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(57) ABSTRACT 

A method of generating a test pattern for a semiconductor 
integrated circuit comprising a logic circuit containing a 
combinational logic element, a ?rst sequential circuit having 
an output side connected to an input side of the logic circuit, 
and a second sequential circuit having an input side con 
nected to an output side of the logic circuit, Whereby a test 
pattern for testing a signal path betWeen the ?rst and second 
sequential circuits for a data retention error associated With 
data held by the second sequential circuit based on output 
data of the second sequential circuit is generated. To gen 
erate the test pattern, a ?rst test pattern is generated by 
setting, at the ?rst sequential circuit, a ?rst set value for the 
signal path such that the signal path is activated immediately 
before and after one pulse of a clock signal for synchroni 
Zation is inputted and a second test pattern is generated by 
setting, at the ?rst sequential circuit, a second set value 
obtained by inverting the ?rst set value. 
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METHOD OF GENERATING TEST PATTERN FOR 
SEMICONDUCTOR INTEGRATED CIRCUIT AND 

METHOD OF TESTING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of gen 
erating a test pattern for a semiconductor integrated circuit 
With Which the semiconductor integrated circuit is tested by 
using a scanning method for a delay anomaly occurring 
during the manufacturing thereof and to a method of testing 
the semiconductor integrated circuit by using the generated 
test pattern. 

[0002] With the rapid advancement of a miniaturiZing 
technique used in a semiconductor process in recent years, 
semiconductor integrated circuits have been increased 
sharply in scale and function, Which makes it more dif?cult 
to test the semiconductor integrated circuits. As a solution to 
the problem, a scanning method and the like have been used 
Widely as techniques for facilitating the testing of the 
semiconductor integrated circuits so that a fault represented 
by a stuck fault model is tested efficiently. In the case of 
detecting a fault assumed to be the stuck fault model, a fault 
detecting ability is not dependent on the frequency of a clock 
signal for synchroniZation so that a scan test is normally 
conducted by using a clock frequency loWer than the actual 
operating speed. 
[0003] HoWever, process variations have become more 
distinct as smaller geometries have been de?ned in the 
semiconductor process, so that suf?cient testing quality is 
not guaranteed by merely conducting a test in accordance 
With a conventional scanning method using a loW clock 
frequency. As a replacement, a test considering a signal 
delay on a signal path, such as a path delay test using the 
same clock frequency as used during actual operation has 
been in greater demand. For example, Japanese Unexamined 
Patent Publication No. HEI 9-269959 discloses a technique 
used in a conventional path delay test. 

[0004] The conventional path delay test has been per 
formed by assuming a fault model in Which a delay value on 
a signal path is increased by a defect produced in the 
manufacturing process, i.e., a fault model in Which a signal 
Which should normally reach a terminal point of the signal 
path in one clock period is prevented by the defect from 
reaching the terminal point in one clock period. 

[0005] HoWever, the conventional path delay test has not 
been performed by assuming a fault model in Which the 
delay value is reduced excessively against expectations by 
the defect produced in the manufacturing process (herein 
after referred to as an excessively reduced delay). 

[0006] In a synchronous semiconductor integrated circuit, 
the folloWing tWo phenomena can be listed as factors Which 
distinguish the defect produced in the manufacturing process 
as the excessively reduced delay. 

[0007] (1) Propagation of a signal along a signal path 
betWeen ?ip-?ops Which is faster than a design value. 

[0008] (2) Variations in the skeW value of a clock supplied 
to each of the ?ip-?ops via different clock lines. 

[0009] If such phenomena occur, the signal path betWeen 
the ?ip-?ops undergoes a mis-operation termed a hold error 
(data retention error). 
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[0010] The tWo factors Will be described herein beloW 
With reference to the draWings. 

[0011] FIG. 7 partially shoWs a semiconductor integrated 
circuit to be tested. As shoWn in FIG. 7, a combinational 
circuit 103 containing at least one combinational logic 
element is disposed betWeen ?rst and second ?ip-?ops 101 
and 102 each having a data input terminal D, a data output 
terminal Q, and a clock input terminal CK. One of a plurality 
of signal paths connecting the ?rst and second ?ip-?ops 101 
and 102 is designated at 104. The clock input terminal CK 
of the ?rst ?ip-?op 101 is connected to a ?rst clock line 106 
via a ?rst clock tree buffer 105. The clock input terminal CK 
of the second ?ip-?op 102 is connected to a second clock 
line 108 via a second clock tree buffer 107. 

[0012] FIGS. 8A to 8C shoW signal Waveforms illustrat 
ing the operation of the semiconductor integrated circuit of 
FIG. 7, of Which FIG. 8A shoWs the case Where the degree 
of delay on a signal path 104 is in a normal range, FIG. 8B 
shoWs the case Where a fault is caused by an excessively 
reduced delay With Which a signal propagates along the 
signal path 104 faster than a design value, and FIG. BC 
shoWs the case Where a skeW resulting from variations in 
delay value occurs betWeen the ?rst and second clock lines 
106 and 108. 

