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Fig. 2 RELATED ART 
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MEMORY TEST CIRCUIT, 
SEMCONDUCTOR INTEGRATED CIRCUIT 

AND MEMORY TEST METHOD 

INCORPORATION BY REFERENCE 

0001. This application is based upon and claims the ben 
efit of priority from Japanese patent application No. 2009 
180868 filed on Aug. 3, 2009, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a memory test cir 

cuit, a semiconductor integrated circuit and a memory test 
method, and particularly to a memory test circuit, a semicon 
ductor integrated circuit and a memory test method that per 
form a test for a memory. 
0004 2. Description of Related Art 
0005. In recent years, among components mounted in a 
semiconductor integrated circuit, the number of memories 
that store data therein has been increased. For this reason, 
most of an area of the semiconductor integrated circuit is 
occupied by the memories. With such an increase in the 
number of memories, there is an increasing demand of 
improvement of a test quality and improvement of yields 
against manufacturing failures of the memories due to micro 
fabrication processes. 
0006. As a method of improving the test quality, a memory 

test by using BIST (Built In SelfTest) (hereinafter referred to 
as memory BIST) is widely known. By applying an arbitrary 
and complicated test algorism to the memory BIST, failures 
of various memories can be detected. 
0007 As a method of improving yields, a structure in 
which a redundant storage area is previously reserved in apart 
of data storage areas of a memory and a storage area where a 
failure exists is replaced with the redundant storage area 
(hereinafter referred to a redundancy structure) is generally 
adopted. In a test for the memory having the redundancy 
structure, the memory BIST is generally applied to all storage 
areas including the redundant storage area as test targets. 
0008. In such circumstances, in the memory BIST, it is 
required to extendatest range Such that apart of a circuit (user 
circuit) that performs writing/reading data between a system 
logic and the memory is also tested at the actual speed by 
making use of a feature of enabling writing/reading of data 
to/from a memory to be tested at an actual speed. 
0009 FIG. 1 is a block diagram showing a configuration of 
a relief analyzing circuit for a semiconductor device as 
described in Japanese Patent Publication No. JP2003 
36694A as a related art memory test circuit. 
0010. A related art memory test circuit includes a relief 
analyzing circuit 4 and an ALPG (Algorithmic Pattern Gen 
erator, test signal generating circuit) 5. The relief analyzing 
circuit 4 and the ALPG 5 are memory test circuits mounted to 
the memory BIST and are connected to a memory array 1. The 
memory array 1 includes an actual array portion 2 and a 
redundant portion 3. The ALPG 5 generates test signals such 
as an address signal and an expectation value, for performing 
the test for the memory array 1. 
0011. The relief analyzing circuit 4 includes a comparing 
portion 6, an address processing portion 7, a failure storing 
portion 8 and a relief analyzing portion 9. The comparing 
portion 6 compares data read from the actual array portion 2 
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or the redundant portion 3 with the expectation value of the 
ALPG 5 and determines whether or not a failure exists in the 
actual array portion 2 or the redundant portion 3. The address 
processing portion 7 receives an address signal and a redun 
dant portion test signal from the ALPG 5 and generates an 
internal address for the redundant portion 3. The failure stor 
ing portion 8 stores failure information of the memory array 
1 therein according to the determination of the comparing 
portion 6. The failure storing portion 8 includes a failure 
address storing portion formed by extending an actual array 
size by 1 bit in both of row and column directions. Thus, even 
when a failure occurs in the redundant portion 3, the failure 
storing portion 8 can simultaneously store the failure in the 
redundant portion3 together with a failure in the actual array 
portion 2. Accordingly, the failure storing portion 8 is con 
figured to have a virtual memory writing area that is four 
times as large as the actual array portion 2. The relief analyZ 
ing portion 9 performs relief analysis based on the informa 
tion stored in the failure storing portion 8. 
0012. Although a relief solution for relieving a failure 
circuit of the memory array 1 with a redundant circuit of the 
redundant portion3 is held in the relief analyzing portion 9, in 
the case that the relief solution represents a failure redundant 
circuit of the redundant portion3 in performing a read opera 
tion, the relief analyzing portion 9 outputs another relief 
Solution. 
0013 Relief analyzing processing as an operations of the 
related art memory test circuit will be described. FIG. 2 is a 
schematic view showing failure portions of the memory array 
1 in FIG. 1. 
0014. It is assumed that the ALPG 5 performs a memory 
test for the actual array portion 2 and a failure 10 occurs in a 
part of the actual array portion 2 as shown in FIG. 2. The 
failure 10 that has occurred at testing of an address (0, 0) is 
determined as a failure by the comparing portion 6. At this 
time, the ALPG 5 outputs the redundant portion test signal 
having its signal level (logical level) of “L (Low level)” and 
the address signal representing the address (0, 0) (row and 
column addresses are n and m bits, respectively) to the 
address processing portion 7. In response to the redundant 
portion test signal of “L’, the address processing portion 7 
outputs an address (0, 0) obtained by adding 1 bit of 0 (zero) 
as the most significant bit of the address (0, 0) represented by 
the address signal (row and column addresses are n+1 and 
m+1 bits, respectively) to the failure storing portion 8. Failure 
address information representing the address (0, 0) (row and 
column addresses are n+1 and m--1 bits, respectively) is 
stored in the failure storing portion 8. 
0015. It is assumed that the ALPG 5 performs a memory 
test for the redundant portion 3 and a failure 11 occurs at a 
redundant ROWO of the redundant portion 3 as shown in FIG. 
2. At this time, the ALPG 5 outputs the redundant portion test 
signal having its signal level of “H (High level)” to the address 
processing portion 7. In response to the redundant portion test 
signal of 'H', the address processing portion 7 outputs 
address (1000..., 0) obtained by adding 1 (one) as the most 
significant bit of the address (0, 0) represented by the address 
signal (row and column addresses are n+1 and m+1 bits, 
respectively) to the failure storing portion 8. Failure address 
information representing the address (1000..., 0) (row and 
column addresses are n+1 and m--1 bits, respectively) is 
stored in the failure storing portion 8. 
0016. As described above, although the relief solution for 
relieving the failure 10 with the redundant ROW0 and the 
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failure 11 with a redundant ROW1 is held in the relief ana 
lyzing portion 9 by the relief analyzing processing. Since the 
failure exists at the redundant ROW0, an optimum solution 
for relieving the failure 10 with the redundant ROW1 is out 
putted. 
0017. I have now discovered the following facts. 
0018. In the related art memory test circuit, due to the 
configuration, an address representing only an actual array 
portion of a memory array to be tested is used as an interface. 
Accordingly, it is impossible to test the actual array portion 
and a redundant portion separately. For this reason, a test 
quality is disadvantageously lowered. 

