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(57) ABSTRACT 

A testing apparatus and method which can easily measure 
and evaluate, on a tester, transistor characteristics of a wafer 
of the same lot or wafer, and can measure high-speed 
operation timing in a high precision. 
The testing apparatus comprises measuring means 20 for 
measuring transistor characteristics of a circuit for transistor 
characteristics extraction that is formed in advance and 
belongs to the same lot or wafer as a lot or wafer of a Subject 
Semiconductor device, Storage means 13 for Storing mea 
Surement values of the measuring means as parameters, 
circuit Simulation means 30 for performing a circuit Simu 
lation on a measurement System using the parameters Stored 
in the Storage means, and for Storing resulting operation 
timing in the Storage means, actual measurement means 12 
for actually measuring operation timing of the Subject Semi 
conductor device, and for comparing a resulting actual 
measurement value with the operation timing that is 
obtained by the circuit Simulation and is Stored in the Storage 
means, and a CPU 11 for controlling of the above means. 
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TESTINGAPPARATUS AND METHOD OF 
MEASURING OPERATION TIMING OF 

SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a testing apparatus 
and method of testing operation timing of a Semiconductor 
device. In particular, the present invention relates to a testing 
apparatus and method which perform a circuit Simulation 
using parameters to check operation timing of a Semicon 
ductor device and test operation timing of the Semiconductor 
device using a result of the circuit Simulation. 
0003 2. Description of Related Art 
0004. With advances of the semiconductor wafer process 
technology and the circuit technology, the operation speeds 
of large-capacity Semiconductor devices are becoming 
higher increasingly. In this connection, the technology of 
testing Such devices, in particular, the technology of mea 
Suring operation timing Such as an access time of a high 
Speed device with high accuracy, is becoming important. 
0005 Conventionally, as for high-accuracy access time 
measurement, not only is a Subject device (hereinafter 
referred to as "DUT") measured with a tester but also the 
following measure is taken. Electrical characteristics of a 
measurement jig, the driver and the comparator of a tester, 
and the output buffer circuit of the DUT are modeled. An 
electrical characteristic Simulation is performed in advance 
with Spice (a circuit simulator), for example, by using the 
modeled electrical characteristics. Operation timing 
obtained as a simulation result is compared with operation 
timing as a result of an actual measurement on the DUT, to 
increase the measurement accuracy. 
0006 Specifically, a reason for a difference between a 
circuit Simulation value and an actual measurement value is 
investigated, influences of the reason are recognized quan 
titatively, and problems of the measurement System are 
improved. 
0007 Conventionally, since an operation timing of a 
Semiconductor device is judged in the above-described 
manner, the characteristics of the output buffer transistor of 
a DUT tend to be influenced more by a wafer process 
variation as the operation Speed of the DUT increases, which 
is a factor in causing a difference between a circuit Simu 
lation result and a DUT actual measurement value. A largest 
factor in causing Such a difference is thought to be employ 
ing, as characteristics of the output buffer circuit of a DUT 
that is incorporated in a circuit Simulation, transistor param 
eters obtained by measuring a wafer of a different lot from 
the lot of the DUT. Where timing measurement on a DUT 
and measurement of transistor parameters to be used for a 
circuit Simulation are performed Separately, the circuit Simu 
lation may not be accurate enough to cover the actual 
measurement. As a result, there may occur a case that 
erroneous Spice transistor parameters (due to a difference 
between wafer process lots) are used as they are in the circuit 
Simulation, to produce an erroneous measurement result. It 
is expected that Such an error will become more noticeable 
as the operation Speed of a device increases. 

