
{tor example, a logical "1" is stored), the address areas of
those memory blocks corresponding to those addresses of the

5 flag memory may only be read out. Thérefore, the area of the
failure analysis memory from which the failure data are to be
read can significantly be reduced and hence the failure

relief processing time can significantly be reduced.

10 BRIEF DESCRIPTION OF THE DRAWINGS

' Fig. 1 is a block diagram showing the construction of an
essential portion of an embodiment of a memory testing
apparatus according to the present invention;

Fig. 2 is a general diagram for explaining the operation

15 of the memory testing apparatus shown in Fig. 1;

Fig. 3 is a general diagram for explaining the
construction of an essential portion of the memory testing
apparatus shown in Fig. 1:

Fig. 4 is a general diagram for explaining the operation

20 of the memory testing apparatus shown in Fig. 1;

Fig. 5 is a block diagram showing the construction of an
example of a conventional'memory testing apparatus having a
failure relief analyzer:

Fig. 6 is a general diagram for explaining an example of

25 a fallure relieving method of a memory under test;

Fig. 7 is a diagram for explaining an example of a

conventional method for computing the classified total of the

S/l 1N RS 6€:91  L661-91-60

EET HAS BEEN

T - =R

'
i
4

¢

{ (LY 3J3ud Q3LNI¥L) L1 39ud HE9B-EES 1Y 2661 S5:5T 91/6@ Q3A1323Y ]



part AFM of the failure analysis nmenory 5 as that of the

menory under test

MJT which is accessed by the row and columm address signals. By such
arrangenent, at the same address of the nmenory part AFH as that of the
menory under _test MJUT where a failure nmenory cell has occurred can be

stored the corrégﬁaﬁarﬁg*férrure signal indicating that
cell. AThgngr
of the failurgj :
Fig. 5. A MKIq'

y 5 fromthe | ogical conparja
WRITE is applied to the o

of the gate Q!

failure nenory

is supplied to one input termni-nal.of .a gate Gl

%lo SHEEHOMS 1N |
LNBUACERT M na

signal kg7supplied to a wite clock i nput

termnal WE of the nennry‘part AFM only when the wite timng signa

WRITE is applied to the gate G (at the timng of the w

ite

data required for failure relief of a memory under test;

Fig. 8 is a block diagram for explaining the

construction

and the operation of a conventional failure relief analyzer;

and

5 Fig. 9 is a general diagram for explaining the operation

of the failure relief analyzer shown in Pig. 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram showing the construction of a

10  failure analysis memory and a failure relief analyzer which

are essential portions of an embodiment of the memory testing

apparatus provided with the failure relief analyzer according

to the present invention. Further, in order to simplify the

explanation, the same reference characters are affixed to the

15 portions corresponding to those in Fig. 8 and the explanation

thereof is omitted unless it is required.

In this embodiment, a failure analysis memory 5 also

includes an address formatter FOM; for matching an address of

a failure memory cell in a memory under test MUT

with an

20 address of the failure analysis memory 5 at which a failure

signal indicating that failure memory cell is stored, and a

memory part AFM for storing a failure signal supplied from

the logical comparator 4 shown in Fig. 5 at an address of the

memory part AFM specified by an address signal formatted by

25 the address formatter FOMj.

In addition, the failure analysis memory 5 is constructed .

such that a first multiplexer MUX-A is inserted between the
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timng signal). During the tinme duration that data signal tenporarily
stored in the nenory under test NUT are read out therefrom the wite
timng signal WRITE is applied to the gate G, and a logical "1" signal is
al ways suppli-ed-to a-data-input termnal Di of tthe menory part AFM of the ™
failure analysis nenory 5. Therefore, since the nenory part AFMi s
accessed, e\/Hﬁs)Sht:dtHﬁmen plhodd € si gnal of |ogical "1 iS"UH}ZPﬁ}"T ed-from. .

HEET HAS BEEN |
l ll ' ! — REPLACED %
Syt
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address formatter FOM; and the memory part AFM so that an

output signal of the address formatter FOM; and an output

signal of an address formatter FOM; which is to be explained

later are selectively switched to be supplied to the memory
5  part AFM.

The address formatter FOM; formats an address signal for
accessing the memory part AFM based on a row address signal
Xi (i is an integer) and a column address signal Yi (i is an
intéger) and supplies the address signal to the memory part

10 AFM of the failure analysis memory 5 via the first
multiplexer MUX-A so that the address of the memory part AFM
which is same as the accessed address of the memory under
test is accessed. By this operation, a corresponding failure
signal can be stored in the address of the memory part AFM

15 which is the same address as the address of the memory under
test MUT where a failure cell is detected.

In the present invention, the memory part AFM of the
failure analysis memory 5 whose memory capacity is equal to
that of the memory under test is subdivided into a plurality

20 of memory blocks. In addition, there are provided in the
failure relief analyzer 6 a flag memory FIM for storing flags
corresponding to the respective subdivided memory blocks and
a second address formatter FOM» for formatting an address
signal for accessing the flag memory FLM. Further, the

25 failure relief analyzer 6 is constructed such that a second
multiplexer MUX-B is inserted between the second address -

formatter FOM; and the flag memory FIM, and an output signal
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t he logi cal conparator 4, by an address signal which is the sanme as the
address signal supplied to the nenory under test MJT at that tine, the
failure data of logical "1" is witten at the same address of the nenory
part AFM as The address—of __the nenory under test MJT. Consequently, when
the test is conpleted, the failure data each having a logical "1" are.

witten at théhs&he _ £ dof the nenory part AFM as thﬂse~«ef -all..the
menory cel |'s whidl R Gccurr ed. The failure re]i'&fs HHETVHS BBN |
conpri ses a rof %#{”& erator RAP, a col um addressi gener AEOrAEAP, a J‘
carry detector ' cting whe{gthe row address generator RAP

of the address formatter FOMz and an output signal of a flag
address generator FLM-AP which is to be explained later are
selectively switched by the second multiplexer MUX-B to be
supplied to the flag memory FLM,

5 The number of subdivided.mémory blocks of the memory part
AFM of the failure analysis memory 5 is equal to the number
of flags which can be stored in the flag memory FLM of the
failure relief analyzer 6.

In addition, the failure relief analyzer 6 further
10 includes a flag address generator FLM-AP for generating an
address signal for accessing the flag memory FIM, a third
address formatter FOM3 for formatting, based on output
signals of the flag address generator FIM-AP, the row address
generator RAP and the column address generator CAP, an
15 address for accessing the memory part AFM which is required
at the time of the failure relief process, a fourth address
formatter FOM; for formatting, based on output signals of the
flag address generator FLM-AP and the row address generator
RAP, an address for accessing the row address failure counter
20 RFC, and a fifth address formatter FOMs for formatting, based
on output signals of the flag address generator FLM-AP and ;
the column address generator CAP, an address for accessing '
the column address failure counter CFC. .
A failure signal is supplied to one input terminal of the
25 gate Gl of the failure analysis meﬁory 5 from the logical
comparator 4 'shown in Fig. 5. A write timing signal WRITE is

applied to the other input terminal of the gate Gl and at the
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has generated all the addresses in one row and outputting a carry signal,
a .row address failure counter RFC for counting the nunber of failure nenory
cells in each row address line, a columm address failure counter CFC for

counting the'ﬁﬁﬁﬁér—‘of~+a+¥ﬂ¢e_nennry cells in each colum address line, a-
total failure counter TFC for counting the total nunber of failure nmenory

cells, and a

aﬁ_‘ﬁ&thﬂum ﬁolllng the witing of failure data. The
row addr ess ge_}'

w the col um address generatofwbgﬁf%ﬁ A

row address si correspondlng to the row addre$s s
shown in Fig. addr ess_gdg.gnal s Co- C10 (corre?pvﬂdrﬁ «Lb he |
col umm addr ess signals Y| shown in Fig. 9), respectively, in synchronism
with a clock CLK. These row address signals Ro- R10 and col umm address
signals Co-Cl0 are inputted to the row
timing of the write timing signal WRITE, the failure signal
is supplied to a write clock input terminal WE of the memory
part AFM and to a write clock input terminal WE of the flag
memory FILM of the fallure relief analyzer 6.
5 Next, an explanation on an example of the relationship
between the number of subdivided memory blocks of the memory
part AFM and the number of flags stored in the flag memory
FLM will be given with reference to Fig. 2.
Fig. 2A shows a row address signal Xi (i is an integer)
10 and a column address signal Yi (i is an integer) to be
supplied to the first address formatter FOM; of the failure
analysis memory 5 from the pattern generator 2 (refer to Fig.

5). In this example, a memory under test has a storage

capacity of 4M bits and the number of addresses is assumed to

15  be 211 (2048) in the row direction, 21! (2048) in the column
direction, and the total 211x21l =4194304. Therefore, the
memory part AFM of the failure analysis memory 5 also has an
address area of 2! in the row direction, 2!! in the column
direction, and the total 4194304. (Exactly speaking, each of

20 a memory under test and the failure analysis memory 5 has a .
storage capacity of 4.19430 M bits.)

In this embodiment, the memory part AFM of the failure

analysis memory 5 is subdivided into memory blocks of 2% in
the row direction, 25 in the column direction, and the total

25 4096 (25x2%) memory blocks. Therefore, as will be understood
from the equation below, each memory block has 4194304

(bits)+4096=1024 (bits) i.e., 1024 addresses (a storage
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address failure counter RFC and the colum address failure
9. counter CFC, respectively. The row address failure counter

conprises a nmemory NMRFC which is accessed by a row address signal and
failure data at the accessed address thereof and an adder

stores a

for addi ng cwqhgé%ﬂho t he nunber of failure data (nunber

10

15

20

25

s Been Repl.

T

capacity of 1024 bits).

o ke e v,
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Fig. 2B shows an example of an address signal to be
gsupplied to the flag memory FLM (hereinafter referred to as a
flag address signal). The 11 bit row address signal of Xg~
X10 and the 11 bit column address signal of ¥Yp-¥Y1o sSupplied
to the first address formatter FOM; are also supplied to the
second address formatter FOMy in the failure relief analyzer
6. In this example, the second address formatter FOMp
selects the most significant six bits from each of the row
address signal of Xg-X1p and the column address signal of ¥p-
Y10, and then formats an address signal for accessing the
flag memory FLM based on the six bit row address signal of
X5-X30 and the six bit column address signal of Y5-Yjp to
supply it to the flag memory FIM via the second multiplexer
MUX-~B as a flag address signal.

That is, since the memory part AFM of the failure
analysis memory 5 is, in this example, subdivided into 4096
memory blocks, the flag memory FLM also reguires the address

capacity of 4096 addresses in order to store the flags of

'respective memory blocks. Therefore, as mentioned above, the

sacond address formatter FOM; formats 4096 address signals
for accessing the flag memory FIM based on the six bit row
addraess signal of Xs-Xi0 and the six bit column address
signal of ¥Ys5-Y¥10.

As mentioned above, since the storage capacity of a

memory block of the memory part AFM is 1024 addresses

{25x2%), the failure information of a memory under test MUT

§
H

|
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of failures occurred) read out fromthe nenory MRFC. The col umm
address failure counter CFC conprises a nmenory MCFC which is accessed by a
col um addre§§~§nggL_g£g25;gL?s a failure data at the accessed address

t hereof and an adder addi ng'one (1) to the nunber of failure data:
(nunber of f l| res occurred) read out fromthe nenory MCFC Furt her,

the total fai ig'“ '35 ﬁquﬁE&iconprlses a nmenory MIFC forfqg;§tg*stor1ng
t he total nunb,i__:_ B g”! rrermry cells at the same addregss, é; &fgWéadﬁtgq

ADD3 for addi il 4 The carry detector CS1 outp ééf”ﬁ?ﬁignali
every tinme all blts 0 row address signal outputted fromthe row
address generator RAP becone logical "is", and supplies the carry signal
to the colum address generator CAP. The col umm

having a storage capacity of 4M bits (4194304 bits) can be
compressed to 4096 flags and stored in the flag memory.
Next, the above operations will be explained with
reference to Fig. 3. Fig. 3A shows an internal structure of
5 the flag memory FIM. As described above, the flag memory FLM
has 26 (64) addresses in the row direction, 26 (64) addresses
in the column direction, and total 4096 addresses. In Fig.
3a, one of the sections (Fél, PGy, --- FGqpo6) indicates one
bit of the flag memory and those flag memory cells (FGi-
10 FGyo9s) are provided corresponding to the respective 4096
address positions.
Fig. 3B shows an internal structure of the memory part
AFM. BAs described above, the memory part AFM is subdivided
into 26 (64) in the row direction, 2% (64) in the column
15 direction, and total 4096 memory blocks Bi-Bsogss. Each of the
memory blocks Bj, Bz, B3, °'* Baoss has a memory capacity of
1024 addresses. In Fig. 3B, each of the memory blocks
hatched by slant lines indicates a memory block in which
failure information is written. Therefore, as shown in Fig.
20 3a, a flag of logical "1" is written in a flag address
correspondlng to a memory block hatched by slant lines.
Therefore, at the time of the memory test, since the
first multiplexer MUX-A and the second multiplexer MUX-B
shown in Fig. 1 select the cutput signal of the first address
25 formatter FOM) and the output signal of the second address
formatter FOMz, respectively, a row address signal of 11 bits

and a column address signal of 11 bits outputted from the
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address generator CAP increases or increnents the colum address by one
(+1) every time a carry signal is received. Every tinme a row address
signal and a colum address signal are inputted to the respective nenories
MRFC and MCFC t0 specify a row address and a colum address of those :
menories respectivel the respective nunbers of the failyre _nenory cells
stored in the ' 1 ress and the specified colunﬁaaﬁgg95§\%:1§j
read out fromtH §

. REP CLACED

e s 3,
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pattern generator 2 (refer to Fig. 5) are supplied in
untouched state to the memory part AFM of the failure
analysis memory 5, and a row address signal having the most
significant six bits of the 11 bit row address signal and a

5 column address signal having the most significant six bits of
the 11 bit column address signal are supplied to the flag
memory FLM of the failure relief analyzer 6.