[0013] As shoWn in FIG. 8A, a delay value on the signal 
path 104 is determined at the design stage to alloW a hold 
margin A for the second ?ip-?ip 102 even When the signal 
propagates at a highest expected speed. At this stage, the 
siZes, locations, and the like of the ?rst and second clock tree 
buffers 106 and 107 are adjusted such that the amount of 
skeW of a clock signal on each of the ?rst and second clock 
lines 106 and 108 becomes Zero or nearly Zero. 

[0014] HoWever, if the signal on the signal path 104 
propagates at a speed not higher than the delay value 
determined at the design stage due to the factor (1) resulting 
from variations or a defect in the process of manufacturing 
a semiconductor integrated circuit as shoWn in FIG. 8B, the 
second ?ip-?op 102 undergoes a hold error, Which may 
cause the mis-operation of the second ?ip-?op 102. 

[0015] Even When the delay value on the signal path 104 
is normal, if the ?rst clock tree buffer 105, the second clock 
tree buffer 107, the ?rst clock line 106, or the second clock 
line 108 suffers a defect or variations during the manufac 
turing thereof and the clock signal on the clock line 106 or 
108 develops a skeW due to the factor (2) as shoWn in FIG. 
8C, the second ?ip-?op 102 latches by mistake the signal 
after the transition from the ?rst ?ip-?op 101 so that a 
mis-operation occurs. 

[0016] If any of the signal paths undergoes a mis-opera 
tion due to a defect produced in the manufacturing process, 
it is necessary to conduct a test for detecting a fault on the 
signal path and generate a test pattern to be used in the test. 

SUMMARY OF THE INVENTION 

[0017] It is therefore an object of the present invention to 
alloW the generation of a test pattern necessary for the 
testing of a scan-designed semiconductor integrated circuit 
for an excessively reduced delay and alloW a test for the 
excessively reduced delay. 

[0018] To attain the foregoing object, a ?rst method of 
generating a test pattern for a semiconductor integrated 
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circuit according to the present invention assumes a method 
of generating a test pattern for a semiconductor integrated 
circuit comprising a logic circuit containing a combinational 
logic element, a ?rst sequential circuit having an output side 
connected to an input side of the logic circuit, and a second 
sequential circuit having an input side connected to an 
output side of the logic circuit, Whereby a test pattern for 
testing a signal path betWeen the ?rst and second sequential 
circuits for a data retention error associated With data held by 
the second sequential circuit based on output data of the 
second sequential circuit is generated, the method compris 
ing the steps of: generating a ?rst test pattern by setting, at 
the ?rst sequential circuit, a ?rst set value for the signal path 
such that the signal path is activated immediately before and 
after one pulse of a clock signal for synchronization is 
inputted; and generating a second test pattern by setting, at 
the ?rst sequential circuit, a second set value obtained by 
inverting the ?rst set value. 

[0019] In accordance With the ?rst method of generating a 
test pattern for a semiconductor integrated circuit, the ?rst 
test pattern is generated by setting, at the ?rst sequential 
circuit, the ?rst set value for the signal path such that the 
signal path is activated immediately before and after one 
pulse of the clock signal for synchroniZation is inputted and 
the second test pattern is generated by setting, at the ?rst 
sequential circuit, the second set value obtained by inverting 
the ?rst set value. This alloWs testing When a mis-operation 
results from a data retention error due to an excessively 
reduced delay on the signal path to be tested. 

[0020] A second method of generating a test pattern for a 
semiconductor integrated circuit according to the present 
invention assumes a method of generating a test pattern for 
a semiconductor integrated circuit comprising ?rst and sec 
ond logic circuits each containing a combinational logic 
element, a ?rst scan register having an input side connected 
to an output side of the ?rst logic circuit and an output side 
connected to an input side of the ?rst logic circuit, and a 
second scan register having an input side connected to an 
output side of the second logic circuit, Whereby a test pattern 
for testing a signal path betWeen the ?rst and second scan 
registers for a data retention error associated With data held 
by the second scan register based on output data of the 
second scan register is generated, the method comprising the 
steps of: setting, at the ?rst scan register, a ?rst set value as 
an output value thereof; generating a ?rst test pattern by 
performing an implication operation With respect to the ?rst 
or second logic circuit based on the ?rst set value; setting, 
at the ?rst scan register, a second set value obtained by 
inverting the ?rst set value as an input value thereof; 
generating a second test pattern by performing an implica 
tion operation With respect to the ?rst or second logic circuit 
based on the second set value; and generating a scan test 
pattern by combining the ?rst and second test patterns such 
that the signal path is activated immediately before and after 
one pulse of a clock signal for synchroniZation is inputted. 

