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DESCRIPTION 

 

Title of Invention 

INSPECTION DEVICE AND INSPECTION METHOD 

Technical Field 5 

[0001] The present disclosure relates to an inspection apparatus and an 

inspection method. 

Background Art 

[0002] As a method for analyzing failures of semiconductor apparatuss, 

a method for detecting emitted infrared light generated from 10 

semiconductor apparatuss and analyzing failures of the semiconductor 

apparatuss on the basis of detection results is known (e.g., Patent 

Literatures 1 to 3).  Patent Literature 1 discloses that emitted infrared 

light generated from semiconductor apparatuss is captured through a 

band filter provided within an infrared camera.  Patent Literatures 2 and 15 

3 disclose that spectroscopic spectra of emitted infrared light generated 

from semiconductor apparatuss are acquired using a rotatable diffraction 

grating. 

Citation List 

Patent Literature 20 

[0003] [Patent Literature 1] Japanese Unexamined Patent Publication 

No. 2016–517970 

 [Patent Literature 2] Japanese Unexamined Patent Publication 

No. 2015–175851 

 [Patent Literature 3] Japanese Unexamined Patent Publication 25 

No. 2015–203700 
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Summary of Invention 

Technical Problem 

[0004] Here, technology described in Patent Literature 1 only provides 

information that a wavelength of captured emitted infrared light is in a 

wavelength range of a band filter, and the wavelength resolution is low.  5 

Moreover, the technology described in Patent Literature 1 may 

complicate a process because it is necessary to change a band filter 

arranged in a vacuum as appropriate with a filter wheel.  In technology 

described in Patent Literature 2, because the spectroscopic spectrum is 

also acquired as an image along with an image of the emitted infrared 10 

light, it is difficult to say that the wavelength is acquired with high 

accuracy, and if there are a plurality of emitted infrared beams, the issued 

image and the spectroscopic spectrum may overlap each other.  In the 

inspection of semiconductor apparatus, it is known that emitted hot 

carrier light such as leaked emitted light and emitted switching light and 15 

emitted Si recombination light are generated, and because these have 

different wavelength characteristics, there is a demand to know the 

wavelength information about these types of emitted light. 

[0005] The present disclosure has been made in view of the above 

circumstances, and an objective of the present disclosure is to provide an 20 

inspection apparatus and an inspection method for enabling wavelength 

information about emitted light generated from a semiconductor 

apparatus to be acquired with high accuracy and easily. 

Solution to Problem 

[0006] An inspection apparatus according to an aspect of the present 25 

disclosure is [1] “an inspection apparatus for inspecting a semiconductor 
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apparatus, the inspection apparatus comprising: a stage configured to 

hold the semiconductor apparatus; an optical filter having a transmission 

characteristic in which transmittance varies linearly in a predetermined 

wavelength range and configured to transmit or reflect emitted light 

generated from the semiconductor apparatus on the basis of the 5 

transmission characteristic; an imaging unit configured to capture the 

light transmitted or reflected by the optical filter to output first image 

data and capture light as emitted light that has arrived without passing 

through the optical filter to output second image data; and an analysis 

unit configured to derive wavelength information about the emitted light 10 

on the basis of the first image data and the second image data.” 

[0007] In the inspection apparatus according to the aspect of the present 

disclosure, the emitted light generated from the semiconductor apparatus 

is transmitted or reflected by the optical filter in accordance with the 

wavelength.  Also, the wavelength information about the emitted light is 15 

derived on the basis of the first image data obtained by capturing the 

light transmitted or reflected by the optical filter and the second image 

data obtained by capturing the emitted light that has arrived without 

passing through the optical filter.  Thus, in the inspection apparatus 

according to the aspect of the present disclosure, because the optical 20 

filter is used to transmit or reflect the light according to a wavelength, 

the first image data is image data according to the wavelength of the 

light.  Moreover, because the first image data is image data obtained by 

capturing light transmitted or reflected by the optical filter and the 

second image data is image data obtained by capturing light that has 25 

arrived without passing through the optical filter, information about light 
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transmitted through the optical filter and light reflected through the 

optical filter can be obtained from these image data.  Thus, information 

about the light transmitted or reflected in accordance with the 

wavelength can be acquired with high accuracy and wavelength 

information of light can be acquired with high accuracy Furthermore, in 5 

this method for acquiring the wavelength information, the wavelength 

information about the emitted light can be acquired spatially all at once 

and the wavelength information can be easily acquired because a process 

for changing a band filter or the like is unnecessary.  As described above, 

the inspection apparatus according to the aspect of the present disclosure 10 

can acquire wavelength information about emitted light generated from 

a semiconductor apparatus with high accuracy and easily. 

[0008] An inspection apparatus according to an aspect of the present 

disclosure may be [2] “the inspection apparatus according to [1], wherein 

the imaging unit may have an image sensor configured to capture the 15 

light transmitted or reflected by the optical filter and capture the light as 

the emitted light that has arrived without passing through the optical 

filter.” According to this image sensor, it is possible to appropriately 

image desired light. 

[0009] An inspection apparatus according to an aspect of the present 20 

disclosure may be [3] “the inspection apparatus according to [1] or [2], 

further comprising a switching unit configured to perform a switching 

operation between a state in which an optical filter is provided on the 

light path between the semiconductor apparatus and the imaging unit and 

a state in which no optical filter is provided.” According to this 25 

configuration, both the first image data and the second image data 



5 

described above can be appropriately acquired while a switching 

operation is performed between the presence and absence of the optical 

filter. 

