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ABSTRACT 

(51) 

(52) 
(57) 
The magnitude of an amplitude waveform of an electromag 
netic wave generated when irradiating a pulse laser beam to a 
structure A including diffusion regions provided in the struc 
ture of a semiconductor device to be inspected is compared 
with the magnitude of an amplitude waveform of an electro 
magnetic wave radiated when irradiating the pulse laser beam 
to a structure A of a reference device measured in advance, 
and the detection sensitivity of the electromagnetic wave is 
corrected (S14). Thereafter, measurement errors caused by 
variations in the detection sensitivity of electromagnetic 
waves of an inspecting apparatus are eliminated by inspecting 
the semiconductor device as an inspection target, so that the 
quality of the semiconductor device is precisely determined 
(S16). 
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METHOD AND APPARATUS FOR 
NSPECTING SEMCONDUCTOR DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a method and an 
apparatus for inspecting a semiconductor device to examine 
the quality of a semiconductor device by detecting a defect 
Such as a broken wiring line in the semiconductor device, the 
inspected semiconductor device being provided with an elec 
tronic circuit on a board. 

BACKGROUND ART 

0002 Multiple electronic circuits are formed in a semi 
conductor device mounted in an electronic element. As a 
non-contact inspection method of inspecting a broken wiring 
line or the like occurring during the manufacture of the elec 
tronic circuits in a non-contact manner, there is a known 
method, which is disclosed in Patent Document 1, for 
example, of inspecting a defective PN junction, a broken 
wiring line, a short-circuit, or a high resistant portion. 
0003. As shown in FIG. 13, the known non-contact inspec 
tion method is performed by irradiating a pulse laser beam 
110 to a P-type diffusion region 101, an N-type diffusion 
region 102, constituting an MOS transistor or the like, or a 
built-in electric field generation portion Such as a metal semi 
conductor interface which is disposed in a semiconductor 
device provided on a stage 108 to detect an electromagnetic 
wave radiated toward free space. Reference Numeral 103 
denotes a board. Reference Numeral 104 denotes an insulat 
ing film. Reference Numerals 105,106, and 107 denote wir 
ing lines. 
0004. A defect diagnosis of the semiconductor device is 
performed by detecting the electromagnetic wave radiated 
from the pulse laser irradiated position in this way, converting 
the detected electromagnetic wave into a time-varying Volt 
age signal corresponding to a time waveform of an electric 
field amplitude of the electromagnetic wave, and detecting 
electric filed distribution in the semiconductor device. 
0005 Specifically, in a step S1 shown in FIG. 14, an ampli 
tude waveform of an electromagnetic wave radiated toward 
free space is acquired by irradiating a pulse laser beam to a 
predetermined inspection region of an inspection target. 
0006. In a step S2, a quality determination is made by 
comparing the amplitude waveform of the electromagnetic 
wave acquired in the step S1 with an amplitude waveform 
which has been measured and acquired in advance and radi 
ated from the predetermined inspection region in a non-de 
fective device. 
0007 FIG. 15 shows an amplitude waveform of an elec 
tromagnetic wave generated when irradiating a pulse laser 
beam to a semiconductor circuit. On the assumption that the 
amplitude waveform shown in FIG. 15 is an amplitude wave 
form of an electromagnetic wave generated from a predeter 
mined inspection position in a non-defective device, the qual 
ity of a semiconductor device is determined by comparing a 
maximum value V of the amplitude waveform of the electro 
magnetic wave at time T, for example, with the maximum 
value of an amplitude waveform generated from the prede 
termined inspection region of the semiconductor device as an 
inspection target. 
0008. A criterion for the quality determination varies with 
inspection items. Since the maximum value or the minimum 
value of an amplitude waveform of an electromagnetic wave 
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varies with a difference in the structure of a pulse laser beam 
irradiated position in many cases, the maximum value or the 
minimum value of the amplitude waveform of the electro 
magnetic wave is compared. When the maximum value or the 
minimum value is different from that of a reference device, it 
is determined that a semiconductor device having the value as 
an inspection target has a defect. 
0009 Patent Document 1: JP-A-2006-24774 