[0021] In accordance With the second method of generat 
ing a test pattern for a semiconductor integrated circuit, the 
?rst test pattern is generated by performing the implication 
operation With respect to the ?rst or second logic circuit 
connected to the ?rst scan register based on the ?rst set value 
set as the output value of the ?rst scan register. Subse 
quently, the second test pattern is generated by performing 
the implication operation With respect to the ?rst or second 
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logic circuit based on the second set value set as the input 
value of the ?rst scan register and obtained by inverting the 
?rst set value. Subsequently, one scan test pattern is gener 
ated by combining the ?rst and second test patterns such that 
the signal path to be tested is activated immediately before 
and after one pulse of the clock signal for synchroniZation is 
inputted. If one pulse of the clock signal for synchroniZation 
is given not for a scan operation but for a normal operation, 
therefore, the logic of the signal suffers no contradiction 
before and after the one pulse. This alloWs testing When a 
mis-operation results from a data retention error due to an 

excessively reduced delay on the signal path to be tested. 

[0022] A method of testing a semiconductor integrated 
circuit according to the present invention assumes a method 
of testing a semiconductor integrated circuit comprising a 
logic circuit containing a combinational logic element, a ?rst 
scan register having an output side connected to an input 
side of the logic circuit, and a second scan register having an 
input side connected to an outputside of the ?rst logic 
circuit, Where by a signal path betWeen the ?rst and second 
scan registers is tested for a mis-operation resulting from a 
data retention error associated With data held by the second 
scan register, the method comprising the steps of: preparing 
a test pattern to be inputted to the signal path; selecting a 
scan path containing the ?rst and second scan registers; 
performing a scan-in operation With respect to the selected 
scan path to input the test pattern to the scan path; perform 
ing a capture operation With respect to the scan path by using 
one pulse of a clock signal for synchroniZation to input, to 
the scan path, a propagation signal propagating along the 
signal path and activated immediately before and after the 
one pulse; and performing a scan-out operation With respect 
to the scan path to output, from the second scan register, the 
propagation signal as a result of the testing. 

[0023] In accordance With the method of testing the semi 
conductor integrated circuit of the present invention, the 
scan-in operation is performed With respect to the scan path 
to input, to the scan path, the test pattern according to the 
present invention that has been prepared in advance. Sub 
sequently, the scan path is caused to perform not a scan 
operation but the capture operation, Which is an actual 
operation, by using one pulse of the clock signal for syn 
chroniZation so that the propagation signal propagating 
along the signal path activated immediately before and after 
the one pulse is inputted directly to the second scan register 
from the ?rst scan register With no intervention of another 
scan register. This alloWs a test for the delay of the propa 
gation signal actually propagating along the signal path to be 
tested and thereby alloWs testing When a mis-operation 
results from a data retention error due to an excessively 
reduced delay on the signal path to be tested. This is because 
an output signal of the ?rst scan register is not necessarily 
inputted directly to the second scan register and may be 
outputted to another scan register since the scan path test is 
conducted by using a shift register composed only of a 
plurality of scan registers. Even When a frequency loWer 
than the clock frequency for an actual operation is used, the 
real-time property of the testing method according to the 
present invention is not impaired. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic ?owchart showing a method 
of generating a test pattern for a semiconductor integrated 
circuit according to a ?rst embodiment of the present 
invention; 
[0025] FIG. 2 is a detailed ?oW chart shoWing methods of 
generating an initializing pattern and a transition pattern in 
the method of generating a test pattern for a semiconductor 
integrated circuit according to the ?rst embodiment of the 
present invention; 

[0026] FIG. 3 is a circuit diagram of a semiconductor 
integrated circuit device to be tested in accordance With a 
testing method by using the method of generating a test 
pattern for a semiconductor integrated circuit according to 
the ?rst embodiment of the present invention; 

[0027] FIG. 4 is a circuit diagram shoWing a scan ?ip-?op 
in the semiconductor integrated circuit device shoWn in 
FIG. 3; 

[0028] FIG. 5 is a How chart shoWing a method of testing 
a semiconductor integrated circuit according to a second 
embodiment of the present invention; 

[0029] FIG. 6 is a timing chart in the method of testing a 
semiconductor integrated circuit according to the second 
embodiment of the present invention; 

[0030] FIG. 7 is a diagrammatic partial circuit diagram of 
a semiconductor integrated circuit Which is for illustrating a 
conventional path delay test; and 

[0031] FIGS. 8A to 8C are signal Waveform charts shoW 
ing the operation of the semiconductor integrated circuit of 
FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] EMBODIMENT 1 

[0033] Referring to the draWings, a ?rst embodiment of 
the present invention Will be described. 

[0034] FIG. 1 shoWs a schematic How of a method of 
generating a test pattern for a semiconductor integrated 
circuit according to the ?rst embodiment of the present 
invention. As shoWn in FIG. 1, it is judged in the path 
judging step ST01 Whether or not there is an unprocessed 
path to be tested among a plurality of signal paths (herein 
after referred to as paths) contained in a semiconductor 
integrated circuit. 

[0035] Then, if there is an unprocessed path to be tested, 
it is selected in the path selecting step ST02. 

[0036] NeXt, in the tWo-pattern-generation trying step 
ST03, the generation of an initialiZing pattern and a transi 
tion pattern Which are necessary for the testing of the path 
to be tested is tried. 

[0037] NeXt, in the pattern-generation judging step ST04, 
it is judged Whether or not the generation of the initialiZing 
pattern and the transition pattern is successful and, if it is 
successful, the Whole process advances to the subsequent 
scanning-pattern generating step ST05. 