[0010] An inspection apparatus according to an aspect of the present 

disclosure may be [4] "the inspection apparatus according to any one of 5 

[1] to [3], wherein the imaging unit has an optical splitting unit 

configured to split the emitted light into first and second split light paths, 

a first image sensor arranged on the first split light path, and a second 

image sensor arranged on the second split light path, wherein the optical 

filter is arranged between the optical splitting unit and the first image 10 

sensor on the first split light path, wherein the first image sensor captures 

the light transmitted or reflected by the optical filter to output the first 

image data, and wherein the second image sensor captures the light as 

the emitted light that has arrived without passing through the optical 

filter to output the second image data.” According to this configuration, 15 

when the splitting unit splits the light into the first and second split light 

paths, the acquisition of the first image data and the acquisition of the 

second image data described above can be performed simultaneously 

and wavelength information can be acquired efficiently. 

[0011] An inspection apparatus according to an aspect of the present 20 

disclosure may be [5] "the inspection apparatus according to any one of 

[1] to [4], wherein the analysis unit derives a transmission intensity, 

which is an intensity of light transmitted through the optical filter, on the 

basis of the first image data, derives a total intensity of the emitted light 

on the basis of the second image data, derives a reflection intensity, 25 

which is an intensity of light reflected by the optical filter, on the basis 
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of the transmission intensity and the total intensity, and derives 

wavelength information on the basis of the transmission intensity and the 

reflection intensity.” In the optical filter, because the light is transmitted 

or reflected according to the wavelength, the wavelength information 

can be derived with high accuracy from information about the 5 

transmission intensity (an amount of transmitted light) and the reflection 

intensity (an amount of reflected light). 

[0012] An inspection apparatus according to an aspect of the present 

disclosure may be [6] "the inspection apparatus according to any one of 

[1] to [5], wherein the analysis unit derives a reflection intensity, which 10 

is an intensity of light reflected by the optical filter, on the basis of the 

first image data, derives a total intensity of the emitted light on the basis 

of the second image data, derives a transmission intensity, which is an 

intensity of light transmitted through the optical filter, on the basis of the 

reflection intensity and the total intensity, and derives wavelength 15 

information on the basis of the transmission intensity and the reflection 

intensity.” In the optical filter, because the light is transmitted or 

reflected according to the wavelength, the wavelength information can 

be derived with high accuracy from information about the transmission 

intensity (an amount of transmitted light) and the reflection intensity (an 20 

amount of reflected light). 

[0013] An inspection apparatus according to an aspect of the present 

disclosure may be [7] "the inspection apparatus according to [6], wherein 

the analysis unit derives a difference value between the transmission 

intensity and the reflection intensity and derives wavelength information 25 

on the basis of the difference value.” The wavelength information can be 
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derived with high accuracy by deriving the wavelength information from 

the difference value between the transmission intensity and the reflection 

intensity. 

[0014] An inspection apparatus according to an aspect of the present 

disclosure may be [8] "the inspection apparatus according to any one of 5 

[1] to [7], wherein the wavelength information is information indicating 

a centroid wavelength of the emitted light.” Thereby, the wavelength 

information can be appropriately derived. 

[0015] An inspection apparatus according to an aspect of the present 

disclosure may be [9] "the inspection apparatus according to any one of 10 

[1] to [8], wherein the emitted light is light having a wavelength in an 

infrared wavelength range.” Thereby, the emitted infrared light 

generated by the semiconductor apparatus can be captured. 

[0016] An inspection apparatus according to an aspect of the present 

disclosure is [10] "an inspection apparatus for inspecting a 15 

semiconductor apparatus, the inspection apparatus comprising: a stage 

configured to hold the semiconductor apparatus; an optical filter having 

a transmission characteristic in which transmittance varies linearly in a 

predetermined wavelength range and configured to transmit or reflect 

emitted light generated from the semiconductor apparatus on the basis 20 

of the transmission characteristic; a first image sensor configured to 

capture the light transmitted through the optical filter to output first 

image data; a second image sensor configured to image light reflected 

by the optical filter to output second image data; and an analysis unit 

configured to derive wavelength information about the emitted light on 25 

the basis of the first image data and the second image data.” 
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[0017] In the inspection apparatus according to the aspect of the present 

disclosure, the emitted light generated from the semiconductor apparatus 

is transmitted and reflected by the optical filter in accordance with the 

wavelength.  Also, the wavelength information about the emitted light is 

derived on the basis of the first image data obtained by capturing the 5 

transmitted light and the second image data obtained by capturing the 

reflected light.  Thus, in the inspection apparatus according to the aspect 

of the present disclosure, because the optical filter is used to transmit and 

reflect the emitted light in accordance with the wavelength, the first and 

second image data are image data according to the wavelength of the 10 

light.  By deriving light wavelength information from such image data, 

it is possible to acquire light wavelength information with high accuracy.  

Furthermore, in this method for acquiring the wavelength information, 

because the wavelength information about the emitted light can be 

acquired spatially all at once and a process for changing a band filter or 15 

the like is unnecessary, the wavelength information can be easily 

acquired.  As described above, the inspection apparatus according to the 

aspect of the present disclosure can acquire wavelength information 

about emitted light generated from a semiconductor apparatus with high 

accuracy and easily. 20 

[0018] An inspection method according to an aspect of the present 

disclosure is [11] "an inspection method for inspecting a semiconductor 

apparatus, the inspection method comprising: transmitting or reflecting 

emitted light generated from the semiconductor apparatus by an optical 

filter having a transmission characteristic in which transmittance varies 25 

linearly in a predetermined wavelength range, on the basis of the 
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transmission characteristic; capturing light transmitted or reflected by 

the optical filter to output first image data; capturing light as emitted 

light that has arrived without passing through the optical filter to output 

second image data; and deriving wavelength information about the 

emitted light on the basis of the first image data and the second image 5 

data.” 