SUMMARY OF THE INVENTION 

0008. The present invention has been achieved in view of 
the above problems, and an object of the invention is 
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therefore to provide a testing apparatus and method which 
can easily measure and evaluate, on a tester, transistor 
characteristics of a wafer of the same lot or wafer as the lot 
or wafer of a DUT to obtain transistor parameters for a Spice 
circuit Simulation and which can prevent an error of the 
above kind by measuring high-speed operation timing of the 
DUT using the transistor parameters thus obtained. 
0009. According to a first aspect of the present invention, 
there is provided a testing apparatus for measuring operation 
timing of a Semiconductor device, comprising: measuring 
means for measuring transistor characteristics of a circuit for 
transistor characteristics extraction that is formed in advance 
and belongs to the same lot or wafer as a lot or wafer of a 
Subject Semiconductor device, Storage means for Storing 
measurement values of the measuring means as parameters, 
circuit Simulation means for performing a circuit Simulation 
on a measurement System using the parameters Stored in the 
Storage means, and for Storing resulting operation timing in 
the Storage means, actual measurement means for actually 
measuring operation timing of the Subject Semiconductor 
device, and for comparing a resulting actual measurement 
value with the operation timing that is obtained by the circuit 
Simulation and is Stored in the Storage means, and a CPU for 
controlling the measuring means, the Storage means, the 
circuit Simulation means, and the actual measurement 
CS. 

0010. According to a second aspect of the present inven 
tion, there is provided a testing method of measuring opera 
tion timing of a Semiconductor device, wherein a difference 
between an actual measurement value of operation timing of 
a Subject Semiconductor device and operation timing 
obtained by a circuit Simulation is detected by the testing 
apparatus according to the present testing apparatus of claim 
1 or 2. 

0011. According to a third aspect of the present inven 
tion, there is provided a testing method of measuring opera 
tion timing of a Semiconductor device, comprising the Steps 
of measuring transistor characteristics of a circuit for tran 
Sistor characteristics extraction that was formed in advance 
and belongs to the same lot or wafer as a lot or wafer of a 
Subject Semiconductor device, Storing measurement values 
of the transistor characteristics as parameters, performing a 
circuit Simulation on a measurement System using the 
parameters, and Storing resulting operation timing, and 
actually measuring operation timing of the Subject Semicon 
ductor device, comparing a resulting actual measurement 
value with the operation timing that was obtained by the 
circuit Simulation, and modifying a test program for opera 
tion timing measurement when the difference between the 
actual measurement value of the operation timing of the 
Subject Semiconductor device and the operation timing 
obtained by the circuit Simulation is greater than or equal to 
a predetermined value. 
0012. The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of the embodiments 
thereof taken in conjunction with the accompanying draw 
IngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram showing a configuration 
of the first embodiment. 
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0.014 FIG. 2 is a test flowchart for explaining an opera 
tion timing measurement and evaluation procedure accord 
ing to the first embodiment 
0015 FIGS. 3(A) to 3(C) show specific examples of the 
above-described actual measurement of a DUT access time. 

0016 FIGS. 4(A) and 4(B) show an example of measur 
ing an input pulse width. 
0017 FIGS. 5(A) to 5(C) relate to exemplary switching 
teStS. 