[0038] NeXt, if it is judged that the generation of another 
initialiZing pattern and another transition pattern is possible 
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in the remaining-pattern judging step ST06, the tWo-pattern 
generation trying step ST03 and the subsequent steps are 
repeated. 

[0039] If the generation of another initialiZing pattern and 
another transition pattern is impossible, it is determined in 
the generation-impossibility determining step ST07 that the 
generation of the test patterns is impossible and the path 
judging step ST01 and the subsequent steps are repeated. 

[0040] In the scanning-pattern generating step ST05, the 
generated initialiZing pattern and transition pattern are con 
verted to a scanning pattern. 

[0041] FIG. 2 shoWs a detailed How of the tWo-pattern 
generation trying step ST03 according to the present 
embodiment. As shoWn in FIG. 2, the initialiZing pattern is 
generated in the steps ST30 to ST33 and the transition 
pattern is generated in the steps ST34 to ST38 by changing 
an initial value of the path. Speci?cally, in the case of using 
a binary logic, the transition pattern is generated by causing 
the initial value to make a transition from 0 to 1 or a 
transition from 1 to 0. 

[0042] First, in the step ST30, 0 or 1 is set as an output 
value of the ?ip-?op serving as a starting point of the path 
to be tested. 

[0043] NeXt, in the step ST31, a non-control value Which 
cannot change a logic value as an output result from each of 
logic elements (gates) located on the path to be tested and 
having a plurality of input terminals is set at the input 
terminal Which is not located on the path to be tested. 

[0044] NeXt, in the step ST32, an implication operation is 
performed With respect to the input side based on an input 
value of each of the gates set in the step ST31. The 
implication operation is de?ned herein as the operation of 
determining a logic value on the upstream side such that the 
logic value is not contradictory to the set value. 

[0045] NeXt, in the step ST33, the initialiZing pattern as a 
?rst test pattern for a scan path composed of the ?ip-?op 
serving as the starting point and the ?ip-?op serving as an 
ending point is determined based on the results of the steps 
ST30 and ST32. At this stage, one or more other ?ip-?ops 
may intervene the scan path betWeen the starting and ending 
points thereof. 

[0046] NeXt, in the step ST34, an inverted value of the 
value set in the step ST30 is set as an input value to the 
?ip-?op serving as the starting point. 

[0047] NeXt, in the step ST35, the initialiZing pattern is set 
for the scan path eXcept for the ?ip-?op serving as the 
starting point. 

[0048] NeXt, in the step ST36, an implication operation is 
performed With respect to the input side based on the value 
at an input terminal of each of the gates set in the steps ST34 
and ST35. 

[0049] NeXt, in the step ST37, it is judged Whether or not 
the implication operation performed in the step ST36 is 
successful and, if it is successful, the transition pattern as a 
second test pattern is determined in the subsequent step 
ST38. If it is unsuccessful, it is determined in the subsequent 
step ST39 that the generation of the test pattern is impos 
sible. 
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[0050] FIG. 3 shows a semiconductor integrated circuit 
device to be tested in accordance With a testing method by 
using the method of generating a test pattern for a semicon 
ductor integrated circuit according to the present embodi 
ment. As shoWn in FIG. 3, the semiconductor integrated 
circuit device 10 comprises: a scan enable signal input 
terminal 11 for receiving a scan enable signal SE Which 
brings from the outside the semiconductor integrated circuit 
device 10 into a scan test state; a scan-in signal input 
terminal 12 for receiving a test pattern for a scan test; a clock 
signal input terminal 13 for receiving a clock signal CK for 
synchroniZing the semiconductor integrated circuit device; 
and a scan-out signal output terminal 14 Which also serves 
as an output terminal during normal operation. 

[0051] The semiconductor integrated circuit device 10 
has, e.g., seven scan ?ip-?ops 21 to 27 Which latch data 
based on the clock signal CK for synchronization during 
normal operation, While composing a shift register as a 
sequential circuit to form the scan path during a scan test. 
Each of the scan ?ip-?ops 21 to 27 has an SI terminal for 
receiving a scan-in signal SI, a D terminal for receiving data 
during normal operation, a CK terminal for receiving the 
clock signal CK for synchronization, an SE terminal for 
receiving the scan enable signal SE, and a Q terminal for 
outputting data. 

[0052] FIG. 4 shoWs an example of a detailed con?gura 
tion of one of the scan ?ip-?ops. In FIG. 4, the description 
of the same components as shoWn in FIG. 3 is omitted by 
retaining the same reference numerals. As shoWn in FIG. 4, 
the scan-?ip-?op 21 is composed of a ?ip-?op 210 having a 
Do terminal, a CKO terminal, and a QO terminal and a 
selector 211 for selecting betWeen input data D to the scan 
?ip-?op 21 and the scan-in signal SI in response to the scan 
enable signal SE and outputs the selected one to the DO 
terminal of the ?ip-?op 210. The ?ip-?op 210 latches data 
given to the DO terminal in synchroniZation With the clock 
signal CK for synchroniZation inputted to the CKO terminal 
and outputs the data from the Q0 terminal. The selector 211 
selects and outputs the signal at the D terminal When the 
signal at the SE terminal is 0 (in a normal operation mode) 
and selects and outputs the signal at the SI terminal When the 
signal at the SE terminal is 1 (in a scan operation mode). 
Each of the other scan ?ip-?ops 22 to 27 has the circuit 
con?guration shoWn in FIG. 4. 