SUMMARY 

0019. The present invention seeks to solve one or more of 
the above problems, or to improve upon those problems at 
least in part. 
0020. In one embodiment, a memory test circuit which 

tests a test target memory including an actual array portion 
and a redundancy portion, includes: an input data selector 
configured to output first test data excluding data for the 
redundancy portion in test data representing data for the 
actual array portion and the redundancy portion as input 
selecting data in a redundancy memory BIST (Built In Self 
Test) mode; an input data Switching circuit configured to 
output the test data as output test data to the test target 
memory in a direct memory BIST mode, and output data 
obtained by adding redundancy bits to the input selecting data 
as the output test data to the test target memory based on the 
input selecting data and output redundancy codes represent 
ing redundancy codes in the redundancy memory BIST 
mode; an output data Switching circuit configured to output 
data obtained by removing the redundancy bits from read data 
as output selecting databased on the read data from the test 
target memory and the output redundancy codes in the redun 
dancy memory BIST mode; and a memory BIST comparator 
configured to check a value of the read data with a checking 
expectation value to output a result of the checking as a test 
result in the direct memory BIST mode, and check a value of 
the output selecting data with an expectation value for the 
actual array portion in the checking expectation value to 
output a result of the checking as the test result in the redun 
dancy memory BIST mode. 
0021. In another embodiment, a semiconductor integrated 
circuit includes: a test target memory configured to include an 
actual array portion and a redundancy portion; and a memory 
test circuit configured to test the test target memory, wherein 
the memory test circuit includes: an input data selector con 
figured to output first test data excluding data for the redun 
dancy portion in test data representing data for the actual 
array portion and the redundancy portion as input selecting 
data in a redundancy memory BIST (Built In SelfTest) mode: 
an input data Switching circuit configured to output the test 
data as output test data to the test target memory in a direct 
memory BIST mode, and output data obtained by adding 
redundancy bits to the input selecting data as the output test 
data to the test target memory based on the input selecting 
data and output redundancy codes representing redundancy 
codes in the redundancy memory BIST mode; an output data 
Switching circuit configured to output data obtained by 
removing the redundancy bits from read data as output select 
ing databased on the read data from the test target memory 
and the output redundancy codes in the redundancy memory 
BIST mode; and a memory BIST comparator configured to 
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check a value of the read data with a checking expectation 
value to output a result of the checking as a test result in the 
direct memory BIST mode, and check a value of the output 
selecting data with an expectation value for the actual array 
portion in the checking expectation value to output a result of 
the checking as the test result in the redundancy memory 
BIST mode. 
0022. In another embodiment, a memory test method of 
testing a test target memory including an actual array portion, 
and a redundancy portion, includes: outputting test data rep 
resenting data for the actual array portion and the redundancy 
portion as output test data to the test target memory in a direct 
memory BIST (Built In Self Test) mode; checking a value of 
read data from the test target memory with a checking expec 
tation value to output a result of the checking as a test result in 
the direct memory BIST mode; outputting first test data 
excluding data for the redundancy portion in the test data as 
input selecting data in a redundancy memory BIST mode; 
outputting data obtained by adding redundancy bits to the 
input selecting data as the output test data to the test target 
memory based on the input selecting data and output redun 
dancy codes representing redundancy codes in the redun 
dancy memory BIST mode; outputting data obtained by 
removing the redundancy bits from read data as output select 
ing databased on the read data from the test target memory 
and the output redundancy codes in the redundancy memory 
BIST mode; and checking a value of the output selecting data 
with an expectation value for the actual array portion in the 
checking expectation value to output a result of the checking 
as said test result in said redundancy memory BIST mode. 
0023. As described above, in the memory test circuit 
according to the present invention, in order to extend a test 
range, two test paths of a direct memory BIST mode and a 
redundancy memory BIST mode are realized. Thus, the 
memory test circuit according to an embodiment of the 
present invention can perform memory BIST that coversall of 
the bits for an actual array portion and a redundant portion of 
a memory to be tested (MEMR) in the direct memory BIST 
mode, and memory BIST that covers only bits for the actual 
array portion of the memory to be tested (MEMR) in the 
redundancy memory BIST mode. As described above, the 
memory test circuit of the present invention can test the actual 
array portion and the redundant portion separately. Therefore, 
a test quality is not lowered than the related art. 