0018 FIGS. 6(A) and 6(B) show an example of measur 
ing an output pulse width. 
0.019 FIG. 7 is a block diagram showing a configuration 
of the second embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0020 Embodiments of the present invention will be 
described below with reference to the accompanying draw 
ings. It is noted that the same reference Symbols in the 
drawings denote the same or corresponding components. 
0021 First Embodiment 
0022. A first embodiment of the present invention will be 
hereinafter described with reference to the drawings. FIG. 1 
is a block diagram showing a configuration of the embodi 
ment. As shown in FIG. 1, a tester 10 has a central 
processing unit (hereinafter referred to as “CPU”) 11, an 
actual measurement device 12 for actually measuring opera 
tion timing, for example, an access time, of a DUT under a 
control of the CPU 11, and a storage device 13 for storing 
parameters (described later) and a circuit simulation result. 
0023) A parameter measuring device 20 measures param 
eters of a transistor under a control of the CPU 11, and stores 
the measured parameters in the Storage device 13. A circuit 
Simulation device 30 performs a circuit Simulation on a 
measurement System using the parameters Stored in the 
Storage device 13, and Stores a result of the circuit Simula 
tion in the Storage device 13. 
0024. Next, an operation timing measurement and evalu 
ation procedure according to the embodiment will be 
described with reference to a test flowchart of FIG. 2. This 
flowchart outlines a device test program that is provided in 
the tester 10 and shows a preprogrammed measurement 
procedure. First, at step S1, the CPU 11 of the tester 10 starts 
the parameter measuring device 20 and causes it to measure 
characteristic values of a circuit for transistor characteristics 
extraction (not shown) that was formed in advance and 
belongs to the same lot or wafer as the lot or wafer of a DUT 
(not shown) and to store the measured characteristic values 
in the Storage device 13 as parameters. 
0025. At step S2, the CPU 11 starts the circuit simulation 
device 30 and causes it to perform a circuit Simulation on a 
measurement System using the parameters Stored in the 
Storage device 13 and to Store, in the Storage device 13, a 
Simulation result (access time tSA) that is a propagation 
delay value of a certain path of the DUT (temporary stor 
age). 
0026. At step S3, the actual measurement device 12 of the 
tester 10 actually measures an access time tMA of the DUT. 
Specific examples of the actual measurement will be 
described later. 
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0027. At step S4, the access time tSA as the simulation 
result is compared with the actually measured access time 
tMA and it is checked whether the difference is larger than 
or equal to a prescribed value At. If the difference is Smaller 
than At, the process is finished with a judgment that there are 
no problems. If the difference is larger than or equal to At, 
the proceSS goes to Step S4. At Step S4, an analysis is made 
to determine a reason for the large difference and a circuit 
Simulation is performed again, or the parameters or a test 
program for measurement of a DUT access time is modified 
or Some other proper measure is taken So that a difference 
Smaller than At will be obtained. 

0028 FIGS. 3(A) to 3(C) to FIGS. 6(A) to 6(B) show 
Specific examples of the above-described actual measure 
ment of a DUT access time. Among those drawings, FIGS. 
3(A) to 3(C) and FIGS. 4(A) and 4(B) relate to exemplary 
time tests. More specifically, FIGS. 3(A) to 3(C) show an 
example of measuring a input Setup time and a hold time. 
0029 A reference clock signal shown in FIG. 3(A) is 
input externally to the data input terminal of the DUT with 
timing that is prescribed by a product specification, and H 
data shown in FIG.3(B) and L data shown in FIG.3(C) are 
input to the DUT. A setup time tsu and a hold time th (see 
FIGS. 3(B) and 3(C)) are obtained as times between a time 
point of a prescribed level VOH in a specification of the 
reference clock signal and time points when each input 
signal crosses an input judgment level (VIH or VIL) that is 
prescribed by the product specification. A judgment to the 
effect that the operation is normal is made if the measured 
Setup times tsu and hold times th are shorter than or equal to 
product specification tSu and th, respectively, that are pre 
Scribed in the product Specification. 
0030 FIGS. 4(A) and 4(B) show an example of measur 
ing an input pulse width. H data and L data shown in FIGS. 
4(A) and 4(B), respectively, are input to the DUT. A pulse 
width tw is obtained as a time between time points when 
each input signal crosses an input judgment level (VIH or 
VIL) that is prescribed by the product specification. A 
judgment to the effect that the operation is normal is made 
if the measured pulse widths tw are shorter than or equal to 
a product specification tw that is prescribed by the product 
Specification. 