[0019] An inspection method according to an aspect of the present 

disclosure is [12] "an inspection method for inspecting a semiconductor 

apparatus, the inspection method comprising: transmitting or reflecting 

emitted light generated from the semiconductor apparatus by an optical 10 

filter having a transmission characteristic in which transmittance varies 

linearly in a predetermined wavelength range, on the basis of the 

transmission characteristic; capturing light transmitted through the 

optical filter to output first image data; capturing light reflected by the 

optical filter to output second image data; and deriving wavelength 15 

information about the emitted light on the basis of the first image data 

and the second image data.” 

Advantageous Effects of Invention 

[0020] According to the inspection apparatus and the inspection method 

according to the aspects of the present disclosure, wavelength 20 

information about emitted light generated from a semiconductor 

apparatus can be acquired with high accuracy and easily. 

Brief Description of Drawings 

[0021] FIG. 1 is a side view schematically showing an inspection 

apparatus according to a first embodiment of the present disclosure. 25 

 FIG. 2 is an explanatory diagram of an optical spectrum and 
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characteristics of an LRG filter. 

 FIG. 3 is a side view showing a state in which a tilt filter is 

withdrawn from a light path by a switching unit. 

 FIG. 4(a) is a diagram showing a transmission image. 

 FIG. 4(b) is a diagram showing a total light amount image. 5 

 FIG. 5 is a diagram showing a display example of wavelength 

information. 

 FIG. 6 is a diagram showing a display example of wavelength 

information. 

 FIG. 7 is a flowchart of an inspection method. 10 

 FIGS. 8(a) and 8(b) are explanatory diagrams of an imaging 

mechanism according to a first modification example of the first 

embodiment. 

 FIGS. 9(a) and 9(b) are explanatory diagrams of an imaging 

mechanism according to a second modification example of the first 15 

embodiment. 

 FIGS. 10(a) and 10(b) are explanatory diagrams of an imaging 

mechanism according to a third modification example of the first 

embodiment. 

 FIG. 11 is a side view schematically showing an inspection 20 

apparatus according to a second embodiment of the present disclosure. 

 FIGS. 12(a) to 12(d) are explanatory diagrams of an imaging unit 

according to a modification example of the second embodiment. 

 FIG. 13 is an explanatory diagram of an imaging unit according 

to a modification example. 25 

Description of Embodiments 
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[0022] Hereinafter, embodiments will be described in detail with 

reference to the drawings.  The same or corresponding parts are denoted 

by the same reference signs in the drawings and redundant descriptions 

will be omitted. 

[0023] [First embodiment] 5 

 FIG. 1 is a side view schematically showing an inspection 

apparatus 1 according to a first embodiment.  The inspection apparatus 

1 is a apparatus for inspecting a semiconductor apparatus 100.  The 

semiconductor apparatus 100 may be a logic apparatus, which is an 

integrated circuit (IC) having a PN junction such as a transistor or a 10 

large-scale integration circuit (LSI), a memory apparatus, an analog 

apparatus, a mixed-signal apparatus, which is a combination thereof, or 

a power semiconductor apparatus (a power apparatus) such as a high-

current/high-voltage MOS transistor, a bipolar transistor, or an IGBT. 

[0024] For example, in the case of a semiconductor apparatus made of a 15 

semiconductor material that transmits infrared light, such as silicon, the 

semiconductor apparatus 100 can generate emitted light (emitted 

infrared light) having a wavelength in the infrared wavelength range 

(e.g., in a wavelength band between 780 nm and 1 mm) and emit infrared 

light to the outside of the semiconductor apparatus 100.  Moreover, the 20 

semiconductor apparatus 100 may be a semiconductor apparatus made 

of a semiconductor material that transmits visible light, such as SiC or 

GaN.  A semiconductor apparatus made of such a material can generate 

emitted light (emitted visible light) having a wavelength in the visible 

wavelength (e.g., in the wavelength band greater than or equal to 300 nm 25 

and less than 780 nm) in the semiconductor apparatus 100 and emit 
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emitted visible light to the outside of semiconductor apparatus 100.  

These types of emitted light may be caused due to a failure of the 

semiconductor apparatus 100.  The following description assumes that 

the semiconductor apparatus 100 is a semiconductor apparatus that 

primarily generates emitted infrared light.  However, as described above, 5 

the semiconductor apparatus 100 may also be a semiconductor apparatus 

that generates emitted light including a visible wavelength. 

[0025] The inspection apparatus 1 transmits or reflects the emitted light 

(emitted infrared light) generated from the semiconductor apparatus 100 

in accordance with a wavelength component, and captures the 10 

transmitted or reflected light to acquire an image (first image data).  

Moreover, the inspection apparatus 1 acquires an image (second image 

data) by capturing the light output from the semiconductor apparatus 

100.  Also, the inspection apparatus 1 derives wavelength information 

about the light output from the semiconductor apparatus 100 on the basis 15 

of the above-described two images (details will be described below). 

[0026] As shown in FIG. 1, the inspection apparatus 1 includes a stage 

10, a semiconductor tester 20, a probe card 30, an objective lens 50, an 

imaging mechanism 60, and a computer 70 (an analysis unit). 

[0027] The semiconductor apparatus 100 is placed and held on the stage 20 

10.  The stage 10 may be an XY stage configured to be movable in the 

XY direction (a forward/backward or left/right direction). 

[0028] The semiconductor tester 20 is a control unit for driving the 

semiconductor apparatus 100 (e.g., LSI), which is an object to be 

inspected.  The semiconductor tester 20 applies a voltage or an electric 25 

current to the semiconductor apparatus 100.  The semiconductor tester 
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20 drives the semiconductor apparatus 100 by providing a predetermined 

drive clock or drive pattern.  the semiconductor tester 20 is electrically 

connected to the semiconductor apparatus 100 via the probe card 30. 

