
(19) United States 
US 20050204240A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0204240 A1 
Watanabe (43) Pub. Date: Sep. 15, 2005 

(54) TEST DATA GENERATING SYSTEMAND (52) U.S. Cl. .............................................................. 714/738 
METHOD TO TEST HIGH-SPEED ACTUAL 
OPERATION 

(76) Inventor: Hitoshi Watanabe, Kawasaki (JP) (57) ABSTRACT 
Correspondence Address: 
STAAS & HALSEY LLP 
SUTE 700 
1201 NEW YORKAVENUE, N.W. 
WASHINGTON, DC 20005 (US) 

(21) Appl. No.: 11/108,816 

(22) Filed: Apr. 19, 2005 

Related U.S. Application Data 

(62) Division of application No. 10/352.986, filed on Jan. 
29, 2003. 

(30) Foreign Application Priority Data 

Jul. 7, 1999 (JP)........................................... 11-193707 

Publication Classification 

(51) Int. Cl." .......................... G11C 29/00; G06F 11/00; 
GO1R 31/28 

SEMULATION 
DAAFILE 

TESTDATA 
CPU GENERATING 

SYSTEM 

A test data generating System and method to conduct high 
Speed operation (actual operation) test of an LSI using a 
tester. The System converts existing Simulation data to 
high-speed operation verifying test data which is formed to 
obtain a predetermined output expectation value after a 
clock signal is stopped for a predetermined period. The test 
data generating System includes a Selecting device to Select 
first output expectation values from Simulation data and an 
inserting device to insert output expectation values, which 
are identical to a predetermined number of the first expec 
tation values, after the first output expectation values. The 
System also inserts an input pattern, which is identical to a 
predetermined number of the input patterns, after the input 
pattern corresponding to the first output expectation value. A 
replacing device replaces the predetermined output expec 
tation values of the Simulation data with third output expec 
tation values, and a Setting device Sets the first output 
expectation values to Second output expectation values 
determined from the Simulation databased on the predeter 
mined number or the third output expectation values. 
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TEST DATA GENERATING SYSTEMAND 
METHOD TO TEST HIGH-SPEED ACTUAL 

OPERATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims priority 
of Japanese Patent Application No. 11-193707, filed Jul. 7, 
1999, the contents being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a large-scale-inte 
grated circuit (LSI) test data generating System and method. 
More particularly, the present invention relates to a test data 
generating System to perform testing of high-speed opera 
tion (actual operation) of an LSI with automatic test equip 
ment (ATE) using high-speed operation verifying test data. 
0004 2. Description of the Related Art 
0005 Various LSI testing techniques are known. For 
example, a “function test” technique is known in which the 
operation of the LSI is tested by directly using a function test 
pattern (i.e., a test pattern for Simulation) for automatic test 
equipment (ATE). 
0006 An advantage of the function test technique is that 
generation of a new test circuit and a new test pattern are not 
required because the test pattern which is used for Simula 
tion is used directly. A disadvantage of the function test 
technique is that is impossible to realize a high-speed test 
(actual operation) because delay of input signals and output 
Signals becomes large as a result of the capacitance of a 
probe pin and a board on the tester. In particular, the input 
Signal and output Signal are dulled to a large extent. 
0007 Another conventional LSI testing technique is the 
BIST technique. The BIST technique tests operation of an 
LSI device using a data generator and a data compressor 
built into a chip. A circuit to be tested is arranged between 
the data generator and the data compressor. Data is input to 
the circuit to be tested from the data generator and the data 
compressor receives an output from the circuit to be tested. 
0008 High speed operation (actual operation) can be 
tested using the BIST technique by Setting an input clock 
Signal to the clock signal of the high-speed operation (actual 
operation). Moreover, the data compressor allows the test to 
be made efficiently. 
0009. However, when using the BIST technique, the 
entire circuit is defined as the test object. Therefore, a test 
must be conducted for the entire circuit, even for the part of 
the circuit which does not require the test. As a result, the 
time required to perform the test increases. The part of the 
circuit which does not require the test is, for example, a part 
which does not require the high-speed operation (actual 
operation) test and a part to which a plurality of flip-flop 
(FF) circuits are connected. For these parts which do not 
require the test, it is adequate to latch data with the final 
Stage FF circuit, and therefore an accurate timing margin is 
not required for the FF circuits of the stages other than the 
final Stage. Moreover, when using the BIST technique, chip 
area increases because the data generator and data compres 
sor must be built into the chip. 
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0010 Another LSI testing technique is the “path test” 
technique. According to the path test technique, the Setup 
timing and hold timing among flip-flop (FF) circuits are 
Verified by using FF circuits for Scanning. By operating the 
FF circuit for Scanning to which a predetermined value is 
Set, it can be verified whether or not data is latched accu 
rately in the FF circuit for Scanning in the next Stage. 
0011. The path test technique allows high-speed opera 
tion (actual operation) to be tested by operating the FF 
circuit for Scanning with a clock Signal corresponding to the 
high-speed operation (actual operation). However, because a 
large number of paths are provided among FF circuits, the 
time required for testing increases, and it is impossible to 
test the paths among all FF circuits. Moreover, the chip area 
increases because the chains of FF circuits for Scanning the 
data must be built into the chip. 
0012 Yet another LSI circuit testing technique performs 
testing using a ring oscillating circuit. More specifically, the 
LSI operation test is conducted by providing a ring oscil 
lating circuit within a chip. Operations of the LSI circuit can 
be verified by obtaining an output result of the LSI in 
Synchronization with an output frequency of the ring oscil 
lating circuit. 
0013 Testing using the ring oscillating circuit allows 
high-speed operation (actual operation) to be tested by 
Setting the output frequency of the ring Oscillating circuit to 
the frequency of the high-Speed operation. 

0014. However, the ring oscillating circuit test is an 
indirect LSI operation test because the LSI operation test is 
not conducted with the clock signal Supplied to the LSI. 
Specifically, operation of the LSI is only verified from the 
external Side in Synchronization with the output frequency of 
a ring oscillating circuit. Moreover, the chip area also 
increases because the ring Oscillating circuit must be built 
into the chip. 
0015 Thus, in Summary, the conventional LSI testing 
techniques result in the following problems: (1) the function 
test technique does not allow high-speed operation (actual 
operation) to be tested with the tester (ATE). Moreover, even 
when the high-speed operation (actual operation) can be 
tested without use of a tester (ATE), (2) the test time 
increases, and (3) the chip area increases. 
0016. Therefore, an LSI testing technique is needed 
which can test high-speed operation (actual operation) with 
out resulting in an increase in test time and chip area. 

