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DESCRIPTION

Title of Invention

SEMICONDUCTOR FAILURE ANALYSIS DEVICE

Technical Field

[0001] The present invention relates to a semiconductor failure analysis
device.

Background Art

[0002] Miniaturization of semiconductor devices is progressing. In
order to miniaturize semiconductor devices, it is desired to improve an
exposure technique and a patterning technique for manufacturing a
semiconductor device. A technique for inspecting for whether or not a
semiconductor device manufactured by these technologies operates
normally is also important. = Furthermore, in a case where a
semiconductor device does not operate normally, a technique for
clarifying a cause of a defect is also important.

[0003] Patent Literature 1 and 2 disclose a device for inspecting a
semiconductor device. The inspection device disclosed in Patent
Literature 1 and 2 irradiates a semiconductor device to which an
electrical signal is applied with light. The light applied to the
semiconductor device becomes reflected light according to a state of the
semiconductor device. Then, the inspection device disclosed in Patent
Literature 1 and 2 obtains information on an operating state of the
semiconductor device using the reflected light. The inspection device
of Patent Literature 1 obtains information on a portion of the

semiconductor device operating at a predetermined frequency. The
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inspection device of Patent Literature 2 obtains information on a heat
source generated at a failure portion of the semiconductor device.
Citation List
Patent Literature
[0004] [Patent Literature 1] Japanese Unexamined Patent Publication
No. 2014-92514

[Patent Literature 2] PCT International Publication No.
WO02016/056110
Summary of Invention
Technical Problem
[0005] In the technical field of semiconductor failure analysis devices,
further improvement in resolution is desired in order to analyze minute
regions.
[0006] The present invention provides a semiconductor failure analysis
device capable of improving a resolution.
Solution to Problem
[0007] An embodiment of the present invention is a semiconductor
failure analysis device that analyzes for a failure portion included in a
semiconductor device using a response to a stimulation signal. The
semiconductor failure analysis device includes: a signal generation unit
configured to apply a stimulation signal to the semiconductor device; a
light source configured to generate irradiation light with which the
semiconductor device is irradiated; a solid immersion lens disposed on
an optical path of the irradiation light; a light detection unit configured
to receive reflected light generated by the irradiation light being

reflected by the semiconductor device and to output a detection signal
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according to the reflected light; an optical system disposed between the
light source and the solid immersion lens to emit the irradiation light to
the semiconductor device via the solid immersion lens and disposed
between the solid immersion lens and the light detection unit to emit the
reflected light received via the solid immersion lens to the light
detection unit; and an analysis unit configured to obtain information on
a failure portion of the semiconductor device from the detection signal.
The light source emits the irradiation light having a center wavelength
of 880 nm or more and 980 nm or less. The solid immersion lens is
formed of gallium arsenide (GaAs).

[0008] In a case where a failure portion of the semiconductor device to
which the stimulation signal is applied is identified, the semiconductor
failure analysis device irradiates the semiconductor device with the
irradiation light having a center wavelength of 880 nm or more and 980
nm or less via the solid immersion lens formed of gallium arsenide.
The irradiation light having a center wavelength of 880 nm or more and
980 nm or less is sufficiently transmitted through the semiconductor
device which is the analysis target. As a result, it is possible to obtain
reflected light having a light intensity able to be used for identifying a
failure portion. Further, the refractive index of the solid immersion
lens formed of gallium arsenide is higher than the refractive index of air.
Therefore, it is possible to increase a numerical aperture (NA). As a
result, it becomes possible to reduce a spot diameter of the irradiation
light, and thus, it is possible to improve a resolution.

[0009] In the embodiment, the light source may emit the irradiation

light having a center wavelength of 900 nm or more and 960 nm or less.
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According to this configuration, it is possible to suitably improve the
resolution.
[0010] In the embodiment, the analysis unit may have a heat source
position identification unit. The heat source position identification unit
may identify a position of a heat source generated in the semiconductor
device as a response to the stimulation signal on the basis of the
detection signal and the stimulation signal.  According to this
configuration, it is possible to identify a position of the heat source
generated inside the semiconductor device.
[0011] In the embodiment, the analysis unit may have an operating
frequency identification unit. The operating frequency identification
unit may identify a position on the semiconductor device operating at a
predetermined frequency generated in the semiconductor device as a
response to the stimulation signal on the basis of the detection signal
and the stimulation signal. According to this configuration, it is
possible to identify a position on the semiconductor device operating at
a predetermined frequency generated in the semiconductor device.
Advantageous Effects of Invention
[0012] According to the present invention, a semiconductor failure
analysis device capable of improving a resolution is provided.
Brief Description of Drawings
[0013] FIG. 1 is a block diagram showing constituent elements of a
semiconductor failure analysis device.