If a failure occurs during a memory test, the failure

signal is written in an address of the memory part AFM which
10 is the same address as that of the memory under test MUT.

However, in the case of the flag memory FLM, a flag of

logical "1" is written in a flag address determined by a row

address signal and a column address signal each having most

significant six bits of the address of the memory under test
15 MUT where the failure occurred. .

At the time of the failure relief analysis, the first
multiplexer MUX-A selects the address signal formatted by the
third address formatter FOMz to supply it to the memory part
AFM, and the second multiplexer MUX-B selects the 12 bit flag

20 address signal outputted from the flag address generator FLM-
AP to supply it to the flag memory FLM.

The flag address generator FLM~AP outputs in order the 12
bit flaqg address signals of Ap-R;j; shown in Fig. 4B starting
from the first address 1 to the last address 4096 in

25 synchronism with the supply of a clock CLK. Those flag
address signals access the flag memory FLM via the second

multiplexer MUX-B. Since the output signal of the flag
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-1 0- MRFC and MCFC and are supplied to the correspondi ng adders ADD1
and ADD2, respectively. Each of those adders ADD1 and ADD2 adds 1 (one) to
the value read out fromthe corresponding one of the nenories MRFC and
MCFC, and suppt+es——the summred value to the input termnal D of the
correspondi ng one of the nenories MRFC and MCFC. Wherm a~fatl ure_dat a

is read out frUiShelfs@dng,apal ysis nenory 5in the st!at"@’fstfﬁﬁf‘tﬁ_"?tm BEEN |
sumed results ofl f 7] ADD1 and ADD2 are being supg#%edﬁﬁ@fﬁﬁ@ i nput
termnals D of ({§§H8 E : aHlﬂve menori es MRFC and MCFC, the failure data
supplied to one 1 npu | of theygate &, and is

memory FLM is supplied to an enable terminal EN of the flag
address generator FLM-AP via an invertor INV and a logical
gate OR, if a data value read out from the flag memory FIM is
logical "0, an operation to increment the flag address by 1
5 is repeated.
On the other hand, if a data of logical "1* is read out
from the flag memory FLM, the data of logical "1" i.e., a
flag signal is supplied to the enable terminal EN of the flag
address generator FLM-AP via the invertor INV and the logical
10 gate OR. As a result, the flag address generator FLM-AP
stops its operation and the flag memory FIM is held in the
state that a flag signal of logical "1" is outputted
therefrom.
The output terminal of the flag memory FIM is also
15  coupled to a non-inverting input terminal of a gate G3 and an
output terminal of a gate G4 is coupled to an inverting input
terminal of the gate G3. The gate G4 supplies a logical "1"
output to the inverting input terminal of the gate G3 only
when carry signals are outputted from both of the first and
20 the second carry detectors C51 and CS2. Otherwise, the gate
G4 supplies a logical "0" output to the inverting input
terminal of the gate G3. Therefore, when carry signals are
not outputted from both of the first and the second carry
detectors CSl and CS2, an inverted input of the gate G3 is a
25 logical "1". Wwhen a flag signal of logicéi "l" is read out
from the flag memory FIM in this state, the output of the

gate .G3 is inverted to logical "1-".
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inputted to respective wite clock input terminals WE of the nmenories MRFC
and MCFC at the timng of the wite timng signal WRITE supplied to the
ot her input t Inal of the gate &. As a result, the respective sumed
results at their input termnals DI are witten at the addresses of the
menories MRFC amhls efG,ialng accessed by the rOM/addresSfﬁﬁﬁgg -and, t he
col um address s;i'{ TR W@ely. That is, the sgymed ]

ues obtained by adding 1 (ome)~t¥ftHEwval uey
read out fromt menori es MRFC and MCFC) are witten in tthe—
correspondi ng nenories MRFC and MCFC-28:l y when a failure data is read out
fromthe failure analysis nenory 5. Cf no failure data is read out from
the failure analysis nenory 5, those sumed results are not witten in the
respective

regLkeS el
t he adders ADD1

The logical "1" output signal from the gate G3 is
supplied to enable terminals EN of the row address generator
RAP and the column address generator CAP. As a result, the
row address generator RAP and the column address generator

5 CAP start their operations.

Similarly to the prior art example described above, the
row address generator RAP generaées, in synchronism with a
clock CLK, a row address having 11 bits of Ro-Rjpo as shown in
Fig. 4C. This row address signal is supplied to a fourth

190 address formatter.F0M4. The fourth address formatter FOMy
takes out the least significant five bits Rp-Rq Of a row
address signal and the least significant six bits Ag~As of a
12. bit flag address signal of Ap-Aj11 supplied from ihe flag
address generator FLM-AP to format an 11 bit address signal

15 of As-Ag°'Rg-Rg as shown in Fig. 4G and supplies this a@dress
signal to the row address failure counter RFC.

The first carry detector CS1 is set, as shown in Fig. 4E,
to "00000011111". Every time every bit of the least
significant five bits of a row address signal outputted from

20 the row address generator RAP becomes equal to logical "1", a
carry signal is supplied to the column address generator CAP
so that the address of a column address signal outputted from
the column address generator CAP is incremented by 1.
Further, the second carry detector CSZ is also set, as shown

25 in Fig. 4F, to "00000011111".

The column address generator CAP outputs, as shown in

Fig. 4D, an 11 bit column address signal of Cp-Cy¢., A fifth

49/97 4 R 99:91  [661-91-60

[ (92 39ud QIINIHd) 92 3JIYd h6SH-EES 1Y 66T 208:91 91/60 Q3ATII3YH 1



menori es MRFC and MCFC. Therefore, the nunbers of failure nenory cells are
accunul ated row by row and col um by col um,

-11- and stored—nh-the respective counters RFC and CFC for each of the

row addresses and for each of the col umm addresses, 'respectlvely

et e

Further, the ¢t

SlleetHias Mokt oGoynter TFC is arranged such

i g T
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address formatter FOMs takes out the least significant five
bits Co-C4 of this column address signal and the most
significant six bits Ag-Aj1; of a 12 bit flag address signal
of Ag-3A;; supplied from the flag address generator FLM-AP to

5 format an 11 bit address signal of A;;-Ag-C4~Co and supplies
this address signal to the column address failure counter
CFC.

Further, the third address formatter FOM3 takes out the

least significant five bits Ro-R4 of an 11 bit row address

10 signal of Rg-Rip shown in Fig. 4C, the least significant six
bits Ap-As of a 12 bit flag address signal of Ap-A11 supplied'
from the flag address generator FLM-AP as shown in Fig. 4B,
the least significant five bits Co-C4 of an 11 bit column
address signal of Cgp-Cjip outputted from the column address

15 generator CAP as shown in Fig. 4D, and the -most significant
six bits Ag-A;; of the 12 bit flag address signal of Ap-Aj1; to
format and generaie a 22 bit address signal of Aj1-RAg-Cyq-
Co As-Ap Ry4-Rp as shown in Fig. 4A. This address signal is
supplied to the memory part AFM via the first multiplexer

20 MUX-A to access the memory part AFM. . ‘

Next, the failure relief operations in the memory testing

apparatus comprising the failure analysis memory 5 and the
failure relief analyzer 6 constructed as mentioned above will
be explained.

25 As an address signal outputted from the second address
formatter FOM; is incremented by 1, an address for accessing

the flag memory FIM is incremented by 1. BEvery time a flag
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t hat each ti

me a failure data is read out fromthe failure analysis nenory

5, the nunber of the failure data is accunul ated and the accunul at ed val ue
is stored in the_sane _address. As nentioned above, when the nunber of
failure nenory cells is counted inthe failure relief anal L6 -

separately

conventi onal
part AFM whi
for reading

-

ress, and each col um address, nFﬂmeﬂuwy e
fyzer the entire menmory ar ommﬂgt N
ﬂmf the failure analysis mem)ry 5 |3”'a-ce~essed
ta stored in the nenory part AFM That is,

for gagh.s

fail
ch i sugﬂiu :
out t |

i

in the conventional failure relief apalyzer, the menory area from the
first address to the | ast address of each of all rows and

10

15

20

25

signal of logical "1" is read out from the flag memory FLM
during the address increment operation, the contents (address
area) of a memory block of the memory part AFM corresponding
to the flag address from which the flag signal is read out
are read out.

At this point in time, a row address signal supplied to
the row address failure counter RFC from the fourth address
formatter FOMsg is equal to the row address of the memory
under test MUT where the failure occurred. Therefore, a
write command is given to the memory Mppc by supplying the
failure data to the write clock input terminal WE of the
memory Mprc to store the number of failure occurrences in the
address being accessed.

Similarly, since the column address of the memory under
test MUT where the failure occurred is supplied to the column
address failure counter CFC from the fifth address formatter
FOMs, the number of failure occurrences is stored in the
column address failure counter CFC. Similarly to the prior
art example, the total number of failure occurrences is
stored in the total failure counter TFC.

when the data at the last address in each of the memory
blocks set in the memory part AFM is read out, both the first
carry detector CS1 and the second carry detector CS2 output a
logical "1", respectively. As a result, the gate G4 outputs
a logical "1". This logical "1" ountput is supplied to
respective load terminals LD of the row address generator RAP

and the column address generator CAP, and to the inverting
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each of all colums of the nmenory part AFMis entirely read. Therefore,
wi.th the increase of storage capacity of a nmenory under test in recent
years, there was a problemthat it took a very long tine Tbr“readlng out
the failure data, and hence a very long tine was require 7O sthe. falTUre

relief process. "*SHNMABX\QEHTHE | NVENTI ON It is an% _h__%ﬁ, o
present inve |on to prOV|de menory testing apparatus having a

relief analy / £ can conpute the classified total of the nunber of

Wiy~ -

terminal of the gate G3, and also to the enable terminal EN

of the flag address generator FLM~AP via the logical gate OR.
By application of the logical "1" output to respective

load terminals LD of the row address generator RAP and the

5 column address generator CAP, they are reset to their initial
states. In addition, a logical "0" output is supplied to
respective enable terminals EN of the row address generator
RAP and the column address generator CAP from the gate G3,
and hence the row address generator RAP and the column

10 address generator CAP stop their operations for generating
their address signals, respectively. Consequently, the
operations for incrementing respective addresses of the
memory Mprc and the memory Mcrc one by one are stopped. On
the other hand, since the logical "1™ output is supplied to

15 the enable terminal EN of the flag address generator FLM-AP,
the flag address generator FLﬁ-AP restarts its operation
thereby restarting the operation for increasing or
incrementing the flag address of the flég memory FLM one by
one.

20 As explained above, according to the present invention,
even if a memory under test has a large storage capacity, a
memory testing apparatus is constructed such that a failure
analysis memory having the same storage capacity as that of
the memory under test is subdivided in its memory area into a

25 plurality of memory blocks, and a flag memory having an
address capacity corresponding to the number of memory blocks

is provided, and wherein each time failure information is .
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-12- failure nmenory cells in a nenory under test in a short tinme period
even if the storage capacity of the nenory under test is |arge. I n
one aspect of the present invention, there is provided a nenory testing
apparatus conprising: a failure analysis menory having the sane storage

capacity

address sign

failure
det ect ed

witten at thel

10

15

20

25

as that of a nenory under test; and being accessed by the sane
hat which is applied to the menory under test, the

ahPiEsRaplaendi ng, each tine a failure nenbﬁmgfﬁq“*‘A P
3 ! 1 u} fat o) 1
:.ﬂ er test, failure nenory cell i'”foﬁm&édy5 !

futl

anal f -
fronﬁj di
: of the f@él ure i e

written in a memory block of the failure anélysis memory, a
flag of logical “1" is written.in an address of the flag
memory corresponding to the address of the memory block in
which the failure information is written. Therefore, at the
time of carrying out the failure relief analysis for a tested
memory, it is sufficient to read out only the contents of one
or more memory blocks corresponding to one or more flag
addresses in each of which a flag of logical "1" has been
written.

In the embodiment mentioned above, in case the memory
capacity of each of the memory under test and the failure
analysis memory is 4M bits, the address capacity of the flag
memory FLM is set to 4096. As a result, the address capacity
of each of the memory blocks can be limited to 1024 (25x25)
addresses. Therefore, the less the number of the memory
blocks in each of which failure information is written, the
shorter the process of computing the classified total of the
failure data for failure relief can be completed.

For example, if no failure occurs at all, only the
contents of the flag memory are read out, and the contents of
any one of the memoiy blocks in the failure analysis memory 5
need not be read out at all. Consequently, the relief
process can be completed in extremely short time period.
Also, in case that a flag of logical "1" has been written in
only one address of the flag memory FLM, the contents of only
one memory block is read out. Therefore, it suffices to

access only the address area of 1024 addresses of the one
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anal ysis menory as that of the nenory under test in which that failure
nmenory cell resides; and a failure relief analyzer for accessing all of
the addresses of the failure analysis nenory to read out the stored

failure nmenory cell information therefromafter conpletion of the test,

and conputi é&ﬁ&ggﬁjeﬁgrgation in which the failure nenory cell or

cells reside a;"ﬂB ﬁ YA

unber of the failure menmory celflg;thetepyt-0—
det ermi ne whet EI[ HI’ of the : "*g‘iiﬁ Q@Bz;fzf\f -’

tested menmory is possible orfg bt o !
t he basis of t nformati on and the total nunber*® ~{4ﬁﬁf‘€mbLaw~§
menory cells, the nmenory testing appagpatus being characterized by: neans

for subdividing the failure analysis nenory into a plurality of nenory

bl ocks; a flag nmenory having its addresses corresponding to the subdivi ded

menory bl ocks respectively,
memory block. Conseguently, 4M (4194304) addresses can be

compressed to 1024 addresses, and hence the counting of
failure data can be performed at a speed or rate of 4096
(4194304+1024) times.