[0029] The objective lens 50 is arranged opposite the semiconductor 

apparatus 100, which is the object to be inspected, and condenses the 5 

infrared light generated from a predetermined field of view and guides 

the infrared light to the infrared camera 62.  In addition, the objective 

lens 50 may be a solid immersion lens. 

[0030] The imaging mechanism 60 is configured to include an LRG 

(Liner Reflectance Gradient on the wavelength axis) filter 61 (an optical 10 

filter), an infrared camera (a camera) 62 (an image sensor or an imaging 

unit), a switching unit 63, and an image forming lens 64. 

[0031] The LRG filter 61 is a filter created using a special optical 

material and separates the emitted infrared light (emitted light) generated 

from the semiconductor apparatus 100 by transmitting or reflecting the 15 

light in accordance with its wavelength.  The LRG filter 61 has a 

transmission characteristic in which transmittance varies linearly in a 

predetermined wavelength range, and transmits or reflects emitted 

infrared light on the basis of the above-described transmission 

characteristic.  The LRG filter 61 is generally arranged perpendicular to 20 

the light path.  The LRG filter 61 may separate the emitted visible light 

(emitted light) generated from the semiconductor apparatus 100 by 

transmitting or reflecting the light in accordance with its wavelength.  In 

this case, the LRG filter 61 has a transmission characteristic in which the 

transmittance varies linearly in a predetermined wavelength range, and 25 

transmits or reflects emitted visible light (emitted light) on the basis of 
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the above-described transmission characteristic.  In this case, in the LRG 

filter 61, the light transmittance (and reflectance) changes gradually in 

accordance with changes in wavelength in a predetermined visible 

wavelength range (a wavelength band of wavelengths λ1 to λ2), and the 

light transmittance (and reflectance) is constant in wavelength bands 5 

other than the predetermined wavelength range (i.e., the wavelength side 

lower than the wavelength λ1 and the wavelength side higher than the 

wavelength λ2) regardless of changes in wavelength. 

[0032] FIG. 2 is an explanatory diagram of the spectrum of light and the 

characteristics of the LRG filter 61.  In FIG. 2, the horizontal axis 10 

represents a wavelength and the vertical axis represents a spectral 

intensity (for the spectrum of light) and transmittance (for the LRG filter 

61).  As shown in a characteristic X4 of the LRG filter 61 of FIG. 2, in 

the LRG filter 61, the light transmittance (and reflectance) changes 

gradually as the wavelength changes in the predetermined wavelength 15 

range (a wavelength range of the wavelengths λ1 to λ2) and the light 

transmittance (and reflectance) is constant regardless of a change in 

wavelength in wavelength ranges other than the predetermined 

wavelength range (i.e., a lower wavelength side of the wavelength λ1 and 

a higher wavelength side of the wavelength λ2).  In other words, in a 20 

predetermined wavelength range (the wavelength band of the 

wavelengths λ1 to λ2), the light transmittance changes to monotonically 

increase (the reflectance changes to monotonically decrease) as the 

wavelength changes.  Because transmittance and reflectance are 

negatively correlated, i.e., as one changes in the direction of increasing, 25 

the other changes in the direction of decreasing, they may hereinafter be 
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referred to simply as "transmittance" instead of "transmittance (and 

reflectance)".  The term "constant light transmittance regardless of 

change in wavelength” includes, for example, a case where the change 

in transmittance for a change in wavelength of 1 nm is 0.1% or less as 

well as a case where the transmittance is completely constant.   On the 5 

lower wavelength side of the wavelength λ1, the light transmittance is 

approximately 0% regardless of a change in the wavelength.  On the 

higher wavelength side of the wavelength λ2, the light transmittance is 

approximately 100% regardless of a change in the wavelength.  In 

addition, the term "light transmittance is approximately 0%" includes a 10 

transmittance of approximately (0%+10%) and the term "light 

transmittance is approximately 100%" includes a transmittance of 

approximately (100%–10%).  As described above, the LRG filter 61 is a 

separate optical element with a wavelength band of a predetermined 

width (a width of wavelengths λ1 to λ2) in which the transmittance 15 

changes as the wavelength changes.  In addition, if light enters the LRG 

filter 61 in a wavelength band other than the predetermined wavelength 

range (i.e., a lower wavelength side of the wavelength λ1 and a higher 

wavelength side of the wavelength λ2), it will cause measurement errors.  

To prevent this, bandpass filters, short-pass filters, or long-pass filters 20 

may be used to shield light in wavelength bands other than the specified 

wavelength range.  Moreover, the LRG filter 61 may be designed so that 

the wavelengths λ1 and λ2 of the LRG filter 61 are set outside the 

sensitivity range of the image sensor used in the camera 62.  Moreover, 

if there is an error in the cut wavelength of the wavelength filter, it is 25 

desirable for the light transmittance (and the light reflectance) to be 
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constant regardless of the change in the wavelength to minimize the 

effect of the error. 

[0033] Returning to FIG. 1, the infrared camera (camera) 62 captures 

the light transmitted through the LRG filter 61 and outputs a 

transmission image (first image data).  Moreover, the infrared camera 62 5 

captures emitted infrared light that has arrived without passing through 

the LRG filter 61 to output a total light amount image (second image 

data).  Thus, the infrared camera 62 may perform first imaging for 

capturing light that has passed through the LRG filter 61, or second 

imaging for capturing light that has arrived without passing through the 10 

LRG filter 61.  The switching unit 63 to be described below switches the 

imaging between the first imaging and the second imaging by changing 

the position of the LRG filter 61.  It is only necessary for the infrared 

camera 62 to be a camera equipped with a sensor sensitive to the infrared 

wavelength range of near- and mid-infrared light.  For example, the 15 

infrared camera 62 may be an MCT (Mercury Cadmium 

Telluride/HgCdTe) sensor, an InGaAs sensor, or an InSb sensor.  In 

addition, when the semiconductor apparatus 100 is a semiconductor 

apparatus that generates emitted visible light, the camera 62 may be a 

camera with a sensor that is sensitive to visible light wavelengths.  For 20 

example, it may be a silicon image sensor, a surface-incident InGaAs 

sensor, or the like. 