[0053] The ?rst scan ?ip-?op 21 has the SI terminal 
connected to the scan-in signal input terminal 12, the CK 
terminal connected to the clock signal input terminal 13, and 
the SE terminal connected to the scan enable signal input 
terminal 11. The second scan ?ip-?op 22 has the SI terminal 
connected to the Q terminal of the ?rst scan ?ip-?ip 21. 
Likewise, the third scan ?ip-?op 23 is connected such that 
output data therefrom is inputted successively to the fourth, 
?fth, siXth, and seventh scan ?ip-?ops 24 to 27. The scan 
enable signal SE and the clock signal CK for synchroniZa 
tion are inputted in parallel to each of the second to seventh 
scan ?ip-?ops 22 to 27. 

[0054] A ?rst OR gate 31 Which is a combinational logic 
element is disposed betWeen the ?rst and fourth scan ?ip 
?ops 21 and 24. A NOR gate 32 Which is a combinational 
logic element is disposed betWeen the second and ?fth scan 
?ip-?ops 22 and 25. A ?rst AND gate 33 Which is a 
combinational logic element is disposed betWeen the third 
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and siXth scan ?ip-?ops 23 and 26. A second AND gate 34 
is disposed betWeen the fourth and seventh scan ?ip-?ops 24 
and 27. A second OR gate 35 is disposed betWeen the ?fth 
and seventh scan ?ip-?ops 25 and 27. 

[0055] The ?rst OR gate 31 has one input terminal con 
nected to the Q terminal of the ?rst scan ?ip-?op 21, the 
other input terminal connected to the Q terminal of the 
second scan ?ip-?op 22, and an output terminal connected 
to the D terminal of the fourth scan ?ip-?op 24. 

[0056] The NOR gate 32 has one input terminal connected 
to the Q terminal of the second scan ?ip-?op 22, the other 
input terminal connected to an input terminal of the second 
OR gate 35 and to the input terminal of an inverter 36, and 
an output terminal connected to the D terminal of the ?fth 
scan ?ip-?op 25. 

[0057] The ?rst AND gate 33 has one input terminal 
receiving an output of the inverter 36, the other input 
terminal connected to the Q terminal of the third scan 
?ip-?op 23, and an output terminal connected to the D 
terminal of the siXth scan ?ip-?op 26. 

[0058] The second AND gate 34 has one input terminal 
connected to the Q terminal of the fourth scan ?ip-?op 24 
via a ?rst line 15, the other input terminal connected to the 
output terminal of the second OR gate 35, and an output 
terminal connected to the D terminal of the seventh scan 
?ip-?op 27 via a second line 16. 

[0059] The second OR gate 35 has one input terminal 
connected to the Q terminal of the ?fth scan ?ip-?op 25 and 
the other input terminal connected to the input terminal of 
the inverter 36 via a third line 17. 

[0060] The method of generating a test pattern according 
to the present embodiment Will be described based on the 
semiconductor integrated circuit device 10 thus constituted. 

[0061] Of a plurality of paths contained in the semicon 
ductor integrated circuit device 10, the path composed of the 
fourth scan ?ip-?op 24, the ?rst line 15, the second AND 
gate 34, the second line 16, and the seventh scan ?ip-?op 27 
is designated as a path P1 to be tested. 

[0062] First, an untested one of the plurality of paths is 
searched for in the path judging step ST01 shoWn in FIG. 1. 
It is assumed in the subsequent path selecting step ST02 that 
the untested path P1 is selected. Subsequently, the genera 
tion of the initialiZing pattern and the transition pattern is 
tried in the tWo-pattern-generation trying step ST03. The 
trying process Will be described in accordance With the 
detailed ?oW shoWn in FIG. 2. 

[0063] As shoWn in FIG. 2, the initialiZing pattern is 
determined ?rst. Speci?cally, 0 is set as an output value of 
the fourth scan ?ip-?op 24 serving as the starting point of the 
path P1 in the step ST30. 

[0064] NeXt, since the 2-input second AND gate 34 is 
located on the path P1, a non-control value of 1 Which 
cannot change a logic value as an output result from the 
second AND gate 34 is set at the input terminal of the second 
AND gate 34 Which is not located on the path P1 in the step 
ST31. 

[0065] NeXt, in the step ST32, the implication operation is 
performed With respect to the input side based on the input 
and output values of the second AND gate 34 set in the step 
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ST31. As a result of the implication operation, the output 
value of the second OR gate 35 is determined to be 1 With 
the non-control value of 1 set at the second AND gate 34, 
While the tWo input values of the second OR gate 35 are not 
determined. This is because the tWo input values of the 
second OR gate 35 may assume three combinations of (1, 1), 
(1, 0), and (0, 1). 