5 In testing memories, the number of failure occurrences is
different from one memory to another memory. If it is
assumed that flags each having logical "1" have been written
in 1/10 (10%) of the memory area of the flag memory FIM in
average, there is obtained a remarkable advantage that the

10 testing speed can be increased by about ten times according
to the present invention.

Further, it is needless'to say that the storage capacity
of the memory to be tested and the failure analysis memory,
the number of subdivided memory blocks, the storage capacity

15 of the flag memory or the like are not limited to the values
shown in the above embodiment. For example, the more the
storage capacity (the number of addresses) of the flag memory
is increased, the more the number of subdivided memory blocks '
is increased.- Consequently, the storage capacity (the. number

20 of addresses) of one memory block is decreased and hence the
efficiency of computing process becomes higher. Therefore,
it is preferred that the storage capacity of the flag memory
is larger, but it is appropriate that the flag memory has its
storage capacity (the number of addresses) between one in

25 several tens (l/several tens) and one in several thousand

(1/several thousand) of that of the failure anaiysis Hemory .
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and storing at an address thereof corresponding to a nmenory block a flag
representing that failure nenory cel

-13- i nformati on has been witten in that nmenory bl ock; address
formatting Tmeans f6r taking out several bits froman address signal
applied to the failure I's menory, thereby to create an address

a
signal for gt Tmi“f “®he addresses

WHAT IS CLATMED IS:

1. A memory testing apparatus comprising:

-31-

a failure analysis memory having the same storage
capacity as that of a memory under test, and being accessed
by the same address signal as that which is applied to the
memory under test, said failure analysis memory storing, each
time a failufe memory cell is detected from the memory under
teét, failure memory cell information written at the same
address of said failure analysis memory as ‘that of the memory
under test in which that failure memory cell resides; and

a failure relief analyzer for accessing all of the
addresses of said failure analysis memory to read out the
stored failure memory cell information therefrom after
completion of the test, and computing position information in
which the failure memory cell or cells reside and the total
number of the failure memory cells, thereby to determine
whether the relief of the tested memory is posgible or not on
the basis of the position information and the total number of
the failure memory cells, |

said memory testing apparatus being characterized by:

means for subdividing said failure analysis memory into a
plurality of memory blocks;

a flag memory having its addresses corresponding to the
subdivided memory blocks respectively, and storing at an
address thereof corresponding to a memory block a flag

representing that failure memory cell information has been

-

A
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written in that memory block;
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of the flag nenory, when testing a nenory under test; and conputing neans
for accessing all of the addresses of the flag nenory to read out the
stored flag therefromafter conpletion of the test, and reading out only
the stored contentsof —oneor nore nmenory bl ocks of the failure analysis
menory corr ggpgndi kg to the address or addresses of the ﬁé@ﬁgg&g fone
more flags t *n%_'- 3lac5don i nf or mati on of the falluﬁ ﬂk“A fP“o
cells, and tﬂ% fﬁ ; is attained. | n a_pref erred—erbo 1ﬁenLMdf
t he inventlo , ‘ ' means conprises: a row address generator for
generating the sarre row address sig as a row aﬂﬂlﬂ'ﬁﬂﬂcﬂnﬁmmnﬁ
address signal applied to the failureg analysis ne dress
generator for generating the same col umm address

y*i

address formatting means for taking out several bits from
an address signal applied to said failure analysis memory,
thereby to create an address signal for accessing all of the
addresses of said flag memory, when testing a memory under
test; and

computing means for accessing all of the addresses of
said flag memory to read out the stored flag therefrom after
completion of the test, and reading out only the stored
contents of one or more memory blocks of said failure
analysis memory corresponding to the address or addresses of
the read-out one or more flags to compute position

information of the failure memory cell or cells.

2. The memory testing apparatus according to claim 1,
wherein said computing means comprises:

a row address generator for generating the same row
address signal as a row address signal of an address signal
applied to said failure analysis memory;

a column address generator for éenerating the same
column address signal as a column address signal of the
address signal applied to said failure analysis memory;

a flag address generator for generating a flag
address signal for accessing all of the addresses of said
flag memory after completion of the test;

second address formatting means for creating an
address signal for accessing all of the addresses of one or

more memory blocks corresponding to the address or addresses

G9/E€ "¢ [ (9 €591 L661-91~60
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signal as a columm address signal of the address signal applied to the
failure analysis nenory; a flag address generator for generating a flag
address signat—fer—accessing all of the addresses of the flag nmenory after
conpletion of the test; sécond—address formatting means for creating an
address signal Th@ky, essing all of the addresses of oneTEis SHIRY §AYEITBNY

bl ocks correspondime ?-Béhﬁwaaﬁress or addresses of one or remackEbags rpad
out fromthe f|g§ ﬁﬁll[\e basi s of the output signars fromthe ftag
addr ess gener at otk §

—_—

-33-

of one or more flags read out from said flag memory on the
basis of the output signals from said flag address generator,
said row address generator and said column address generator:;

row failure cell storage means for storing therein
the failure memory c¢ell information relating to row addresses
of failure memory cell information read out, after completion
of the test, from one or more memory blocks in which failure
memory cell information has been written;

column failure cell storage means for storing therein
the failure memory cell information relating to column
addresses of the failure memory cell information read out,
after completion of the test, from said one or more memory
blocks in which failure memory cell information has been
written; ‘

third address formatting means for creating an
address signal for accessing all of the addresses of said row
failure cell storage means on the basis of the output signals
from said flag address generator and said row address
generator; and ‘

fourth address formatting means for creating an
address signal for accessing all of the addresses of said
column failure cell storage means on the basis of the output
signals from said flag address generator and said column

address generator.
3. The memory testing apparatus according to claim 1,

IR
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-14-  the row address generator and the col um address generator; row
failure cell storage neans for storing therein the failure nmenory cel

i nf ormati on—relating_to row addresses of failure menory cell information
read out, after conpléfTBﬁ“BT“the test, fromone or nore nmenory blocks in- -

(gcell information has been witten; colfn-faitere_
ff@n eRlzckdig therein the failure nmenmory jcelT ﬂ—; AS BEEN |

whi ch failurenmﬁﬁ
cell storage f ‘&Pﬁ

i nformati on rellEying m addresses of the failure 20 |
i nformati on re'dti ik conpl etion of the test, fromthe one or nore ™
menmory bl ocks in which failure menory, cell information has been witten;
third address

means for storing therein the total number of failure
memory cells read ocut from one or more memory blocks in which

failure memory cell information has been written.

4. The memory testing apparatus accbrding.to claim 2,
further including:

means for storing therein the total number of failure
memory cells read out from one or more memory blocks in which

failure memory cell information has been written.

5. The memory testing apparatus according to claim 1,
wherein said flag memory is arranged such that at the time of
testing a memory under test, it is accessed by an address
signal created by said address formatting means whereby a
logical value representing a flag is written at an address of
said flag memory being accessed by said ad&ress signal each
time failure cell information is written in said failure

analysis memory.

6. The memory testing apparatus according to claim 1,
wherein the storage capacity of said flag memory is selected
between one in several tens (l/several tens) and one in
several thousand (l/several thousand) of that of said failure

analysis memory.
7. The memory testing apparatus according to claim 1,

TR R R A
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wherein said address formatting means takes out most -




formatting neans for creating an address signal for accessing all of the

addresses of the row failure cell storage neans on the basis of the output

signals fromthe flag address generator and the row address generator; and

fourth address formatting nmeans for creating an ‘address signal for T

accessing allrmﬁmﬁéh%m%gdre ses of the colum failure cell storage.neans. on

the basis of thg ﬂ‘? fromthe flag address geney aticr SHHd HAFeBEEN |
t

col um address The nmenory testing appar at usl_descPREReERbove f
further includ £ oring therein the total nunber of failure
menory cells read out from one or NDIL@_ NMenory bl ocks in which failure
menory cell information has been WW|tten In addition, in a preferred
enbodi ment of the invention, the flag nmenory is arranged such that when
testing a nenory '
significant several bits from a row address signal and most

significant several bits from a column address signal of an
address signal applied to said failure analysis memory,
respectively, thereby to create an address signal for

accessing all of the addresses of said flag memory.

-
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under test, it is accessed by an address signal created by the address

formatti ng neans whereby a | ogical val ue representing a
flag is witten at an address of the flag nenory being accessed by the
address signal each tinme failure cell information is witten in the s
failure anafysts—enory, and the address formatting means_takes out nost
significant THIS SHEET HAS BEEN g
This Sheet Hyg Been Replac & L. REPLACED f
i
TR IR i -36-

ABSTRACT

The;e is_provided a memory testing apparatus which can
read out the information of failure memory cells of a tested
memory from a failure analysis memory having the same memory
capacity as that of a memory under test and can complete in a
short time period the process for computing the classified
total of the number of memory cell failures occurred. The
memory area of the failure analysis memory is subdivided into
a plurality of memory blocks, a flag memory having the same
number of addresses as the number of the subdivided memory
blocks is provided, and an address is assigned to each of the
memory blocks. When a failure occurs in one of the memory
blocks, a logical "1" indicating failure information is
written at an address of the flag memory corresponding to
that memory block. After the test is completed, the address
of the flag memory where the logical "1" has been written is
detected and the contents of the memory block corresponding
to the detected address are read out to compute the

classified total of the failure information.
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several bits froma row address signal and nost significant several bits
froma colum address signal of an address signal applied to the failure
anal ysis nmenory, respectively, thereby to create an address signal for

accessing all of the addresses of thE,Lng,ﬂenDry. "It is preferred
that the storage capacity of the menory i s selected between one in
several tens (1/several tens) and one it nggral t housand

33 mﬁ““‘\-_
thousand) of that of the failygettia nory. Accérélﬁrﬁﬁﬁ Hh@ﬂaaw?
present invention, an address '\ { ure anal ysi s :t§f£§? !
subdivided into a plurality of ' and a flag indicating whether—
or not one or nore failure dat re witten in each of the subdivi ded
menory bl ocks during the test is stored in a flag nenory.
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Each address of the flag nenory corresponds to each nmenory bl ock which is
a subdi vided nenory bl ock of the failure analysis nenory. As a result, the
presence or absence of failure information in each nmenory bl ock can be
known depending on the state of the flag stored in each address of the

flag nmenory. Consequently, at the tinme of the fallurejrelgg Q@pajy$
It IS not necessary to read the address area within a nenp e m@f3%ﬁé
failure analysis nenory corresponding to an -~*_____j
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-1 6-

address in which a flag is not stored. Therefore, by detecting the

addresses in each of which a flag is stored (for exanple, a logical "1" is
stored), the address areas of those nenory bl ocks corresponding to those
addresses of the flag nmenory may onl'y be read out. Therefore, the area of

the failure analysis nenory fromwhich the failure data are to be read
can significantly be reduced and hence the failure relief processing tine
can significantly be reduced. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a block diagram showi ng the construction of ani-essenti -al--portiion

of an enbodi nent of a nenory testing
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apparatus according to the present invention; Fig. 2 is a general

di agram for explaining the operation of the nenory testing apparatus shown
in Fig. 1; Fig. 3 is a general diagramfor explaining the

construction of an essential portion—-ef—the nmenory testing apparatus shown
in Fig. 1; Fig. 475 a general diagramfor explaining the operation

of the nmenory testing ap?}?rﬁlwﬁassﬂamm;ﬂawdﬁ g. 1; Fig. 5 is a block

di agram showi ng t he cons exanmpl e of a conuventional mem)ry
testing apparatus havi ng* %mﬁﬁmg‘) ef anal yzer; "‘}zE&FBgL.,
general diagram for eprI,_a:l i) ' e of a failurg !

a nenory under test;
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Fig.= 7 is a diagramfor explaining an exanple of a conventional nethod for
computing the classified total of the

-17- data required for failure relief of a nenory under test; Fig. .
8 is a block diagramfor explaining the construction and the operation of
a conventional failure relief analyzer; and
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Fig:= 9 is a general diagramfor explaining the operation of the failure
relief analyzer shown in Fig. 8. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBODI MENTS Fig. 1 is a block diagram showi ng the construction of a
failure analysis nenory and a failure relief analyzer which are essenti al
portions of an enbodi nent of the menory testing apparatus provided with
the failure relief analyzer according to the present invention. Further,

in order to sinplify the explanation, the sane referenczhégﬁkggiers are
affixed to the portions corresponding to those in Fig.

explanation thereof is omtted unless it is required. * 2 ehis % V/

enbodi nent, a failure analysis nenory 5 also includes an.addréss'"'rﬁm&&er
FOML for matching an address of
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a failure nmenory cell in a nenory under test MJT with an address of the
signal indicating that
failure nenory cell is stored, and a nenory part AFM for storing a failure
signal supplied from the Iogical conparator 4 shown in Fig. 5 at an
address of the nenory part AFM specified by an address signal formatted by

failure analysis nenory 5 at which a failure

the address formatter FQOMVL. I n addition,
is constructed such that a first nultipl exer
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-1 8- address formatter FOML and the nmenory part AFM so that an out put
signal of the address formatter FOML and an out put signal of an address
formatter FOMB which is to be explained later are selectively swtched to..
be supplied to the nenory part AFM The address formatter FOMVL fornmats
an address signal for accessing the menmory part AFM based on a row address
signal Xi (i is an integer) and a col um address S|gnal,\.)(| (| is an
integer) and supplies the address signal to the nenory éﬂfﬁ'e ,:M*aethﬁhe

failure analysis nenory 5 via the first nultiplexer [X- A S@ “ﬁaﬁf’tﬂ?‘@w I
address of the nmenory part AFM LACE
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which is sane as the accessed address of the nenory under test is
accessed. By this operation, a corresponding failure signal can be stored
in the address of the nenory part AFM which is the sane address as the
address of the menory under test MJT where a failure cell is detected.