BRIEF DESCRIPTION OF DRAWINGS 

0024. The above and other objects, advantages and fea 
tures of the present invention will be more apparent from the 
following description of certain preferred embodiments taken 
in conjunction with the accompanying drawings, in which: 
0025 FIG. 1 is a block diagram showing a configuration of 
a relief analyzing circuit of a semiconductor device as 
described in JP2003-36694A as a related art test circuit for a 
semiconductor integrated circuit; 
0026 FIG. 2 is a schematic view showing failure portions 
of a memory array 1 in FIG. 1; 
0027 FIG. 3 is a block diagram showing a memory test 
circuit according to an embodiment of the present invention; 
0028 FIG. 4 is a block diagram showing a configuration of 
a memory MEMR to be tested connected to the memory test 
circuit according to the embodiment of the present invention; 
0029 FIG. 5 is a view showing an example of connection 
relationship between a configuration of a redundancy input 
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data switching circuit RDNI in the memory test circuit in FIG. 
3 and the memory MEMR to be tested in FIG. 4; 
0030 FIG. 6 is a view showing an example of connection 
relationship between a configuration of a redundancy output 
data switching circuit RDNO in the memory test circuit in 
FIG.3 and the memory MEMR to be tested in FIG. 4; 
0031 FIG. 7 is a view showing a configuration of a 
memory BIST comparator MBCMPM in the memory test 
circuit in FIG. 3; and 
0032 FIG. 8 is a timing chart showing operations of the 
memory test circuit according to the embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0033. The invention will be now described herein with 
reference to illustrative embodiments. Those skilled in the art 
will recognize that many alternative embodiments can be 
accomplished using the teachings of the present invention and 
that the invention is not limited to the embodiments illustrated 
for explanatory purposed. 
0034. A memory test circuit according to an embodiment 
of the present invention will be described in detail below 
referring to accompanying drawings. 

Configuration 

0035 FIG.3 is a block diagram showing the memory test 
circuit according to the embodiment of the present invention. 
0036. The memory test circuit according to the embodi 
ment of the present invention is connected to a memory 
MEMR to be tested. The memory test circuit and the memory 
MEMR to be tested constitute a semiconductor integrated 
circuit. 

0037. The memory test circuit according to the embodi 
ment of the present invention includes a system logic SL, a 
test access port controller TAPC, a memory BIST controller 
MBCTRLM, an input data selector DSEL, a redundancy code 
selector RDNCSEL, an input data switching circuit RDNIM, 
an output data switching circuit RDNOM and a memory 
BIST comparator MBCMPM. 
0038. The input data switching circuit RDNIM includes a 
redundancy input data switching circuit RDNI and a redun 
dancy direct data selector RDISELI. The output data switch 
ing circuit RDNOM includes a redundancy output data 
switching circuit RDNO and an output data selector RDIS 
ELO. 

0039. The system logic SL outputs data for an actual array 
portion as data SLO 7:0. 
0040. The memory test circuit according to the embodi 
ment of the present invention performs a direct memory BIST 
mode and a redundancy memory BIST mode. For this reason, 
a test mode signal SIG is Supplied to the test access port 
controller TAPC. For example, when a signal level of the test 
modesignal SIG is a low level (LOW level), the redundancy 
memory BIST mode is performed. When the signal level of 
the test mode signal SIG is a high level (HIGH level), the 
direct memory BIST mode is performed. 
0041. In the direct memory BIST mode, a redundancy 
direct switching signal RDNDISEL, a redundancy code 
switching signal RDNCODESEL and a mode switching sig 
nal MODE are set to be in an active state, an active state and 
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an inactive state, respectively. That is, their signal levels are 
set to a HIGH level, a HIGH level and a LOW level, respec 
tively. 
0042. In the redundancy memory BIST mode, the redun 
dancy direct switching signal RDNDISEL, the redundancy 
code switching signal RDNCODESEL, the mode switching 
signal MODE are set to be in the inactive state, the active state 
and the active state, respectively. That is, their signal levels 
are set to a LOW level, a HIGH level and a HIGH level, 
respectively. 
0043. In the direct memory BIST mode, the test access 
port controller TAPC outputs a control signal TAPSIG to the 
memory BIST controller MBCTRLM. 
0044. In the redundancy memory BIST mode, the test 
access port controller TAPC outputs the control signal 
TAPSIG to the memory BIST controller MBCTRLM, and 
outputs test redundancy codes TRDNCODE 7:0 represent 
ing redundancy codes obtained from a memory BIST test 
result STATUS in the case where the direct memory BIST 
mode is performed to the redundancy code selector RDNC 
SEL. 

