
------·- ···--

~1-

MEMORY TESTING APPARATUS 

BACKGROUND OF THE INYENTIQH 

1. FIELD OF THE INVENTION 

5 The present invention relates to a memory testing 

apparatus for testing a memory element in the form. of a. 

semiconductor integrated circuit ca semiconductor integrated 

circuit mem.ory 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 ot 

20 IC memories caused by a very minute defect occurs. In order 

to prevent the yield of re 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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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 

5 an example of a prior memory testing apparatus having a 

conventional failure relief analyzer. As is well kno:wxi, 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) MOT. The pattern generator 2 also generates an 

expected value data sigµal which is to be suppl.ied to the 

logical comparator.4. The address signal, the data signal 

20 and the control signal are inputted to the wavQform 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 store~ therein and is read out therefrom later. 

The read-out data signal is inputted to the logical 
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comparator ~· 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 

s 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 fa~lure 

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 l~ical comparator 4 generates a pass 

signal which is not stored in the failure ana1ysis ~ory 5. 

15 In such a way, the information on failure memory 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 analysis for the memory under test MUT 

is carried out with reference to the.failure data stored in 

2 o the failure ana1ysis 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 f allure ana1ysis 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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logical "Os" 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 MOT, 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 c~ll 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 

15 memory cells (spare lines or redundancy circuits) provided in 

the tested memory MUT. A memory having such relief lines is, 

as ~tioned above, called a redundancy-structured memory in 

this technical field. 

Here, a brief explanation will be given regarding a 

20 redundancy-s~ructured memory. Fig. 6 shows in.outline an 

arrangement of an example of such redundancy-structured 

memories. A niamory to be tested MUT has, in addition to a 

memory cell array (roain 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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relief lines SR and the column address relief lines sc are 

formed in the same semiconductor chip. In this example, 

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. 

However, it is needless to say that the number of relief 

lines and the positions where those relief 1ines 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 X1, X2 and X3 are 

detected, for example, on the i-th row address line Ri (i is 

an integer) and three failure memory cells Yi, Y2 and Y3 are 

15 detected, for example, on the i-th column address line Ci, if 

the row address line Ri is substituted by any one of the row 

address 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 havinq the failure cells can als·o 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 addre::rs line and the number of failure memory cells 
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ot 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 memory 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 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 

10 ~he 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 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 FOM1 for matching an 

20 address of a failure memory cell in a memory under test MUT . 

with an address of the failure analysis mem0ry 5 in which the 

failure signal indicating the failure memory cell is stored, 

and a memory part AFM for storinq a failµre 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 FOM1. The address formatter FOM1 formats an 

address signal for accessing the memory part AFM based on, 
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for example, a raw 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 bQ 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 termin~l WB 

of the memory part AFM only when the write timing signal 

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 "l" 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 accessed, 

every time a failure signal of logical "l '' is outputted from 
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the logical comparator 4, by an address signal which is the 

same as the address signal supplied to the memory under test 

MU'!' at that time, the failure data of logical "1" is written 

at the same address of the memory part AFM as the address of 

s the memory under test MUT. Consequently, when the test is 

completed, tha 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 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, 

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 nlllllber of failure 

memory cells, and a gate G2 for controlling the writin9 of 

failure data. 

20 The row address generator RAP and the column address 

generator CAP generate row address signals Ro-R10 

(corresponding to the row address signals Xi shown in Fig. 9) 

and co1untn address signals Co-C10 (corresponding to the 

column address signals Yi shown in Fig. 9), respectively, in 

25 synchronism with a clock CLK. These row address signals Ro­

R10 and column address signals Co-cro are inputted to the row 

address failure counter RFC and the column address failure 
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counter CFC, respectively. 

The row address failure counter RFC comprises a memory 

MaFc which is accessed by a row address signal and stores a 

failure data at the accessed address thereof and an adder 

s ADD1 for adding one ( 1) to the number of failure data (number 

of failures occurred) read out from the memory MRFc· 

The column address failure counter CFC comprises a memory 

McFc which is accessed by a column address signal and stores 

a failure data at the accessed address thereof and an adder 

10 ADD2 for adding one (1) to the number of failure data (number 

of failures occurred} read out from the memory McFc· 

Further, the total failure counter TFC comprises a memory 

M~FC for merely storing the total number of failure memory 

cells at the same address, and an adder ADD3 for adding one 

15 ( l). 

The carry detector CSl 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 

20 address generator CAP increases or increments the column 

address by one (+l) every time a carry signal is received. 