DISCLOSURE OF THE INVENTION 

Problem That the Invention is to Solve 

0010. However, the known configuration has a problem in 
that the amplitude magnitude of an electromagnetic wave to 
be detected becomes considerably weak when a semiconduc 
tor device as an inspection target is replaced, an angle for 
irradiating a laser beam to a semiconductor device is changed, 
or an electromagnetic wave detector is replaced. 
0011 For example, relative to the configuration of the 
semiconductor device which generates the amplitude wave 
form of the electromagnetic wave shown in FIG. 15, when the 
semiconductor device shown in FIG. 13 is detached from the 
stage 108 and installed again to measure the same portion, an 
amplitude waveform of an electromagnetic wave shown in 
FIG. 16 may be detected due to some factors such as sensi 
tivity change of control equipment or angle change of laser 
irradiation to the semiconductor device. 
0012 However, when sensitivity is corrected by readjust 
ing an optical component or a control device included in an 
inspection apparatus, the same amplitude waveform of an 
electromagnetic wave as that in FIG. 15 can be acquired. 
0013 Thus, when the amplitude magnitude of an electro 
magnetic wave obtained by measurement in an inspection 
region is simply compared with that of a non-defective 
device, there is a possibility that an originally non-defective 
portion is erroneously determined to be defective due to a 
difference in the amplitude magnitude of an electromagnetic 
wave caused when the inspection apparatus is not sufficiently 
corrected. 
0014. In order to correct the sensitivity of the inspection 
apparatus, a target which Surely generates a stable amplitude 
waveform of an electromagnetic wave when irradiating a 
pulse laser beam, that is, a reference measurement device is 
necessary. However, the magnitude of the amplitude of an 
electromagnetic wave radiated from crystal ofInAs or the like 
which meets the condition is 10 or more times as large as the 
magnitude of the amplitude of an electromagnetic wave gen 
erated from a semiconductor device having a widely used 
silicon board. Moreover, even though such material is used to 
correct the sensitivity, there is a possibility that the sensitivity 
may not be corrected precisely to detect the amplitude wave 
form of an electromagnetic wave generated from the semi 
conductor device. 
0015 The invention is devised to solve the above-de 
scribed problems of the known technique, and an object of the 
invention is to provide a method and an apparatus for inspect 
ing a semiconductor device, which are capable of preventing 
an erroneous determination of the quality of a semiconductor 
device caused due to a comparison error of the amplitude 
magnitude of an electromagnetic wave when a pulse laser 
beam is irradiated to the semiconductor device. 

Means for Solving the Problem 
0016 Aspect 1 of the present invention provides a method 
of inspecting a semiconductor device including: an irradia 
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tion step of irradiating a pulse laser beam to any diffusion 
region in a semiconductor device as an inspection target, the 
semiconductor device being held in an non-bias state and 
including diffusion regions; a detection and conversion step 
of detecting an electromagnetic wave radiated from a laser 
beam irradiated position of the semiconductor device, and 
converting the detected electromagnetic wave into a time 
varying Voltage signal corresponding to a time waveform of 
an electric field amplitude of the electromagnetic wave; and a 
defect diagnosis step of detecting electric field distribution 
within the semiconductor device from the time-varying volt 
age signal to perform a defect diagnosis. The method further 
includes: comparing a first time waveform of the electric field 
amplitude of the electromagnetic wave generated when irra 
diating the pulse laser beam to the diffusion region for cor 
recting the detection sensitivity of the electromagnetic wave 
which is provided in the semiconductor device as an inspec 
tion target and connected to at least one wiring line with a 
second time waveform of the electric field amplitude of the 
electromagnetic wave generated when irradiating the pulse 
laser beam to the diffusion region for correcting which is 
provided in a semiconductor device as a reference device; 
correcting the detection sensitivity of the electromagnetic 
wave so that the maximum value of the amplitude magnitude 
of the electromagnetic wave for the first time waveform is 
equal to the maximum value of the amplitude magnitude of 
the electromagnetic wave for the second time waveform; and 
inspecting the semiconductor device as an inspection target. 
With such a method, it is possible to perform an inspection 
while avoiding the influence of a magnitude difference in the 
amplitude waveform of an electromagnetic wave caused due 
to an angle change of laser irradiation to a semiconductor 
device as an inspection target or correction error of a control 
device included in an apparatus. 
0017 Aspect 2 or 3 of the present invention provides the 
method of inspecting a semiconductor device described in 
Aspect 1, wherein the diffusion region for correcting the 
detection sensitivity of the electromagnetic wave is not elec 
trically connected to the plurality of diffusion regions 
included in the semiconductor device, and wherein the cor 
rection of the detection sensitivity of the electromagnetic 
wave is performed so that values of the amplitude magnitudes 
of the electromagnetic waves at a specific time are equal to 
each other in amplitude waveforms of the electromagnetic 
waves of the first time waveform and the second time wave 
form, instead of performing the correction using the maxi 
mum value of the amplitude magnitude of the electromag 
netic wave. With such a method, it is possible to easily radiate 
the electromagnetic wave. Even when the electromagnetic 
wave radiated from the semiconductor device as an inspec 
tion target has a plurality of extreme values and the correction 
is not sufficiently made just by adjusting the maximum value, 
the sensitivity can be corrected. 
0018 Aspect 4 of the present invention provides a semi 
conductor device inspecting apparatus including: an irradia 
tion unit which two-dimensionally irradiates a pulse laser 
beam having a predetermined wavelength to a semiconductor 
device held in a non-bias State; a detection and conversion 
unit which detects an electromagnetic wave radiated from the 
laser beam irradiated position of the semiconductor device 
and converts the detected electromagnetic wave into a time 
varying Voltage signal corresponding to a time waveform of 
the electric field amplitude of the electromagnetic wave; a 
defect diagnosis unit which detects electric field distribution 
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within the semiconductor device from the time-varying volt 
age signal to perform a defect diagnosis; and a semiconductor 
device for correcting the sensitivity of the electromagnetic 
wave which is arranged within a range where the irradiation 
unit irradiate the pulse laser beam. The detection sensitivity of 
the electromagnetic wave generated when irradiating the 
pulse laser beam to the semiconductor device for correcting 
the sensitivity of the electromagnetic wave before component 
replacement is equal to the detection sensitivity of the elec 
tromagnetic wave generated after component replacement. 
With such a configuration, it is possible to perform sensitivity 
correction for acquiring the amplitude waveform of an elec 
tromagnetic wave even when replacing the component is 
replaced, thereby inspecting a semiconductor device with 
high precision. 