SUMMARY OF THE INVENTION 

0017. It is an object of the present invention to provide an 
LSI circuit testing System and method which overcomes the 
above-noted problems of the conventional testing tech 
niques. 

0018 Objects and advantages of the present invention are 
achieved in accordance with embodiments of the present 
invention with a Selecting device to Select a first output 
expectation value corresponding to an input value from 
Simulation data; an inserting device to insert a predeter 
mined number of output expectation values, which are 
identical to the first output expectation value, after the first 
output expectation value, and to insert a predetermined 
number of input values, which are identical to the input 
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value, after the input value corresponding to the first output 
expectation value; a replacing device to replace the prede 
termined number of output expectation values of the Simu 
lation data with third output expectation values, and a Setting 
device to Set the first output expectation value to a Second 
output expectation value determined from the Simulation 
databased on the predetermined number or the third output 
expectation values. 
0019. In accordance with embodiments of the present 
invention, the predetermined number is a number of cycles 
during which a clock signal is stopped. 
0020. In accordance with embodiments of the present 
invention, the third output expectation value is a don’t care 
pattern. 

0021. In accordance with embodiments of the present 
invention, the number of cycles to Stop the clock signal is 
determined based on capacitance of elements of a tester. 
0022. In accordance with embodiments of the present 
invention, the number of cycles to Stop the clock signal is 
determined on the basis of the operating conditions of an 
LSI. 

0023. In accordance with embodiments of the present 
invention, the first output expectation value is Selected for 
every predetermined cycle. 

0024. In accordance with embodiments of the present 
invention, the Second output expectation value corresponds 
to a last cycle in the number of cycles during which the clock 
Signal is Stopped. 

0.025 In accordance with embodiments of the present 
invention, the test data generating System further comprises 
a Strobe timing generating device to generate a Strobe timing 
to Set an output expectation value for the Selected output 
expectation value, wherein the Strobe timing is Set after the 
leading edge of the clock signal. 
0026. In accordance with embodiments of the present 
invention, the Second output expectation value corresponds 
to clock cycles after the number of clock cycles during 
which the clock signal is stopped. 
0027. In accordance with embodiments of the present 
invention, the test data generating System further comprises 
a Strobe timing generating device to generate a Strobe timing 
to Set an output expectation value for the Selected output 
expectation value, wherein the Strobe timing is set before the 
leading edge of the clock signal. 
0028 Objects and advantages of the present invention are 
achieved in accordance with embodiments of the present 
invention with a Semiconductor integrated circuit, compris 
ing a high-speed operation verifying control terminal; and a 
System clock control circuit to Stop a clock signal for a 
predetermined period based on a control Signal input to the 
high-Speed operation Verifying control terminal, wherein a 
test is conducted on a tester with test data which is formed 
to obtain a predetermined output expectation value after the 
clock signal is stopped for the predetermined period. 
0029 Objects and advantages of the present invention are 
achieved in accordance with embodiments of the present 
invention with a test data generating System, comprising 
means for Selecting a first output expectation value from 
Simulation data, the first output expectation value corre 
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sponding to an input value; means for inserting a predeter 
mined number of output expectation values, which are 
identical to the first output expectation value, after the first 
output expectation value; means for inserting a predeter 
mined number of input values, which are identical to the 
input value, after the input values corresponding to the first 
output expectation value; means for replacing the predeter 
mined number of output expectation values of the Simulation 
data with third output expectation values, and means for 
Setting a Second output expectation value determined from 
Said Simulation data to Said first output expectation value 
based on the predetermined number or said third output 
expectation values. 

0030 Objects and advantages of the present invention are 
achieved in accordance with embodiments of the present 
invention with a computer readable Storage medium 
encoded with processing instructions for implementing a test 
data generating method with a computer, the method com 
prising Selecting a first output expectation value from Simu 
lation data, the first output expectation value corresponding 
to an input value; inserting a predetermined number of 
output expectation values, which are identical to the first 
output expectation value, after the first output expectation 
value; inserting a predetermined number of input values, 
which are identical to the input value, after the input values 
corresponding to the first output expectation value; replacing 
the predetermined number of output expectation values of 
the Simulation data with third output expectation values, and 
Setting a second output expectation value determined from 
Said Simulation data to Said first output expectation value 
based on the predetermined number or said third output 
expectation values. 

0031 Objects and advantages of the present invention are 
achieved in accordance with embodiments of the present 
invention with a test data generating method, comprising 
Selecting a first output expectation value from Simulation 
data, the first output expectation value corresponding to an 
input value; inserting a predetermined number of output 
expectation values, which are identical to the first output 
expectation value, after the first output expectation value; 
inserting a predetermined number of input values, which are 
identical to the input value, after the input values corre 
sponding to the first output expectation value; replacing the 
predetermined number of output expectation values of the 
Simulation data with third output expectation values, and 
Setting a Second output expectation value determined from 
Said Simulation data to Said first output expectation value 
based on the predetermined number or said third output 
expectation values. 

0032. In accordance with the present invention, the test 
data generating System provides easy testing of high-speed 
operation (actual operation) of an LSI using automatic test 
equipment (ATE) without resulting in an increase of test 
time and chip area. 

0033. In accordance with the present invention, the fol 
lowing advantageous effects are attained. A high-speed 
operation (actual operation) test can be conducted with the 
tester (ATE) using high-speed operation verifying test data 
which takes into considered delay of input Signals and 
output signals as a result of capacitance of a probe pin and 
a board of the tester. Because only the pattern for Simulation 
is converted to the high-speed operation verifying test data, 
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the data for testing high-speed operation (actual operation) 
can be obtained easily and the test period can also be 
reduced. Further, because a chip in accordance with the 
present invention comprises only a System clock control 
circuit for controlling the clock Signal and a high-speed 
operation verifying control terminal (clock enable terminal), 
test can be conducted without increasing the chip area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034. These and other objects and advantages of the 
present invention will become more apparent and more 
readily appreciated from the following description of the 
preferred embodiments, taken in conjunction with the 
accompanying drawings of which: 

0.035 FIG. 1 is a block diagram of a test data generating 
System in accordance with embodiments of the present 
invention. 

0.036 FIG. 2 is an explanatory diagram of operation of 
the test data generating System in accordance with embodi 
ments of the present invention. 
0037 FIG. 3 is a timing diagram illustrating how delay 
between input data and output data differS depending on 
condition data in accordance with embodiments of the 
present invention. 
0.038 FIG. 4A is a high-speed operation verifying test 
data generation circuit in accordance with a first preferred 
embodiment of the present invention. 
0.039 FIG. 4B is a timing diagram of the simulation data 
generated by the circuit shown in FIG. 4A in accordance 
with the first preferred embodiment of the present invention. 
0040 FIGS. 5A-5E are timing diagrams illustrating 
respective operations performed by the devices shown in 
FIG. 2 in accordance with the first preferred embodiment of 
the present invention. 