[0066] Next, it is assumed in the step ST33 that (1, 1) is 
adopted from the three combinations and set at the ?fth and 
sixth scan ?ip-?ops 25 and 36. As a result, the output values 
of the fourth to sixth ?ip-?ops 124 to 26 are determined to 
be (0, 1, 1) in the initialiZing pattern. 

[0067] Next, the generation of the transition pattern is 
tried. In the step ST34, 1 obtained by inverting the value set 
in the step ST30 is set as an input value of the fourth scan 
?ip-?op 24 as the starting point of the path P1. 

[0068] Next, in the step ST35, (1, 1) partially forming the 
initialiZing pattern are set at the ?fth and sixth scan ?ip-?ops 
25 and 26 Which are among the fourth to sixth scan ?ip-?ops 
24 to 26 having the output values set in the step ST33 
exclusive of the fourth scan ?ip-?op 24 serving as the 
starting point of the path P1. 

[0069] Next, in the step ST36, the implication operation is 
performed With respect to the input side based on the values 
set in the steps ST34 and ST35. As stated previously, the tWo 
input values of the 2-input ?rst OR gate 31 cannot be 
determined at this stage since an output value thereof is 1. 
On the other hand, each of the tWo input values of the NOR 
gate 32 can be determined to be 0 by the implication 
operation since an output value of the NOR gate 32 is 1. 
HoWever, since the input terminal of the NOR gate 32 
connected to the input terminal of the inverter 36 is con 
nected to the Q terminal of the sixth scan ?ip-?op 26 via the 
third line 17 and the output value of the sixth scan ?ip-?op 
26 is determined to be 1 in the step ST33, a contradiction 
occurs. Accordingly, it is judged in the subsequent step ST37 
that the implication operation is unsuccessful and the gen 
eration of the tWo patterns is determined to be unsuccessful 
in the subsequent step ST39. 

[0070] Consequently, the pattern generation is judged to 
be unsuccessful in the pattern generation judging step ST04 
shoWn in FIG. 1. In the subsequent remaining pattern 
judging step ST06, it is judged Whether or not another 
initialiZing pattern is present. Here, the tWo-pattern-genera 
tion trying step ST03 and the subsequent steps are repeated 
since each of (1, 0) and (0, 1) has not been tried as the pattern 
for the ?fth and second scan ?ip-?ops 25 and 26 in the step 
ST33. 

[0071] The description of the process performed in the 
steps ST30 to ST32 of the second tWo-pattern-generation 
trying step ST03 Will be omitted since it is the same as the 
content of the process described above. 

[0072] Next, in the step ST33, (1, 0) is adopted as the 
initialiZing pattern for the ?fth and sixth scan ?ip-?ops 25 
and 26 from among the remaining patterns. 

[0073] Next, in the step ST34, 1 obtained by inverting the 
value set in the step ST30 is set as an input value of the 
fourth scan ?ip-?op 24 serving as the starting point of the 
path P1. 
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[0074] Next, in the step ST35, the values (1, 0) determined 
in the step ST33 are set at the ?fth and sixth scan ?ip-?ops 
25 and 26 exclusive of the fourth scan ?ip-?op 24. Speci? 
cally, the value of 1 is set at the ?fth scan ?ip-?op 25 and 
the value of 0 is set at the sixth scan ?ip-?op 26. 

[0075] Next, in the step ST36, the implication operation is 
performed With respect to the input side based on the values 
set in the steps ST34 and ST35. The tWo input values of the 
2-input ?rst OR gate 31 cannot be determined since the 
output value thereof is 1. On the other hand, each of the tWo 
input values of the NOR gate 32 can be determined to be 0 
by the implication operation since the output value of the 
NOR gate 32 is 1. Since the output value of the sixth scan 
?ip-?op 26 connected to the third line 17 is also 0, no 
contradiction occurs. Although the output value of the ?rst 
AND gate 33 is 0, the value 0 on the third line 17 is inverted 
by the inverter 36 to become 1 so that the value at the other 
input terminal of he ?rst AND gate 33 is determined to be 
0 by the implication operation. Since each of the tWo input 
values of the NOR gate 32 is determined again to be 0 in the 
?rst OR gate 31, the input value of the ?rst OR gate 31 from 
the ?rst scan ?ip-?op 21 can be determined to be 1 since the 
input value of the fourth scan ?ip-?op 24 is 1. This renders 
each implication operation successful With no contradiction, 
so that the implication operation is judged to be successful 
in the step ST37 shoWn in FIG. 2 and (1, 0, 0, 0) is 
determined as the transition pattern for the ?rst, second, 
third, and sixth scan ?ip-?ops 21, 22, 23, and 26 in the 
subsequent step ST38. 