[0034] The image forming lens 64 is a lens that forms an image of the 

emitted infrared light condensed by the objective lens 50.  In addition, 

the arrangement position of the LRG filter 61 described above may be 25 

on the downstream side of the image forming lens 64 (the infrared 
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camera 62 side) or the upstream side of the image forming lens 64 (the 

objective lens 50 side).  However, if the LRG filter 61 is placed on the 

downstream side of the image forming lens 64 (on the infrared camera 

62 side), the image forming lens 64 needs to be corrected because it 

causes aberrations.  Moreover, if NA is high, there is a possibility that 5 

the centroid wavelength will deviate in a visual field.  However, in this 

case, it is only necessary for the image forming lens 64 to form a 

telecentric optical system. 

[0035] The switching unit 63 is configured to switch the state between 

a state in which the LRG filter 61 is provided on the light path between 10 

the objective lens 50 and the infrared camera 62 (a state in which the 

above-described first imaging is performed (see FIG. 1)) and a state in 

which the LRG filter 61 is not provided (a state in which the above-

described second imaging is performed (see FIG. 3)).  The switching unit 

63 implements the above-described switching operation by moving the 15 

LRG filter 61 (changing the position of the LRG filter 61).  In other 

words, when the above-described first imaging is performed, the 

switching unit 63 moves the LRG filter 61 so that the LRG filter 61 is 

positioned on the light path between the objective lens 50 and the 

infrared camera 62 and light transmitted through the LRG filter 61 is 20 

captured by the infrared camera 62.  Moreover, in the case of the above-

described second imaging, as shown in FIG. 3, the switching unit 63 

moves the LRG filter 61 so that the LRG filter 61 is not positioned on 

the light path between the objective lens 50 and the infrared camera 62 

and the emitted infrared light that has arrived without passing through 25 

the LRG filter 61 is captured by the infrared camera 62.  The switching 
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unit 63 may be, for example, a filter wheel or filter slide. 

[0036] The computer 70 is physically configured to include a memory 

such as a RAM or a ROM, a processor (an arithmetic circuit) such as a 

CPU, a communication interface, and a storage unit such as a hard disk.  

The computer 70 operates when the CPU of a computer system executes 5 

a program stored in the memory.  The computer 70 may be configured 

to include a microcomputer or an FPGA. 

[0037] The computer 70 derives wavelength information about emitted 

infrared light generated from the semiconductor apparatus 100 on the 

basis of the transmission image and total light amount image described 10 

above.  The computer 70 derives a transmission intensity (an amount of 

transmitted light), which is the intensity of light transmitted through the 

LRG filter 61 on the basis of the transmission image, and derives a total 

intensity of emitted infrared light on the basis of the total light amount 

image.  Also, the computer 70 derives the reflection intensity (amount of 15 

reflected light), which is the intensity of light reflected by the LRG filter 

61 specifically by subtracting the transmission intensity from the total 

intensity on the basis of the transmission intensity and the total intensity.  

For example, when the transmission intensity is denoted by T, the 

reflection intensity is denoted by R, the total light amount is denoted by 20 

A, and the difference value between the transmission intensity T and the 

reflection intensity R is denoted by D, R=A–T and D=2T–A are valid.  

The computer 70 derives wavelength information on the basis of an 

amount of transmitted light and an amount of reflected light.  The 

computer 70 derives a difference value between the amount of 25 

transmitted light and the amount of reflected light and derives the 
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wavelength information on the basis of the difference value.  The 

wavelength information here is information indicating the centroid 

wavelength of the light output from the semiconductor apparatus 100.  

Moreover, the transmission intensity (an amount of transmitted light) 

may be an integrated value of intensities in areas of the image 5 

corresponding to the emitted infrared light in the transmission image.  

Moreover, a total intensity (a total amount of light) may be an integrated 

value of intensities in areas of the image corresponding to the emitted 

infrared light in the total light amount image.  In this case, the reflection 

intensity (the amount of reflected light) derived by a calculation process 10 

is obtained as an integrated value of intensities in areas of the image 

corresponding to the emitted infrared light.  Furthermore, the 

transmission intensity (the amount of transmitted light) may be the 

intensity of each pixel constituting the area of the image corresponding 

to the emitted infrared light in the transmission image.  Moreover, the 15 

total intensity (a total amount of light) may be the intensity of each pixel 

constituting the area of the image corresponding to the emitted infrared 

light in the total light amount image.  In this case, the reflection intensity 

(reflected light intensity) derived by a calculation process is obtained as 

the intensity of each pixel constituting the area of the image 20 

corresponding to the emitted infrared light.  Hereinafter, an example of 

a principle of centroid wavelength calculation will be described in detail 

with reference to FIG. 2. 

[0038] As described above, the LRG filter 61 reflects all light on the 

lower wavelength side of the wavelength λ1 and transmits all light on the 25 

higher wavelength side of the wavelength λ2, and the transmittance of 
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light changes linearly in accordance with the wavelength in the 

wavelength band of the wavelengths λ1 to λ2.  In this case, the 

transmittance h(λ) in a relationship between the wavelengths λ1 and λ2 is 

expressed by the following Eq. (1), and the reflectance 1–h(λ) is 

expressed by the following Eq. (2). 5 

h(λ)=(λ–λ1)/(λ2–λ1) (1) 

1–h(λ)=(λ2–λ)/(λ2–λ1) (2) 

[0039] Moreover, it is clear that the wavelength λ50% at which the 

reflectance is 50% is expressed by the following Eq. (3). 