0.031 FIGS. 5(A) to 5(C) and FIGS. 6(A) and 6(B) relate 
to exemplary Switching tests. In the example of FIGS. 5(A) 
to 5(C), a reference clock signal shown in FIG.5(A) is input 
to the DUT and H data shown in FIG. 5(B) and L data 
shown in FIG. 5(C) are output from the DUT Adelay time 
td and a data valid time tv (see FIGS. 5(B) and 5(C)) are 
obtained as times between time points of a level VOH of the 
reference clock signal and time points when each output 
signal crosses an output judgment level (VOH or VOL) that 
is prescribed by the product Specification. AS for the delay 
time td, a judgment to the effect that the operation is normal 
is made if it is shorter than or equal to a product Specification 
td that is prescribed by the product specification. AS for the 
data valid time tv, a judgment to the effect that the operation 
is normal is made if it is longer than or equal to a product 
Specification tv that is prescribed by the product specifica 
tion. 

0032 FIGS. 6(A) and 6(B) show an example of measur 
ing an output pulse width. A pulse width tw is obtained as 
a time between time points when each of H data shown in 
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FIG. 6(A) and L data shown in FIG. 6(B) that are output 
from the DUT crosses an output judgment level (VOH or 
VOL) that is prescribed by the product specification. A 
judgment to the effect that the operation is normal is made 
if the measured pulse widths tw are longer than or equal to 
a product specification tw that is prescribed by the product 
Specification. 
0033 Second Embodiment 
0034) Next, a second embodiment of the invention will 
be described with reference to FIG. 7. FIG. 7 is a block 
diagram showing a configuration of the Second embodiment. 
Components in FIG. 7 having the same or corresponding 
components in FIG. 1 are given the same reference numer 
als as the latter and will not be described. The second 
embodiment is different from the first embodiment of FIG. 
1 in that three CPUs, that is, a first CPU 11A, a second CPU 
11B, and a third CPU 11C, are provided. The three CPUs 
11A-11C share the control functions. Specifically, the first 
CPU 11A controls the actual measurement device 12 and the 
storage device 13, the second CPU 11B controls the param 
eter measuring device 20 and the Storage device 13, and the 
third CPU 11C controls the circuit simulation device 30 and 
the Storage device 13. The measurement operation of the 
Second embodiment is the same as that of the first embodi 
ment and hence will not be described. 

0.035 A testing apparatus according to the invention for 
measuring operation timing of a Semiconductor device may 
comprise measuring means for measuring transistor charac 
teristics of a circuit for transistor characteristics extraction 
that was formed in advance and belongs to the same lot or 
wafer as a lot or wafer of a Subject Semiconductor device; 
Storage means for Storing measurement values of the mea 
Suring means as parameters, circuit Simulation means for 
performing a circuit Simulation on a measurement System 
using the parameters Stored in the Storage means, and for 
Storing resulting operation timing in the Storage means, 
actual measurement means for actually measuring operation 
timing of the Subject Semiconductor device, and for com 
paring a resulting actual measurement value with the opera 
tion timing that was obtained by the circuit Simulation and 
is Stored in the Storage means, and a CPU for controlling the 
measuring means, the Storage means, the circuit Simulation 
means, and the actual measurement means. Therefore, tran 
Sistor characteristics of a wafer of the same lot or wafer as 
the lot or wafer of a DUT can easily be measured and 
evaluated on a tester, and high-speed operation timing of the 
DUT can be measured with high accuracy. 
0036). In the above testing apparatus, the CPU may com 
prise a first CPU for controlling operation of the actual 
measurement means and the Storage means, a Second CPU 
for controlling operation of the measuring means and the 
Storage means, and a third CPU for controlling operation of 
the circuit Simulation means and the Storage means. With 
this configuration, the load of each CPU is light and hence 
a high-accuracy measurement is enabled. 
0037. A testing method of measuring operation timing of 
a Semiconductor device, wherein a difference between an 
actual measurement value of operation timing of a Subject 
Semiconductor device and operation timing obtained by a 
circuit Simulation may be detected by the testing apparatus 
according to the above testing apparatus. 
0.038 A testing method according to the present invention 
for measuring operation timing of a Semiconductor device 
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comprises the Steps of measuring transistor characteristics of 
a circuit for transistor characteristics extraction that was 
formed in advance and belongs to the same lot or wafer as 
a lot or wafer of a Subject Semiconductor device, Storing 
measurement values of the transistor characteristics as 
parameters, performing a circuit Simulation on a measure 
ment System using the parameters, and Storing resulting 
operation timing, and actually measuring operation timing 
of the Subject Semiconductor device, and comparing a result 
ing actual measurement value with the operation timing that 
was obtained by the circuit Simulation. Therefore, the mea 
Surement accuracy of high-speed operation timing in a tester 
can be increased. 