0041 FIGS. 6A and 6B are diagrams illustrating the 
Setting of Strobe timing in accordance with the first preferred 
embodiment of the present invention. 

0042 FIGS. 7A and 7B illustrate the high speed opera 
tion verifying test data generation circuit in accordance with 
a Second preferred embodiment of the present invention. 

0.043 FIG. 8A illustrates simulation data of the circuit 
shown in FIG. 7A in accordance with the second preferred 
embodiment of the present invention. 

0044 FIG. 8B illustrates high-speed operation verifying 
test data in accordance with the Second preferred embodi 
ment of the present invention. 

004.5 FIG. 9A illustrate a high-speed operation verifying 
test data generation circuit in accordance with a third 
preferred embodiment of the present invention. 

0046 FIG.9B illustrates the setting of the period to stop 
the clock Signal in accordance with the third preferred 
embodiment of the present invention. 

0047 FIGS. 10A and 10B illustrate system clock control 
circuits in accordance with embodiments of the present 
invention. 
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0048 FIG. 11A illustrates simulation data of the circuit 
shown in FIG. 9A in accordance with the third preferred 
embodiment of the present invention. 
0049 FIG. 11B illustrates high-speed operation verify 
ing test data generated by the circuit shown in FIG. 9A in 
accordance with the third preferred embodiment of the 
present invention. 
0050 FIGS. 12A and 12B illustrate a high-speed opera 
tion verifying test data generating circuit in accordance with 
a fourth preferred embodiment of the present invention. 
0051 FIGS. 13A and 13B illustrate a high-speed opera 
tion verifying test data generating circuit in accordance with 
a fifth preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0052 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings, 
wherein like reference numerals refer to like elements 
throughout. 

0053 A test data generating system and method in accor 
dance with embodiments of the present invention will be 
described first below with reference to FIGS. 1.-3. 

0054 FIG. 1 is a block diagram of a test data generating 
System for generating high-speed operation verifying test 
databased on Simulation data for an LSI in accordance with 
embodiments of the present invention. As shown in FIG. 1, 
a simulation data file 1 and a condition data file 2 are input 
to a test data generating System 4, a process cycle is 
performed under the control of a CPU 5, and high-speed 
operation verifying test data is output to a high-speed 
operation verifying test data file 3. Moreover, in accordance 
with the test data generating System 4 of the present inven 
tion, a dialog with a designer is possible through an image 
displayed on a display 6. 
0055. Furthermore, embodiments of the present inven 
tion may be achieved with a computer readable Storage 
medium, such as semiconductor memory (RAM, ROM), 
floppy disk (FD), hard disk (HD), optical disk (CD, DVD), 
magneto-optical disk (MO, MD), magnetic tape or the like, 
encoded with processing instructions to implement a test 
data generation method. 
0056 FIG. 2 is an explanatory diagram of the operation 
of the Semiconductor test data generating System for gener 
ating high-speed operation verifying test data based on the 
Simulation data for an LSI in accordance with embodiments 
of the present invention. 
0057. As shown in FIG. 2, simulation data 1 and condi 
tion data 2 are input to the Semiconductor test data gener 
ating System. The Simulation data 1 is data for Simulation of 
the LSI. The contents of the simulation data 1 in accordance 
with embodiments of the present invention will be described 
in more detail hereinbelow. The condition data2 is condition 
data for generating high-Speed operation verifying test data. 
The condition data 2 is required to determine a degree of 
delay between input of an input signal and output of an 
output Signal resulting from the input of the input Signal. The 
condition data 2 includes at least the following two kinds of 
information: (1) information about the capacitance of probe 
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pins and a board on the tester; and (2) information about 
operating conditions, Such as temperature, process, power 
Supply Voltage, or the like. 
0.058. The information about the capacitance of the probe 
pins and board is required to determine an amount of delay 
(amount of dullness) between an input signal and an output 
Signal as a result of the capacitance of the probe pin and 
board on the tester. The information about operating condi 
tions is required to determine the amount of delay of Signal 
propagation within the LSI. 
0059 FIG. 3 is a timing diagram illustrating how delay 
bewteen input data and output data differS depending on 
condition data, in accordance with embodiments of the 
present invention. The timing diagram in FIG. 3 demon 
Strates why the condition data about the capacitance of the 
probe pins and board on the tester is required. 
0060. As shown in FIG. 3, CLK designates a clock 
Signal; IN designates an input test pattern; OUT1 designates 
an output expectation value output under the best operating 
conditions (hereinafter referred to as “best case”); and 
OUT2 designates an output expectation value output under 
the worst operating conditions (hereinafter referred to as 
“worst case”). 
0061. When the operating condition is the best case, the 
corresponding output expectation value OUT1 can be 
obtained in the same cycle as the test pattern input cycle. AS 
shown in FIG. 3, in the case of OUT1, the output data B1 
for the input test data A1 can be obtained during the same 
cycle. 
0062) When the operating condition is the worst case, the 
corresponding output expectation value OUT2 cannot be 
obtained in the same cycle as the test pattern input cycle, and 
the output data OUT2 is obtained during the next cycle. As 
shown in FIG. 3, in the case of OUT2, the output data B1 
for the input test data A1 can be obtained during the next 
cycle. 
0.063 AS described above, delay of input data is different 
depending on the operating conditions. Therefore, it is 
necessary to detect an accurate amount of delay of the input 
data under the respective operating conditions. 
0.064 Referring to FIG. 2, an expectation value selecting 
device 7 Selects an output expectation value to be verified at 
the time of high-speed operation (actual operation) test. That 
is, the expectation value Selecting device 7 Selects an output 
expectation value to be compared with an output result of the 
LSI. An expectation value inserting device 8 stops the clock 
Signal CLK for a predetermined period. An expectation 
value converting device 9 replaces the output expectation 
value with a "don't care” pattern (i.e., an X pattern) indi 
cating that the output expectation value can be either a 
logical “1” or “0”. An expectation value setting device 10 
Sets the predetermined output expectation value to the output 
expectation value Selected by the expectation value Selecting 
device 7. 

0065. The expectation value selecting device 7, expecta 
tion value inserting device 8, expectation value converting 
device 9 and expectation value setting device 10 will be 
described in detail hereinbelow. 