0045. In response to the control signal TAPSIG from the 
test access port controller TAPC, the memory BIST controller 
MBCTRLM outputs test data MBCTRLO 9:0 representing 
data for the actual array portion and the redundant portion to 
the input data selector DSEL and the redundancy direct data 
selector RDISELI, and outputs checking expectation values 
COMPVAL 9:0 corresponding to the test data MBCTRLO 
9:0 to the memory BIST comparator MBCMPM. 
0046 When a signal level of the mode switching signal 
MODE is a LOW level, the input data selector DSEL selects 
the data SLO 7:0 from the system logic SL and outputs the 
selected data as input selecting data DSELO 7:0 to the 
redundancy input data switching circuit RDNI. When the 
signal level of the mode switching signal MODE is a HIGH 
level, the input data selector DSEL selects test data MBC 
TRLO 8:1 obtained by removing data (redundant bits) for 
the redundant portion among the test data MBCTRLO 9:0 
from the memory BIST controller MBCTRLM and outputs 
the selected data as the input selecting data DSELO 7:0 to 
the redundancy input data switching circuit RDNI. 
0047. When a signal level of the redundancy code switch 
ing signal RDNCODESEL is a LOW level, the redundancy 
code selector RDNCSEL selects redundancy codes RDN 
CODE 7:0 and outputs the selected codes as output redun 
dancy codes RDNCSELO 7:0 to the redundancy input data 
switching circuit RDNI and the redundancy output data 
switching circuit RDNO. When the signal level of the redun 
dancy code switching signal RDNCODESEL is a HIGH 
level, the redundancy code selector RDNCSEL selects the 
test redundancy codes TRDNCODE 7:0 from the test access 
port controller TAPC and outputs the selected code as the 
output redundancy codes RDNCSELO 7:0 to the redun 
dancy input data switching circuit RDNI and the redundancy 
output data switching circuit RDNO. 
0048 Based on the input selecting data DSELOI7:0 from 
the input data selector DSEL and the output redundancy 
codes RDNCSELO 7:0 from the redundancy code selector 
RDNCSEL, the redundancy input data switching circuit 
RDNI outputs redundancy input data RDNIO 9:0 obtained 
by adding the redundant bits to the input selecting data 
DSELO 7:0 to the redundancy direct data selector RDIS 
ELI. 
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0049. When a signal level of the redundancy direct switch 
ing signal RDNDISEL is a LOW level, the redundancy direct 
data selector RDISELI selects the redundancy input data 
RDNIO 9:0 from the redundancy input data switching cir 
cuit RDNI and outputs the selected data as output test data 
RDISELIO 9:0 to the memory MEMR to be tested. When 
the signal level of the redundancy direct Switching signal 
RDNDISEL is a HIGH level, the redundancy direct data 
selector RDISELI selects the test data MBCTRLO 9:0 from 
the memory BIST controller MBCTRLM and outputs the 
selected data as the output test data RDISELIO 9:0 to the 
memory MEMR to be tested. Based on the output test data 
RDISELIO 9:0, read data MEMRO 9:0 is read from the 
memory MEMR to be tested. 
0050 Based on the read data MEMRO 9:0 from the 
memory MEMR to be tested and the output redundancy codes 
RDNCSELO 7:0 from the redundancy code selector 
RDNCSEL, the redundancy output data switching circuit 
RDNO outputs redundancy output data RDNOO 7:0 
obtained by removing redundant bits from the read data 
MEMRO 9:0 to the output data selector RDISELO. 
0051. When the signal level of the redundancy direct 
switching signal RDNDISEL is a LOW level, the output data 
selector RDISELO selects the redundancy output data 
RDNOO 7:0 from the redundancy output data switching 
circuit RDNO and outputs the selected data as the output 
selecting data RDISELOO 7:0 to the memory BIST com 
parator MBCMPM. 
0052. When the signal level of the redundancy direct 
switching signal RDNDISEL is a HIGH level, the output data 
selector RDISELO selects read data MEMRO 8:1 obtained 
by removing read data MEMRO 9, O (redundant bits) for 
the redundant portion among the read data MEMRO 9:0 
from the memory MEMR to be tested and outputs the data 
MEMRO 8:1 as the output selecting data RDISELOOI7:0 
to the memory BIST comparator MBCMPM. 
0053. When the signal level of the redundancy direct 
switching signal RDNDISEL is a LOW level, the memory 
BIST comparator MBCMPM creates mode expectation val 
ues 9. IO according to the redundancy memory BIST mode 
with respect to the read data MEMRO 9, O for the redun 
dant portion among the read data MEMRO 9:0 from the 
memory MEMR to be tested. Specifically, the memory BIST 
comparator MBCMPM carries out logical ANDs between 
values represented by the read data MEMRO 9), O for the 
redundant portion among the read data MEMRO 9:0 from 
the memory MEMR to be tested and a value “0” represented 
by the signal level (LOW level) of the redundancy direct 
switching signal RDNDISEL to create the mode expectation 
values 9, O for redundant portion. The memory BIST 
comparator MBCMPM checks the mode expectation values 
9. IO with expectation values for the redundant portion 
among the checking expectation values COMPVAL 9:0 
from the memory BIST controller MBCTRLM and masks 
them. The memory BIST comparator MBCMPM checks val 
ues represented by the output selecting data RDISELOO 
7:0 from the output data selector RDISELO with expecta 
tion values for the actual array portion among the checking 
expectation values COMPVAL 9:0 from the memory BIST 
controller MBCTRLM and outputs the checking result as the 
memory BIST test result STATUS. 
0054 That is, when the signal level of the redundancy 
direct switching signal RDNDISEL is a LOW level, using 
only 8 bits of the output selecting data RDISELOO 7:0 as 
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targets, the memory BIST comparator MBCMPM checks the 
values represented by the output selecting data RDISELOO 
7:0 with the expectation values for the actual array portion 
among the checking expectation values COMPVAL 9:0 and 
outputs the checking result as the memory BIST test result 
STATUS. 

0055 When the signal level of the redundancy direct 
switching signal RDNDISEL is a HIGH level, the memory 
BIST comparator MBCMPM creates the mode expectation 
values 9. IO according to the direct memory BIST mode 
with respect to values represented by the read data MEMRO 
9, O for the redundant portion among the read data 
MEMRO 9:0 from the memory MEMR to be tested. More 
specifically, the memory BIST comparator MBCMPM car 
ries out logical ANDs between values represented by the read 
data MEMRO 9, O for the redundant portion among the 
read data MEMRO 9:0 from the memory MEMR to be 
tested and a value “1” represented by the signal level (HIGH 
level) of the redundancy direct switching signal RDNDISEL 
to create the mode expectation values 9. IO for the redun 
dant portion. The memory BIST comparator MBCMPM 
checks the mode expectation values 9. IO with the expec 
tation values for the redundant portion among the checking 
expectation values COMPVAL 9:0 from the memory BIST 
controller MBCTRLM and masks them. The memory BIST 
comparator MBCMPM checks the values represented by the 
output selecting data RDISELOO 7:0 from the output data 
selector RDISELO with the expectation values for the actual 
array portion among the checking expectation values COM 
PVAL 9:0 from the memory BIST controller MBCTRLM 
and outputs the checking result as the memory BIST test 
result STATUS. 

0056. In other words, when the signal level of the redun 
dancy direct switching signal RDNDISEL is a HIGH level, 
using all of 10 bits of the read data MEMRO 9), O for the 
redundant portion and the output selecting data RDISELOO 
7:0 as a target, the memory BIST comparator MBCMPM 
checks values represented by the read data MEMRO 9, O 
for the redundant portion and the output selecting data RDIS 
ELOO 7:0 with the checking expectation values COM 
PVAL 9:0 and outputs the checking result as the memory 
BIST test result STATUS. 