Every time a row address signal and a column address 

signal are inputted to the respective memories Mr<Pc and McFc 

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 

apacif ied column address are read out from those memories 
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MRFc and McFc and are supplied to the corresponding adders 

ADD1 and ADD2, respectively. Each of those adders ADD1 and 

ADD2 adds 1 (one) to the value read out from the 

corresponding one of the memories M:RFc and McFc, and supplies 

5 the summed value to the input terminal Di of the 

correspondin9 one of the memories M:RFc and McFc· 

When a failure data is read out from the failure analysis 

memory 5 in the state that the summed results of the adders 

ADD1 and ADD2 are being supplied to the input terminals Di of 

10 the respective memories MRFc and McFc1 the failure data is 

supplied to one input terminal of the gate G2, and is 

inputted to respective write clock input terminal~ WE of the 

memories MRJ"c and M.cPc at the timing of the write timing 

signal WRITE supplied to the other input terminal of the gate 

15 G2. As a result, the respective summed results at their 

input terminals Di are written at the addresses of the 

memories MRFc and MCFc being accessed by the row address 

signal and the column address signal, respectively. 

That is, the summed results of the adders ADD1 and ADD2 

20 (values obtained by adding 1 (one) to the values read out 

from the respective memories MRFc and McFc) are written in the 

corresponding memories MRFC and Mere only when a failure data 

is read out from the failure analysis memory s. If no 

failure data is read out from the failure analysis memory 5, 

25 those summed results are not written in the respective 

memories MRFC and McPc. Therefore, the numbers of failure 

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

5 that each time a failure data is read out from the failure 

analysis memory s, 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 

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 marnory 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 tbat it too~ 

a very long time for reading out the failure data, and hence 

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

StIMMARY OF TBE 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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failure memory cells in a memory under test in a short time 

period even if the storaqe capacity of the memory under test 

is large. 

In one aspect of the present invention, there is provided 

s a memory testing apparatus comprising: a failure analysis 

memory having the same storage capacity as that of a_memory 

under test, and bein9 accessed by the same address signal as 

that which is applied to the memory under test, the failure 

analysis memory 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 positiqn 

information and the total number of the failure mamory cells, 

the memory testi,nq 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 f las representing that failure memory cell 
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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 address signal for accessing all of.the addresses 

s of the flag memory 1 when testing a memory under test; and 

computing means for accessing all of the addresses o~ 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 f laqs read out from the flag memory on the 

basis of the output signals from the flag address generator, 
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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 

s the test, from one or more memory blocks in which failure 

memory cell information has been written; col.umn 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 

10 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 th~ 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 t6tal number of 

failure memory cells read out from one or more memory blocks 

in which failure'memory cell information has t>een 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 siqnal created by 

the address formatting means whereby a logical value 
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representing a flag is written at an address of the flag 

memory being accessed by the address signal each time failure 

cell information is .written in the failure analysis memory, 

and the address formatting means takes out most significant 

s several bits from a row address signal and most significant 

several bits from a column address signal of an addr~ss 

signal applied to the failure analysis memory, respectively, 

thereby to create an address signal for accessing all of the 

addresses of the flag memory. 

. 10 It is preferred that the .storage capacity of the flag 

memory is selected between one in several tens {!/several 

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

that of the failure analysis memory~ 

According to the present invention, an address area of a 

15 failure analysis memory is subdivided into a plurality of 

memory blocks and a flag indicatinq whether or not 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 

20 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. 

25 Consequently, at the ti.me of the failure relief analysis1 

it is not necessary to read the address area within a memory 

block ot the failure analysis memory corresponding to an 
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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 "l" is stored}, the address areas of 

those memory blocks corresponding to those addresses of the 

s flag memory may only be read out. Therefore, 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 c~n 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 

2 o of the memory testing apparatus shown in Fig. l 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 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 
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data required for failure relief of a memory under test; 

Fig. a is a block diagram for explaining the construction 

and the operation of a conventional failure relief analyzer: 

and 

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

of the failure relief analyzer shown in Fig. e. 

DETAILED DESCRIPTION OF TBE 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 FOM1 for matching an address of 

a failure D_temOry 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 FOM1· 

In addition, the failure analysis memory 5 is constructed 

such that a first multiplexer MUX-A is inserted between the 
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address formatter FOM1 and the memory part AFM so that an 

output signal of the address formatter FOM1 and an output 

signal of an address formatter FOM3 which is to be explained 

later are selectively switched to be supplied to the memory 

5 part AFM. 

The address formatter FOM1 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 

integer) and supplies the address siqnal to the memory part 

10 AFM of the failure analysis memory 5 via the first 

multiplexer MUX-A so that the address of th(! memory part AFM 

which is· sama 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 

2 o of memory blocks. In addition 1 there are provided in the 

failure relief analyzer 6 a flag memory FLM for storing flags 

corresponding to the respective subdivided .memory blocks and 

a second address formatter FOM2 for fonnatting 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 FOM2 and the flag memory FLM, and an output signal 
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of the address formatter FOM2 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 FI.M". 