Advantage of the Invention 

0019. According to the present invention, there is provided 
an advantage of improving inspection precision in that a 
quality of a semiconductor device as an inspection target can 
be determined precisely, avoiding the influence of a differ 
ence in measurement results caused due to insufficient sensi 
tivity correction when an amplitude magnitude is acquired 
from the amplitude waveform of an electromagnetic wave. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a diagram illustrating a circuit configura 
tion of a semiconductor device according to a first embodi 
ment of the invention. 
0021 FIG. 2 is a sectional view illustrating the configura 
tion of the semiconductor device according to the first 
embodiment. 
0022 FIG.3 is a block diagram illustrating an electromag 
netic wave detector used in non-contact inspection according 
to the first embodiment. 

0023 FIG. 4 is a flowchart illustrating a process of the 
non-contact inspection according to the first embodiment. 
0024 FIGS. 5A to 5C are diagrams illustrating amplitude 
waveforms of electromagnetic waves when irradiating a 
pulse laser beam to a structure A according to the first 
embodiment. FIG. 5A shows the amplitude waveform of the 
electromagnetic wave generated from a reference device. 
FIG. 5B shows the amplitude waveform of the electromag 
netic wave generated from a semiconductor device as an 
inspection target. FIG. 5C shows the amplitude waveform of 
the electromagnetic wave generated from the semiconductor 
device as an inspection target after correction of sensitivity. 
0025 FIGS. 6A and 6B are diagrams illustrating ampli 
tude waveforms of electromagnetic waves generated when 
irradiating the pulse laser beam to an inspection region 
according to the first embodiment. FIG. 6A shows the ampli 
tude waveform of the electromagnetic wave generated from 
the reference device and FIG. 6B shows the amplitude wave 
form of the electromagnetic wave generated from the semi 
conductor device as an inspection target. 
0026 FIG. 7 is a diagram illustrating another circuit con 
figuration of the semiconductor device according to the first 
embodiment of the invention. 

0027 FIG. 8 is a diagram illustrating yet another circuit 
configuration of the semiconductor device according to the 
first embodiment of the invention. 
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0028 FIG.9 is a block diagram illustrating an electromag 
netic wave detector used in non-contact inspection according 
to a second embodiment of the invention. 
0029 FIG.10 is a diagram illustrating the configuration of 
the electromagnetic wave detector according to the second 
embodiment. 
0030 FIG. 11 is a flowchart illustrating a method of cor 
recting the electromagnetic wave detector according to the 
second embodiment. 
0031 FIGS. 12A to 12C are diagrams illustrating ampli 
tude waveforms of electromagnetic waves when irradiating a 
pulse laserbeam to a structure A of a semiconductor device of 
correcting according to the second embodiment. FIG. 12A 
shows the amplitude waveform of the electromagnetic wave 
generated from an electromagnetic wave detector 1006. FIG. 
5B shows the amplitude waveform of the electromagnetic 
wave generated from an electromagnetic wave detector 2006. 
FIG. 5C shows the amplitude waveform of the electromag 
netic wave generated from the electromagnetic wave detector 
2006 after correction of sensitivity. 
0032 FIG. 13 is a sectional view illustrating the configu 
ration of a conventional semiconductor device. 
0033 FIG. 14 is a flowchart illustrating a conventional 
non-contact inspecting method 
0034 FIG. 15 is a diagram illustrating an amplitude wave 
form of an electromagnetic wave generated by irradiating the 
pulse laser beam to the semiconductor device. 
0035 FIG. 16 is a diagram illustrating an amplitude wave 
form of an electromagnetic wave generated due to sensitivity 
shortage when irradiating the pulse laser beam to the semi 
conductor device. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0036. Hereinafter, exemplary embodiments of the inven 
tion will be described with reference to the drawings. 