In the present invention, the nenory part AFM of the jfariure-anal-ysis.
menory 5 whose nenory capacity is equal to that of th sﬁéﬁ6®ﬁ¥unﬁﬁtfnest
is subdivided into a plurality of nenory bl ocks. In ad I T170n, " thereyane
provided in the failure relief analyzer 6 a flag nenp Fm{ §t$r|ng
flags corresponding to the respective subdivided nmenp Iocké
second address formatter FOWR for fdknattlng an addressw~s+gna4 i&me
accessing the flag nenory FLM Further, the failurse rellef analyzer 6 is
constructed such that a second T e

MEMORY TESTING APPARATUS

BACRGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates to a memory testing
apparatus for testing a memory element in the form of a
semiconductor integrated circuit (a semiconductor integrated
circuit memory element, hereinafter referred to as IC
memory), and particularly, relates tc an improvement in a
memoxry testing apparatus.provided with a failure relief
analyzer which counts the number of failure memory cells in a
tested IC memory and determines whether or not the IC memory

can be relieved.

2. DESCRIPZION OF THE RELATED ART

Storage capacity of an IC memory is increasing more and
more, and accordingly an increased IC chip area and formation
of patterns at high density are required. As a result, there
is an increased possibility that a reduction of the yield of
IC memories caused by a very minute defect occurs. In order
to prevent the yield of IC memories from being reduced, there
are manufactured IC memories in each of which, for example,
one or more failure memory cells can be electrically replaced
by a substitute or alternative memory cell (also called a
spare line, relief line or redundancy circuit). As will be
described later, the IC memory of this kind is called a

memory of redundancy structure in this technical field, and a



mul ti pl exer MUX-B is inserted between the second address
and the flag nmenory FLM and an out put signal

-19- of the address formatter FOW2 and an out put signal
addr ess gener at or
swi tched by the second nultipl exer
FLM

MJX-B to be

2-

FLM AP which is to be explained |ater ar
supplied t
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decision as to whether or not the redundancy-structured

memory can be relieved is rendered by a failure relief

analyzer.

Fig. 5 shows a block diagram of a general construction of

an example of a prior memory testing apparatus having a

conventional failure relief analyzer.

As is well known, this

memory testing apparatus comprises a timing generator 1, a

pattern generator 2, a waveform shaping device 3, a

logical

comparator 4, a failure analysis memory 5 and a failure

relief analyzer 6.

The timing generator 1 generates a reference clock (REF

CLK).

When the reference clock is supplied to the pattern

generator 2, the pattern generator 2 operates to generate an

address signal, a data signal and a control signal which are

to be applied to an IC memory to be tested or under

test

(hereinafter simply referred to as memory to be tested or

under test) MUT.

The pattern generator 2 also generates an

expected value data signal which is to be supplied to the

logical comparator 4. The address signal, the data

and the control signal are inputted to the waveform

signal
shaping

device 3 where those signals are shaped to have waveforms

required to test a memory to be tested MUT, and then are

applied to the memory under test MUT as a predetermined test

pattern signal.

The data signal written in the memory under test MUT is

temporarily stored therein and is read out therefrom later.

The resad-out data éignal is inputted to the logical



The ‘nunber of subdivided nmenory bl ocks of the nenory part AFM of the
failure analysis nenory 5 is equal to the nunber of flags_ mhlch can be
stored in the flag menory FLM of the failure relief anal gg% ,q;*mMM*ixL\
addition, the failure relief analyzer 6 further includds ,_ &éﬂdﬁégg
generator FLM AP for generating an address signal for gcd e55|ng the~f+-ag
menory FLM a third address formatter FOM3 for formatting, Qﬂ qﬂgou put
signals of the flag address generator FLM AP, the row afidf ess gener
RAP and the colum address generator CAP, an address fr aCEESSFHQ~Lh [
menory part AFMwhich is required at the tine of the failure relief
process, a fourth address for mat t er3FOV4 for formatti ng, based‘oﬁ‘bu%ﬁuj
signals of the flag address generator FLM AP and the row address generator

comparator 4. An expected value data signal is supplied from
the pattern generator 2 to the logical comparator 4 where the
data signal inputted thereto from the memory under test MUT
is logically compared with the expected value data signal to
detect as to whether or not there is an anti-coincidence or
mismatch between both signals.

If the data signal does not coincide with the expected
value data signal, the logical comparator 4 outputs a failure
signal (failure data) to write and store it in the failure
analysis memory 5 at an address thereof specified by the
address signal generated from the pattern generator 2.
Usually, when the data signal coincides with the exzpected
value data signal, the lqgidal comparator 4 generates a pass
signal which is not stored in the failure analysis memory 5.

In such a way, the information on failure memorf cells of
a memory under test MUT generated during a series of tests is
stored in the failure analysis memory 5. After the test is
completed, the failure anélysis for the memory under test MUT
is carried out with reference to the failure data stored in
the failure analysis memory S.

The failure analysis memory 5 has the same operating rate
or speed and storage capacity as those of the memory under
test MUT, and the same address signal as that applied to the
memory under test MUT is applied to the failure analyses
memory S. In addition, the failure analysis memory 5 is
initialized prior to the start of a test. For example, when

initialized, the failure analysis memory 5 has data of



RAP, an address for accessing the row address failure counter RFC, and a
fifth address formatter FOVb for formatting, based on o@?§E¥j§Egnahs~eﬁmw
the flag address generator FLM AP and the col um address QEﬁﬁi%Wb%TGﬂﬁﬁ“dn
address for accessing the colum address failure countef CFC. ~A™7 |
failure signal is supplied to one input terminal of the baﬁeﬁeﬂ%Q¥ iohe | :

failure analysis nenory 5 fromthe | ogical conparator ﬁ shown in Fi g. $.
t

H
f
wite timing signal WRITE is applied to the other input] teéermmat-oef-the f

gate GL and at the S —

4-

A

logical "0s" written in all of the addresses thereof. Every
time a failure data indicating the anti-coincidence is
generated from the logical comparator 4 during a test of a
memory under test MUT, a failure data of, for example,
logical "1" indicating failure of a memory cell is written in
the same address of the failure énalysis memory 5 as that of
the memory cell which has generated the anti-coincidence.

The failure relief analyzer 6 separately and
simultaneously counts the total number of failure cells
stored -in the failure analysis memory 5 and the number of
failure cells on each address line (row address lines and
column address lines) stored in the failure analysis memory
5, and analyzes to determine whether the relief of the tested
memory is §ossible or not by use of relief lines, i.e., spare
memory cells (spare lines or redundancy circuits) provided in
the tested memory MUT. ,A memory having such relief lines is,
as mentioned above, called a redundancy-structured memory in
this technical field.

Here, a brief explanation will be given regarding a
redundancy—stfuctured memory. Fig. 6 shows in outline an
arrangement of an example of such redundancy-structured
memories. A memory to be tested MUT has, in addition to a
memory cell array (main storage portion) MCA where memory
cells are arrayed in rows (lateral rows) and columns
(longitudinal rows), row address relief lines SR and column
address relief lines SC formed on the periphery of the memory

cell array MCA. The memory cell array MCA, the row address



- 20- timng of the wite timng signal WRITE, the failure signal 1is
supplied to a wite clock input termnal WE of the nemory part AFM and to
a wite clock input termnal WE of the flag nenory FLN1phwg,g§¢£§J4% e

relief analyzer 6. Next, an expl anation on an exanpj €.9 ARk

rel ati onship between the nunber of subdivi ded nenory blpcks of the nenwry
part AFM and the number of flags stored in the flag nenDWya ELW%@&ITﬁbe
given with reference to Fig. 2. Fig. 2A shows a row address signa

(i is an integer) and a columm address signal Yi (i lan T NtEger) 1o oe
supplied to the first address fornatger FOWML of the faillure

relief lines SR and the column address relief lines SC are
formed in the same semiconductor chip. 1In thié example,
there is shown a case where two row address relief lines SR
are disposéd along one side of the row address direction of
the memory cell array MCA and two column address relief lines
SC are disposed along one side of the column address
direction of the memory cell array MCA, respectively.
However, it is needless to say that the number of relief
lines and the positions where those relief lines are disposed
are not limited to the example as illustrated.

As a result of the test of a memory to be tested MUT, in
case that tﬁree failure memofy cells X3, X» and X3 are
detected, for example, on the i-th row address line Ri (i is
an integer) and three failure memory cells ¥, i: and Y3 are
detected, for example, on the i-th column address line Ci, if
the row address line Ri is substituted bf any one of the row
adﬁress relief lines SR with respect to its electrical
connection, the rbw address line Ri having the failure cells
can be relieved. Similarly, if the column address line Ci is
substituted by any one of the column address relief lines SC
with respect to its electrical connection, the column address
line Ci having the failure c¢ells can also be relieved.

In such a way, a redundancy-structured memory is arranged
such that failure memory celis in its memory cell array MCA
can be relieved by its row and column address relief lines.
Therefore, by counting the number of failure memory cells of

each row address line and the number of failure memory cells



analysis nmenory 5 fromthe pattern generator 2 (refer to Fig. 5). In this
exanple, a menmory under test has a storage capacity of 4M bits and the
number of addresses is assuned to be 211 (2048) in the df%ect+enrm\m“
2[err] (2048) in the colum direction, and the total[eré ‘&E§33ﬁ4e3%%§[;
Therefore, the menory part AFMof the failure analysis nerWS arso-has; an
address area of 211 in the row direction, 211 in the col ymh o &e&g;qp ana
the total 4194304. (Exactly speaking, each of a nmenory @nder Yést” and tih
failure analysis nenory 5 has a storage capacity of 4. 1948@=%@b+st¢”“J _
In this enbodi nent, the nenory part AFM of the failure analy5|s nenDry 5
i s subdivided into nmenory blocks of 26 in the row directi i, 26~ Tnthe~—
colum direction, and the total 4096 [err] nenory bl ocks. Therefore, as

wi |l be understood fromthe equation bel ow, each nmenory bl ock has 4194304

of each column address line and by comparing the number of

row and column address lines each having failure cells with
the number of relief lines, a decision can be rendered as to
whether the.memofy cell array MCA can be relieved or not.

For this reason, as shown in Figf 7, in the conventional
failure relief analyzer 6 the nuﬁber of failure memory cells
in each row address line within the memory cell array MCA is
counted by a row address‘failure counter RFC and the number
of failure memory cells in each column address line within
the memory cell array MCA is counted by a column eddress
failure counter CFC, and in addition, the total number of
failure memory cells are counted by a total failure counter
TFC. Then, based upon those counted values, the possibility
of relief of the memory cell array MCA is determined.

Fig. 8 shows a block diagram of an arrangement of an
example of the conventional failure analysis memory 5 and a
block diagram of an arrangement of an example of the
conventional failure relief analyzer 6. The failure analysis
memory 5 comprises an address formatter FOM; for matching anm
address of a failure memory cell in a memory under test MUT
with an address of the failure analysis memory 5 in which the
failure signal indicating the failure memory cell is stored,
and a memory part AFM for storing a failure signal supplied
from the logical comparator 4 shown in Fig. 5 at an address
specified by an address signal formatted by the address
formatter FOM;. The address formatter FOM; formets an

address signal for accessing the memory part AFM based on,



(bits)+4096=1024 (bits) i.e., 1024 addresses (a storage I
-21- capacity of 1024 bits). Fig. 2B shows an exanplie '%F;%5W§ﬁﬁnﬁ§$7
signal to be supplied to the flag nenory FLM (herelnafter‘re?érTeﬂ“tﬁ“as A
flag address signal). The 11 bit row address signal of Xo- 10, angh ;hgg 1
bit colum address signal of Yo-Y10 supplied to the first; ﬂd‘eéé‘J
formatter FOML are al so supplied to the .

PR et b ey

T—

7-

for example, a row address signal Xi (i is an integer) and a
column address signal Yi ii is an integer) (in the
illustrated example, each address signal has 11 bits of 0-10)
as shown in Fig. 9 supplied from the péttern generator 2 (see
Fig. 5), thereby to access the same address of the memory
part AFM of the failure analysis memory 5 as that of the
memory under test MUT which is accessed by the row and column
address signals. By such arrangement, at the same address of
the memory part AFM as that of the memory under test MUT
where a failure memory cell has occurred can be stored the
corresponding failure signal indicating that failure memory
cell.

A fajlure signal is supplied to one input terminal of a
gate Gl of the failure analysis memory 5 from the logical
comparator 4 shown in Fig. 5. A write timing signal WRITE is
applied to the other input terminal of the gate Gl. The
failure signal is supplied to a write clock input terminal WE
of the memory éart AFM only when the write timing siénal
WRITE is applied to the gate Gl (at the timing of the write
timing signal).