5 The number Of subdivided memory blocks of the memocy 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 5 further 

10 includes a flag address generator FLM-AP for generating an 

address siqnal 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 

15 address for accessing the memory part AFM which is required 

at the time of the failure relief process, a fourth address 

fonnatter FOM.4 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 siqnal is supplied to one input terminal of the 

25 gate Gl of the failure analysis memory 5 from the logical 

comparator 4 ·shown in Fig. s. A write timing signal WRITE is 

applied to the other input terminal of the gate Gl and at the 
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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 FLM of the failure 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 ~ignal Yi (i is an integer) to be 

supplied to the first address formatter FOM1 of the failure 

analysis memory 5.from the pattern generator 2 (refer to Fig. 

S). 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, 211 (2048) in the column 

direction, and the total 2llx2ll =4194304. Therefore, the 

memory part AFM of the failure analysis memory 5 also bas an 

address area of 211 in the row direction, 211 in the column 

direction, and the total 4194304. (Exactly speaking, each of 

2 o ~ memory under test and the failure analysis memory 5 has a . 

storage capacity of 4.19430 M bits.) 

In this embodiment, the memory part A!'M of the failure 

analysis memory 5 is subdivided into memory blocks of 26 in 

the row direction, 26 in the column direction, and the total 

25 4096 (26x26) 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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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-

5 X10 and the 11 bit column address signal of Yo-Y10 supplied 

to the first address fonoatter FOM1 are also supplied_ to the 

second address formatter FOM2 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 

10 address signal of Xo-X10 and the column address signal of Yo­

Y10, and then formats an address signal 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 Y5-Y10 to 

supply it to the £la9 memory FLM via the second multiplexer 

lS MUX-B as a flag address signal. 

That is, since the memory part AFM of the failure 

analysis memory S 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 

2 o respective memory blocks. !I'herefore, as mentioned above, the 

second address formatter FOM2 formats 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-Y10· 

25 As mentioned above, since the storage capacity of a 

memory block of the memory part AFM is 1024 addresses 

(25x25), the failure information of a memory under test MUT 
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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 

s the flag memory FLM. As described above, the flag memory FLM 

has 26 (64) addresses in the row direction, 26 (64) addresses 

in the column direction, arid total 4096 addresses. In Fig. 

3A, one of the sections (FG1, FG2, ••• FG4096) indicates one 

bit of the flag memory and those flag memory cells (FG1-

10 FG4o96) 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 26 (64) in the row direction, 26 (64) in the column 

15 direction, and total 4096 memory blocks Bi-B4o96• Each of the 

memory blocks B1 1 B2, B3, • • • B4096 has a memory capacity of 

1024 addresses. In Fig. 3B, each of the memory blocks 

hatched by slant lines indicates a lllQmOry 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 

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 Fig5 1 select the output signal of the first address 

25 formatter FOM1 and the output signal of the second address 

formatter FOM2, respectively, a row address signal of 11 bits 

and a column address signal o! 11 bits outputted from the 
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pattern 9enerator 2 (refer to Fig. S} are supplied in 

untouched state to the memory part AFM of the failure 

analysis memory s, and a row address signal havin9 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 "l" 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 mslllOry under test 

15 MOT where the failure occurred. 

At the time of the failure relief analysis, the first 

multiplexer MOX-A selects 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 

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 flag address signals of Ao-A11 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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memory FLM is supplied to an enable terminal EN of the f laq 

address qenerator FLM-AP via an inverter INV and a logical 

qate OR, if a data value read out from the flag memory FLM is 

logical ''0", an operation to increment the flag address by 1 

s is repeated. 

on the other hand, if a data of logical "l" 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 FLM is held in the 

state that a flag signal, of logical "1" is outputted 

therefrom. 

The output terminal of the flag memory FLM 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 

tenninal of the gate G3. The gate G4 supplies a logical "l" 

output to the inverting input terminal of the gate GJ only 

when carry signals are outputted from both of the first and 

20 the second carry detectors CSl and cs2. Otherwise, the gat~ 

G4 supplies a logical "Ort output to the inverting input 

terminal of the gate GJ. 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 "l". When a flag signal of logical "l" is read out 

from the flag memory FLM in this state, the output of the 

gate .GJ is inverted to logical "l". 
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The logical "l" 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 gener~tor RAP and the column address generator 

s CAP start their operations. 