FIG. 2 1s a view for explaining an example of a means for

identifying a failure portion of a semiconductor device.
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FIG. 3 is a graph showing a relationship between a wavelength
of light and a light transmittance for each material forming a solid
immersion lens.

FIG. 4 is a graph showing a relationship between a wavelength
of light and a refractive index for each material forming a solid
immersion lens.

FIG. 5 is a graph showing a relationship between a wavelength
of light and a light transmittance of a solid immersion lens formed of
gallium arsenide.

FIG. 6 is a graph showing a light transmittance of silicon.
Description of Embodiments
[0014] Hereinafter, an embodiment for carrying out the present
invention will be described in detail with reference to the accompanying
drawings. In the description of the drawings, the same elements will
be designated by the same reference signs, and duplicate description
will be omitted.

[0015] As shown in FIG. 1, a semiconductor failure analysis device
identifies a failure portion included in an object to be inspected such as
a semiconductor device 100. In the following description, the
semiconductor failure analysis device is simply referred to as an
analysis device 1.

[0016] Examples of the semiconductor device 100 include an integrated
circuit having a PN junction such as a transistor (for example, a small
scale integration (SSI), a medium scale integration (MSI), a large scale
integration (LSI), a very large scale integration (VLSI), an ultra large
scale integration (ULSI), a giga scale integration (GSI)), an MOS
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transistor for a large current and a high voltage, a power device such as
a bipolar transistor, a memory and storage device, and the like.

[0017] The object to be inspected is not limited to a fragmented
semiconductor device 100. The object to be inspected may be a
semiconductor wafer on which a plurality of semiconductor devices 100
are formed.

[0018] FIG. 2 is a diagram conceptually showing a method for
identifying a failure portion. The semiconductor device 100 shown in
FIG. 2 is adapted to a state of being disposed in the analysis device 1.
In FIG. 2, a surface that receives irradiation light L1 is shown as an
upper side. As an example, the semiconductor device 100 has a
stacked structure including a protective layer 101, a wiring layer 102, a
process layer 103, an insulating layer 104, and a substrate 105. The
wiring layer 102 includes a wiring pattern made of a metal such as gold
or aluminum. The process layer 103 includes a plurality of electrical
functional parts such as a MOS transistor 103a. The substrate 105 is
formed of silicon. A thickness of the substrate 105 is about 50 nm or
more and 200 nm. The thickness of the substrate 105 is, for example,
80 nm. When the semiconductor device 100 is irradiated with light, a
certain layer transmits the light. Further, another layer reflects the
light. For example, when light is applied from a side of the substrate
105, the light may be transmitted through the substrate 105 and the
insulating layer 104. Further, when light is applied from a side of the
substrate 105, the light may be reflected by the process layer 103.

[0019] An intensity of the reflected light is basically smaller than an
intensity of the irradiation light L1. That is, the intensity of the
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reflected light is attenuated due to factors influencing the light while
being transmitted through the substrate 105 and the insulating layer 104.
For example, light is affected by a light transmittance of a material
forming the substrate 105. In addition, the intensity of the light may
be affected by a refractive index of a material forming an optical path.
Further, the intensity of the light may be affected by an electric field
formed in the layers constituting the optical path. Therefore, a ratio of
the intensity of the reflected light to an intensity of incident light is
defined as an apparent reflectance. A change in reflectance reflects a
change in refractive index and an effect of an electric field. Therefore,
it is possible to ascertain an internal state of the semiconductor device
100 by obtaining a distribution of the reflectance. For example, it may
be assumed that a portion 102a having a high electrical resistance value
will be generated in the wiring layer 102 and Joule heat will be
generated in the portion 102a. As a result, a portion 105a in which a
refractive index of the insulating layer 104 and the substrate 105 whose
temperature has risen due to the Joule heat has changed is generated.
The change in refractive index appears as a change in reflectance.
That is, it is possible to identify a position of a portion where abnormal
heat generation occurs by ascertaining the distribution of the
reflectance. =~ The position of the portion where abnormal heat
generation occurs is a position of the failure portion.