0057 FIG. 4 is a block diagram showing a configuration of 
the memory MEMR to be tested. 
0058. The memory MEMR to be tested includes the actual 
array portion necessary for an access from the system logic 
SL and the redundant portion for improving yields when a 
failure occurs. It is assumed that data bits of the actual array 
portion are 8 bits and data bits (redundant bits) of the redun 
dant portion are 2 bits. The actual array portion (8 bits) 
includes a first actual array portion (4 bits) and a second actual 
array portion (4 bits). The redundant portion (2 bits) includes 
a first redundant portion (1 bit) corresponding to the first 
actual array portion (4 bits) and a second redundant portion (1 
bit) corresponding to the second actual array portion (4 bits). 
A word decoder is adjacently provided between two actual 
array portions. Two input/output control circuits are provided 
adjacent to two actual array portions, respectively. The con 
trol circuit controls the word decoder and the input/output 
control circuits. 

0059 FIG. 5 is a view showing an example of a configu 
ration of the redundancy input data switching circuit RDNI 
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and connection relationship between the configuration of the 
redundancy input data switching circuit RDNI and the 
memory MEMR to be tested. 
0060. The redundancy input data switching circuit RDNI 
includes first to twentieth AND circuits and first to tenth OR 
circuits. The first to twentieth AND circuits each have first 
and second input terminals and an output terminal. The sec 
ond input terminals of the second, fourth, sixth, eighth, tenth, 
eleventh, thirteenth, fifteenth, seventeenth and nineteenth 
AND circuits among the first to twentieth AND circuits are 
inverting input terminals. The first to tenth OR circuits each 
have first and second input terminals and an output terminal. 
0061. A signal of a LOW level, the input selecting data 
DSELOO, DSELO 1), DSELO 2. DSELO 3), DSELO 
4. DSELO (5), DSELO 6, DSELO 7 of the input select 
ing data DSELO 7:0 and a signal of a LOW level are Sup 
plied to the first input terminals of the first, third, fifth, sev 
enth, ninth, twelfth, fourteenth, sixteenth, eighteenth and 
twentieth AND circuits, respectively. A signal of a LOW 
level, the output redundancy codes RDNCSELOO, RDNC 
SELO 1), RDNCSELO 2, RDNCSELO 31, RDNCSELO 
4, RDNCSELO (5), RDNCSELO 6, RDNCSELO 7 of 
the output redundancy codes RDNCSELO 7:0 and a signal 
of a LOW level are supplied to the second input terminals of 
the first, third, fifth, seventh, ninth, twelfth, fourteenth, six 
teenth, eighteenth and twentieth AND circuits, respectively. 
The input selecting data DSELOO, DSELO 1), DSELO 
2. DSELO 3 of the input selecting data DSELO 7:0), a 
signal of a HIGH level, a signal of a HIGH level, the input 
selecting data DSELO 4), DSELO (5), DSELO 6, and 
DSELO 7 of the input selecting data DSELO 7:0 are 
supplied to the first input terminals of the second, fourth, 
sixth, eighth, tenth, eleventh, thirteenth, fifteenth, seven 
teenth and nineteenth AND circuits, respectively. The output 
redundancy codes RDNCSELO O, RDNCSELO 1), 
RDNCSELO 2, RDNCSELO 3 of the output redundancy 
codes RDNCSELO7:0), a signal of a HIGH level, a signal of 
a HIGH level, the output redundancy code RDNCSELO4), 
RDNCSELO (5), RDNCSELO 6, RDNCSELO 7 of the 
output redundancy codes RDNCSELO 7:0 are supplied to 
the second input terminals of the second, fourth, sixth, eighth, 
tenth, eleventh, thirteenth, fifteenth, seventeenth and nine 
teenth AND circuits, respectively. The output terminals of the 
first, third, fifth, seventh, ninth, twelfth, fourteenth, sixteenth, 
eighteenth and twentieth AND circuits are connected to the 
first input terminals of the first to tenth OR circuits, respec 
tively. The output terminals of the second, fourth, sixth, 
eighth, tenth, eleventh, thirteenth, fifteenth, seventeenth and 
nineteenth AND circuits are connected to the second input 
terminals of the first to tenth OR circuits, respectively. The 
redundancy input data RDNIO IO to 9 of the redundancy 
input data RDNIO 9:0 are outputted from the output termi 
nals to the first redundant portion (1 bit), the first actual array 
portion (4 bits), the second actual array portion (4 bits) and the 
second redundant portion (1 bit). 
0062 FIG. 6 is a view showing an example of a configu 
ration of the redundancy output data switching circuit RDNO 
and connection relationship between the configuration of the 
redundancy output data switching circuit RDNO and the 
memory MEMR to be tested. 
0063. The redundancy output data switching circuit 
RDNO includes first to sixteenth AND circuits and first to 
eighth OR circuits. The first to sixteenth AND circuits each 
have first and second input terminals and an output terminal. 
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The second input terminals of the first, third, fifth, seventh, 
tenth, twelfth, fourteenth and sixteenth AND circuits of the 
first to sixteenth AND circuits are inverting input terminals. 
The first to eighth OR circuits each have first and second input 
terminals and an output terminal. 
0064. The read data MEMRO O. 1,1,2,2,3,3], 
4, 5, 6, 6, 7,7,8, 8, 9 of the read data MEMRO 
9:0 from the first redundant portion (1 bit), the first actual 
array portion (4 bits), the second actual array portion (4 bits) 
and the second redundant portion (1 bit) are supplied to the 
first input terminals of the first to sixteenth AND circuits, 
respectively. The output redundancy code RDNCSELO O. 
O. 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7 
of the output redundancy codes RDNCSELO 7:0 are Sup 
plied to the second input terminals of the first to sixteenth 
AND circuits, respectively. The output terminals of the first, 
third, fifth, seventh, tenth, twelfth, fourteenth and sixteenth 
AND circuits are connected to the first input terminal of the 
first to eighth OR circuits, respectively. The output terminals 
of the second, fourth, sixth, eighth, ninth, eleventh, thirteenth 
and fifteenth AND circuits are connected to the second input 
terminal of the first to eighth OR circuits, respectively. The 
redundancy output data RDNOOO to RDNOO 7 of the 
redundancy output data RDNOOI7:0 are outputted from the 
output terminals of the first to eighth OR circuits, respec 
tively. 
0065 FIG. 7 is a view showing a configuration of the 
memory BIST comparator MBCMPM. 
0066. The memory BIST comparator MBCMPM includes 
an AND circuit, an expectation value checking and masking 
circuit and an expectation value checking circuit. The AND 
circuit carries out logical ANDs of values represented by the 
read data MEMRO 9, O for the redundant portion among 
the read data MEMRO 9:0 from the memory MEMR to be 
tested and a value represented by the signal level of the 
redundancy direct switching signal RDNDISEL to create the 
mode expectation values 9. IO for the redundant portion. 
The expectation value checking and masking circuit checks 
the mode expectation values 9. IO with expectation values 
for the redundant portion among the checking expectation 
values COMPVAL 9:0 from the memory BIST controller 
MBCTRLM and masks them. The expectation value check 
ing circuit checks the values represented by the output select 
ing data RDISELOO 7:0 from the output data selector 
RDISELO with an expectation value for the actual array 
portion among the checking expectation values COMPVAL 
9:0 from the memory BIST controller MBCTRLM and 
outputs the checking result as the memory BIST test result 
STATUS. 