Similarly to the prior art example described above, the 

row address generator RAP generates, in synchronism with a 

clock CLK, a row address having 11 bits of Ro-R10 as shown in 

Fig. 4C. This row address signal is supplied to a fourth 

10 address formatter FOM4. The fourth address formatter FOM4 

takes· out the least significant five bits Ro-R.4 of a row 

address signal and the least significant six bits Ao-As of a 

12- bit f1ag address signal of Ao-A11 supplied from the flag 

address generator FLM-AP to format an 11 bit address signal 

15 of As-Ao•R4-Ro as shown in Fig. 4G and supplies this address 

signal to the row address failure counter RFC. 

The first carry detector CSl is set, as shown in Fig. 4E, 

to "OOOQOOlllll". Every time every bit of the least 

significant five bits of a row address signal outputted from 

2 o the row address generator RAP becomes equal to loqical "1 t• , 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 

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

The column address generator CAP outputs, as shown in 

Fig. 40 .. an 11 bit column address signal of Co-Cio. A fifth 
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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 A6-A11 of a 12 bit flag address signal 

of Ao-A11 supplied from the flag address generator FLM-.AP to 

s format an 11 bit address signal of A11-As·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-R.4 of an 11 bit row address 

10 signal of Ro-R10 shown in Fig. 4C, the least significant six 

bits Ao-As of a 12 bit flag address signal of Ao-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 Co-C10 outputted from the column address 

15 generator CAP as shown in Fig. 4D, and the ·most significant 

six bits A5-A11 of the 12 bit flag address signal of Ao-A11 to 

format and generate a 22 bit address siqnal of A11-A5•C4-

Co·As-Ao·R4-Ro as shown in Fig. 4A. This address si.gnal 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 

fo.nnatter FOM2 is incremented by 1, an address for accessing 

the flag memory FLM is incremented by 1. Every time a flag 
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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 

5 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 FOM4 is equal to the row address of the memory 

under test MUT where the failure occurred. Therefore, a 

10 write command is given to the memory M:aFc by supplying the 

failure data to the write clock input terminal WE of the 

memory MRFc to store the number of failure occurrences in the 

address being accessed. 

Similarly, since the column address of the memory under 

15 test MUT where the failure occurred is supplied to the column 

address failure counter CFC from the fifth address f orma.tter 

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 

20 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 rea~ out, both the first 

carry detector CSl and the second carry detector CS2 output a 

logical "l", respectively. As a result, the gate G4 outputs 

25 a logical 11 l". This logical "1" output is supr;>lied to 

respective load terminals LO of the row address generator RAP 

and the column address generator CAP, and to the· inverting 
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terminal of the gate GJ, and also to the enable terminal EN 

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

By application of the logical "1 11 output to respective 

load terminals LD of the row address generator RAP and the 

s column address generator CAP, they are resat to their initial 

states. In addition, a logical "0" output is supplie!i 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. co~sequently, the 

operations for incrementing respective addresses of the 

memory Muc and the memory McFc one by one are stopped. on 

the other hand, since the logical "1" output is S1J:pplied to 

15 the enable terminal EN of the flag address generator FLM-AP, 

the flag address generator FLM-AP restarts its operation 

thereby restarting the opera~ion for increasing or 

increme~ting the flag address of the flag 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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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· 

S 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. 

10 In the embodiment mentioned above, in case the memory 

capacity of each of the memory under test a~d 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 ) 

15 addresses. Therefore, the less the number of the memoi:y 

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 

20 contents of the flaq memory are read out, and the contents of 

any one of the memoi:y blocks in the failure an~lysis 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 "l" has been written in 

25 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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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. 

s 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 "l" have been wr.itten 

in 1/10 (10%) of the memory area of the flag memory FLM in 

average, there is obtained a remarkable advantage that the 

10 testing speed can be increased by about ten ti.mes 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 stor~ge capacity 

15 of the fla9 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. Theretore, 

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 

(l/several thousand) of that of the failure analysis memory. 
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JmAT 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 stor~ng, each 

time a failure memory cell is detected from the memory under 

test, failure memory cell information written at the same 

address of ~aid 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 s.aid 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 ae~l or cells reside and the total 

number of the failure memory cells, thereby tQ determine 

whether the relief of the tested memory is possible or not on 

the basi~ of the position info:r:mation 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 f ai~ure memory cell information has been 

written in that memory block; 
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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 tpe 

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 f laq 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 coxaprises: 

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 
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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 co~letion 

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 inf onuation h~s 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 tµe 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: 
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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. 

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 xnemory being accessed.by said address siqnal each 

tillle 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 Cl/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 f9rmattinq means takes out most 
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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 flaq memory. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\\II\ 
* C L M S * 

~vi% 'd llVdB 
[ (9E 39Ud 03lNl8d) 9E 39Ud b690-EES 

v~:gl L66l-9l-60 
lU l66l 01:91 91/60 03hl3338 l 