[0020] FIG. 1 will be referred to again. The analysis device 1 includes
a tester 2 (a signal generation unit), a light source 3, a solid immersion
lens 4, a light detection unit 5, an optical system 6, and a computer 7.

The analysis device 1 may have any other additional constituent
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elements. For example, the analysis device 1 may have a stage for
moving the semiconductor device 100 relative to the optical system 6.
[0021] The tester 2 outputs a stimulation signal. The tester 2 is
connected to the semiconductor device 100. The tester 2 applies a
stimulation signal to the semiconductor device 100. The tester 2
generates a stimulation signal on the basis of a control signal input from
the computer 7. The tester 2 starts and stops the output of the
stimulation signal on the basis of on the control signal. A property of
the stimulation signal may be determined according to an aspect of
analysis. Further, a power supply, a pulse generator, or the like may be
used as the tester 2.

[0022] For example, one aspect of the analysis is to identify a heat
source position. In a case where the heat source position is identified,
the tester 2 applies a modulated current having a relatively low
frequency as a stimulation signal. For example, in a case where a
short-circuited portion is included inside the semiconductor device 100,
the short-circuited portion generates heat due to the modulated current.
As a result, a heat source is generated in the semiconductor device 100.
A temperature of a heat source that generates heat due to the modulated
current changes periodically according to the frequency of the
modulated current. The change in temperature causes a change in the
refractive index of a member that is present around the heat source and
through which the irradiation light and the reflected light pass. The
change in the refractive index causes a change in the intensity of the
reflected light. As a result, the reflectance which is a degree of the

intensity of the reflected light with respect to the intensity of the
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irradiation light changes. By using the change in reflectance due to the
temperature change of the heat source as a response to the stimulation
signal, it is possible to identify a short-circuited portion which is an
example of a failure portion included in the semiconductor device 100.

[0023] For example, another aspect of the analysis is to identify a
position of a circuit operating at a target frequency. As such an
analysis technique, an optical probing technique is known. The optical
probing technique is also referred to as electro optical probing (EOP) or
electro-optical frequency mapping (EOFM). In the optical probing
technique, the integrated circuit is irradiated with the light emitted from
the light source. Next, the reflected light reflected by the integrated
circuit is detected by an optical sensor. Next, a detection signal is
acquired from the optical sensor. Then, a signal component having a
target frequency is selected from the acquired detection signal. An
amplitude energy of this signal component is displayed with the passage
of time. Further, the amplitude energy is displayed as a
two-dimensional mapping. That is, in the optical probing technique,
failure analysis of the semiconductor device 100 is performed on the
basis of the intensity modulation of the light emitted from the
semiconductor device 100 being driven. Therefore, the tester 2 applies
an electrical signal having a predetermined modulation frequency to the
semiconductor device 100. The modulation frequency in this case may
be higher than the frequency of the stimulation signal used in the
analysis for identifying a heat source position. For example, the tester
2 may apply a drive current having a frequency equivalent to that of a

drive signal of the semiconductor device 100 as a stimulation signal.
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[0024] As mentioned above, there are several types of aspects of the
analysis. However, the differences therebetween are primarily due to
the aspect of the stimulation signal applied to the semiconductor device
100 and secondarily due to processing details of the detection signal
obtained in response to the stimulation signal. That is, even if the
aspects of the analysis are different, there is almost no difference in the
configuration of the analysis device 1.

[0025] The light source 3 generates the irradiation light L1. A center
wavelength of the irradiation light L1 may be 880 nm or more and 980
nm or less. In a case where the center wavelength is 880 nm or more
and 980 nm or less, the irradiation light .1 may have a band of about 20
nm. A center wavelength of the irradiation light L1 may be 900 nm or
more and 960 nm or less. In a case where the center wavelength is 900
nm or more and 960 nm or less, the irradiation light L1 may have a band
of about 20 nm.

[0026] In the light source 3, a configuration capable of emitting the
irradiation light L1 having the above wavelength properties may be
appropriately employed. For example, the light source 3 may be
constituted by a super luminescent diode (SLD) or a light emitting diode
(LED). Further, the light source 3 may be constituted by an incoherent
light source or the like in which a lamp light source and an optical filter
such as a bandpass filter are combined with each other. The light
source 3 may be a laser light source such as a laser diode (LD). The
irradiation light L1 may be CW light. The irradiation light L1 may be
pulsed light.