0.066 The high-speed operation verifying test data 3 is 
capable of testing the high-speed operation (actual opera 
tion) of an LSI with the automatic test equipment (ATE). 
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0067. A first preferred embodiment of the present inven 
tion will now be described below with reference to FIGS. 
4A and 4.B. In accordance with the first preferred embodi 
ment of the present invention, the circuit illustrated in FIG. 
4A generates high-Speed operation verifying test data. 
0068 The high-speed operation verifying test data gen 
eration circuit illustrated in FIG. 4A comprises a data input 
terminal 100, an input buffer 101, an output terminal 102, an 
output buffer 103, a combination circuit 104, a clock termi 
nal 105, a clock buffer 106, and a plurality of flip-flop FF 
circuits (FF 107, FF 108, . . . , FF 107+N, where N is a 
positive integer). The circuit illustrated in FIG. 4A is a 
Simplified circuit diagram. Generally, in accordance with the 
present invention, the high-Speed operation verifying test 
data generation circuit includes a plurality of data input 
terminals 100, input buffers 101, output buffers 103 and 
output terminals 102. Moreover, the combination circuit 104 
is shown in FIG. 4A as only one circuit. However, the 
combination circuit 104 may include a plurality of combi 
nation circuits 104. 

0069. A clock signal CLK is supplied to the clock ter 
minal 105 from outside of the chip being tested and the clock 
signal is supplied to each FF (FF 107 to FF 107+N) from the 
clock terminal 105. 

0070 FIG. 4B illustrates the simulation data generated 
by the circuit shown in FIG. 4A in accordance with the first 
preferred embodiment of the present invention. AS Shown in 
FIG. 4B, CLK designates a clock signal; IN designates an 
input test pattern; and OUT designates an output expectation 
value. In performing a simulation operation, the LSI is tested 
by inputting the test pattern described in the input test 
pattern IN to the input terminal 100 and comparing the 
pattern output from the output terminal 102 of the LSI with 
the output expectation value OUT. In accordance with the 
first preferred embodiment of the invention, it is a precon 
dition that the low-speed operation of the LSI is normally 
tested with the simulation data illustrated in FIG. 4B by the 
tester (ATE). 
0071. The high-speed operation verifying test data is 
generated based on the simulation data shown in FIG. 4B in 
accordance with the flow of the Semiconductor test data 
generating System illustrated in FIG. 2. 
0072 FIGS. 5A-5E are timing diagrams illustrating 
respective operations performed by the devices of the test 
data generating System shown in FIG. 2. 
0073 FIG. 5A is a timing diagram illustrating an opera 
tion performed by the expectation value Selecting device 7 
in accordance with the first preferred embodiment. The 
expectation value Selecting device 7 Selects the output 
expectation value OUT to be verified (that is, the output 
expectation value to be compared with the output result of 
the LSI) at the time of high-speed operation test (actual 
operation test). The output expectation value OUT can be 
freely selected. In accordance with the first preferred 
embodiment of the invention, the output expectation value 
OUT is Selected at a constant interval, Specifically, at every 
constant number of cycles. As shown in FIG. 5A, the output 
expectation value OUT to be verified is selected every three 
cycles, and the Selected output expectation value OUT is B2, 
B5, B8, . . . . 
0074 FIG. 5B illustrates the operation performed by the 
expectation value inserting device 8 in accordance with the 



US 2005/0204240 A1 

first preferred embodiment of the invention. As shown in 
FIG. 5B, the expectation value inserting device 8 stops the 
clock signal CLK for a predetermined period. The prede 
termined period for Stopping the clock signal CLK is 
referred to as the number of Stop cycles. In accordance with 
the first preferred embodiment of the invention, the number 
of Stop cycles is equal to a value obtained by Subtracting one 
(1) from the constant number of cycles in which the output 
expectation value is Selected. 
0075) When the clock signal is stopped, a change of 
Signal conditions in the LSI also stops. Therefore, the output 
expectation value OUT and input pattern IN do not change 
during the predetermined period during which the clock 
Signal is stopped. That is, the output expectation value OUT 
and the input pattern IN do not change during a time period 
equal to the number of Stop cycles passing after the clock 
Signal Stops. The output expectation value OUT and input 
pattern IN when the clock signal CLK Stops are maintained 
unchanged. Therefore, the same output expectation value 
OUT is inserted for the number of stop cycles immediately 
after the selected output expectation value OUT. Moreover, 
the same input pattern IN is inserted for the number of stop 
cycles immediately after the input pattern IN corresponding 
to the Selected output expectation value. 
0.076 The number of stop cycles corresponds to a delay 
during the period until the output signal corresponding to the 
input Signal is output. Because the delay of the output Signal 
depends on various conditions during the test period, the 
output signal corresponding to the input Signal cannot be 
obtained during the predetermined cycle. Therefore, the 
output signal corresponding to the input Signal can be 
obtained by Stopping the clock for the period equal to the 
delay of the output signal (i.e., by Stopping the change of 
Signal conditions in the LSI). The number of stop cycles is 
determined by the information (condition data) from the 
condition data file 2. 

0077. As shown in FIG. 5B, the clock signal CLK is 
changed Such that it is stopped for two cycles after every 
three cycles of operation. The same output expectation value 
B2 is inserted in the output expectation value OUT twice 
after the Selected output expectation value B2, and the same 
output expectation value B5 is inserted twice after the 
Selected output expectation value B5. The same input pattern 
A2 is inserted in the input pattern IN twice after the input 
pattern A2 corresponding to the Selected output expectation 
value, and the same input pattern A5 is inserted twice after 
the input pattern A5 corresponding to the Selected output 
expectation value. 

0078 FIG. 5C illustrates the operation performed by the 
expectation value converting device 9 in accordance with 
embodiments of the present invention. The expectation 
value converting device 9 replaces the output expectation 
value OUT with a “don’t care” pattern (X pattern). 
007.9 FIG. 5D and FIG. 5E illustrate the operation 
performed by the expectation value setting device 10 in 
accordance with embodiments of the present invention. The 
expectation value Setting device 10 Sets the predetermined 
output expectation value to the output expectation value 
Selected by the expectation value Selecting device 7. 
0080. The output expectation value to which the selected 
output expectation value should be set differS depending on 
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the Setting of the Strobe timing. The Strobe timing is the 
timing for comparing the output expectation value with an 
output result of the LSI. The strobe timing to be set during 
one cycle can be classified into the following two cases. In 
a first case, the Strobe timing is Set preceding the leading 
edge of the clock cycle. In a Second case, the Strobe timing 
is Set after the leading edge of clock cycle. 
0081. The two cases for setting strobe timing will be 
explained in more detail below. Setting of the Strobe timing 
preceding the leading edge of the clock signal CLK will be 
described first below with reference to FIGS. 6A and 6B. 