First Embodiment 

0037 FIG. 1 shows a semiconductor device having a 
structure as an inspection target according to the invention 
and is a conceptual plan view illustrating the arrangement of 
electronic circuits constituted by diffusion regions and wiring 
lines. 
0038. In FIG. 1, a plurality of diffusion regions 1 and a 
plurality of wiring lines 2 are included in the semiconductor 
device. Accordingly, the same reference numerals are given to 
constituent elements which do not have an effect on the inven 
tion and the description will be made. 
0039. In order to fulfill functions required for the semicon 
ductor device, the p-type or n-type diffusion regions (herein 
after, simply referred to as diffusion regions) 1 are arranged 
innumerably on a board 3 and corrected through the wiring 
lines 2. In addition, some of the diffusion regions 1 are con 
nected to electrode pads 4 arranged on the board 3 to transmit 
and receive an electric signal. 
0040 Since the semiconductor device realizes the 
required functions by transmitting and receiving an electric 
signal via the diffusion regions 1 to and from another elec 
tronic device using the electrode pads 4, the wiring line 2 
connected to the diffusion region 1 is generally connected to 
another diffusion region 1 or one electrode pad 4 arranged on 
the board 3. 
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0041. As shown in FIG. 1, the semiconductor device as an 
inspection target according to the invention has a structure 
(hereinafter, referred to as a structure A) which includes a 
diffusion region 11 formed separately from the above-de 
scribed circuit configuration and at least one wiring line 12 
connected to the diffusion region 11. 
0042. Next, in order to describe a specific structure by 
which the invention is characterized and in which an electro 
magnetic wave is likely to be generated when irradiating a 
pulse laser beam, the principle of generating the electromag 
netic wave by irradiating the pulse laser beam will be simply 
described. 
0043. A built-in electric field is generated in the diffusion 
region included in the semiconductor device and constituting 
an MOS transistor circuit or the like, a metal/semiconductor 
interface, or the like. Thus, when the pulse laser beam having 
a predetermined pulse width (for example, in a case where the 
semiconductor device is a silicon board, an electromagnetic 
wave is easily generated when the pulse laser beam having a 
pulse width of between 1 femtosecond or more and 10 pico 
second or less is irradiated to the diffusion region) is irradi 
ated to the diffusion region, pairs of an electron and a hole are 
instantly formed, thereby radiating the electromagnetic wave. 
0044) The experiment carried out by the inventors shows 
that a waveform having a strong amplitude of an electromag 
netic wave is detected when the pulse laser beam is irradiated 
to the diffusion region connected to the wiring line. However, 
in a case where the wiring line is not joined to the diffusion 
region, an electromagnetic wave cannot be detected since the 
electromagnetic wave is radiated weakly or the electromag 
netic wave is not radiated. 
0045. In a case where the diffusion region 1 shown in FIG. 
1 is connected to another diffusion region 1 through the 
wiring line 2, it is not easy to detect or predict the amplitude 
waveform of an electromagnetic wave generated in the diffu 
sion region 1 and the wiring line 2 connected to each other 
since the amplitude waveform of the radiated electromagnetic 
wave is influenced. 
0046. There is a material such as InAs which easily radi 
ates an electromagnetic wave having a strong amplitude when 
irradiating a pulse laser beam. However, embedding single 
crystal of Such a material in the widely used semiconductor 
device including a silicon board is highly disadvantageous in 
terms of a manufacturing method and cost. 
0047 Thus, the invention is devised to provide a method of 
correcting the amplitude magnitude of the electromagnetic 
wave using the electromagnetic wave radiated when irradiat 
ing the pulse laser beam to the diffusion region (the structure 
A) provided in the semiconductor device and connected to at 
least one wiring line; and then inspecting the semiconductor 
device. 
0048. A configuration example of the semiconductor 
device for performing the inspection is shown in FIG. 2. 
0049 FIG. 2 is a sectional view of the semiconductor 
device as an inspection target. In this case, in FIG. 2, the same 
reference numerals are given to constituent elements having 
the functions corresponding to those of the constituent ele 
ments described in FIG. 13 in which a known example is 
shown. The description thereof is omitted. 
0050. A structure A does not function as an electronic 
circuit alone, since a wiring line 112 connected to a diffusion 
region 111 of the semiconductor device structure used in the 
invention is not connected to diffusion regions 101 and 102 
included in a board 103, and the structure A (which includes 
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the diffusion region 11 and the wiring line 12 in FIG. 1) 
including the diffusion region 111 and the wiring line 112 is 
formed separately from a circuit configuration (the diffusion 
region 1 or the electrode pad 4 in FIG. 1) having a different 
function and cannot transmit and receive an electric signal to 
and from an external electric circuit. For this reason, Such a 
structure A is not included in a general semiconductor device. 
0051. As for the plane arrangement of the structure A, it is 
preferable that the wiring line 12 linearly extends from the 
diffusion region 11 like the diffusion region 11 and the wiring 
line 12 shown in FIG.1. That is because the maximum value 
of the amplitude of the radiated electromagnetic wave is 
reduced when the wiring line 12 extending from the diffusion 
region 11 diverges along the way. The optimum length of the 
wiring line 12 for easily radiating the electromagnetic wave 
depends on the area of the diffusion region 11 or the magni 
tude of the irradiated pulse laser beam. By way of example, 
when the diffusion region 11 is 10um squared and the length 
of the wiring line 12 is 300 um, the amplitude waveform of the 
generated electromagnetic wave is a waveform shown in FIG. 
15. 

0052. The amplitude waveform of the radiated electro 
magnetic wave is also influenced by the peripheral structure 
of the arranged structure A. Accordingly, when the pulse laser 
beam is irradiated to the structure A including the diffusion 
region 11 which is 10 um squared and the wiring line 12 of 
which the length is 300 um, the amplitude waveform of the 
electromagnetic wave shown in FIG. 15 cannot be necessarily 
obtained. However, the electromagnetic wave is easily radi 
ated. 