0039 The above testing method may further comprise the 
Step of modifying a test program for operation timing 
measurement if the difference between the actual measure 
ment value of the operation timing of the Subject Semicon 
ductor device and the operation timing obtained by the 
circuit Simulation is greater than or equal to a prescribed 
value. This makes it possible to perform a timing measure 
ment with even higher accuracy. 
0040. The present invention has been described in detail 
with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that 
changes and modifications may be made without departing 
from the invention in its broader aspects, and it is the 
invention, therefore, in the appended claims to cover all Such 
changes and modifications as fall within the true Spirit of the 
invention. 

0041. The entire disclosure of Japanese Patent Applica 
tion No. 2001-392324 filed on Dec. 25, 2001 including 
Specification, claims, drawings and Summary are incorpo 
rated herein by reference in its entirety. 

What is claimed is: 
1. A testing apparatus for measuring operation timing of 

a Semiconductor device, comprising: 
measuring means for measuring transistor characteristics 

of a circuit for transistor characteristics extraction that 
is formed in advance and belongs to the same lot or 
wafer as a lot or wafer of a Subject Semiconductor 
device; 

Storage means for Storing measurement values of Said 
measuring means as parameters, 

circuit Simulation means for performing a circuit Simula 
tion on a measurement System using the parameters 
Stored in Said Storage means, and for Storing resulting 
operation timing in Said Storage means, 

actual measurement means for actually measuring opera 
tion timing of the Subject Semiconductor device, and 
for comparing a resulting actual measurement value 
with the operation timing that is obtained by the circuit 
Simulation and is Stored in Said Storage means, and 

a CPU for controlling Said measuring means, Said Storage 
means, Said circuit Simulation means, and Said actual 
measurement meanS. 

2. The testing apparatus according to claim 1, wherein 
said CPU comprises: 

a first CPU for controlling operation of said actual mea 
Surement means and Said Storage means, 
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a Second CPU for controlling operation of Said measuring 
means and Said Storage means, and 

a third CPU for controlling operation of said circuit 
Simulation means and Said Storage means. 

3. A testing method of measuring operation timing of a 
Semiconductor device, wherein a difference between an 
actual measurement value of operation timing of a Subject 
Semiconductor device and operation timing obtained by a 
circuit Simulation is detected by the testing apparatus 
according to claim 1. 

4. The testing method according to claim 3, further 
comprising the Step of modifying a test program for opera 
tion timing measurement when the difference between the 
actual measurement value of the operation timing of the 
Subject Semiconductor device and the operation timing 
obtained by the circuit Simulation is greater than or equal to 
a predetermined value. 

5. A testing method of measuring operation timing of a 
Semiconductor device, comprising the Steps of: 

measuring transistor characteristics of a circuit for tran 
Sistor characteristics extraction that was formed in 
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advance and belongs to the same lot or wafer as a lot 
or wafer of a Subject Semiconductor device; 

Storing measurement values of the transistor characteris 
tics as parameters, 

performing a circuit Simulation on a measurement System 
using the parameters, and Storing resulting operation 
timing; 

actually measuring operation timing of the Subject Semi 
conductor device, and comparing a resulting actual 
measurement value with the operation timing that was 
obtained by the circuit Simulation, and 

modifying a test program for operation timing measure 
ment when the difference between the actual measure 
ment value of the operation timing of the Subject 
Semiconductor device and the operation timing 
obtained by the circuit Simulation is greater than or 
equal to a predetermined value. 