λ50%=(λ2+λ1)/2 (3) 10 

[0040] When a certain spectrum f(λ) is indicated by a waveform X2 in 

FIG. 2 and located between λ1 and λ2 and is negligible at wavelengths 

shorter than λ1 and longer than λ2, the following Eq. (4) is valid under 

the assumption that an amount of reflected light and an amount of 

transmitted light are equal. 15 

∫f(λ)h(λ)dλ=∫f(λ)(1–h(λ))dλ (4) 

 When Eq. (4) is modified, the following Eq. (5) is obtained. 

2∫f(λ)h(λ)dλ=∫f(λ)dλ (5) 

[0041] If Eq. (1) is substituted into Eq. (5), 2∫f(λ)(λ–λ1)/(λ2–

λ1)dλ=∫f(λ)dλ is set, both sides are further divided by 2∫f(λ)dλ/(λ2–λ1), 20 

the following Eq. (6) is obtained. 

∫f(λ)(λ–λ1)dλ/∫f(λ)dλ=(λ2–λ1)/2 

∫f(λ)λdλ/∫f(λ)dλ=(λ2+λ1)/2 (6) 

[0042] Considering Eq. (3), it is clear that the right side of Eq. (6) is 

λ50% and the left side is the centroid of f(λ), which is generally any 25 

function.  The left side of Eq. (6) is set as λf.  Based on the above, for 
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any spectrum through the LRG filter 61 whose transmittance varies 

linearly with a wavelength, when the amount of transmitted light is equal 

to the amount of reflected light, the centroid of the spectrum, λf, is λ50%. 

[0043] Subsequently, the second spectrum g(λ) is considered.  For 

spectrum g(λ), the spectrum is also contained entirely between λ1 and λ2.  5 

Now, for the spectra f(λ) and g(λ), a normalized difference value between 

transmitted light and reflected light is calculated.  Tf denotes the 

transmitted light of f(λ), Rf denotes the reflected light, Af denotes the 

total light amount, and Df denotes a difference value between transmitted 

light and reflected light.  Tg denotes the transmitted light of g(λ), Rg 10 

denotes the reflected light, Ag denotes the total light amount, and Dg 

denotes a difference value between transmitted light and reflected light.  

Moreover, λg denotes the centroid of g(λ).  In this case, Tf, Rf, Tg, and Rg 

are measured values and Af, Ag, Df, and Dg are values that can be 

calculated directly from the measured values.  Each of these values is 15 

also expressed by the following equation. 

Tf=∫f(λ)h(λ)dλ=∫f(λ)(λ–λ1)/(λ2–λ1)dλ (7) 

Tg=∫g(λ)h(λ)dλ=∫g(λ)(λ–λ1)/(λ2–λ1)dλ (8) 

Rf=∫f(λ)(1–h(λ))dλ=∫f(λ)(λ2–λ)/(λ2–λ1)dλ (9) 

Rg=∫g(λ)(1–h(λ))dλ=∫g(λ)(λ2–λ)/(λ2–λ1)dλ (10) 20 

Af=∫f(λ)dλ (11) 

Ag=∫g(λ)dλ (12) 

Df=Tf–Rf=2/(λ2–λ1)*∫λf(λ)dλ–(λ2+λ1)/(λ2–λ1)*∫f(λ)dλ (13) 

Dg=Tg–Rg=2/(λ2–λ1)*∫λg(λ)dλ–(λ2+λ1)/(λ2–λ1)*∫g(λ)dλ (14) 

[0044] Here, normalizing the difference value between the transmitted 25 

light and the reflected light is equivalent to dividing Df by Af and 
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dividing Dg by Ag.  If the difference between them is denoted by R, the 

following Eq. (15) is valid. 

R=Dg/Ag–Df/Af 

={∫g(λ)λdλ/∫g(λ)dλ–∫f(λ)λdλ/∫f(λ)dλ}*2/(λ2–λ1) 

=2(λg–λf) /(λ2–λ1) (15) 5 

[0045] If the difference between the centroid wavelength λf of the 

spectrum f(λ) and the centroid wavelength λg of the spectrum g(λ) is δλ, 

the following Eqs.  (16) and (17) are valid. 

R=2δλ/(λ2–λ1) (16) 

δλ=R(λ2–λ1)/2 (17) 10 

 As shown above, the difference between the centroids of two 

arbitrary spectra f(λ) and g(λ) can be obtained from calculations that take 

into account the amount of transmitted light and the amount of reflected 

light. 

[0046] Also, when the centroid of f(λ) is denoted by λ50%, Df is 0 15 

because the amount of reflected light and the amount of transmitted light 

are equal.  In other words, the centroid wavelength λg of any spectrum 

g(λ) is expressed by the following Eq. (18). 

λg=δλ+λ50% (18) 

[0047] As described above, the centroid wavelength of the spectrum 20 

(i.e., the wavelength information about the light) can be calculated from 

a design value of the LRG filter 61, the amount of transmitted light, and 

the amount of reflected light.  Also, the inspection apparatus 1 inspects 

the semiconductor apparatus 100 using the centroid wavelength 

(wavelength information) as described above. 25 

[0048] Moreover, the centroid wavelength λg of any spectrum g(λ) can 
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be obtained by the following Eqs.  (19) and (20).  In this case, the 

transmitted light Tg, the reflected light Rg, the total amount of light Ag, 

and the centroid λg of g(λ) are defined by Eqs.  (21), (22), (23), and (24), 

respectively.  Eq. (21) is synonymous with the above Eq. (8), Eq. (22) is 

synonymous with the above Eq. (10), Eq. (23) is synonymous with the 5 

above Eq. (12), and Eq. (24) is synonymous with the above Eq. (18). 