10
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[0027] The irradiation light L1 output from the light source 3 is first
incident on the optical system 6. The optical system 6 guides the
irradiation light L1 to the solid immersion lens 4. For example, the
optical system 6 includes a polarization beam splitter 61 and an
objective lens 62. Further, in the optical system 6, in addition to these,
an optical system product for the irradiation light L1 may be
appropriately employed. For example, the optical system 6 may
include an optical scanner. The optical scanner changes an irradiation
position of the irradiation light L1 in the semiconductor device 100.
The optical scanner is, for example, a galvano mirror scanner, a polygon
mirror scanner, an MEMS mirror scanner, or the like. The optical
scanner guides the irradiation light L1 to a desired position on the
semiconductor device 100. The irradiation light L1 output from the
optical system 6 is applied to the semiconductor device 100 via the solid
immersion lens 4. More specifically, the irradiation light L1 is applied
to a measurement point set for the semiconductor device 100.

[0028] The solid immersion lens 4 has a hemispherical shape or a super
hemispherical shape. The solid immersion lens 4 optically adheres to
the semiconductor device 100. The solid immersion lens 4 irradiates a
position to be analyzed in the semiconductor device 100 with the
irradiation light L1 while condensing the irradiation light L1.
Therefore, a material forming the solid immersion lens 4 has a property
of transmitting the irradiation light L1 with which the semiconductor
device 100 is irradiated. Similarly, the material forming the solid
immersion lens 4 has a property of transmitting the reflected light L2

emitted from the semiconductor device 100.

11



10

15

20

25

[0029] In the solid immersion lens 4, as a material having a property of
transmitting light, gallium arsenide (GaAs) is employed. Hereinafter,
a light transmitting property as an optical property of GaAs will be
described. FIG. 3 shows a light transmittance of GaAs. In addition,
FIG. 3 also shows a light transmittance of gallium phosphide (GaP) and
silicon (S1) as a comparative example. A horizontal axis indicates the
wavelength of the light. A wvertical axis indicates the light
transmittance. Graphs G3a to G3e indicate the light transmittance of
GaAs. A graph G3f indicates the light transmittance of GaP. A graph
G3g indicates the light transmittance of Si.

[0030] With reference to the graphs G3a to G3e, it can be seen that
GaAs has a property of transmitting light having a wavelength longer
than 850 nm. More specifically, GaAs has a band in which the light
transmittance changes abruptly in a relationship between the light
transmittance and the wavelength of light. The wavelength included in
such a band is also simply called a cutoff wavelength. A cutoff
wavelength of GaAs is present in a range of, for example, 880 nm or
more and 980 nm or less. When the wavelength of light changes from
a short wavelength to a long wavelength, the light transmittance rapidly
increases from 0% to 80% or more. Furthermore, the relationship
between the light transmittance and the wavelength of light also changes
according to a temperature of GaAs. Each of the graphs G3a to G3e
shows the light transmittance when the temperature is 0 °C (the graph
G3a), 50 °C (the graph G3b), 100 °C (the graph G3c), 150 °C (the graph
G3d), or 200 °C (the graph G3e). That is, as the temperature of GaAs

12
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increases, the cutoff wavelength in which the light transmittance
changes abruptly shifts to longer wavelength.

[0031] For example, GaP may be employed as the material of the solid
immersion lens. With reference to the graph G3f, it can be seen that
GaP transmits light having a wavelength longer than 500 nm. For
example, a cutoff wavelength of GaP is included in a range of about 500
nm or more and 600 nm. That is, the cutoff wavelength of GaP is
shorter than the cutoff wavelength of GaAs. In other words, the cutoff
wavelength of GaAs is longer than the cutoff wavelength of GaP.

[0032] For example, Si may be employed as the material of the solid
immersion lens. With reference to the graph G3g, it can be seen that
Si transmits light having a wavelength longer than 1000 nm. For
example, a cutoff wavelength of Si having a thickness with which it is
able to be effectively used for the solid immersion lens is within a range
of about 1000 nm or more and 1200 nm. That i1s, the cutoff
wavelength of a Si solid immersion lens is longer than the cutoff
wavelength of GaAs. In other words, the cutoff wavelength of GaAs is
shorter than the cutoftf wavelength of Si.