0082. As shown in FIG. 6A and FIG. 6B, the strobe 
timing preceding the leading edge of the clock Signal CLK 
is indicated by T1. The strobe timing T1 is set preceding the 
rising edge, which is the leading edge, of the clock signal 
CLK. As shown in FIG. 6A, the input pattern A2 of cycle 
C2 is not yet read at the strobe timing T1. Therefore, the 
output expectation value OUT does not change, and is 
maintained as the output expectation value B1 correspond 
ing to the input pattern A1 of the preceding cycle C1. 

0083. As shown in FIG. 6B, the clock signal of the third 
cycle is stopped. More particularly, in FIGS. 6A and 6B, 
CKEN designates a signal input to a high-Speed operation 
verfying control terminal (clock enable terminal) having the 
role to Stop the clock signal. 
0084. As described above, the output expectation value at 
the Strobe timing T1 corresponds to the input pattern of the 
preceding cycle. Therefore, the output expectation value 
(i.e., the output expectation value to be compared with the 
output result of the LSI) obtained at the strobe timing T1 
during the period when the clock is in the Stop condition is 
B1. In this case, the high-Speed operation verifying test data 
becomes OUTT1, as shown in FIG. 6B. 

0085. Setting of the strobe timing after the leading edge 
of the clock signal CLK will now be described with refer 
ence to FIGS. 6A and 6B. As shown in FIG. 6A, the strobe 
timing after the leading edge of the clock Signal is indicated 
as T2. The Strobe timing T2 is set after the rising edge, which 
is the leading edge, of the clock signal CLK. At the Strobe 
timing T2, the input pattern of the cycle C2 is already read. 
Therefore, the output expectation value is changed to the 
output expectation value B2 corresponding to the input 
pattern A2 of cycle C2 from the output expectation value B1 
corresponding to the input pattern A1 of the preceding cycle 
C1. 

0086 The output expectation value at the strobe timing 
T2 corresponds to the input pattern of the current cycle (i.e., 
cycle at the Strobe timing). Therefore, the output expectation 
value (output expectation value to be compared with the 
output result of the LSI) obtained at the strobe timing T2 
during the period when the clock signal is in the Stop 
condition is B2. In this case, the high-Speed operation 
verifying test data becomes OUTT2, as shown in FIG. 6B. 
0087 As described above, the high-speed operation veri 
fying test data is different depending on different Setting of 
the strobe timing. The principle illustrated in FIG. 6A and 
FIG. 6B must be reflected on generation of the high-speed 
operation verifying test data. 

0088 FIG.5D illustrates the setting of the output expec 
tation value when the Strobe timing is Set preceding the 
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leading edge of the clock signal. FIG. 5E illustrates the 
Setting of the output expectation value when the Strobe 
timing is Set after the leading edge of the clock signal. 
0089. As shown in FIG. 5D, the output expectation value 
at the Strobe timing is the output expectation value B1 
corresponding to the input pattern A1 of the preceding cycle 
C1. Therefore, the output expectation value at the strobe 
timing in the period where the clock Signal is in the Stop 
condition is considered to be B1, and the output expectation 
value at the Strobe timing during the cycle C3 after the clock 
Signal is in the Stop condition becomes B2. 
0090 Therefore, the output expectation value corre 
sponding to the cycle C3 after the clock signal is in the Stop 
condition is set to the output expectation value B2 Selected 
by the expectation value Selecting device 7. AS shown in 
FIG. 5D, the output expectation value corresponding to the 
cycle C3 is Set to B2 and the output expectation value 
corresponding to the cycle C6 is set to B5. 
0091. As shown in FIG. 5E, the output expectation value 
at the Strobe timing is B2 corresponding to the input pattern 
A2 of the current cycle C2 (i.e., cycle at time of Strobe 
timing). Therefore, the output expectation value at the Strobe 
timing during the period where the clock Signal is in the Stop 
condition is considered to be B2. 

0092. Therefore, the output expectation value corre 
sponding to the last cycle during the period where the clock 
Signal is in the stop condition is set to the output expectation 
value B2 Selected by the expectation value Selecting device 
7. As shown in FIG. 5E, the output expectation value 
corresponding to the cycle C2 is set to B2, and the output 
expectation value corresponding to the cycle C5 is set to B5. 

0093. In accordance with the first preferred embodiment 
of the present invention, after all output expectation values 
are replaced with the don't care pattern (X pattern), the 
predetermined output expectation value is Set to the Selected 
output expectation value. However, it is also possible to 
perform the process for Setting the predetermined output 
expectation value to the Selected expectation value first, and 
to thereafter perform the process for converting the other 
expectation values to the X pattern. That is, the Sequence of 
operation of the expectation value converting device 9 and 
expectation value Setting device 10 are interchanged. 

0094. A second preferred embodiment of the present 
invention will now be described below with reference to 
FIG. 7A. In accordance with the second preferred embodi 
ment of the present invention, the circuit shown in FIG. 7A 
generates high-speed operation verifying test data. The 
circuit shown in FIG. 7A generates the high-speed operation 
Verifying test data in the case that the Strobe timing is Set 
after the leading edge of the clock. 
0.095 The operation for generating the high-speed opera 
tion verifying test data in accordance with the Second 
preferred embodiment of the present invention is same as the 
operation for generating the high-Speed operation verifying 
test data in accordance with the first preferred embodiment 
of the invention. More Specifically, the high-Speed operation 
Verifying test data is generated by the operation of the test 
data generating System illustrated in FIG. 2. 

0096. In accordance with the second preferred embodi 
ment of the present invention shown in FIG. 7A, the clock 
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Signal is generated within the chip and is then Supplied. In 
contrast, in accordance with the first preferred embodiment 
of the present invention shown in FIG. 4A, the clock signal 
is Supplied from the outside of the chip. More specifically, 
in accordance with the first preferred embodiment of the 
present invention, the control for Stopping the clock signal 
for the predetermined period is executed easily from exter 
nally of the chip. 
0097 However, in accordance with the second preferred 
embodiment of the present invention, the control for Stop 
ping the clock signal for the predetermined period is not 
executed from externally of the chip. Therefore, in accor 
dance with the Second preferred embodiment of the present 
invention, a high-Speed operation verifying control terminal 
(i.e., a clock enable terminal) and a System clock control 
circuit are provided within the chip in order to control the 
clock signal. 
0098. As shown in FIG. 7A, the high-speed operation 
Verifying test data generating circuit comprises a data input 
terminal 200 (IN), an input buffer 201, an output terminal 
202 (OUT), an output buffer 203, a combination circuit 204, 
a clock generator 205, a clock buffer 206, a high-speed 
operation verifying control terminal 207 (CKEN) (i.e., a 
clock enable terminal), a clock buffer 208, a system clock 
control circuit 209 and a plurality of flip-flop FF circuits (FF 
220, FF 221,..., FF 220+N, where N is a positive integer). 
The circuit illustrated in FIG. 7A is a simplified represen 
tation. However, in accordance with embodiments of the 
present invention, the high-Speed operation verifying test 
data generating circuit preferably comprises a plurality of 
data input terminals 200, input buffers 201, output buffers 
203 and output terminals 202. Moreover, the combination 
circuit 204 is also represented by only one circuit for 
convenience. However, the combination circuit 204 may 
comprise a plurality of combination circuits. 
0099. In accordance with the second preferred embodi 
ment of the present invention, an enable signal (a “1” Signal) 
is Supplied to the high-speed operation verifying control 
terminal 207 (clock enable terminal) for operating the clock 
Signal and a disable signal (a “0” signal) is Supplied to the 
high-speed operation verifying control terminal 207 for 
Stopping the clock signal. 