During the time duration that data signal temporarily
stored in the memory under test MUT are read out therefrom,
the write timing signal WRITE is applied to the gate Gl, and
a logical "1" signal is always supplied to a-data input
terminal Di of the memory part AFM of the failure analysis
memory S. Therefore, since the memory part AFM is accessed,

every time a failure signal of logical "1" is outputted from



second address formatter FOMR in the failure relief analyzer 6. |In this
exanmpl e, the second address formatter FOM2 sel ects the nost significant
six bits fromeach of the row address signal of Xo-X10 gnd-the-eot-tmr——
address signal of Yo- Y10, and then formats an address Qiéﬁﬁlﬁﬁﬁﬂiﬁi SHEE]
accessing the flag nemory FLM based on the six bit row;addF&sssighal of !
X5-X10 and the six bit colum address signal of Y5-Y10 td sup_igggw@gp t he
flag menory FLM via the second nultiplexer MJX-B as a fliag address sign
That is, since the menory part AFM of the failure analysi s-erery—b-isei R
this exanple, subdivided into 4096 a,glermry bl ocks, the fliag nenory FLM al s¢
requires the address capacity of 4096 addresses in order~to-storgthe
flags of

the logical comparator 4, by an address signal which is the
game as the address signal supplied to the.memory under test
MUT at that time, the failure data of logical "1" is written
at the same address of the memory part AFM ag the address of
the memory under test MUT. Consequently, when the test is
completed, the failure data each'having a logical "1" are
written at the same addresses of the memory part AFM as those
of all the memory cells where failures occurred.

The failure relief analyzer 6 comprises a row address
generator RAP, a column address generator CAP, a carry
detector CSl for detecting when the row address generator RAP
has generated all the addresses in one row and outputting a
carry signal, a row address failure counter RFC for counting
the number of failure memory cells in each row address line,
a column address failure counter CFC for counting the number
of failure memory cells in each column address line, a total
failure counter TFC for counting the total number of failure
memory cells, and a gate G2 for controlling the writing of
failure data.

The row address generator RAP and the column address
generator CAP generate row address signals Ro-Rio
(corresponding to the row address signals Xi shown in Fig. 9)
and column address signals Cop-Cig¢ (corresponding to the
column address signals Yi shown in Fig. 9), respectively, in
synchronism with a clock CLK. These row address signals Ro-
Rio and column address signals Cp-Cjp are inputted to the row

address failure counter RFC and the column address failure



respective nenory bl ocks. Therefore, as nentioned above, the second address
formatter FOW formats 4096 address signals for accessing the flag nenory
FLM based on the six bit row address signal of X5-X10 and the six bit

col um address signal of Y5-Y10. - As mentioned abovg; st gﬁ"”$ﬁﬂ§2;§?

storage capacity of a nmenory block of the nmenory part AF_?Qﬁj;ﬂgjiggﬁibﬁs
(25x 2[err]), the failure information of a menory under teSt MJT }
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counter CFC, respectively.

The row address failure counter RFC comprises a memory
Mrrc which is accessed by a row address signal and stores a
failure data at the accessed address thereof and an adder
ADD; for adding one (1) to the number of failure data (number
of failures occurred) read out from the memory Mgrc.

The column address failure counter CFC comprises a memory
Mcrc which is accessed by a column address signal and stores
a failure data at the accessed address thereof and an adder
ADD; for adding one (1) to the number of failure data (number
of failures occurred) read out from the memory Mcrc.

Further, the total failure counter TFC comprises a memory
Mppc for merely storing the total number of failure memory
cells at the same address, and an adder ADD3 for adding one
(1).

The carry detector CS1l outputs a carry signal every time
all bits of the row address signal outputted from the row
address generator RAP become logical "ls", and supplies the
carry signal to the column address generator CAP. The column
address generator CAP increases or increments the column
address by one (+1) every time a carry signal is received.

Every time a row address signal and a column address
signal are inputted to the respective memories Mrpc and Mcrc
to specify a row address and a column address of those
memories respectively, the respective numbers of the failure
memory cells stored in the specified row address and the

specified column address are read out from those memories



having a storage capacity of 4Mbits (4194304 bits) can be conpressed to
4096 flags and stored in the flag nmenory. Next, the above operations
will be explained with reference to Fig. 3. Fig. 3A shows an internal
structure of the flag nenory FLM As described above, the-ff IV“ ELM
has 26 (64) addresses in the row direction, 26 (64) addres@ﬁsmﬁ *ﬂﬁ -6Iu1n
direction, and total 4096 addresses. In Fig. 3A one oﬂ Uhe Séctions (FG@,
F&, ... F&096) indicates one bit of the flag nmenory and th0§g;f@§g%ﬂ%n¢r\
cells (FGL- FG4096) are provided corresponding to the respectlve 4096
addr ess positions. Fig. 3B ShOﬁ@ an internal tructureme+*vh6‘ﬂ9ﬂvry
part AFM As described above, the nory part AFMis subd|V|ded into 26
(64) in the rowdirection, 26 (64) in the colum

=

Mrrc and Mcpc and are supplied to the corresponding adders
ADD; and ADDy, respectively. Each of those adders ADD; and
ADD; adds 1 (one) to the value read out from the
corresponding one of the memories Mprc and Mcpe, and supplies
the summed value to the input terminal Di of the
corresponding one of the memorieé Mprc and Mcre.

When a failure data is read out from the failure analysis
memory 5 in the state that the sumﬁed results of the adders
ADD) and ADD; are being supplied to the input terminals Di of
the respective memories Mgpe and Mcpe, the failure data is
supplied to one input terminal of the gate G2, and is
inputted to respective write clock input terminals WE of the
memories Mgrc and Mcpc at the timing of the write timing
signal WRITE supplied to the other input terminal of the gate
G2. As a result, the respective summed results at their
input terminals Di are written at the addresses of the
memories Mrpc and Mcyc being accessed by the row address
signal and the column'address signal, respectively.

That is, the summed results of the adders ADD; and ADD:
(values obtained by adding 1 (one) to the values read out
from.the respective memories Mppc and Mcpc) are written in the
corresponding memorles HRpc and Mcrc only when a failure data
is read out from the failure analysis memory 5. If no
failure data is read out from the failure analysis memory 5,
those sumﬁed results are not written in the respective
memories Mgppc and Mcrc. Therefore, the numbers of failure

memory cells are accumulated row by row and column by column,



di rection,

Bl1, B2, BS,

and total 4096 nenory bl ocks Bl-B4096. Each of ft

A

each of the nenory bl ocks hatched by slant lines indicatgsia nmenory bl ock

i n which
a flag of

failure information is witten. Therefore, as shown $a g 1u8A
|l ogical "1" is witten in a flag address corregponding to a |

menory bl ock hatched by slant |ines. Therefore, at the ire~of—the—-

menory test,
MJUX-B shown in Fig. 1 select the output signal of the first addréss
f the second address formatter

formatter

FOML and the output signal

since the first multiplexer MIX-A and the sg¢cond nultipl exer

ocks;
B4096 has a nenory capacity of 1024 addr séeﬁiﬁfwigéw’ QB,

f

ower,

Bt e o N S

FOW,

respectively, a row address signal } 11 bits and a col unm address signal

of 11 bits

outputted fromthe

and stored in the respective counters RFC and CFC for each of
the row addresses and for each of ﬁhe column addresses,
respectively.

Further, the total failure counter TFC is arranged such
that each time a failure data is read out from the failure
analysis memory 5, the number of the failure data is
accumulated and the accumulated value is stored in the same
address.

As mentioned above, when the number of failure memory
cells is counted in the failure relief analyzer 6 separately
for each row address and each column address, in the
conventional failure relief analyzer, the entire memory area
of the memory part AFM which is a component of the failure
analysis memory 5 is accessed for reading out the failure
data stored in the memory part AFM. That is, in the
conventional failure relief analyzer, the memory area from
the first address to the last address of each of all rows and
each of all columns of the memory part AFM is entirely read.
Therefore, with the.increase'of storage capacity of a memory
under test in recent years, there was a problem that it took
a very long time for reading out the failure data, and hence

a very long time was required for the failure relief procesé.

SUMMARY OF THE INVENTION

Tt is an object of the present invention to provide a
memory testing apparatus having a failure relief analyzexr

which can compute the classified total of the number of



-23- pattern generator 2 (refer to Fig. 5) are supplied in

unt ouched

state to the nenory part AFM of the failure analysis nenory 5, and a row

address signal having the nost

bits of

address signal and a colum address signal having the nost ﬁrgnLLLcér
the 11 bit columm address signal are supplied to the

significant six bits of the ﬁg%g%gégﬁ&

i ST

.

lag nenory

FLM of the failure relief analyzer 6. If a failure occursi ddri HGVawoy

menory test, the failure signal is witten in an address of jthe nenory part
is the sane address as that of the nenory under tlest NUT
i

AFM whi ch

1
i
i
$
)
:

R

N
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failure memory cells in a memory under test in a short time
period even if the storage capaciﬁy of the memory under test
is large.

In one aspect of the present invention, there is provided
a memory testing apparatus comprising: a failure analysis
memory having the same storage capacity as that of a memory
under test, and being accessed by the same éddress signal as
that which is applied to the memory under test, the failure
analysis memofy storing, each time a failure memory cell is
detected from the memory under test, failure memory cell
information written at the same address of the failure

analysis memory as that of the memory under test in which

-that failure memory cell resides; and a failure relief

analyzer for accessing all of the addresses of the failure
analysis memory to read out the stored failure memory cell
information therefrom after complgtion of the test, and
computing position information in which the failure memory
cell or cells reside and the total number of the failure
memory cells, thereby to determine whether the relief of the
tested memory is possible or not on the basis of the position
information and the total number of the failure memory cells,
the memory testing apparatus being characterized by: means
for subdividing the failure analysis memory into a plurality
of memory blocks; a flag memory having its addresses
corresponding to the subdivided memory blocks respectively,
and storing at an address thereof corresponding to a mamory

block a flag representing that failure memory cell




However, in the case of the flag nenory FLM a flag of logical "1" is

witten in a flag address determ ned by a row address signal and a col um
dddress signal each having nbost significant six bits ofk nf gﬁﬁﬁé_:ﬁ

menory under test MJT where the failure occurred. T he i e?*trg
failure relief analysis, the first nultiplexer MIX-A segects ‘the addr egs |
signal formatted by the third address formatter FOVB to sukppfaxgvt@ayhe |
menmory part AFM and the second mul tipl exer MUX-B sel ects; the 12 bit ?

address signal outputted fromthe flag address generator%FtW%“ﬁP“fows

it to the flag nmenory FLM The flag address generat@r FLM AP out put
in order the 12 bit flag address sthal's of Ao-Al shown TH E g 48
starting fromthe first address 1 to the | ast address 4096 in

information has been written in that memory block; address

~ formatting means for taking out several bits from an address
signal applied to the failure analysis memory, thereby to
create an ﬁddress signal for accessing all of the addresses
of the flag memory, when testing a memory under test; and
computing means for accessing all of the addresses of the
flag memory to read out the stored flag therefrom after
completion of the test, and reading out only the stored
contents of one or more memory blocks of the failure analysis
memory corresponding to the address or addresses of the read-
out one or more flags to compute position information of the
failure memory cell or cells, and the above object is
attained.

In a preferred embodiment of the invention, the computing
means comprises: a row address generator for generating the
same row address signal as a row address signal of an address
signal applied to the failure analysis memory; a column
addresé generator for generating the sams column address
signal as a column address signal of the address signal
applied to the failure analysis memory; a flag address
generator for generating a flag address signal for accessing
all of the addresses of the flag memory after completion of
the test: second address formatting means for creating an
address signal for accessing all of the addresses of one or
more memory blocks corresponding to the address or addresses
of one or more flags read out from the flag memory on the

basis of the output signals from the flag address generator,



synchronismw th the supply of a clock CLK. Those flag address signals
access the flag nmenory ELMvia the second nultiplexer MIX-B. Since the
out put signal of the flag - 24-

menory FLMis supplied to an enable termnal EN of the flag address

generator FLM AP via an invertor INV and a logical gate OR if a data

val ue read out fromthe flag nmenory FLMis T
I S VR RS PN W

JUET———L

i
g
b oae w897
f

¢

e

P2y

-14- 20 RV

SUNPPSAIPE 3

-

L oS AN S

e £ e e R SR

%
1
i
;
3

s e
S AR i 7 e v e S P s A

the row address generator and the column address generator;
row failure cell storage means for storing therein the
failure memory cell information relating to row addresses of
failure memory cell_information read out, after completion of
the test, from one or more memory blocks in which failure
memory cell information has been written; column failure cell
storage means for storing therein the failure memory cell
information relating to column addresses of the failure
memory cell information read out, after completion of the
test, from the one or more memory blocks in which failure
memory cell information has been written; third address
formatting means for creating an address signal for accessing
all of the addresses of the row failure cell storage means on
the basis of the output signals from the flag address
generator and the row address generator; and fourth address
formatting means for creating an address éignal for accessing
all of the addresses of the column failure cell storage means
on the basis of the output signals from the flag address
generator and the column address generator.

The memory testing.apparatus described above further
includes means for storing therein the total number of
failure memory cells read out from one or more memory blocks
in which failure memory cell information has been written.

In addition, in a preferred embodiment of the invention,
the flag memory is arranged such that when testing a memory
under test, it is accessed by an address signal created by

the address formatting means whereby a logical value



| ogircal "0", an operation to increnent the flag address by 1 is repeated.
On the other hand, if a data of logical "1" is read out fromthe flag
menory FLM the data of logical "1" i.e., a flag signal is supplied to the
enable term nal EN of the flag address generator FLM AP via the invertor
INV and the logical gate OR As a result, the flag address generator
FLM AP stops its operation and the flag nenory FLMis held.in.the.. .state
that a flag signal of logical "1" is outputted therefrom HEPLACERIRTOLR YL
termnal of the flag nemory FLMis also coupled to a nofn-igverttRg-i-nput
termnal of a gate G3 and an output term nal of a gate @ngispgygghqgw‘oéa
inverting input terminal of the gat¥®-G3. The gate 4 su@p@ie%“d“ﬁ%g?ﬁ |
nqn i '

-

s

!
N

IR

representing a flag is written at an address of thé“rlag e )
memory being accessed by the address signal each time failure

cell information is written in the failure analysis memory,

and the address formétting means takes out most significant

several bits from a row address signal and most significant

several bits from a column address signal of an address

signal applied to the failure analysis memory, respectively,

thereby to create an address signal for accessing all of the
addresses of the flag memory.