0053. The structure A is used in a non-contact inspection 
performed to determine the quality of the semiconductor 
device using the amplitude magnitude of the electromagnetic 
wave generated when irradiating the pulse laser beam to the 
semiconductor device, or using electric field distribution in 
the semiconductor device. 

0054. In the non-contact inspection technique, the quality 
of the semiconductor device can be determined only by irra 
diating the pulse laser beam since a process of preparing an 
electronic probe for applying Voltage and a process of apply 
ing Voltage are not necessary, unlike a known electric inspec 
tion. If the precision of the quality determination is improved, 
the non-contact inspection technique performed by irradiat 
ing the pulse laser beam is an effective inspection method 
0055. A configuration example of a non-contact inspect 
ing device for performing the non-contact inspection tech 
nique is shown in FIG. 3. 
0056. The device configuration for realizing the non-con 

tact inspection technique is not limited to the configuration in 
FIG. 3, but may be modified in various forms without depart 
ing from the scope of the non-contact inspection technique 
performed to detect the electromagnetic wave to be generated 
by irradiating the laser beam. 
0057. As shown in FIG.3, a pulse laser beam emitted from 
a laser irradiating device 1001 is split into an inspecting laser 
beam (hereinafter, referred to as a pump beam) B and a 
triggering laser beam (hereinafter, referred to as a probe 
beam) C for driving an electromagnetic detector by a splitter 
1002. The pump beam B is irradiated to a semiconductor 
device D as an inspection target installed on a stage 1003 
through a collective lens 1004 and a half-mirror (for example, 
a mirror having a transparent film (ITO film)) 1005. The 
semiconductor device D can be moved by the stage 1003 in a 

Sep. 16, 2010 

horizontal direction. The semiconductor device D is held in a 
non-bias state during the inspection. 
0.058 A terahertz electromagnetic wave generated in the 
semiconductor device D is reflected by the half-mirror 1005 
and guided to an electromagnetic wave detector (electromag 
netic wave detecting unit) 1006 through a parabolic mirror 
1011. In the electromagnetic wave detector 1006, the probe 
beam C as a trigger beam has been irradiated through a time 
delaying device (time delaying unit) 1008, which sequen 
tially delays the probe beam C from the splitter 1002, and a 
reflection mirror 1007. 
0059 Only a detection signal (a current signal) having a 
predetermined frequency detected thus by the electromag 
netic detector 1006 is amplified by a lock-in amplifier 1009, 
and the detected signal amplified by the lock-in amplifier 
1009 is input into a computer device 1010. The computer 
device 1010 functions as a defect detecting unit and a device 
control unit for determining whether a defect such as a broken 
wiring line or a short-circuit is present in the semiconductor 
device D and for performing control process of the inspection 
device such as operational control of the stage 1003 by ana 
lyzing the detected signal amplified by the lock-in amplifier 
1009. 
0060. The case of inspecting a diffusion region 101 shown 
in FIG.2, according to the first embodiment, will be described 
with reference to FIGS. 3, 4, 5A to 5C, 6A, and 6B. 
0061 FIG. 4 is a flowchart illustrating an inspection pro 
cess performed when the semiconductor device having the 
structure A is inspected by the inspection device shown in 
FIG. 3. FIGS. 5A to 5C are schematic diagrams illustrating 
the amplitude waveforms of the electromagnetic wave gen 
erated when irradiating the pulse laser beam to the structure 
A. FIG. 5A shows the amplitude waveform of the electromag 
netic wave generated from a reference device. FIG. 5B shows 
the amplitude waveform of the electromagnetic wave gener 
ated from the semiconductor device as an inspection target. 
FIG. 5C shows the amplitude waveform of the electromag 
netic wave generated from the semiconductor device as an 
inspection target after correction of sensitivity. 
0062 FIGS. 6A and 6B are schematic diagrams illustrat 
ing the amplitude waveform of the electromagnetic wave 
generated when irradiating the pulse laser beam to the diffu 
sion region 101. FIG. 6A shows the amplitude waveform of 
the electromagnetic wave generated from the reference 
device and FIG. 6B shows the amplitude waveform of the 
electromagnetic wave generated from the semiconductor 
device as an inspection target. 
0063. In a step (S11) of irradiating a laser beam in FIG. 4, 
the semiconductor device Das an inspection target is installed 
on the stage 108 to irradiate a pulse laser beam 110 to the 
diffusion region 111 constituting the structure A. 
0064. In a step (S12) of recording the amplitude waveform 
of the electromagnetic wave, the amplitude waveform of the 
electromagnetic wave generated from the semiconductor 
device Das an inspection target in the step (S11) of irradiating 
the laser beam is stored in the computer device 1010. 
0065. In a step (S13) of determining whether correction is 
performed or not, a maximum value V0 of the waveform in 
FIG. 5A and a maximum value V1 of the waveform in FIG. 
5B are compared to each other. When the maximum value V1 
is not equal to the maximum value V0, that is, a difference 
therebetween is equal to or more than a reference value for 
performing the correction, a step (S14) of correcting sensi 
tivity is performed. Then, the maximum value of the ampli 
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tude waveform of the electromagnetic wave shown in FIG.5C 
is set to V2 and the step (S14) of correcting the sensitivity is 
performed again to correct the sensitivity so that a difference 
between the maximum values V0 and V2 of the amplitude 
waveform of the electromagnetic wave is equal to or less than 
the reference value. 
0066. A correction unit is not particularly limited. How 
ever, when the angle of the probe beam C incident on the 
electromagnetic wave detector 1006 or the angle of the pump 
beam B incident on the semiconductor device Das an inspec 
tion target is adjusted, the detection sensitivity of the electro 
magnetic wave from the semiconductor device D is improved 
in many cases. 
0067. It is preferable that the reference value for perform 
ing the correction is 0.5% relative to the maximum value of 
the reference device, since the difference between the maxi 
mum values of the amplitude waveform of the electromag 
netic wave is 0.5% or less upon Successively measuring the 
same portion under the same condition. At this time, the 
reference value for performing the correction is not limited 
thereto, but may be modified in accordance with the inspec 
tion target, since the reference value differs depending on 
functions of the semiconductor device D. 