0100 FIG. 7B illustrates the system clock control circuit 
209 in accordance with the second preferred embodiment of 
the present invention. The system clock control circuit 209 
comprises an AND gate 250 with two input terminals and 
one output terminal. The high Speed operation verifying 
control signal (clock enable signal) CKEN is Supplied to one 
input terminal of AND gate 250, and the clock signal CLK 
is Supplied to the other input terminal. When the high-speed 
operation verifying control Signal CKEN is a disable Signal 
(a “0” signal), a “0” signal is output from the output terminal 
of the AND gate 250, that is, from the output terminal of the 
system clock control circuit 209, without relation to content 
of the clock signal CLK. When the enable signal is a “0” 
Signal and the disable Signal is a “1” Signal, an OR gate is 
used in the system clock control circuit 209. 
0101 FIG. 8A illustrates simulation data of the circuit 
shown in FIG. 7A in accordance with the second preferred 
embodiment of the invention. The simulation data shown in 
FIG. 8A is almost identical to the simulation data shown in 
FIG. 4B in accordance with the first preferred embodiment, 
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except the Simulation data of the Second preferred embodi 
ment includes a high-speed operation verifying control 
signal CKEN. As shown in FIG. 8A, because the clock 
Signal CLK is always operating in the Simulation data, the 
enable signal (“1” Signal) is Supplied as the high-speed 
operation verifying control signal CKEN (clock enable 
terminal) to operate the clock signal. 
0102 FIG. 8B illustrates the high-speed operation veri 
fying test data of the circuit shown in FIG. 7A in accordance 
with the second preferred embodiment of the invention. The 
data shown in FIG. 8B is almost identical to the high-speed 
operation Verifying test data generated by the first preferred 
embodiment of the present invention, as shown in FIG. 5E. 
The high-Speed operation verifying test data of the Second 
preferred embodiment is different from the high-speed 
operation verifying test data of the first preferred embodi 
ment of the present invention in that the data includes a 
high-speed operation verifying control Signal CKEN (clock 
enable signal). In the high-speed operation verifying test 
data, the enable signal (“1” Signal) is Supplied to the 
high-speed operation verifying control terminal 207 (clock 
enable terminal) during the period when the clock signal 
CLK is in the operating condition and the disable signal (“0” 
Signal) is Supplied to the high-speed operation verifying 
control terminal 207 during the period when the clock signal 
is in the Stop condition. 
0103) A third preferred embodiment of the present inven 
tion will now be described below with reference FIGS. 9A 
and 9B. In accordance with the third preferred embodiment 
of the present invention, the circuit shown in FIG. 9A 
generates the high-Speed operation verifying test data. 
Moreover, the high-speed operation Verifying test data is 
generated in the case that the Strobe timing is Set after the 
leading edge of the clock signal. 
0104. The operation to generate the high-speed operation 
Verifying test data in accordance with the third preferred 
embodiment of the present invention is identical to the 
operation to generate the high-speed operation Verifying test 
data in accordance with the first preferred embodiment of 
the present invention. That is, the high-speed operation 
Verifying test data is generated in accordance with the 
operation of the test data generation System illustrated in 
FIG. 2. 

0105 However, in accordance with the third preferred 
embodiment of the present invention, a plurality of clock 
Signals CLK1, CLK2 are Supplied to the high-Speed opera 
tion verifying test data generating circuit shown in FIG. 9A 
from the outside of the chip. In contrast, the circuit in 
accordance with the first preferred embodiment of the inven 
tion (circuit of FIG. 4A) has one clock signal supplied from 
the outside of the chip. Therefore, the period to stop the 
clock signal is limited. Limitation on Setting of the period to 
Stop the clock signal will be described below after expla 
nation of the high-speed operation verifying test data gen 
eration circuit in accordance with the third preferred 
embodiment of the present invention. 
0106 As shown in FIG. 9A, the high-speed operation 
Verifying test data generating circuit comprises a data input 
terminal 300, an input buffer 301, an output terminal 302, an 
output buffer 303, a combination circuit 304, a first clock 
terminal 305, a second clock terminal 306, a first clock 
buffer 307, a second clock buffer 308, a high-speed opera 
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tion verifying control terminal (clock enable terminal) 309, 
a third clock buffer 310, a system clock control circuit 311, 
a first AND gate 312 and a second AND gate 313 forming 
the system clock control circuit 311, a plurality of first 
flip-flops FF (FF 340, FF 341,..., FF 340+N, where N is 
a positive integer) and a plurality of second flip-flops FF (FF 
350, FF 351,..., FF 350+N, where N is a positive integer). 
The circuit shown in FIG. 9A is a simplified representation. 
However, the high-Speed operation verifying test data gen 
erating circuit in accordance with the third preferred 
embodiment generally comprises a plurality of input termi 
nals 300, input buffers 301, output buffers 303 and output 
terminals 302. Moreover, the one combination circuit 304 
shown in FIG. 9A represents all circuits included in the 
combination circuit 304. 