Operations 

0067 FIG. 8 is a timing chart showing operations of the 
memory test circuit according to the embodiment of the 
present invention. 
0068 First, the direct memory BIST mode will be 
described. 

0069. The redundancy direct switching signal RDN 
DISEL, the redundancy code switching signal RDNCODE 
SEL and the mode switching signal MODE are set to be in the 
active state, the active state and the inactive state, respec 
tively. That is, their signal levels are set to a HIGH level, a 
HIGH level and a LOW level, respectively. 
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0070. When the signal level of the test mode signal SIG is 
a HIGH level, the test access port controller TAPC outputs the 
control signal TAPSIG to the memory BIST controller MBC 
TRLM. 

(0071 Based on the control signal TAPSIG from the test 
access port controller TAPC, the memory BIST controller 
MBCTRLM outputs the test data MBCTRLO 9:0 repre 
senting data for the actual array portion and the redundant 
portion to the input data selector DSEL and the redundancy 
direct data selector RDISELI, and outputs the checking 
expectation values COMPVAL 9:0 corresponding to the test 
data MBCTRLO 9:0 to the memory BIST comparator 
MBCMPM. 
0072 Since the signal level of the redundancy direct 
switching signal RDNDISEL is a HIGH level, the redun 
dancy direct data selector RDISELI selects the test data 
MBCTRLO 9:0 from the memory BIST controller MBC 
TRLM and outputs the selected data as the output test data 
RDISELIO 9:0 to the memory MEMR to be tested. Based 
on the output test data RDISELIO 9:0, the read data 
MEMRO 9:0 is read from the memory MEMR to be tested. 
0073. Since the signal level of the redundancy direct 
switching signal RDNDISEL is a HIGH level, the output data 
selector RDISELO selects the read data MEMRO 8:1 
obtained by removing the read data MEMRO 9, O (redun 
dant bits) for the redundant portion among the read data 
MEMRO 9:0 from the memory MEMR to be tested and 
outputs the read data MEMRO 8:1 as the output selecting 
data RDISELOO 7:0 to the memory BIST comparator 
MBCMPM. 
0074 Since the signal level of the redundancy direct 
switching signal RDNDISEL is a HIGH level, the memory 
BIST comparator MBCMPM coversall of 10 bits of the read 
data MEMRO 9, O for the redundant portion among the 
read data MEMRO 9:0 from the memory MEMR to be 
tested and the output selecting data RDISELOO 7:0 from 
the output data selector RDISELO. In other words, all of 10 
bits of the read data MEMRO 9:0 from the memory MEMR 
to be tested are covered. The memory BIST comparator 
MBCMPM checks values represented by the read data 
MEMRO 9, O for the redundant portion and the output 
selecting data RDISELOO 7:0 with the checking expecta 
tion values COMPVAL 9:0 and outputs the checking result 
as the memory BIST test result STATUS. 
0075) Next, the redundancy memory BIST mode will be 
described. 
0076. The redundancy direct switching signal RDN 
DISEL, the redundancy code switching signal RDNCODE 
SEL and the mode switching signal MODE are set to be in the 
inactive state, the active state and the active state, respec 
tively. That is, their signal levels are set to a LOW level, a 
HIGH level and a HIGH level, respectively. 
0077. When the signal level of the test mode signal SIG is 
a LOW level, the test access port controller TAPC outputs the 
control signal TAPSIG to the memory BIST controller MBC 
TRLM, and outputs the test redundancy codes TRDNCODE 
7:0 representing redundancy codes obtained from the 
memory BIST test result STATUS when the direct memory 
BIST mode is performed to the redundancy code selector 
RDNCSEL. 