0068. When the difference between the maximum values 
of the amplitude waveform of the electromagnetic wave is 
equal to or less than the reference value in the step (S14) of 
correcting the sensitivity, the process proceeds to a step (S15) 
of inspecting a predetermined inspection position in the semi 
conductor device Das an inspection target, and the amplitude 
waveform of the electromagnetic wave generated from the 
inspection position is stored as shown in FIG. 6B. 
0069. Subsequently, in a determination step (S16), a value 
V00 (FIG. 6A) of the amplitude waveform of the electromag 
netic wave at time t5 of the amplitude waveform of the elec 
tromagnetic wave generated from the inspection position of 
the reference device is compared to a value V101 (FIG. 6B) of 
the amplitude waveform of the electromagnetic wave gener 
ated from the semiconductor device Das an inspection target. 
Then, when the difference therebetween is equal to or less 
than the reference value for performing the step (S14) of 
correcting the sensitivity, the semiconductor device D as an 
inspection target is determined to be a non-defective device. 
Alternatively, when the difference therebetween is equal to or 
more than the reference value, the semiconductor device Das 
an inspection target is determined to be a defective device. 
0070. With such a configuration, it is possible to correct 
the sensitivity so as to be equal to the device sensitivity when 
the reference device is measured, by configuring the structure 
provided in the semiconductor device D to easily generate the 
electromagnetic wave as a source for generating the ampli 
tude waveform of the electromagnetic wave when irradiating 
the pulse laser beam. Accordingly, it is possible to prevent an 
erroneous determination for the difference in the inspection 
result which be caused due to a difference in the device 
sensitivity when the reference device and the inspection 
device are measured. 
0071. The structure A used in the inspection unit accord 
ing to the invention in FIG. 1 is arranged on the periphery of 
the board 3. The location of the structure A arranged is not 
limited to the periphery of the board3, but may be arranged in 
any part of the board 3 without departing from the scope of the 
invention. 

0072. In FIG. 1 used to describe the first embodiment, the 
structure A included in the semiconductor device is just one. 
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However, a structure Aa which has the same structure as the 
structure A in a semiconductor device shown in FIG. 7 and 
includes a diffusion region 11a and a wiring line 12a, a 
structure Ab which has the same structure as the structure Aa 
and includes a diffusion region 11b and a wiring line 12b, and 
the like may be plurally arranged on the board3. At this time, 
when the electromagnetic wave is not radiated from the struc 
ture A for Some reason Such as a problem with a process of 
manufacturing the semiconductor device or an external load 
after the manufacturing process, the amplitude waveform of 
the electromagnetic wave generated from the structure Aa 
may be compared to the amplitude waveform of the electro 
magnetic wave generated from the structure Ab to correct the 
detection sensitivity of the electromagnetic wave. 
0073. When a structure which is the same as the structure 
A is arranged in the same semiconductor device as shown in 
FIG. 8, the wiring line 12 and a wiring line 12c connected to 
the diffusion region 11 and a diffusion region 11C, respec 
tively, may not necessarily extend in the same direction (an X 
direction oraY direction), and a structure Ac may be arranged 
so that the wirings extend in the X direction or the Y direction. 
Alternatively, when there is a space for arranging a wiring 
line, a wiring line 12d included in a structure Ad is not 
required to extend in the X direction or the Y direction, but 
may extend in any direction on an X-Y plane. 
0074. In illustration of the correction unit according to the 

first embodiment, the example in which the maximum value 
V0 of the amplitude waveform at the time T in FIG. 5A is 
detected to correct the sensitivity of the electromagnetic wave 
has been described. However, the amplitude magnitude of the 
electromagnetic wave at this time may not be used. The 
magnitude of the electromagnetic wave at any time, for 
example, a magnitude V4 of the amplitude of the electromag 
netic wave at time T1 may be used to correct the detection 
sensitivity of the electromagnetic wave. 