[0076] Then, it is judged in the pattern-generation judging 
step ST04 shoWn in FIG. 1 that the generation of the tWo 
patterns is successful so that the initialiZing pattern and the 
transition pattern are converted to the scanning-pattern in the 
subsequent scanning-pattern generating step ST05. Here, the 
initialiZing pattern (X, X, X, 0, 1, 0) for the fourth to sixth 
scan ?ip-?ops 24 to 26 resulting from the step ST33 shoWn 
in FIG. 2 and the transition pattern (1, 0, 0, X, X, 0) for the 
?rst to third scan ?ip-?ops 21 to 23 and the sixth scan 
?ip-?op 26 are converted to one scanning pattern. Here, X 
represents an in?nite value. If the scan ?ip-?ops and the 
determined values are associated successively With each 
other, it can be understood from the results that the values to 
be set at the ?rst to sixth scan ?ip-?ops 21 to 26 become (1, 
0, 0, 0, 1, 0). Consequently, the scanning pattern given from 
the scan-in signal input terminal 12 of the semiconductor 
integrated circuit device 10 is converted to 0 a1Q0Q0a 
0%1. Since the scanning pattern is composed of serial data, 
it becomes “100010” if represented as a bit string, Which is 
inputted sequentially from the MSB (most signi?cant bit) 
side. 

[0077] Next, the path judging step ST01 shoWn in FIG. 1 
and the subsequent steps are repeated and the process is 
completed if there is no untested path. 

[0078] In this manner, the test pattern for the path P1 in the 
semiconductor integrated circuit 10 can be generated. 

[0079] EMBODIMENT 2 

[0080] Referring to the draWings, a second embodiment of 
the present invention Will be described. 

[0081] FIG. 5 shoWs a schematic How of a method of 
testing a semiconductor integrated circuit according to the 
second embodiment of the present invention. In the present 
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embodiment, the description Will be given to a method of 
testing a delay on the path P1 in the semiconductor inte 
grated circuit device 10 shoWn in FIG. 3. It is assumed 
herein that a design delay time on the path P1 in the 
semiconductor integrated circuit 10 is 1 ns, a hold margin for 
each of the ?rst to seventh scan ?ip-?ops 21 to 27 is 0.5 ns, 
and a skeW time of the clock signal CK for synchronization 
supplied to each of the scan ?ip-?ops 21 to 27 is 0 ns. 

[0082] First, as shoWn in FIG. 5, it is assumed in the path 
judging step ST11 that an untested path of a plurality of 
paths is searched for and the path P1 is judged to be the 
untested path. 

[0083] Next, in the scan-in operation step ST12, the scan 
ning pattern (OQlQOQOQOQl) generated for the path P1 
is inputted in ?ve clocks (T1 to T5) from the scan-in signal 
input terminal 12 to the semiconductor integrated circuit 
device 10, as shoWn in the timing chart of FIG. 6. FIG. 6 
shoWs the respective signal Waveforms of a control signal 
and input/output signals of each of the scan ?ip-?ops 21 to 
27, in Which reference numerals 21Q to 27Q denote the 
respective Q terminals of the scan ?ip-?ops 21 to 27, 24D 
to 27D denote the respective D terminals of the scan 
?ip-?ops 24 to 27, and *27D and *27Q denote the respective 
Waveforms at the D and Q terminals of the seventh scan 
?ip-?op 27 When the path P1 undergoes a mis-operation 
resulting from an excessively reduced delay. 

[0084] As shoWn in FIG. 6, the values at the respective Q 
terminals of the ?rst to sixth scan ?ip-?ops 21 to 26 after the 
scanning pattern corresponding to the ?ve clocks become 1, 
0, 0, 0, 1, and 0. At this time, the logic value of the path P1 
becomes 0 and the scan enable signal SE applied to the scan 
enable signal input terminal 11 becomes active during the 
period of the times T1 to T5. 

[0085] Next, in the capture operation step ST13 shoWn in 
FIG. 5, the scan enable signal SE is inactivated at the time 
T6. As a result, the values inputted to the respective D 
terminals of the scan ?ip-?ops 21 to 27 are outputted to the 
respective Q terminals thereof With the timing T6 With 
Which the rearmost data 0 of the scanning pattern (0%1a 
0Q0Q0Q1) is inputted. For example, 1 Which is the output 
value of the D terminal (24D) of the fourth scan ?ip-?op 24, 
not 0 Which is the output value of the third scan ?ip-?op 23, 
is outputted to the Q terminal (24Q) of the fourth scan 
?ip-?op 24. As a result, the logic value of the path P1 
changes to 1. 

[0086] If the path P1 has not suffered an excessively 
reduced delay fault, as shoWn in FIG. 6, the value at the D 
terminal (27D) of the seventh scan ?ip-?op 27 changes from 
0 to 1 after a capture clock T6 has been inputted and then a 
time of about 1 ns, Which is a given delay time, has elapsed. 
In this case, since there is a suf?cient margin for the hold 
margin of 0.5 ns for the seventh scan ?ip-?op 27, the seventh 
scan ?ip-?op 27 normally operates and the value at the Q 
terminal (27Q) after the capture clock T6 has been inputted 
becomes 0. 