[0033] A refractive index which is another optical property of GaAs
will be described. FIG. 4 shows a relationship between the refractive
index and wavelength of GaAs, GaP, and Si. A graph G4a indicates
the refractive index of GaAs. A graph G4b indicates the refractive
index of GaP. A graph G4c indicates the refractive index of Si. For
example, according to the graph G4a, the refractive index of GaAs is
about 3.40 or more and 4.40 or less. For example, when the

wavelength of the incident light is 1064 nm, the refractive index of
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GaAs is 3.47. Further, when the wavelength of the incident light is
940 nm, the refractive index of GaAs is 3.57.

[0034] The refractive index of GaAs is higher than, for example, the
refractive index of GaP indicated as the graph G4b. More specifically,
in the entire range of 500 nm to 1500 nm shown on the horizontal axis
of FIG. 4, the refractive index of GaAs is higher than that of GaP. For
example, when the wavelength of the incident light is 780 nm, the
refractive index of Gap is 3.21. Further, when the wavelength of the
incident light is 670 nm, the refractive index of Gap is 3.27.
Therefore, GaAs is more advantageous than GaP in improving the
resolution in that it has a high refractive index.

[0035] FIG. 1 will be referred to again. The light (the reflected light
L2) reflected at the measurement point according to the irradiation light
L1 is input to the polarization beam splitter 61 via the solid immersion
lens 4 and the objective lens 62. At this time, by disposing a short pass
filter in the optical path of the reflected light L2, it is possible to shield
an infrared ray generated by the semiconductor device 100. Further,
the light input to the polarization beam splitter 61 is transmitted through
a M4 plate twice. As a result, a polarization direction is tilted. The
reflected light whose polarization direction is tilted is transmitted
through the polarization beam splitter 61. The reflected light L2
transmitted through the polarization beam splitter 61 is input to the light
detection unit 5.

[0036] As described above, the optical system of the present
embodiment is a confocal optical system. The optical system of the

present embodiment can detect the reflected light L2 in a limited focal
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range. As an element constituting the confocal optical system, a
pinhole may be employed. Further, as the element constituting the
confocal optical system, a configuration utilizing a difference in
refractive index between a core and a clad of an optical fiber may be
employed.

[0037] The light detection unit 5 detects the light intensity and the like
of the reflected light L2 reflected by the semiconductor device 100
according to the irradiation light L1. The light detection unit 5
converts the detected reflected light L2 into a detection signal which is
an analog signal. Then, the light detection unit 5 outputs the detection
signal. The light detection unit 5 is an avalanche photodiode (APD), a
photodiode (PD), a photomultiplier tube (PMT), silicon
photomultipliers (SiPM), or the like.

[0038] The computer 7 has a data analysis unit 71 and a control unit 72.
The data analysis unit 71 identifies a failure portion of the
semiconductor device 100. The control unit 72 controls an operation
of various elements constituting the analysis device 1. The computer 7
physically includes a memory such as RAM and ROM, a processor (an
arithmetic circuit) such as a CPU, a communication interface, and a
storage unit such as a hard disk. Examples of the computer 7 include a
personal computer, a cloud server, a smart device (a smartphone, a
tablet terminal, or the like), and the like. The computer 7 functions by
executing a program stored in the memory with the CPU of a computer
system. Further, the data analysis unit 71 may include a processing
unit according to the aspect of analysis. For example, the data analysis

unit 71 includes a heat source position identification unit 71a and/or an
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operating frequency identification unit 71b. The heat source position
identification unit 71a performs a process for identifying the position of
the heat source. The operating frequency identification unit 71b
performs a process for identifying a position on the semiconductor
device operating at a predetermined frequency generated in the
semiconductor device as a response to the stimulation signal on the
basis of the detection signal and the stimulation signal.
[0039] The control unit 72 includes, for example, a light control unit
72a and a tester control unit 72b. The light control unit 72a outputs a
control signal to the light source 3 and the optical system 6. Examples
of such a control signal include a signal for driving an optical scanner to
scan with the irradiation light L1. The tester control unit 72b outputs a
control signal for controlling the stimulation signal to be output from
the tester 2 to the semiconductor device 100.
[0040] <Operation and effect>

In a case where a failure portion of the semiconductor device
100 to which the stimulation signal is applied is identified, the analysis
device 1 irradiates the semiconductor device 100 with the irradiation
light L1 having a center wavelength of 880 nm or more and 980 nm or
less via the solid immersion lens 4 formed of GaAs. The irradiation
light L1 having a center wavelength of 880 nm or more and 980 nm or
less is sufficiently transmitted through the semiconductor device 100
which is the analysis target and is made of silicon. As a result, it is
possible to obtain the reflected light L2 having a light intensity able to
be used for identifying the failure portion. Further, the refractive index

of the solid immersion lens 4 formed of GaAs is higher than the
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refractive indexes of air and GaP. Therefore, it is possible to increase a
numerical aperture (NA). As a result, it becomes possible to reduce a
spot diameter of the irradiation light L1. Therefore, the resolution can
be improved.