Second Embodiment 

0075 FIG. 9 is a diagram for explaining a method of 
correcting detection sensitivity, according to a second 
embodiment, using a non-contact inspection device including 
a correcting semiconductor device when an electromagnetic 
wave detector is replaced. In FIG. 9, the same reference 
numerals are given to constituent elements having the same 
functions as those of the constituent elements described in 
FIG.3 and the description thereof is omitted. 
0076. In the non-contact inspecting device shown in FIG. 
9, a semiconductor device D having a structure A for easily 
radiating an electromagnetic wave is provided on a stage 
1003. A pump beam B can be irradiated onto the semicon 
ductor device D. by moving the stage 1003 in a horizontal 
direction or a vertical direction. Reference Numeral 2006 
denotes a replacement electromagnetic wave detector. 
0077. A configuration example of the electromagnetic 
wave detector 1006 which detects an amplitude waveform of 
an electromagnetic wave generated when a pulse laser beam 
is irradiated onto a predetermined position of the semicon 
ductor device D is simply shown in FIG. 10. 
0078. The electromagnetic wave detector 1006 is manu 
factured by depositing and Sputtering a wiring line 1301 on a 
board 1302. Actually, the plurality of detectors (the boards 
1302 and the wiring lines 1301) are simultaneously manufac 
tured on a wafer 1303 which becomes the board 1302, indi 
vidually divided, and installed in holders, which is not shown 
in FIG.9, of the electromagnetic wave detectors to be used. 
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0079. In this case, there is a possibility that the electro 
magnetic wave detectors 1006 are not normally manufactured 
since the angle of a probe beam Cincident on the electromag 
netic wave detectors 2006 is changed after replacement of the 
electromagnetic wave detector 1006 or a problem may arise 
during a manufacturing process. Accordingly, it is necessary 
to adjust sensitivity in addition to confirming operations of 
the electromagnetic wave detector 1006. 
0080 FIG. 11 is a flowchart showing a correcting step 
when the electromagnetic wave detector is replaced. Since a 
criterion for determining whether the sensitivity correcting 
step is necessary or a method of correcting the sensitivity are 
the same as those according to the first embodiment, when the 
electromagnetic wave detector 1006 is replaced, different 
details from those according to the first embodiment will be 
described. 

0081. In a step (S21) of replacing the electromagnetic 
wave detector, the electromagnetic wave detector 2006 is 
replaced with the electromagnetic wave detector 1006, 
installed in the holder (not shown) of the electromagnetic 
wave detector, and provided in the non-contact inspection 
device. 

0082 In a step (S22) of acquiring an amplitude waveform 
of an electromagnetic wave generated from a correcting semi 
conductor device E, the stage 1003 is operated so as to irra 
diate the pump beam B of the replaced electromagnetic wave 
detector 2006 onto a position of the structure A of the cor 
recting semiconductor device E to acquire the amplitude 
waveform of the electromagnetic wave generated. 
0083 FIGS. 12A to 12C are schematic diagrams illustrat 
ing the amplitude waveforms of the electromagnetic waves 
when irradiating a pulse laser beam to the structure A of the 
correcting semiconductor device E. FIG. 12A shows the 
amplitude waveform of the electromagnetic wave generated 
from the electromagnetic wave detector 1006. FIG. 12B 
shows the amplitude waveform of the electromagnetic wave 
generated from the electromagnetic wave detector 2006. FIG. 
12C shows the amplitude waveform of the electromagnetic 
wave generated from the electromagnetic wave detector 2006 
after correction of the sensitivity. 
0084. In a step (S23) of determining whether the sensitiv 