0078 Based on the control signal TAPSIG from the test 
access port controller TAPC, the memory BIST controller 
MBCTRLM outputs the test data MBCTRLO 9:0 repre 
senting data for the actual array portion and the redundant 
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portion to the input data selector DSEL and the redundancy 
direct data selector RDISELI, and outputs the checking 
expectation values COMPVAL 9:0 corresponding to the test 
data MBCTRLO 9:0 to the memory BIST comparator 
MBCMPM. 
0079 Since the signal level of the mode switching signal 
MODE is a HIGH level, the input data selector DSEL selects 
the test data MBCTRLO 8:1 obtained by removing data 
(redundant bits) for the redundant portion among the test data 
MBCTRLO 9:0 from the memory BIST controller MBC 
TRLM and outputs the selected data as the input selecting 
data DSELO 7:0 to the redundancy input data switching 
circuit RDNI. 
0080 Since the signal level of the redundancy code 
switching signal RDNCODESEL is a HIGH level, the redun 
dancy code selector RDNCSEL selects the test redundancy 
codes TRDNCODE 7:0 from the test access port controller 
TAPC and outputs the selected codes as the output redun 
dancy codes RDNCSELO 7:0 to the redundancy input data 
switching circuit RDNI and the redundancy output data 
switching circuit RDNO. 
I0081 Based on the input selecting data DSELOI7:0 from 
the input data selector DSEL and the output redundancy 
codes RDNCSELO 7:0 from the redundancy code selector 
RDNCSEL, the redundancy input data switching circuit 
RDNI outputs the redundancy input data RDNIO 9:0 
obtained by adding data for the redundant bits to the input 
selecting data DSELO 7:0 to the redundancy direct data 
Selector RDISELI. 
I0082 Since the signal level of the redundancy direct 
switching signal RDNDISEL is a LOW level, the redundancy 
direct data selector RDISELI selects the redundancy input 
data RDNIO 9:0 from the redundancy input data switching 
circuit RDNI and outputs the selected data as the output test 
data RDISELIO 9:0 to the memory MEMR to be tested. 
Based on the output test data RDISELIO 9:0, the read data 
MEMRO 9:0 is read from the memory MEMR to be tested. 
0083 Based on the read data MEMRO 9:0 from the 
memory MEMR to be tested and the output redundancy codes 
RDNCSELO 7:0 from the redundancy code selector 
RDNCSEL, the redundancy output data switching circuit 
RDNO outputs the redundancy output data RDNOO 7:0 
obtained by removing data for the redundant bits from the 
read data MEMRO 9:0 to the output data selector RDIS 
ELO. 
I0084. Since the signal level of the redundancy direct 
switching signal RDNDISEL is a LOW level, the output data 
selector RDISELO selects the redundancy output data 
RDNOO 7:0 from the redundancy output data switching 
circuit RDNO and outputs the selected data as the output 
selecting data RDISELOO 7:0 to the memory BIST com 
parator MBCMPM. 
I0085 Since the signal level of the redundancy direct 
switching signal RDNDISEL is LOW level, the memory 
BIST comparator MBCMPM covers only 8 bits of the output 
selecting data RDISELOOI7:0 from the output data selector 
RDISELO. The memory BIST comparator MBCMPM 
checks the values represented by the output selecting data 
RDISELOO 7:0 with the expectation values for the actual 
array portion among the checking expectation values COM 
PVAL 9:0 and outputs the checking result as the memory 
BIST test result STATUS. 

Effects 
I0086. As described above, in the memory test circuit 
according to the embodiment of the present invention, in 
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order to extend the test range, the two test paths in the direct 
memory BIST mode and the redundancy memory BIST mode 
are realized. Thus, the memory test circuit according to the 
embodiment of the present invention can perform memory 
BIST that covers all of the bits for the actual array portion and 
the redundant portion of the memory MEMR to be tested in 
the direct memory BIST mode, and memory BIST that covers 
only bits for the actual array portion of the memory MEMR to 
be tested in the redundancy memory BIST mode. As 
described above, the memory test circuit according to the 
embodiment of the present invention can separately test the 
actual array portion and the redundant portion. Therefore, the 
test quality is not lowered than conventional. 
0087 Although the signal levels of the redundancy direct 
switching signal RDNDISEL, the redundancy code switch 
ing signal RDNCODESEL and the mode switching signal 
MODE are set to a HIGH level, a HIGH level and a LOW 
level, respectively, in the direct memory BIST mode, and to a 
LOW level, a HIGH leveland a HIGH level in the redundancy 
memory BIST mode, the present invention is not limited to 
this and these levels may be inverted. 
0088. It is apparent that the present invention is not limited 

to the above embodiment, but may be modified and changed 
without departing from the Scope and spirit of the invention. 
0089 Although the present invention has been described 
above in connection with several exemplary embodiments 
thereof, it would be apparent to those skilled in the art that 
those exemplary embodiments are provided solely for illus 
trating the present invention, and should not be relied upon to 
construe the appended claims in a limiting sense. 
What is claimed is: 
1. A memory test circuit which tests a test target memory 

including an actual array portion and a redundancy portion, 
comprising: 

an input data selector configured to output first test data 
excluding data for said redundancy portion in test data 
representing data for said actual array portion and said 
redundancy portion as input selecting data in a redun 
dancy memory BIST (Built In Self Test) mode: 

an input data Switching circuit configured to output said 
test data as output test data to said test target memory in 
a direct memory BIST mode, and output data obtained 
by adding redundancy bits to said input selecting data as 
said output test data to said test target memory based on 
said input selecting data and output redundancy codes 
representing redundancy codes in said redundancy 
memory BIST mode: 

an output data Switching circuit configured to output data 
obtained by removing said redundancy bits from read 
data as output selecting databased on said read data from 
said test target memory and said output redundancy 
codes in said redundancy memory BIST mode; and 

a memory BIST comparator configured to check a value of 
said read data with a checking expectation value to out 
put a result of said checking as a test result in said direct 
memory BIST mode, and check a value of said output 
Selecting data with an expectation value for said actual 
array portion in said checking expectation value to out 
put a result of said checking as said test result in said 
redundancy memory BIST mode. 

2. The memory test circuit according to claim 1, wherein 
said input data Switching circuit includes: 

a redundancy input data Switching circuit configured to 
output redundancy input data obtained by adding said 
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redundancy bits to said input selecting databased on said 
input selecting data and said output redundancy codes in 
said redundancy memory BIST mode, and 

a redundancy direct data selector configured to output said 
test data as said output test data to said test target 
memory in said direct memory BIST mode, and output 
said redundancy input data as said output test data to said 
test target memory in said redundancy memory BIST 
mode. 