[0041] When a stimulation signal is applied to the semiconductor
device 100, heat is generated in a pattern wiring or an electrical
functional part regardless of the aspect of the stimulation signal. Then,
the degree of heat generation tends to increase at the failure portion. In
the analysis utilizing such heat generation, a combination of the
irradiation light L1 having a center wavelength of 880 nm or more and
980 nm or less and the solid immersion lens 4 formed of GaAs is
particularly advantageous.

[0042] FIG. 5 shows a relationship between the wavelength and the
light transmittance of GaAs as in FIG. 3. FIG. 5 shows a range from
890 nm to 960 nm under enlargement. FEach of graphs G5a to G5f
shows the light transmittance when the temperature of GaAs is 60 °C
(the graph G5a), 70 °C (the graph G5b), 80 °C (the graph G5c), 90 °C
(the graph G5d), 100 °C (the graph G5e), or 110 °C (the graph G5f).
For example, it is assumed that the wavelength of the irradiation light
L1 is 920 nm. Further, it is assumed that the temperature of the solid
immersion lens 4 changes between 60 °C and 110 °C. In this case, the
light transmittance of the solid immersion lens 4 changes in a range of
5% to 70%. That 1s, the light transmittance of the solid immersion lens
4 changes greatly according to the temperature of the solid immersion

lens 4.
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[0043] The 1rradiation light L1 and the reflected light L2 pass through
not only the substrate 105 of the semiconductor device 100 but also the
solid immersion lens 4. Then, the irradiation light L1 and the reflected
light L2 are affected by the change in the light transmittance due to the
temperature change of the solid immersion lens 4 when passing through
the solid immersion lens 4. That is, the irradiation light L1 and the
reflected light L2 are affected by the refractive index of the
semiconductor device 100 whose temperature has changed due to the
heat generated from the heat source. Further, the irradiation light L1
and the reflected light L2 are also affected by the change in the light
transmittance of the solid immersion lens 4. As a result, the light
intensity of the reflected light L2 changes greatly due to heat generation,
and thus the change in reflectance also becomes large. Then, even if a
temperature difference between measurement positions is small, it
appears as a large change in reflectance. Therefore, it is possible to
improve the resolution with respect to the temperature.

[0044] In short, since the center wavelength of the irradiation light L1 is
included in the band of the cutoff frequency of GaAs, the resolution
with respect to temperature is improved. That is, the center frequency
of the irradiation light L1 may be set to a value at which a large change
in light transmittance can be obtained in a temperature range including a
normal temperature and an abnormal temperature. For example, in a
case where the normal temperature 1s 60 °C and a temperature of 100 °C
or higher is determined to be abnormal, the center wavelength may be
set to 920 nm. This is because, according to such a setting, in a case

where there is a heat source in which the solid immersion lens 4 is
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heated to 100 °C or higher, a phenomenon that the reflectance is
significantly lowered appears.

[0045] Further, according to the combination of the irradiation light L1
having a center wavelength of 880 nm or more and 980 nm or less and
the solid immersion lens 4 formed of GaAs, it is possible to obtain the
reflected light L2 having a sufficient light intensity able to be used for
analysis. For example, as shown in FIG. 2, the irradiation light L1 and
the reflected light L2 are attenuated according to the light transmittance
of silicon when they pass through the substrate 105. A graph G6 in
FIG. 6 shows a relationship between the thickness of the substrate 105
formed of silicon and the light transmittance. Further, the graph G6
shows the light transmittance when the wavelength of the light is 940
nm. A horizontal axis indicates the thickness of the substrate 105. A
vertical axis indicates the light transmittance. As shown in FIG. 6, as
the thickness of the substrate 105 increases, the light transmittance
decreases.