[Math.  1] 
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[0049] Next, an inspection method to be performed using the inspection 

apparatus 1 will be described with reference to FIGS. 1 to 6. 

[0050] First, the LRG filter 61 is moved by the switching unit 63 so that 

the LRG filter 61 is positioned on the light path between the objective 5 
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lens 50 and the infrared camera 62 (see FIG. 1).  Also, the semiconductor 

apparatus 100 is controlled by the semiconductor tester 20 so that it is 

not driven.  In this state, a dark image (a first dark image) is acquired by 

the infrared camera 62, and the first dark image is output to the computer 

70. 5 

[0051] Subsequently, the LRG filter 61 is moved by the switching unit 

63 so that the LRG filter 61 is withdrawn from the light path between 

the objective lens 50 and the infrared camera 62 (see FIG. 3).  Also, the 

semiconductor apparatus 100 is controlled by the semiconductor tester 

20 so that it is not driven.  In this state, a dark image (a second dark 10 

image) is acquired by the infrared camera 62, and the second dark image 

is output to the computer 70. 

[0052] Subsequently, the semiconductor apparatus 100 is driven by the 

semiconductor tester 20, and the semiconductor apparatus 100 is placed 

in a state in which emitted infrared light can be generated from the 15 

semiconductor apparatus 100.  Also, the LRG filter 61 is moved by the 

switching unit 63 so that the LRG filter 61 is positioned on the light path 

between the objective lens 50 and the infrared camera 62 (see FIG. 1), 

and the light transmitted through the LRG filter 61 is captured by the 

infrared camera 62.  The captured transmission image is output to the 20 

computer 70. 

[0053] Subsequently, while the semiconductor apparatus 100 continues 

to be driven by the semiconductor tester 20 and emitted infrared light is 

generated from the semiconductor apparatus 100, the LRG filter 61 is 

moved by the switching unit 63 so that the LRG filter 61 is withdrawn 25 

from the light path between the objective lens 50 and the infrared camera 
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62 (see FIG. 3), and the light that has arrived without passing through 

the LRG filter 61 is captured by the infrared camera 62.  The captured 

total light amount image is output to the computer 70. 

[0054] FIG. 4(a) is a diagram showing a transmission image 802 and 

FIG. 4(b) is a diagram showing a total light amount image 902.  Each of 5 

the transmission image 802 and the total light amount image 902 is an 

image corresponding to an amount of light of the captured light.  In other 

words, an integrated value of intensities of a plurality of pixels 

constituting the image 802 may be used as the transmission intensity (an 

amount of transmitted light), and an integrated value of intensities of a 10 

plurality of pixels constituting the image 902 may be used as a total 

intensity (a total amount of light). 

[0055] The computer 70 derives wavelength information (specifically, 

the centroid wavelength) of the emitted infrared light on the basis of the 

transmission image and the total light amount image captured by the 15 

infrared camera 62.  An example of the method for deriving the centroid 

wavelength has been described above.  In addition, the total amount of 

light may be derived from an image obtained by subtracting the second 

dark image from the total light amount image.  Moreover, the amount of 

transmitted light may be derived from an image obtained by subtracting 20 

the first dark image from the transmission image.  Thus, by subtracting 

the dark image from the measured image, the offset noise caused by 

camera leakage, apparatus temperature, or the like is canceled, and only 

the intensity of the emitted infrared light can be acquired. 

[0056] The imaging conditions for acquiring the transmission image and 25 

the total light amount image do not necessarily have to be the same.  
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Even if the exposure times are different, it is acceptable to treat them as 

being under substantially equivalent conditions by adjusting a digital 

gain or the like.  Furthermore, a plurality of images may be acquired and 

digitally integrated as necessary.  Furthermore, pixels in an area of 

emitted infrared light may be binned. 5 

[0057] The computer 70 displays values of the centroid wavelengths on 

its display while distinguishing the values using luminance, color (e.g., 

an LUT display), transmittance, and the like.  In this case, the computer 

70 may perform transmission or density processing according to the 

intensity of the emitted infrared light.  Moreover, the computer 70 may 10 

perform a separate process according to the centroid wavelength (e.g., a 

process for transmission outside a specific wavelength range or the like) 

to clearly indicate an abnormal location. 

[0058] FIGS. 5 and 6 are diagrams showing a display example of the 

wavelength information (the centroid wavelength).  For example, as 15 

shown in FIG. 5, a luminance display D1 of the centroid wavelength for 

each range may be displayed when the LRG filter 61 with a lower-limit 

wavelength of λ1=900 nm and an upper-limit wavelength of λ2=1700 nm 

is used.  Moreover, as shown in FIG. 6, for example, a wavelength range 

can be selected by the wavelength bar (in this case, 1600 nm to 1700 nm 20 

is selected), and the luminance display D2 for only this wavelength range 

can be displayed. 

[0059] Next, a process for deriving wavelength information within the 

inspection method to be executed using the inspection apparatus 1 will 

be described with reference to the flowchart shown in FIG. 7.  FIG. 7 is 25 

a flowchart of the inspection method (a detailed process for deriving the 
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wavelength information). 

[0060] In the process for deriving wavelength information as shown in 

FIG. 7, the semiconductor apparatus 100 is first set on the stage 10 (step 

S1). 

[0061] Subsequently, the LRG filter 61 arranged on a light path between 5 

the objective lens 50 and the infrared camera 62 transmits emitted 

infrared light generated from the semiconductor apparatus 100 (step S2). 