It is preferred that the .storage capacity of the flag
memory is selected between one in several tens (1/several
tens) and one in several thousand (l/severai thousand) of
that of the failure analysis memory.

According to the present invention, an address area of a
failure analysis memory is subdivided into a plurality of
memory blocks and a flag indicating whether or ﬂot one or
more failure data were written in each of the subdivided
memory blocks during the test is stored in a flag memory.
Each address of the flag memory corresponds to each memory
block which is a subdivided memory block of the failure
analysis memory. As a result, the presence or absence of
failure information in each memory block can be known
depending on the state of the flag stored in each address of
the flag memory.

Consequently, at the time of the failure relief analysis,
it is not necessary to read the address area within a memory

block of the failure analysis memory corresponding to an



output to the inverting input termnal of the gate G3 only when carry
signals are outputted fromboth of the first and the second carry
detectors CS1 and CS2. Otherwi se, the gate &4 supplies a logical "0"
output to the inverting input termnal of the gate G3. Therefore, when
carry signals are not outputted fromboth of the first and-the-seecond .
carry detectors CS1 and CS2, an inverted input of the gat 8cGRACERIERT SHEET
|l ogi cal "1". Wen a flag signal of logical "1" is read out [ Tromthe fiag !
menory FLMin this state, the output of the gate G is En%e@igq¥%p@k%gL&dl
"1". g» § & & iXAS ¥ i )
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address in which a flag is not stored. Therefore, by
detecting the addresses in each of which a flag is stored
(for example, a logical "1* ié stored), the address areas of
those memory blocks corresponding to those addresses of the
flag memory may only be read out. Thérefore, the area of the
failure analysis memory from which the failure data are to be
read can significantly be reduced and hence the failure

relief processing time can significantly be reduced.

PTION OF T DRAW S

Fig. 1 is a block diagram showing the construction of an
essential portion of an embodiment of a memory testing
apparatus according to the present invention;

Fig. 2 is a general diagram for explaining the operation
of the memory testing apparatus shown in Fig. 1;

Fig. 3 is a general diagram for explaining the
construction of an essential portion of the memory testing
apparatus shown in Fig. 1;

Fig. 4 is a general diagram for explaining the operation
of the memory testing apparatus shown in Fig. 1;

Fig. 5 is a block diagram showing the construction of an
example of a conventional memory testing apparatus having a
failure relief analyzer;

Fig. 6 is a general diagram for explaining an example of
a failure relieving method of a memory under test;

Fig. 7 is a diagram for explaining an example of a
conventional method for computing the classified total of the



- 25- The logical "1" output signal fromthe gate G3 is supplied to
enable termnals EN of the row address generator RAP and the col um
address generator CAP. As a result, the row address genﬁrg@MT“EﬁP”aﬂﬁ~{he
col um address generator CAP start their oper at i ons. 4 *ﬁ?f%r&@éﬁﬁﬁiﬁe
prior art exanple described above, the row address genesator RAP i !
generates, in synchronismwith a clock CLK, a rOM/addreﬁs haw rgyliehi s
of RO-R10 as shown in Fig. 4C. This row address S|gnala|$ supplied to a
ek

fourth address formatter FOWA. The fourth address forn&tté?“ﬁﬁwﬁ-w S

x
AN 1,
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data required for failure relief of a memory under test;

Fig. 8 is a block diagram for explaining the construction
and the operation of a conventional failure relief analyzer;
and

Fig. 9 is a general diagram for explaining the operation

of the failure relief analyzer shown in Fig. 8.

Fig. 1 is a block diagram showing the construction of a
failure analysis memory and a failure relief analyzer which
are essential portions of an embodiment of the memory testing
apparatus provided with the failure relief analyzer according
to the present invention. Further, in order to simplify the
explanation, the same reference characters are affixed to the
portions corresponding to those in Fig. 8 and the explanation
thereof is omitted unless it is required.

In this embodiment, a failure analysis memory 5 also
includes an address formatter FOM; for matching an address of
a failure memory cell in a memory under test MUT with an
address of the failure analysis memory 5 at which a failure
signal indicating that failure memory cell is stored, and a
memory part AFM for storing a failure signal supplied from
the logical comparator 4 shown in Fig. 5 at an address of the
memory part AFM specified by an address signal formatted by
the address formatter FOM;.

In addition, the failure analysis memory 5 is constructed

such that a first multiplexer MUX-A is inserted between the



takes out the least significant five bits RO-R4 of a row address signal
and the |least significant six bits Ao-A5 of a 12 bit flag address signal of
AO- A1l supplied fromthe flag address generator FLN¢APﬁ&”3§ﬁ“ t-aﬂm%ﬁAﬁt
address signal of A5-A0 R4-RO as shown in Fig. 4G and ﬂuﬁ Bt He AT SSHES
address signal to the row address failure counter CThe ™ TTrst—y |
carry detector CS1 is set, as showmn in Fig. 4E, to A1y 6 rg ;
time every bit of the | east significant five bits of aj r@m/ad ress sig a!
outputted from the row address generator RAP becones eﬁuafwr0~+eg1caL~f1W
a carry signal is supplied to the(%ﬁLMW|address generator CAP so that Qhe
address of a colum address signal oUtputted from the col umi Address—-
generator CAP is increnmented by 1. Further, the second carry detector CS2
is also set, as shown in Fig. 4F, to *00000011111" .

address formatter FOM; and the memory part AFM so that an

v

output signal of the address formatter FOM); and an output
signal of an address formatter FOM3 which is to be explained
later are selectively switched to be supplied to the memory
part AFM.,

The address formatter FOM; formats an address sigpal for
accessing the memory part AFM based on a row address signal
Xi (i is an integer) and a column address signal Yi (i is an
intéger) and supplies the address signal to the memory part
AFM of the failure analysis memory S5 via the first
miltiplexer MUX-A so that the address of the memory part AFM
which is same as the accessed address of the memory under
test is accessed. By this operation, a corresponding failure
signal can be stored in the address of the memory part AFM
which is' the same address as the address of the memory under
test MUT where a failure cell is detected.

In the present invention, the memory part AFM of the
fajlure analysis memory 5 whose memory capacity is equal to
that of the memory under test is subdivided into a plurality
of memory blocks. In addition, there are provided in the
failure relief analyzer 6 a flag memory FIM for storing flags
corresponding to the respective subdivided memory blocks and
a second address formatter FOMz for formatting an address
signal for accessing the flag memory FIM. Further, the
failure relief analyzer 6 is constructed such that a second
multiplexer MUX-B is inserted between the second address

formatter FOM; and the flag memory FILM, and an output signal



The col umm address generat or CAP out puts,

col um address signal of CO-Cl0. Afifth

-26-

address formatter FOVb takes out the |east S|gnér£
CO-C4 of this colum address signal and the nost S|gn e

as shown in Fig. 4D, an 11 bit

AARERIN Bl

é

A6- A11 of a 12 bit flag address signal of AO-All suppdled fron1the

address generator FLMAP to format an 11 bit address slgngwsﬁba 1997
Al'l -A6. C4-Co and supplies :
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of the address formatter FOM; and an output signal of a flag
address generator FLM-AP which is to be explained later are
gelectively switched by the second multiplexer MUX-B to be
supplied to the flag memory FLM.

The number of subdivided'mémory blocks of the memory part
AFM of the failure analysis mamofy 5 is equal to the number
of flags which can be stored in the flag memory FIM of the
failure relief analyzer 6.

in addition, the failure relief analyzer 6 further
includes a flag address generator FLM-AP for generating an
address signal for accessing the flag memory FLM, a third
address formatter FOM3 for formatting, based on output
signals of the flag address generator FLM-AP, the row address
generator RAP and the column address generator CAP, an
address for accessing the memory part AFM which is required
at the time of the failure relief process, a fourth address
formatter FOM; for formatting, based on output signals of the
flag address generator FLM-AP and the row address generator
RAP, an address for accessing thé row address failure counter
RFC, and a fifth address formatter FOMs for formatting, based
on output signals of the flag address generator FLM-AP and
the column address generator CAP, an address for accessing
the column address failure counter CFC.

A failure signal is supplied to one input terminal of the
gate G1 of the failure analysis memory 5 from the logical
comparator 4 ‘shown in Fig. 5. A write timing signal WRITE is
applied to the other input terminal of the gate Gl and at the



this address signal to the columm address failure counter CFC.

Furt her,

si gnal

the third address formatter FOVB takes out the |east significant
five bits RO-R4 of an 11 bit row address signal of RO-RLO e e
4C, the least significant six bits AO-A5 of a 12 bit flagszhpW@wﬂ%J%%k
of AO-All supplied fromthe flag address generator FLN¢AP}asAshpMn in Fig
4B, the least significant five bits C0-C4 of an 11 bit qoljun#® ¥ddriess | |
of CO-Cl10 outputted fromthe colum address generatior CAP as shown;
in Fig. 4D, and the nost significant six bits A6-All of ithe 12 bit flTag
address signal of AO-All to forna&ﬁﬂfd generate a 22 bit..address.signal.. of
Al -A6. C4-

CO. A5- AO. - R4- RO as sho "n Fig. 4A. This address signal is

supplied to the nenory part AFMvia the first multipl exer

timing of the write timing signal WRITE, the failure signal

is supplied to a write clock input terminal WE of the memory
part AFM and to a write clock input terminal WE of the flag

nmemwory FIM of the failure relief analyzer 6.

Next, an explanation on an example of the relationship
between the number of subdivided memory blocks of the memory
part AFM and ﬁhe number of flags stored in the flag memory
FILM will be given with reference to Fig. 2.

Fig. 2A shows a row address signal Xi (i is an integer)
and a column address signal Yi (i is an integer) to be
supplied to the first address formatter FOM; of the failure
analysis memory 5 from the pattern generator 2 (refer to Fig.
5). 1In this example, a memory under test has a storage
capacity of 4M bits and the number of addresses is assumed to
be 21! (2048) in the row direction, 2!l (2048) in the column
direction, and the total 211x2!l =4194304. Therefore, the
memory part AFM of the failure analysis memory 5 also has an
address area of 2!l in the row direction, 21! in the column
direction, and the total 4194304. (Exactly speaking, each of
a memory under test and the failure analysis memory 5 has a
storage capacity of 4.19430 M bits.)

In this embodiment, the memory part AFM of the failure

analysis memory 5 is subdivided into memory blocks of 26 in
the row direction, 28 in the column direction, and the total

4096 (2%x25) memory blocks. Therefore, as will be understood
from the equation below, each memory block has 4194304

(bits)+4096=1024 (bits) i.e., 1024 addresses (a storage



MJX-A to access the nenory part AFM Next, the failure relief
operations in the nmenory testing apparatus conprising the failure analysis

menory 5 and the failure relief analyzer 6 constructe d neﬂ}ab ve
will be explained. As an address signal outputtegugfﬁgﬁﬁgmq ; Q

address formatter FOWR is increnented by 1, an addresg for accesghgg
flag menory FLMis increnmented by 1. Every tlne a flagk 1 26 N0V WV
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capacity of 1024 bits).

Fig. 2B shows an example of an address signal to be
supplied to the flag memory FLM (hereinafter referred to as a
flag address signal). The 11 bit row address signal of Xo-
Xi0 and the 11 bit column address signal of Yo-¥1¢ supplied
to the first address formatter FOM; are also supplied to the
second address formatter FOM» in the failure relief analyzer
6. In this example, the second address formatter FOM2
selects the most significant six bits from each of the row
address signal of Xg-Xjp and the column address signal of Yp-
Y10, and then formats an address signal for accessing the
flag memory FLM based on the six bit row address signal of
Xs-Xi0 and the six bit column address signal of ¥s5-Y3p to
supply it t6 the flag memory FIM via the second multiplexer
MUX-B as a flag address sigmnal.

That is, since the memory part AFM of the failure
analysis memory 5 is, in this example, subdivided into 4096
memory blocks, the flag memory FLM also requires the address
capacity of 4096'addresses in order to store the flags of
respective memory blocks. Therefore, as mentioned above, the
second address formatter FOM2 formgts 4096 address signals
for accessing the flag memory FLM based on the six bit row
address signal of Xs-X10 and the six bit column address
signal of Ys-Y¥j0.

2As mentioned above, since the storage capacity of a

memory block of the memory part AFM is 1024 addresses

(25x2%), the failure information of a memory under test MUT



-27-° signal of logical "1" is read out fromthe flag menory FLM during
the address increnent operation, the contents (address area) of a nenory
bl ock of the menory part AFM corresponding to the flag address from which
the flag signal is read out are read out. At this @obpg ﬁgggy N g¥ 1
row address signal supplied to the row address failure @OUn B ;mgﬁg‘ g '
the fourth address formatter FOM is equal to the rom/addQe S
menory under test MJT where the failure occurred. Therefo&ezam‘ﬁ\r I
command is given to the nenory MRFC by supplying the failére data to the
wite clock input termnal WE of the § e

H
§
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having a storage capacity of 4M bits (4194304 bits) can be
compressed to 4096 flags and stored in the flag memory.