ity correction of the electromagnetic wave detector 2006 is 
necessary, values V150 and V151 of the amplitude waveform 
of the electromagnetic wave at time T15 are compared to each 
other and whether the sensitivity correction is necessary is 
determined on the basis of the determination criterion 
described in the first embodiment. When the correction of the 
sensitivity is necessary, a step (S24) of correcting the sensi 
tivity is performed by the method of correcting the sensitivity 
described in the first embodiment so that the amplitude value 
of the electromagnetic wave becomes V152. 
I0085. After the correction of the sensitivity, the step (S23) 
of determining whether the sensitivity correction is necessary 
is performed again. When a difference between the maximum 
values is equal to or less than a reference value, the process 
finishes (S25). 
I0086. With such a configuration, it is possible to correct 
variation in the maximum value of the amplitude waveform of 
the electromagnetic wave which are caused due to the 
replacement of the electromagnetic wave detector. Accord 
ingly, since amplitude waveforms of electromagnetic waves 
acquired from different devices can be compared to each 
other, a database of the measured values can be made or an 
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inspection criterion can be used between different devices, 
thereby improving the generality of a device. 
0087. In the second embodiment, when the difference in 
the maximum values is equal to or more than the reference 
value, the step (S24) of correcting the sensitivity is per 
formed, and then the difference in the maximum values 
becomes the value equal to or less than the reference value. 
However, in Some cases, the same sensitivity as that of the 
electromagnetic wave detector 1006 before the replacement 
may not be shown eventhough the step (S24) of correcting the 
sensitivity is performed several times due to the manufactur 
ing defects of the replaced electromagnetic wave detector 
2006. In this case, even though the difference between the 
maximum values is equal to or more than the reference value 
after the step S23 is performed several times, the step (S24) of 
correcting the sensitivity may not be performed but termi 
nated. Then, another electromagnetic wave detector may be 
installed to perform steps of correcting and inspecting the 
sensitivity. 
I0088. In the second embodiment, the correcting semicon 
ductor device E is provided on the stage 1003. However, it is 
not necessary to provide the correcting semiconductor device 
E on the stage 1003 as long as the pump beam B can be 
irradiated and the amplitude waveform of the electromagnetic 
wave generated from the semiconductor device D can be 
detected by the electromagnetic wave detector 1006. In this 
case, the correcting semiconductor device E may be provided 
on any portion of the device. 
0089. The invention is not limited to the above-described 
embodiments, but may be modified in various forms without 
departing from the scope of the invention. 
0090. As described above, the method and the device for 
inspecting a semiconductor device according to the embodi 
ments can improve inspection precision since the quality of a 
semiconductor device as an inspection target can be precisely 
determined without being influenced by a difference in mea 
Surement results caused due to insufficient sensitivity correc 
tion when acquiring the amplitude magnitude of the ampli 
tude waveform of the electromagnetic wave. Moreover, the 
method and device are useful for preventing an erroneous 
quality determination when detecting a defect such as a bro 
ken wiring line in the semiconductor device where electronic 
circuits are formed on a board of an electronic element. 

INDUSTRIAL APPLICABILITY 

0091. The invention contributes to improvement in quality 
control of various semiconductor devices since it is possible 
to precisely determine the quality of a semiconductor device 
as an inspection target. 

1. A method of inspecting a semiconductor device, com 
prising: 

an irradiation step of irradiating a pulse laser beam to any 
diffusion region in a semiconductor device as an inspec 
tion target, the semiconductor device being held in an 
non-bias state and including diffusion regions; 

a detection and conversion step of detecting an electromag 
netic wave radiated from a laserbeam irradiated position 
of the semiconductor device, and converting the 
detected electromagnetic wave into a time-varying Volt 
age signal corresponding to a time waveform of an elec 
tric field amplitude of the electromagnetic wave; and 

a defect diagnosis step of detecting electric field distribu 
tion within the semiconductor device from the time 
varying Voltage signal to perform a defect diagnosis, 
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the method further comprising: 
comparing a first time waveform of the electric field ampli 

tude of the electromagnetic wave generated when irra 
diating the pulse laser beam to the diffusion region for 
correcting detection sensitivity of the electromagnetic 
wave which is provided in the semiconductor device as 
an inspection target and connected to at least one wiring 
line with a second time waveform of the electric field 
amplitude of the electromagnetic wave generated when 
irradiating the pulse laser beam to the diffusion region 
for correcting which is provided in a semiconductor 
device as a reference device; 

correcting detection sensitivity of the electromagnetic 
wave so that a maximum value of the amplitude magni 
tude of the electromagnetic wave for the first time wave 
form is equal to a maximum value of the amplitude 
magnitude of the electromagnetic wave for the second 
time waveform; and 

inspecting the semiconductor device as an inspection tar 
get. 

2. The method according to claim 1, wherein the diffusion 
region for correcting the detection sensitivity of the electro 
magnetic wave is not electrically connected to the plurality of 
diffusion regions included in the semiconductor device. 

3. The method according to claim 1, wherein the correction 
of the detection sensitivity of the electromagnetic wave is 
performed so that values of the amplitude magnitudes of the 
electromagnetic waves at a specific time are equal to each 
other in amplitude waveforms of the electromagnetic waves 
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of the first time waveform and the second time waveform, 
instead of performing the correction using the maximum 
value of the amplitude magnitude of the electromagnetic 
WaV. 

4. A semiconductor device inspecting apparatus compris 
ing: 

an irradiation unit which two-dimensionally irradiates a 
pulse laser beam having a predetermined wavelength to 
a semiconductor device held in a non-bias state; 

a detection and conversion unit which detects an electro 
magnetic wave radiated from a laser beam irradiated 
position of the semiconductor device and converts the 
detected electromagnetic wave into a time-varying Volt 
age signal corresponding to a time waveform of an elec 
tric field amplitude of the electromagnetic wave; 

a defect diagnosis unit which detects electric field distri 
bution within the semiconductor device from the time 
varying Voltage signal to perform a defect diagnosis; and 

a semiconductor device for correcting sensitivity of the 
electromagnetic wave which is arranged within a range 
where the irradiation unit irradiate the pulse laser beam, 

wherein detection sensitivity of the electromagnetic wave 
generated when irradiating the pulse laser beam to the 
semiconductor device for correcting sensitivity of the 
electromagnetic wave before component replacement is 
equal to detection sensitivity of the electromagnetic 
wave generated after component replacement. 

c c c c c 