[0046] For example, when the thickness of the substrate 105 of the
semiconductor device 100 is 80 um which is often employed, the light
transmittance is about 23%. For example, when the thickness of the
substrate 105 of the semiconductor device 100 is 40 um, the light
transmittance is about 48%. According to these light transmittances, it
is possible to obtain the reflected light L2 having a light intensity able to
be used for various analyses. That is, it is not necessary to thin the
substrate 105 by polishing or the like in order to obtain the reflected
light L2 having a sufficient light intensity. As a result, when the

failure analysis of the semiconductor device 100 is performed,
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additional work such as polishing of the substrate 105 becomes
unnecessary. Therefore, the failure analysis can be easily performed.
Further, if the substrate 105 is made thin, it becomes difficult to handle a
semiconductor wafer. However, according to the present embodiment,
even the semiconductor device 100 having a substrate thickness which
is often employed can be analyzed without polishing the substrate 105.
Therefore, the semiconductor wafer can be easily handled.

[0047] One embodiment of the present invention has been described
above. The present invention is not limited to the above embodiment.
[0048] For example, as to the disposition of the optical system 6 and the
solid immersion lens 4 with respect to the semiconductor device 100,
the above embodiment illustrates a configuration in which the
irradiation light L1 is provided to a side of the substrate 105 with
respect to the semiconductor device 100 and the reflected light L2
output from a side of the substrate 105 is detected. For example, the
irradiation light L1 may be provided to the semiconductor device from
an upper side (a side of the protective layer 101 in FIG. 2). In this
case, the solid immersion lens 4 is installed on the protective layer 101
of the semiconductor device 100. Alternatively, a configuration in
which inspection light is applied to the semiconductor device 100 from
either an upper side or a lower side thereof and an electromagnetic wave
is detected from the other side thereof may be possible. In this case,
the solid immersion lens 4 is installed on both the upper side and the
lower side of the semiconductor device.

Reference Signs List

20



[0049] 1: Analysis device (semiconductor failure analysis device), 2:
Tester (signal generation unit), 3: Light source, 4: Solid immersion lens,
5: Light detection unit, 6: Optical system, 7: Computer (analysis unit),
61: Polarization beam splitter, 62: Objective lens, 71: Data analysis unit,
71a: Heat source position identification unit, 71b: Operating frequency
identification unit, 72: Control unit, 72a: Light control unit, 72b: Tester
control unit, 100: Semiconductor device, L1: Irradiation light, L2:

Reflected light.
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CLAIMS
[Claim 1]

A semiconductor failure analysis device that analyzes for a
failure portion included in a semiconductor device using a response to a
stimulation signal, the semiconductor failure analysis device
comprising:

a signal generation unit configured to apply a stimulation signal
to the semiconductor device;

a light source configured to generate irradiation light with which
the semiconductor device is irradiated;

a solid immersion lens disposed on an optical path of the
irradiation light;

a light detection unit configured to receive reflected light
generated by the irradiation light being reflected by the semiconductor
device and to output a detection signal according to the reflected light;

an optical system disposed between the light source and the
solid immersion lens to emit the irradiation light to the semiconductor
device via the solid immersion lens and disposed between the solid
immersion lens and the light detection unit to emit the reflected light
received via the solid immersion lens to the light detection unit; and

an analysis unit configured to obtain information on a failure
portion of the semiconductor device from the detection signal,

wherein the light source emits the irradiation light having a
center wavelength of 880 nm or more and 980 nm or less, and

wherein the solid immersion lens is formed of gallium arsenide

(GaAs).
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[Claim 2]

The semiconductor failure analysis device according to claim 1,
wherein the light source emits the irradiation light having a center
wavelength of 900 nm or more and 960 nm or less.

[Claim 3]

The semiconductor failure analysis device according to claim 1
or 2,

wherein the analysis unit has a heat source position
1dentification unit, and

wherein the heat source position identification unit identifies a
position of a heat source generated in the semiconductor device as a
response to the stimulation signal on the basis of the detection signal
and the stimulation signal.

[Claim 4]

The semiconductor failure analysis device according to claim 1
or 2,

wherein the analysis unit has an operating frequency
1dentification unit, and

wherein the operating frequency identification unit identifies a
position on the semiconductor device operating at a predetermined
frequency generated in the semiconductor device as a response to the
stimulation signal on the basis of the detection signal and the

stimulation signal.
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