0107. In accordance with the third preferred embodiment 
of the present invention, the plurality of clock signals CLK1, 
CLK2 are supplied from an external circuit. However, the 
plurality of clock signals must be Stopped simultaneously. 
Therefore, in a manner Similar to the Second preferred 
embodiment of the present invention, the high-Speed opera 
tion verifying control terminal (clock enable terminal) 309 
and system clock control circuit 311 are provided within a 
chip to control the clock signals. The System clock control 
circuit 311 comprises a plurality of AND gates 312, 313 to 
control the plurality of clock Signals. 
0108. In accordance with the third preferred embodiment 
of the present invention, an enable signal (“1” Signal) is 
Supplied to the high-speed operation verifying control ter 
minal 309 (clock enable terminal) to operate the clock 
Signals, while a disable signal (“0” signal) is Supplied to the 
high-speed operation verifying control terminal 309 to stop 
the clock signals. 
0109) Limitation on setting of the period to stop the clock 
signal will now be described below with reference to FIG. 
9B. As shown in FIG. 9B, the first clock signal CLK1 and 
the Second clock signal CLK2 have different clock cycles. 
The first clock signal CLK1 is stopped from the cycle C2 for 
as many as two cycles. The Second clock signal CLK2 Stops 
at a certain point A of the C0 cycle and Starts operation from 
a certain point B in the course of the next C1 cycle (point 
B where one cycle does not yet pass from a certain point A). 
This phenomenon is generated because the System clock 
control circuit 311 is controlled to Stop continuous output of 
the clock signal by receiving the clock enable signal instead 
of Stopping the clock Signal itself. Therefore, the cycle of the 
Second clock signal CLK2 changes after the clock signal 
starts, and the internal condition of the chip differs from the 
case where the clock signal is operated continuously without 
Stop condition. The timing for re-starting the clock signal 
must be located at a point isolated as much as integer cycles 
from the Stop point. That is, re-starting of the clock signal 
must be made from the point in the same condition as the 
Stop condition. Therefore, the period to Stop the clock signal 
must be set to the least common multiple of the first clock 
Signal CLK1 and the Second clock signal CLK2. 
0110 FIG. 10A and FIG. 10B illustrate other practical 
circuit configurations of a System clock control circuit in 
accordance with embodiments of the present invention 
wherein a plurality of clock signals are Supplied from the 
outside of the chip. 
0111. In the circuit shown in FIG. 9A, the system clock 
control circuit 311 is formed of two AND gates 312, 313, 
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each AND gate having two inputs and one output. The AND 
gates 312, 313 are assigned to clock terminals 305, 306, 
respectively. The respective outputs of the AND gates 312, 
313 are outputs of the system clock control circuit 311, 
which outputs are Supplied to respective groups of flip-flops 
FF340, . . .340+M and 350, . . . .350+N. In each AND gate 
312, 313, the high-Speed operation verifying control Signal 
CKEN (clock enable signal) is Supplied to one input termi 
nal and the clock signal CLK1, CLK2 is supplied to the other 
input terminal. When the high-speed operation verifying 
control signal CKEN is a disable signal (“0” signal), the 
signal “0” is always output from the output of the AND gate 
without relation to content of the clock Signal. The System 
clock control circuits 410, 430, 431 illustrated in FIG. 10A 
and FIG. 10B formed of an OR gate with two inputs and one 
output. As shown in FIG. 10A, the system clock control 
circuit 410 is formed of a plurality of OR gates. The OR gate 
is employed when the enable Signal is a “0” Signal and the 
disable Signal is a “1” Signal. The high-Speed operation 
verifying control signal CKEN (clock enable signal) is 
Supplied to one input terminal of the respective OR gates, 
and the clock signals CLK1, CLK2 to the other input 
terminal of respective OR gates. When the high-speed 
operation verifying control signal CKEN (clock enable 
Signal) is the disable signal (“1” Signal), the signal “1” is 
always output from the output of the OR gate without 
relation to content of the clock signal. 
0112 As shown in FIG. 10B, each respective system 
clock control circuit 430,431 is formed of one OR gate. The 
system clock control circuits 430, 431 respectively receive 
inputs from high-speed operation Verifying control terminals 
CKEN1 and CKEN2 (clock enable terminal) and clock 
signals CLK1 and CLK2. 
0113. In the system clock control circuit illustrated in 
FIG. 10B, when the high-speed operation verifying control 
terminal (clock enable terminal) is separate from the clock 
terminal, a large delay is generated in propagation of the 
high-speed operation verifying control signal (clock enable 
signal) CKEN1, CKEN2. Therefore, the system clock con 
trol circuits 430, 431 and high-speed operation verifying 
control terminals (clock enable terminal) are assigned to 
each clock signal to reduce propagation delay. 
0114 FIG. 11A illustrates simulation data of the circuit 
shown in FIG. 9A in accordance with embodiments of the 
present invention. The Simulation data is almost identical to 
the simulation data shown in FIG. 4B in accordance with the 
first preferred embodiment of the present invention. The 
simulation data shown in FIG. 11A differs from the simu 
lation data of the first embodiment of the present invention 
shown in FIG. 4B in that a plurality of clock signals are used 
(CLK1, CLK2) and the high speed operation verifying 
control signal CKEN (clock enable signal) is used. 
0115) In the simulation data shown in FIG. 11A, the 
clock enable signal CKEN (signal “1”) for operating the 
clock signal is Supplied to the high-Speed operation verify 
ing control terminal 309 (clock enable terminal). 
0116 FIG. 11B illustrates the high-speed operation veri 
fying test data of the circuit shown in FIG. 9A. The 
high-Speed operation Verifying test data is almost identical 
to the high-speed operation verifying test data generated in 
accordance with the first embodiment of the present inven 
tion, as shown in FIG. 5E. The difference between the 
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high-speed operation verifying test data shown in FIG. 11B 
and the high-Speed operation Verifying test data of the first 
embodiment of the present invention is that a plurality of 
clock signals (CLK1, CLK2) are used and the high-speed 
operation verifying control signal CKEN (clock enable 
Signal) is added. 
0117 The period to stop the clock signal is set to the least 
common multiple of the cycle of first clock signal CLK1 and 
the cycle of Second clock signal CLK2. Specifically, Since 
the cycle of Second clock signal CLK2 is three times the 
cycle of the first clock signal CLK1, the period to Stop the 
clock signal (least common multiple of the cycle of first 
clock signal CLK1 and the cycle of Second clock signal 
CLK2) is identical to the cycle of the Second clock signal 
CLK2. 