Next, the above operations will be explained with
reference to Fig. 3. Fig. 3A shows an internal structure of
the flag memory FIM. As described above, the flag memory FLM
has 28 (64) addresses in the row direction, 25 (64) addresses
in the column direction, and total 4096 addresses. In Fig.
3A, one of the sections (Fél, FGy, **+ FGqp96) indicates one
bit of the flag memory and those flag memory cells (FG-
FGq096) are provided corresponding to the respective 4096
address positions.

Fig. 3B shows an internal structure of the memory part
AFM. As described above, the memory part AFM is subdivided
into 25 (64) in the row direction, 25 (64) in the column
direction, and total 4096 memory blocks Bi1-Bgoss- Each of the
memoxy blocks Bi, Bz, Ba, **°* Bgogs has a memory capacity of
1024 addresses. 1In Fig. 3B, each of the memory blocks
hatched by slant lines indicates a memory block in which
failure information is written. Therefore, as shown in Fig.
32, a flag of logical "1" is written in a flag address
corresponding to a memory block hatched by slant lines.

Therefore, at the time of the memory test, since the
first multiplexer MUX-A and the second multiplexer MUX-B
shown in Fig. 1 select the output signal of the first address
formatter FOM; and the output signal of the second address
formatter FOMz, respectively, a row address signal of 11 bits

and a column address signal of 11 bits outputted from the



menory MRFC to store the nunber of failure occurrences in the address
bei ng accessed. Simlarly, since the colum address of the nenory

under test MJT where the failure occurred is supplied td %@%ﬁéﬁkqﬂﬁtwgﬁT

address failure counter CFC fromthe fifth address formatit er

nunber of failure occurrences is stored in the colum a¢d@ess failure
counter CFC. Simlarly to the prior art exanple, the total] nuighery absy

failure occurrences is stored in the total failure countle

}
|
TFC Vihen

the data at the |l ast address in each of the nmenory bl ocks setr—Tmthe

|
i
|

menory part AFMis read out, both thf first carry detector CS1 and the

second carry detector CS2 output a

the gate &4 outputs a logical "1". This logical "1" output

is supplied to

pattern generator 2 (refer to Fig. 5) are supplied in

untouched state to the memory part AFM of the failure

analysis memory 5, and a row address signal having the most

significant six bits of the 11 bit row address signal and a

column address signal having the most significant six bits of

the 11 bit column address signal are supplied to the flag

memory FLM of the failure relief analyzer 6.

If a failure occurs during a memory test, the failure

signal is written in an address of the memory part AFM which

is the same address as that of the memory under test MUT.

However, in the case of the flag memory FLM, a flag of

logical *1" is written in a flag address determined by a row

address signal and a column address signal each having most

significant six bits of the address of the memory under test

MUT where the failure occurred.

At the time of the failure relief analysis, the first

multiplexer MUX-A sglects the address signal formatted by the

third address formatter FOM3 to supply it to the memory part

AFM, and the second multiplexer MUX-B selects the 12 bit flag

address signal outputted from the flag address generator FIM-

AP to supply it to the flag memory FIM.

The flag address generator FLM-AP outputs in order the 12

bit flag address signals of Ag-A;; shown in Fig. 4B starting

from the first address 1 to the last address 4096 in

synchronism with the supply of a clock CLK. Those flag

address signals access the flag memory FIM via the second

multiplexer MUX-B. Since the output signal of the flag

jgi cal "1", respectively. As a result,



respective |load termnals LD of the row address generator
col um address generator CAP, and to the inverting

RAP and the

- 28- termnal of the gate G3, and also to the enabl et grm pal:c ~@fkrthe
flag address generator FLM-AP via the logical gate OR ‘“JFSQ%ﬁﬂﬁliﬁ%ﬁion
of the logical "1" output to respective load termnalg LD of thenrgwé
address generator RAP and the 1 26 KOV W9F
o} i
-24-

memory FLM is supplied to an enable terminal EN of the flag
address generator FLM-AP via an invertor INV and a logical
gate OR, if a data value read out from the flag memory FIM i
logical "0", an operation to increment the flag address by 1
is repeated. .

on the other hand, if a data of logical "1" is read ocut

from the flag memory FLM, the data of logical "1" i.e., a

flag signal is supplied to the enable terminal EN of the flag

address generator FLM-AP via the invertor INV and the logical

gate OR. As a result, the flag address generator FIM-AP
stops its operation and the flag memory FIM is held in the
state that a flag signal of logical "1" is outputted
therefrom.

The output terminal of the flag memory FLX is also

coupled to a non-inverting input terminal of a gate G3 and an

output terminal of a gate G4 is coupled to an inverting input

terminal of the gate G3. The gate G4 supplies a logical "1"
output to the inverting input terminal of the gate G3 only
when carry signals are outputted from both of the first and
the second carry detectors CS1 and CS2. Otherwise, the gate
G4 supplies a logical "0" output to the inverting input
terminal of the gate G3. Therefore, when carry signals are
not outputted from both of the first and the second carry
detectors CS1 and CS2, an inverted input of the gate G3 is a
logical *"1". When a flag signal of logical "1" is read out
from the flag memory FIM in this state, the output of the

gate -G3 is inverted to logical "1°.



col utm address generator CAP, they are reset to their initial states. In
addition, a logical "0" output is supplied to respective. enable.term-nals
EN of the row address generator RAP and the col umm addngsgqgaﬁ@ra§Wﬁ;C$P
fromthe gate G3, and hence the row address generator *&ﬂd“1he coliuim
- address generator CAP stop their operations for generati thahnm ddne$s
signals, respectively. Consequently, the operations fp ECECféﬁénf’ gi §
respective addresses of the nmenory MRFC and the nenory M
stopped. On the other hand, since the |logical "1" outout i's supplied t o
the enable termnal EN of the flag agkiress generator FLMAP~tRe~ft-ag=—
address generator FLM AP restarts its operation thereby restarting t he
operation for increasing or increnenting the flag address of the flag

menory FLM one b
Y Tﬁé logical "1" output signal from the gate G3 is

supplied to enable terminals EN of the row address generator
RAP and the column address generator CAP. As a result, the
row address generator RAP and the column address generator
CAP start their operations.

Similarly to the prior art eiample described above, the
row address generator RAP generates, in synchronism with a
clock CLK, a row address having 11 bits of Rg~Rig as shown in
Fig. 4C. This row address signal is supplied to a fourth
address formatter’FUM4. The fourth address formatter FOMy
takes out the least significant five bits Rg-R4 of a row
address signal and the least significant six bits A¢-As of a
12. bit flag address signal of Ap-2;; supplied from the flag
address generator FLM—AP'to format an 11 bit address signal
of Bs-Ag*Rs~Rg as shown in Fig. 4G and supplies this address
signal to the row address failure counter RFC.

The first carry detector CSl1 is set, as shown in Fig. 4E,
to "00000011111i". Every time every bit of the least
significant five bits of a row address signal outputted from
the row address generator RAP becomes equal to logical "1%, a
carry signal is supplied to the column address generator CAP
so that the address of a column address signal outputted from
the column address generator CAP is incremented by 1.
Further, the second carry detector CS2 is also set, as shown
in Fig. 4F, to "00000011111".

The column address generator CAP outputs, as shown in

Fig. 4D, an 11 bit column address signal of Co~Cio, A fifth



one. As expl ai ned above, according to the present invention, even if a
menory under test has a | arge storage capacity, a nenory testing apparatus
is constructed such that a failure analysis nmenory having the sanme storage
capacity as that of the nenory under test is subdivided in its mermory area
into a plurality of nenory bl ocks, and a flag nenDry'h§M4 Bt gepeﬁs
capacity corresponding to the nunber of nenory bl ock$ fjﬁmﬁr deé “ihﬁd
wherein each time failure information is -
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address formatter FOMs takes out the least significant five
bits Co-C4 of this column address signal and the most
gignificant six bits Ag-2A;; of a 12 bit flag address signal
of Ag-3);; supplied from the flag address generator FLM-AP to
format an 11 bit address signal of A;;-Ag-C4-Cg and supplies
this address signal to the column address failure counter
CFC.

Further, the third address formatter FOM3 takes out the
least significant five bits Ro-R4 of an 11 bit row address
signal of Rg-R1p shown in Fig. 4C, the least significant six
bits 2¢9-2A5 of a 12 bit flag address signal of Ag-A;; supplied
from the flag address generétor FLM-AP as showa in Fig. 4B,
the least significant five bits C¢-C4 of an 11 bit column
address signal of Cp-Cip outputted from the column address
generator CAP as shown in Fig. 4D, and the most significant
six bits Ag-a;; of the 12 bit flag address signal of Ap-A11 to
format and genera£e_a 22 bit address signal of Aj;-Ag-C4-
Co-As-Ag*R4-Rp as shown in Fig., 4A. This address signal is
supplied to the memory part AFM via the first multiplexer
MUX-A to access the memory part AFM.

Next, the failure relief operations in the memory testing
apparatus comprising the failure analysis memory 5 and the
failure relief analyzer 6 constructed as mentioned above will
be explained.

As an address'signal outputted from the second address
formatter FOM» is incremented by 1, an address for accessing

the flag memory FIM is incremented by 1. Bvery time a flag



-29-  witten in a nenory block of the failure analysis nemory, a flag of
logical "1" is witten in an address of the flag nenory corresponding to

the address of the nenory block in which the failure information is
witten. Therefore, at the time of carrying out the ﬁarfpr@' erk
analysis for a tested nenory, it is sufficient to redd”@utﬁeﬁﬁﬁ tHeE

in Do s

contents of one or nore nenory bl ocks corresponding tio {one or nore f
addresses in each of which a flag of logical "1" has _eqn 2W ROy eng?

a

Of

t he enbodi nent nenti oned above, in case the nenory cﬁpacity of each ¢
-

menory under test and the failure 27 !
!

signal of logical "1" is read out from the flag memory FLM
during the address increment operation, the contents (address
area) of a memory block of the mamory part AFM corresponding
to the flag address from which the flag signal is read out
are read out.

At this point in time, a row address signal supp;;ed to
the row address failure counter RFC from the fourth address
formatter FOM4 is equal to the row address of the memory
under test MUT where the failure occurred. Therefore, a
write command is given to the memory Mzpc by supplying the
failure data to the write clock input terminal WE of the
menory Mrpc tO store the number of failure occurrences in the
address being accessed.

Similarly, since the column address of the memory under
test MUT where the failure occurreéd is supplied to the column
address failure counter CFC from the fifth address formatter
FOMs, the number of failure occurrences is stored in the
column address fajlure counter CFC. Similarly to the prior
art example, the total number of failure occurrences is
stored in the total failure counter TFC.

When the data at the last address in each of the memory
blocks set in the memory part AFM is read out, both the first
carry detector CS1 and the second carry detector CS2 ocutput a
logical *"1", respectively. As a result, the gate G4 outputs
a logical "1". This logical "1" output is supplied to
respective load terminals LD of the row address generator RAP

and the column address generator CAP, and to the inverting



anal ysis nmenory is 4Mbits, the address capacity of the flag nmenory FLMis
set to 4096. As a result, the address capacity of each of t he nennry

bl ocks can be linmted to 1024 (2[err]x25) addresses. The_e%gngpﬁgﬁﬁ -

t he nunber of the nenory blocks in each of which failur} AFOF oﬁﬁk%t:

witten, the shorter the process of conputing the classffied total of Uh?
failure data for failure relief can be conpl et ed. ri eRdnfily, &, SoF qo

failure occurs at all, only the contents of the flag ry are r ead o?t

and the contents of any one of the nmenory blocks in th fa|1uré”ana#ys+s
menory 5 need not be read out at all. Consequently, th uﬁL_QL*»quggiirL

can be conpleted in extrenely short® ?Tne period. Also, in case that a g

of logical "1" has been witten in only one address of the flag nenory
FLM the contents of only
terminal of the gate G3, and also to the enable terminal EN

of the flag address generator FLM-AP via the logical gate OR.

By application of the logical "1" ocutput to respective
load terminals LD of the row address generator RAP and the
column address generator CAP, they are reset to their initial
states. In addition, a logical "0" output is supplied to
respective enable terminals EN of the row address generator
RAP and the column address generator CAP from the gate G3,
and hence the row address generator RAP and the column
address generator CAP stop their operations for generating
their address signals, respectively. Consequently, the
operations for incrementing respective addresses of the
memory Mpyc and the memory Mcpc one by one are stopped. On
the other hand, since the logical "1" output is supplied to
the enable terminal EN of the flag address generator FLM-AP,
the flag address generator FIM-AP restarts its operation
thereby restarting the operation for increasing or
incrementing the flag address of the flag memory FIM one by
one.

As explained above, according to the present invention, .
even if a memory under test has a large storage capacity, a
memory testing apparatus is construéted such that a failure
analysis memory having the same storage capacity as that of
the memory under test is subdivided in its memory area into a
plurality of memory blocks, and a flag memory having an
address capacity corresponding to the number of memory blocks

is provided, and wherein each time failure information is



one menory block is read out. Therefore, it suffices to access only the

address area of 1024 addresses of the one

- 30-

conpressed to 1024 addresses,

menory bl ock. Consequently, 4M (4194304) addresses can be

and hence the counting of ﬁLaLLuLemda%agcanw
be perforned at a speed or rate of 4096 . (4194304+1024) % ipy £t

-29-
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written in a memory block of the failure analysis memory, a
flag of logical "1" is written in an address of the flag
memory corresponding to the address of the memory block in
which the failure information is written. Therefore, at the
time of carrying out the failure relief analysis for a tested
memory, it is sufficient to read out only the contents of one
or more memory blocks corresponding to one or more flag
addresses in each of which a flag of logical "1" has been
written.