3. The memory test circuit according to claim 1, wherein 
said output data Switching circuit includes: 

a redundancy output data Switching circuit configured to 
output redundancy output data obtained by removing 
said redundancy bits from said read databased on said 
read data and said output redundancy codes in said 
redundancy memory BIST mode, and 

an output data selector configured to output a first read data 
obtained by removing read data for said redundancy 
portion from said read data as said output selecting data 
to said memory BIST comparator in said direct memory 
BIST mode, and output said redundancy output data as 
said output selecting data to said memory BIST com 
parator in said redundancy memory BIST mode, 

wherein said memory BIST comparator checks said read 
data for said redundancy portion and said output select 
ing data with said checking expectation value to output 
a result of said checking as said test result in said direct 
memory BIST mode, and checks a value of said output 
Selecting data with an expectation value for said actual 
array portion in said checking expectation value to out 
put a result of said checking as said test result in said 
redundancy memory BIST mode. 

4. The memory test circuit according to claim 1, further 
comprising: 

a memory BIST controller configured to output said test 
data and said checking expectation value for said test 
data. 

5. The memory test circuit according to claim 1, further 
comprising: 

a test access port controller configured to output test redun 
dancy codes representing said redundancy codes; and 

an input data selector configured to output said test redun 
dancy codes as said output redundancy codes to said 
input data Switching circuit in said redundancy memory 
BIST mode. 

6. The memory test circuit according to claim 1, wherein 
said redundancy codes is obtained from said test result in a 
case where said direct memory BIST mode is performed. 

7. A semiconductor integrated circuit comprising: 
a test target memory configured to include an actual array 

portion and a redundancy portion; and 
a memory test circuit configured to test said test target 

memory, 
wherein said memory test circuit includes: 
an input data selector configured to output first test data 

excluding data for said redundancy portion in test data 
representing data for said actual array portion and said 
redundancy portion as input selecting data in a redun 
dancy memory BIST (Built In Self Test) mode, 

an input data Switching circuit configured to output said 
test data as output test data to said test target memory in 
a direct memory BIST mode, and output data obtained 
by adding redundancy bits to said input selecting data as 
said output test data to said test target memory based on 
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said input selecting data and output redundancy codes 
representing redundancy codes in said redundancy 
memory BIST mode, 

an output data Switching circuit configured to output data 
obtained by removing said redundancy bits from read 
data as output selecting databased on said read data from 
said test target memory and said output redundancy 
codes in said redundancy memory BIST mode, and 

a memory BIST comparator configured to check a value of 
said read data with a checking expectation value to out 
put a result of said checking as a test result in said direct 
memory BIST mode, and check a value of said output 
Selecting data with an expectation value for said actual 
array portion in said checking expectation value to out 
put a result of said checking as said test result in said 
redundancy memory BIST mode. 

8. The semiconductor integrated circuit according to claim 
7, wherein said input data Switching circuit includes: 

a redundancy input data Switching circuit configured to 
output redundancy input data obtained by adding said 
redundancy bits to said input selecting databased on said 
input selecting data and said output redundancy codes in 
said redundancy memory BIST mode, and 

a redundancy direct data selector configured to output said 
test data as said output test data to said test target 
memory in said direct memory BIST mode, and output 
said redundancy input data as said output test data to said 
test target memory in said redundancy memory BIST 
mode. 

9. The semiconductor integrated circuit according to claim 
7, wherein said output data Switching circuit includes: 

a redundancy output data Switching circuit configured to 
output redundancy output data obtained by removing 
said redundancy bits from said read databased on said 
read data and said output redundancy codes in said 
redundancy memory BIST mode, and 

an output data selector configured to output a first read data 
obtained by removing read data for said redundancy 
portion from said read data as said output selecting data 
to said memory BIST comparator in said direct memory 
BIST mode, and output said redundancy output data as 
said output selecting data to said memory BIST com 
parator in said redundancy memory BIST mode, 

wherein said memory BIST comparator checks said read 
data for said redundancy portion and said output select 
ing data with said checking expectation value to output 
a result of said checking as said test result in said direct 
memory BIST mode, and checks a value of said output 
Selecting data with an expectation value for said actual 
array portion in said checking expectation value to out 
put a result of said checking as said test result in said 
redundancy memory BIST mode. 
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10. The semiconductor integrated circuit according to 
claim 7, wherein said memory test circuit further includes: 

a memory BIST controller configured to output said test 
data and said checking expectation value for said test 
data. 

11. The semiconductor integrated circuit according to 
claim 7, wherein said memory test circuit further includes: 

a test access port controller configured to output test redun 
dancy codes representing said redundancy codes, and 

an input data selector configured to output said test redun 
dancy codes as said output redundancy codes to said 
input data Switching circuit in said redundancy memory 
BIST mode. 

12. The semiconductor integrated circuit according to 
claim 7, wherein said redundancy codes is obtained from said 
test result in a case where said direct memory BIST mode is 
performed. 

13. A memory test method of testing a test target memory 
including an actual array portion and a redundancy portion, 
comprising: 

outputting test data representing data for said actual array 
portion and said redundancy portion as output test data 
to said test target memory in a direct memory BIST 
(Built In Self Test) mode: 

checking a value of read data from said test target memory 
with a checking expectation value to output a result of 
said checking as a test result in said direct memory BIST 
mode; 

outputting first test data excluding data for said redundancy 
portion in said test data as input selecting data in a 
redundancy memory BIST mode: 

outputting data obtained by adding redundancy bits to said 
input selecting data as said output test data to said test 
target memory based on said input selecting data and 
output redundancy codes representing redundancy 
codes in said redundancy memory BIST mode: 

outputting data obtained by removing said redundancy bits 
from read data as output selecting data based on said 
read data from said test target memory and said output 
redundancy codes in said redundancy memory BIST 
mode; and 

checking a value of said output selecting data with an 
expectation value for said actual array portion in said 
checking expectation value to output a result of said 
checking as said test result in said redundancy memory 
BIST mode. 

14. The semiconductor integrated circuit according to 
claim 13, wherein said redundancy codes is obtained from 
said test result in a case where said direct memory BIST mode 
is performed. 