0118. In the high-speed operation verifying test data, the 
enable signal (“1” Signal) is Supplied to the high-speed 
operation verifying control terminal 309 (clock enable ter 
minal) during the period to operate the clock, while the 
disable signal (“0” signal) is Supplied to the high speed 
operation verifying control terminal 309 (clock enable ter 
minal) during the period to stop the clock. 
0119) A fourth embodiment of the present invention will 
now be described below with reference to FIGS. 12A and 
12B. FIGS. 12A and 12B illustrate a high-speed operation 
Verifying test data generating circuit including a clock signal 
input circuit in accordance with the fourth embodiment of 
the present invention. 
0120) Further, although not specifically illustrated in 
FIGS. 12A and 12B, the high-speed operation verifying test 
data generating circuit in accordance with the fourth 
embodiment includes a data input terminal, input buffer, 
output terminal, output buffer, combination circuit and a 
plurality of flip-flop FF circuits, which are identical to those 
described with respect to the other embodiments of the 
present invention. Moreover, the operation to generate the 
high-speed operation Verifying test data in accordance with 
the fourth embodiment of the present invention is identical 
to the operation to generate the high-Speed operation veri 
fying test data described with respect to the first embodiment 
of the present invention (the high-speed operation verifying 
test data is generated by the flow of the test data generating 
system shown in FIG. 2). Therefore, description of simu 
lation data and high Speed operation verifying test data will 
not be repeated in detail in the description of the fourth 
embodiment of the present invention. 
0121. As shown in FIGS. 12A and 12B, in the high 
Speed operation verifying test data generating circuit in 
accordance with the fourth embodiment of the present 
invention, the frequency of a basic clock signal Supplied 
from an external circuit is divided within the chip. In a 
manner Similar to the circuit described with respect to the 
third embodiment of the present invention (FIG. 9A), a 
plurality of clock signals can be Supplied within the chip. In 
View of Simultaneously Stopping a plurality of clock signals, 
it is required to provide a plurality of clock signals to the 
System clock control circuit and to provide high-speed 
operation verifying control terminal (clock enable terminal) 
to each of the plurality of clock Signals, as described with 
respect to the third embodiment of the present invention. 
0122) In the circuit shown in FIG. 12A, the system clock 
control circuit is provided after a frequency divider. AS 
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shown in FIG. 12A, the circuit comprises a clock terminal 
500, a clock buffer 501, a high-speed operation verifying 
control terminal (clock enable terminal) 502, clock buffers 
503 to 506, frequency dividers 507 to 509, and system clock 
control circuits 510 to 512. The frequency dividers 507 to 
509 are self-feedback type flip-flops FF. That is, flip-flops 
which feedback the data output XQ to the data input D. 
0123. In the circuit shown in FIG. 12A, setting of the 
period to Stop the clock Signal is limited as in the case of the 
circuit of the third embodiment of the present invention 
shown in FIG. 9A. Specifically, after completing the fre 
quency division of the clock signal (converted to different 
clock signals), the clock signals are respectively stopped. 
Therefore, after the end of a stop period, it is required to 
operate the clock signals from the same condition as when 
the respective clocks are stopped, and the period to Stop the 
clock signals must be the least common multiple of the 
cycles of a plurality of clock signals. 
0.124. In the high-speed operation verifying test data 
generating circuit shown in FIG. 12B, a system clock 
control circuit 560 is provided after clock terminal 550 
which Supplies the basic clock signal. The circuit shown in 
FIG. 12B comprises a clock terminal 550, a clock buffer 
551, a high-speed operation verifying control terminal 
(clock enable terminal) 552, clock buffers 553 to 556, 
frequency dividers 557 to 559 and the system clock control 
circuit 560. 

0125. In the circuit shown in FIG. 12B, there is no 
limitation on Setting of the period to Stop the clock signal. 
Since the basic clock signal before frequency division is 
Stopped, adjustment for operating a plurality of clock signals 
from the same condition as the condition when the clock 
Signals are stopped is no longer required. 
0126 FIGS. 13A and 13B illustrate a high-speed opera 
tion verifying test data generating circuit including a clock 
Signal input circuit in accordance with a fifth embodiment of 
the present invention. 
0127. The fifth embodiment of the present invention 
comprises a data input terminal, input buffer, output termi 
nal, output buffer, combination circuit and a plurality of FF 
circuits which are identical to those of the other embodi 
ments. Moreover, the operation to generate the high-speed 
operation verifying test data in accordance with the fifth 
embodiment of the present invention is identical to the 
operation to generate the high-speed operation Verifying test 
data in accordance with the first embodiment of the present 
invention (the high-speed operation verifying test data is 
generated through the operation of the test data generating 
system of FIG. 2). Therefore, in accordance with the fifth 
embodiment of the present invention, a description of the 
Simulation data and high Speed operation verifying test data 
will not be repeated. 
0128. In accordance with the fifth embodiment of the 
present invention shown in FIG. 13A and FIG. 13B, it is 
impossible to control the clock signal itself from the external 
Side because the clock signal input circuit comprises a phase 
locked loop (PLL). Therefore, the system clock control 
circuit and high-speed operation verifying control terminal 
(clock enable terminal) are provided as in the case of the 
Second embodiment of the present invention in order to 
enable the control of the clock signal from the external 
circuit. 
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0129. As shown in FIG. 13A, the circuit comprises a 
master clock terminal of PLL 600, a clock buffer 601, a 
high-speed operation verifying control terminal (clock 
enable terminal) 602, a clock buffer 603, a PLL 604 and a 
system clock control circuit 605. 
0130. In operation of the circuit shown in FIG. 13A, the 
clock signal output from the system clock control circuit 605 
is used as the clock signal to be fed back to the PLL 604. 
Since the clock signal immediately before it which is 
supplied to the internal circuit is fed back to the PLL 604, the 
PLL 604 can generate the clock signal efficiently. However, 
Since the clock signal to be fed back is Stopped for a certain 
period, if the Stop period is rather long, a possibility for 
generation of problems in the operation of PLL 604 occurs. 
0131 The circuit shown in FIG. 13B comprises a master 
clock terminal 610 of a PLL 614, a clock buffer 611, a 
high-speed operation verifying control terminal (clock 
enable terminal) 612, a clock buffer 613, the PLL 614 and a 
system clock control circuit 615. 
0.132. In the circuit shown in FIG. 13B, the clock signal 
output from PLL 614 is used as the clock signal to be fed 
back to the PLL 614. Since the clock signal to be fed back 
is never Stopped, there is no possibility for generation of a 
problem in the operation of PLL 614. However, the clock 
Signal to be actually Supplied to the internal circuit is never 
the clock signal itself output from the PLL 614 and the clock 
Signal having passed the System clock control circuit 615. 
Therefore, in Some cases, a certain influence may be gen 
erated in the accuracy of the clock Signal generating opera 
tion of the PLL 614. 

0133. Therefore, in the case in which a PLL is used in the 
clock signal input circuit, it is required to determine which 
circuit of the circuits shown in FIG. 13A and FIG. 13B 
should be used by totally considering the accuracy of the 
PLL and Signal propagation Velocity or the like. 
0.134. Although preferred embodiments of the present 
invention have been shown and described, it will be appre 
ciated by those skilled in the art that changes may be made 
in these embodiments without departing from the principle 
and Spirit of the invention, the Scope of which is defined in 
the appended claims and their equivalents. 
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26. An integrated circuit testing System to test high-Speed 

operation of an integrated circuit, which receives simulation 
data and condition data, comprising: 

a simulation data generating device to generate Simulation 
data; 
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a condition data generating device to generate condition 
data; 

an expectation value Setting device to Set an expected 
output value of the integrated circuit, which takes into 
account an amount of delay of Signal propagation 
through the integrated circuit, based on the Simulation 
data and the condition data. 