In the embodiment mentioned above, in case the memory
capacity of each of the memory under test and the failure

analysis memory is 4M bits, the address capacity of the flag

- memory FLM is set to 4096. As a result, the address capacity

of each of the memory blocks can be limited to 1024 (25x25)
addresses. Therefore, the less the number of the memory

blocks in each of which failure information is written, the
shorter the process of computing the classified total of the
failure data for failure relief can be completed.

For example, if no failure cccurs at all, only the
contents of the flag memory are read out, and the contents of
any one of the memory blocks in the failure analysis memory 5
need not be read out at all. Consequently, the relief
process can be completed in extremely short time period.
Also, in case that a flag of logical "1" has been written in
only cone address of the flag memory FLM, the contents of only
one memory plock is read out. Therefore, it suffices to

access only the address area of 1024 addresses of the one
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In testing nmenories, the nunber of failure occurrences |&»wdrffe?gqt From
one nenory to another nenory. If it is assunmed that fla .'%éb%?%éang»

| ogical "1" have been witten in 1/10 (10% of the menor ?rea of the flag
menory FLMin average, there is obtained a remarkabl e ad antqg@&ﬁﬁaﬁa&he :
testing speed can be increased by about ten tines accordifg! to the preSEﬂh
I nventi on. Further, it is needless to say that the stoﬂagemcapaC|ty

of the nmenory to be tested and the failure anal ysis nmenory, the nupbefef
subdi vi ded menory bl ocks, the storage capacity of the flag Wéiory or the
like are not limted to the val ues shown in the above enbodinent. For
exanpl e, the more the storage capa®Pty (the nunber of addresses) of the
flag menory is increased, the nore the nunber of subdivided nenory bl ocks

memory block. Consequently, 4M (4194304) addresses can be
compressed to 1024 addresses, and hence the counting of
failure data can be performed at a speed or rate of 4096
(4194304+1024) times.

In testing memories, the number of failure occurrences is
different from one memory to another memory. If it is
assumed that flags each having logical "1" have been written
in 1/10 (10%) of the memory area of the flag memory FLM in
average, there is obtained a remarkable advantage that the
testing speed can be increased by about ten times according
to the present invention. .

Further, it is needless to say that the storage capacity
of the memory to be tested and the failure analysis memory,
the number of subdivided memory blocks, the storage capacity
of the flag memory or the like are not limited to the values
shown in the above embodiment. For example, the more the
storage capacity (the number of addresses) of the flag memory
is increased, the more the number of subdivided memory blocks
is increased.. Consequently, the storage capacity (the. number
of addresses) of one memory block is decreased and hence the
efficiency of computing process becomes higher. Therefore,
it is preferred that the storage capacity of the flag memory
is larger, but it is appropriate that the flag memory has its
storage capacity (the number of addresses) 5etween cne in
several tens (l/several tens) and one in several thousand

{1/several thousand) of that of the failure anaiysis Nemory.



I's increased. Consequently, the storage capacity (the nunber of addresses)
of. one nenory bl ock is decreased and hence the efficiency of conputing
process becones higher. Therefore, it is preferred that the storage
capacity of the flag nenory is larger, but it is appropr aw“ hal-the LT hg
menory has its storage capacity (the nunber of address@s? iﬁeen‘qﬁgmxn
several tens (1l/several tens) and one in several thousand (1/ several
t housand) of that of the failure analysis nenory. 25 R0V 99
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WHAT IS CLAIMED IS:
1. A memory testing apparatus comprising:
a failure analysis memory having the same storage
capacity as that of a memory under test, and being accessed
by the same address signal as that which is applied to the
memory under test, said failure analysis memory storing, each
time a failufe menory cell is detected from the memory under
teét, failure memory cell information written at the same
address of said failure analysis memory as that of the memory
under test in which that failure memory cell resides; and
a failure relief analyzer for accessing all of the
addresses of said failure analysis memory t6 read out the
stored failure memory cell information therefrom after
completion of the test, and computing position information in
which the failure memory cell or cells reside and the total
number of the failure memory cells, thereby to determine
whether the relief of the tested memory is possible or not on
the basis of the position information and the total number of
the failure memory cells,
said memory testing apparatus being characterized by:
means for subdividing said failure analysis memory into a
plurality of memory blocks;
a flag memory having its addresses corresponding to the
subdivided memory blocks respectively, and storing at an
address thereof corresponding to a memory block a flag

representing that failure memory cell information has been

R

written in that memory block;



t he nenory

failure analysis nmenory to read out -3%re

WHAT |S CLAIMED I S: 1. A nenory testing apparatus
conpri si ng:
capacity as that of a menory under test, and bei ng accessgd--—by-the-sare-
address signal as that which is applied to the nenory ur1d”@ﬁé9§¢f‘g3§tfﬁd\%5i%tr

a failure analysis nenory having the sane storage

failure analysis nenory storing, each time a failure nefofy cellT s
detected fromthe nenory under test, failure menory cel § i nfoog et
witten at the sane address of said failure analysis nmefrofy as that of
under test in which that failure nenory celljrest+des—ane-—
a failure relief analyzer for accessing all of the addrgsses of said

/ SRy

E
|
J

address formatting means for taking out several bits from
an address signal applied to said failure analysis memory,
thereby to create an address signal for accessin§ all of the
addresses of said flag memory, when testing a memory under
test; and

computing means for accessing all of the addresses of
said flag memory to read out the stored flag therefrom after
conpletion of the test, and reading out only the stored
contents of one or more memory blocks of said failure
analysis memory corfesponding to the address or addresses of
the read-out one or more flags to compute position

information of the failure memory cell or cells.

2. The memory testing apparatus according to claim 1,
wherein said computing means comprises:

a row address generator for generating the same row
address signal as a row address signal of an address signal
applied to said failure analysis memory;

a column address generator for generating the same
column address signal as a column address signal of the
address signal applied to said failure analysis memory;

a flag address generator for generating a flag
address signal for accessing all of the addresses of said
flag memory after completion of the test;

second address formatting means for creating an
address signal for accessing all of the addresses of one or

more memory blocks corresponding to the address or addresses

) 0 A 1




stored failure nenory cell information therefromafter conpl etion of the
test, and conputing position information in whi ch the failure nenory cell

or cells reside and the total nunber of the failure feENOTCY "X
to determine whether the relief of the tested menory ii $¥poss

1M -
1%

2

ey

e

on the basis of the position information and the totdl jnunber

of

t

failure nenory cells, said nmenory testing apparatiug bREMROY 597

characterized by: means for subdividing said failjuje anal ysis ne
into a plurality of menory bl ocks; a flag nenory having-its

addresses corresponding to the subdi vi ded nenory bl ogks respectively
storing at an address thereof cor®@sponding to a menory block a flag

hne

ol y

, - pnd

of one or more flags read out from said flag memory on the
basis of the output signals from said flag address generator,
said row address generator and said column address generator;

row failure cell storage means for storing therein
the failure memory cell information relating to row addresses
of failure memory cell information read out, after completion
of the test, from one or more memory blocks in which failure
memory cell information has been written;

column failure cell storage means for storing therein
the failure memory cell information relating to column
addresses of the failure memory cell information read out,
after completion of the test, frém said one or more memory
blocks in which failure memory cell information has been
written;

third address formatting means for creating an
address signal for accessing all of the addresses of said row
failure cell storage means on the basis of the output signals
from said flag address generator and said row address
generator; and

fourth address fo;matting means for creating an
address signal for accessing all of the addresses of said
column failure cell storage means on the basis of the output
signals from said flag address generator and said column

address generator.

3. The memory testing apparatus according to claim 1,

further including: e

I



representing that failure nmenory cell information has been witten in

t hat nenory bl ock;

e ks )
Lo et
address formatting means for taking out several bits frorh FERLABAHESSSHEET

applied to said failure analysis nmenory, thereby tjo [create an
address signal for accessing all of the addresses of saiid flgg§@@@m§g§
when testing a nenory under test; and D

XTI
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means for storing therein the total number of failure
memory cells read cut from one or more memory blocks in which

failure memory cell information has been written.

4. The memory testing apparatus according to claim 2,
further including:

means for storing therein the total number of failure
memory cells read out from one or more memory blocks in which

failure memory cell information has been written.

5. The memory testing apparatus according to claim 1,
wherein said flag memory is arranged such that at the time of
testing a memory under test, it is accessed by an address
signal created by said address formatting means whereby a
logical value representing a flag is written at an address of
said flag memory being accessed .by said address signal each
time failure cell informationr is written in said failure

analysis memory.

6. The memory testing apparatus according to claim 1,
wherein the storage capacity of said flag memory is selected
between one in several tens (1l/several tens) and one in
several thousand (l/several thousand) of that of said failure

analysis memory.

7. The memory testing apparatus according to claim 1,

wherein said address formatting means takes out most

AT



conputing neans for accessing all of the addresses of said flag nenory to
read out the stored flag therefromafter conpletion of the test, and
readi ng out only the stored contents of one or nore neno yg&ﬁff?ﬁ of-.sal d
failure analysis nenory corresponding to the address or dﬁesSégiéﬁf“v

read-out one or nore flags to conpute position informti iof the'Tanurf

_\N

menory cell or cells. 2. The nenory testing apparatu 6ayg
claim1, wherein said conmputing neans conpri ses: _ *rOM/a
generator for generating the same row address signal as! a romfaﬂdwess j
signal of an address signal applied to said failure analysis_nenory; /
a colum address generator for gener%§1ng the same col umm address*s&gnaL
as a colum address signal of the address signal applied to said failure
anal ysi s nmenory; a flag address generator for generating a flag

significant several bits from a row address signal and most
gignificant several bits from a column address signal of an
address signal applied to said failure analysis memory,
respectively, thereby to create an address signal for

accessing all of the addresses of said flag memory.

-

O A



addr ess si gnal
af.ter conpletion of the test;

for accessing all of the addresses of said flag nmenory
second address formatting neans for
creating an address signal for accessing all of the addresses of one or

nore nmenory bl ocks corresponding to the address or addr

?\ [AFRES
- 33- of one or nore flags read out fromsaid flag ne m@n’Lﬁiawb&Q s?of
the output signals fromsaid flag address generator, ald rom/address;
generator and said col urm address generator; 26 NOV 197
L__.__ |
-36- u~_

i

|
|
|

There is provided a memory testing apparatus which can
read out the information of failure memory cells of a tested
memory from a failure analysis memory having the sama memory
capacity as that of a memory under test and can complete in a
short time period the process for computing the classified
total of the number of memory cell failures occurred. The
memory area of the failure analysis memory is subdivided into
a plufalisy of memory blocks, a flag memory having the same
number of addresses as the number of the subdivided memory
blocks is provided, and an address is assigned to each of the
memory blocks. When a failure occurs in one of the memory
blocks, a logical "1" indicating failure information is
written at an address of the flag memory corresponding to
that memory block. After the test is completed, the address
of the flag memory where the logical "1" has been written is
detected and the contents of the memory block corresponding
to the detected address are read cut to compute the

classified total of the failure information.

Figure 1



row'failure cell storage neans for storing therein

the failure nenory cell

i;nformation relating to row addresses of failure nenory %efﬂpknfq[naﬁ N
read out, after conpletion of the test, fromone or noreﬁz_ tymhmgﬁkﬁj In
which failure menory cell information has been witteny i colunh
failure cell storage neans for storing therein the faiI @ 26y S |
information relating to colum addresses of the failurg fenory cell ;
information read out, after conpletiogeof the test, fram™Sdi"d one 6r norg
menory bl ocks in which failure menory cell information Ras been wjtten;!

third address formatting nmeans for creating an
accessing all of the addresses of said row

addr ess si gnal
failure cell

for
st orage neans on

the basis of the output signals fromsaid flag address generator and said

row addr ess
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generator; and fourth address formatting nmeans for creating..an

address signal for accessing all of the addresses of said col BEN ACBIENT €HEET

cel | storage neans on the basis of the output signals from gait-ft-ag--—-—
address generator and said colum address generator. 3. Trbe%r{g;{pg@g, i
testing apparatus according to claim1, further including: jooA Ry Y g
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- 34- means for storing therein the total nunber of failure nenory
cells read out fromone or nore nenory blocks in whichy ?{5 %h r'q?rgy'--c
i nformati on has been witten. 4. The nenory testi n§ ‘ﬂ%ﬁ
according to claim?2, further including; means fqr {storing there. n
the total nunber of failure nenory cells read out from qne2e@ridprigisreno
bl ocks in which failure nenory cell |nforrrat|on has bden witten.

The nenory testing apparatus accordi rTg.._to claim1l, whgretrmn-said-ttag”
menory is arranged such that at the tine of
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testing a nenory under test, it is accessed by an address [srvgﬂa‘l"‘«ﬁ?ilfﬂ"ét‘eﬂwf

by said address formatting neans whereby a |ogical val ue riepresent r*rrg“"a*””‘;

flag is witten at an address of said flag nmenory being adc ssi s@@d
Shv

[———

address signal each tine failure cell information is wittie P
failure analysis nenory. 6. The nmenory testing apparfatius..acecording- ;
to claiml1l, wherein the storage capacity of said flag rre ry is selected i
bet ween one in several tens (1/severat #ens) and one in al--t+hewsand
(1/several thousand) of that of said failure analysis rrermry. 7. The

menory testing apparatus according to claim1l1l, wherein said address
formatti ng neans takes out nost
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- 35- significant several bits froma row address signal and nost
significant several bits froma colum address signal of an address signal
applied to said failure analysis nenory, respectively, threr{;',eby__to_'c_r'eate
an address signal for accessing all of the addresses of safid ftag Neory.
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