[0087] Next, in the scan-out operation step ST14 shoWn in 
FIG. 5, a scan-out operation is performed. Speci?cally, the 
scan enable signal SE is activated again at the time T7 and 
the result of testing is monitored at the scan-out signal output 
terminal 14 of the semiconductor integrated circuit device 
10. Since the Q terminal (27Q) of the seventh scan ?ip-?op 
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27 is connected directly to the scan-out signal output ter 
minal 14, the value at the Q terminal of the seventh scan 
?ip-?op 27 is compared With an expectation value With a 
timing after the capture clock T6 and before the inputting of 
the subsequent clock T7. At this time, if an output value 0 
is observed at the scan-out signal output terminal 14, the 
normality of the path P1 to be tested is guaranteed. 

[0088] If the path P1 has suffered a fault resulting from an 
excessively reduced delay and the delay time on the path P1 
becomes 0.2 ns, the value at the D terminal (27D) of the 
seventh scan ?ip-?op 27 changes from 0 to 1 after 0.2 ns has 
elapsed from the inputting of the capture clock T6. Accord 
ingly, the margin for the hold margin of 0.5 ns for the 
seventh scan ?ip-?op 27 is insuf?cient and there is the 
possibility that the seventh scan ?ip-?op 27 undergoes a 
mis-operation When the capture clock T6 is inputted. 

[0089] If the seventh scan ?ip-?op 27 undergoes a mis 
operation When the capture clock T6 is inputted as shoWn in 
FIG. 6, the seventh scan ?ip-?op 27 latches 1 to Which the 
value at the D terminal (*27D) has changed. Accordingly, 
the value at the Q terminal (*27) of the seventh ?ip-?op 27 
becomes 1, Which is different from the expectation value of 
0, so that it is recogniZed that the circuit has trouble. 

[0090] Next, the path judging step ST11 shoWn in FIG. 5 
and the subsequent steps are repeated and, if there is no more 
untested path, the test is completed. 

[0091] It is to be noted that the frequency of the clock is 
irrelevant to the excitation of a hold error (data retention 
error) by the activation of the path to be tested in the present 
embodiment. Therefore, the capture pattern used to activate 
the path to be tested does not require a clock signal at a high 
frequency. Even a clock signal at a relatively loW frequency 
enables satisfactory testing. 

What is claimed is: 
1. A method of generating a test pattern for a semicon 

ductor integrated circuit comprising a logic circuit contain 
ing a combinational logic element, a ?rst sequential circuit 
having an output side connected to an input side of the logic 
circuit, and a second sequential circuit having an input side 
connected to an output side of the logic circuit, Whereby a 
test pattern for testing a signal path betWeen the ?rst and 
second sequential circuits for a data retention error associ 
ated With data held by the second sequential circuit based on 
output data of the second sequential circuit is generated, the 
method comprising the steps of: 

generating a ?rst test pattern by setting, at the ?rst 
sequential circuit, a ?rst set value for the signal path 
such that the signal path is activated immediately 
before and after one pulse of a clock signal for syn 
chroniZation is inputted; and 

generating a second test pattern by setting, at the ?rst 
sequential circuit, a second set value obtained by 
inverting the ?rst set value. 

2. A method of generating a test pattern for a semicon 
ductor integrated circuit comprising ?rst and second logic 
circuits each containing a combinational logic element, a 
?rst scan register having an input side connected to an output 
side of the ?rst logic circuit and an output side connected to 
an input side of the ?rst logic circuit, and a second scan 
register having an input side connected to an output side of 
the second logic circuit, Whereby a test pattern for testing a 



US 2002/0013921 A1 

signal path between the ?rst and second scan registers for a 
data retention error associated With data held by the second 
scan register based on output data of the second scan register 
is generated, the method comprising the steps of: 

setting, at the ?rst scan register, a ?rst set value as an 
output value thereof; 

generating a ?rst test pattern by performing an implication 
operation With respect to the ?rst or second logic circuit 
based on the ?rst set value; 

setting, at the ?rst scan register, a second set value 
obtained by inverting the ?rst set value as an input 
value thereof; 

generating a second test pattern by performing an impli 
cation operation With respect to the ?rst or second logic 
circuit based on the second set value; and 

generating a scan test pattern by combining the ?rst and 
second test patterns such that the signal path is acti 
vated immediately before and after one pulse of a clock 
signal for synchroniZation is inputted. 

3. A method of testing a semiconductor integrated circuit 
comprising a logic circuit containing a combinational logic 
element, a ?rst scan register having an output side connected 
to an input side of the logic circuit, and a second scan 
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register having an input side connected to an output side of 
the ?rst logic circuit, Whereby a signal path betWeen the ?rst 
and second scan registers is tested for a mis-operation 
resulting from a data retention error associated With data 
held by the second scan register, the method comprising the 
steps of: 

preparing a test pattern to be inputted to the signal path; 

selecting a scan path containing the ?rst and second scan 
registers; 

performing a scan-in operation With respect to the 
selected scan path to input the test pattern to the scan 
path; 

performing a capture operation With respect to the scan 
path by using one pulse of a clock signal for synchro 
niZation to input, to the scan path, a propagation signal 
propagating along the signal path and activated imme 
diately before and after the one pulse; and 

performing a scan-out operation With respect to the scan 
path to output, from the second scan register, the 
propagation signal as a result of the testing. 