[0062] Subsequently, the light transmitted through the LRG filter 61 is 

captured by the infrared camera 62 and a transmission image is output to 

the computer 70 (step S3). 10 

[0063] Subsequently, the LRG filter 61 is withdrawn from the light path 

between the objective lens 50 and the infrared camera 62, and the light 

that has arrived without passing through the LRG filter 61 is captured by 

the infrared camera 62, and a total light amount image is output to the 

computer 70 (step S4). 15 

[0064] Also, the wavelength information about the infrared emitted light 

generated from the semiconductor apparatus 100 is derived by the 

computer 70 on the basis of the transmission image and the total light 

amount image (step S5). 

[0065] Next, functions and effects of the inspection apparatus 1 20 

according to the present embodiment will be described. 

[0066] The inspection apparatus 1 according to the present embodiment 

is an inspection apparatus for inspecting the semiconductor apparatus 

100 includes the stage 10 configured to hold the semiconductor 

apparatus 100, the LRG filter 61 having a transmission characteristic in 25 

which transmittance varies linearly in a predetermined wavelength range 
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and configured to transmit or reflect emitted infrared light generated 

from the semiconductor apparatus 100 on the basis of the transmission 

characteristic, the infrared camera 62 configured to capture the light 

transmitted through the LRG filter 61 to output a transmission image and 

capture light, which is the infrared light, arriving without passing 5 

through the LRG filter 61 to output a total light amount image, and the 

computer 70 configured to derive wavelength information about the 

emitted infrared light on the basis of the transmission image and the total 

light amount image. 

[0067] In the inspection apparatus 1, emitted infrared light generated 10 

from the semiconductor apparatus 100 is transmitted or reflected by the 

LRG filter 61 in accordance with the wavelength.  Also, the wavelength 

information about the emitted infrared light is derived on the basis of the 

transmission image obtained by capturing the light transmitted through 

the LRG filter 61 and the total light amount image obtained by capturing 15 

the emitted infrared light that has arrived without passing through the 

LRG filter 61.  Thus, in the inspection apparatus 1, because the LRG 

filter 61 is used to transmit or reflect light according to the wavelength, 

the transmission image is image data according to the wavelength of the 

light.  Moreover, because the transmission image is image data obtained 20 

by capturing light transmitted through the LRG filter 61 and the total 

light amount image is image data obtained by capturing light that has 

arrived without passing through the LRG filter 61, it is possible to 

acquire information about light transmitted through the LRG filter 61 

and light reflected on the LRG filter 61 from the image data.  Thus, 25 

information about the light transmitted or reflected in accordance with 
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the wavelength can be acquired with high accuracy and wavelength 

information of light can be acquired with high accuracy.  Furthermore, 

in this method for acquiring the wavelength information, wavelength 

information about emitted infrared light can be acquired spatially all at 

once, and wavelength information can be easily acquired because a 5 

process for changing a band filter or the like is unnecessary.  As 

described above, the inspection apparatus 1 of the present embodiment 

can easily and accurately acquire wavelength information about emitted 

infrared light generated from the semiconductor apparatus 100. 

[0068] The imaging unit may have an image sensor that captures the 10 

light transmitted through or reflected on the LRG filter 61 and captures 

the light as the emitted infrared light that has arrived without passing 

through the LRG filter 61.  This image sensor can appropriately image 

the desired light. 

[0069] The above-described inspection apparatus 1 may further include 15 

the switching unit 63 configured to switch the state between a state in 

which the LRG filter 61 is provided on the light path between the 

semiconductor apparatus 100 and the infrared camera 62 and a state in 

which the LRG filter 61 is not provided.  According to this configuration, 

it is possible to appropriately acquire both the transmission image and 20 

the total light amount image described above while switching between 

the presence and absence of the LRG filter 61. 

[0070] The computer 70 may derive the transmission intensity, which is 

the intensity of light transmitted through the LRG filter 61, on the basis 

of the transmission image, derive the total intensity of emitted infrared 25 

light on the basis of the total light amount image, derive the reflection 
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intensity, which is the intensity of light reflected by the LRG filter 61, 

on the basis of the transmission intensity and the total intensity, and 

derive wavelength information on the basis of the transmission intensity 

and the reflection intensity.  Because light is transmitted through or 

reflected on the LRG filter 61 according to a wavelength, wavelength 5 

information can be derived with high accuracy from information about a 

transmission intensity (an amount of transmitted light) and a reflection 

intensity (an amount of reflected light). 

[0071] The computer 70 may derive a difference value between the 

transmission intensity and the reflection intensity and derive wavelength 10 

information on the basis of the difference value.  The wavelength 

information can be derived with high accuracy by deriving wavelength 

information from the difference value between the transmission intensity 

and the reflection intensity. 

[0072] The wavelength information may be information indicating a 15 

centroid wavelength of the emitted infrared light.  Thereby, the 

wavelength information can be appropriately derived. 

[0073] Although the first embodiment has been described above, the 

configuration of the first embodiment is not limited to the above.  

Hereinafter, a modification example of the imaging mechanism 20 

employed in place of the imaging mechanism 60 will be described with 

reference to FIGS. 8 to 10. 

[0074] FIGS. 8(a) and 8(b) are explanatory diagrams of an imaging 

mechanism 160 according to a first modification example of the first 

embodiment.  The imaging mechanism 160 is different from the above-25 

described imaging mechanism 60 in that a switching unit 163 is 
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configured to switch a filter between an LRG filter 61 and a 

normalization filter 161. 

[0075] The imaging mechanism 160 has the LRG filter 61, the 

normalization filter 161, an infrared camera 62, and the switching unit 

163.  The normalization filter 161 is a filter that reduces an amount of 5 

light uniformly in space, for example, an ND filter.  The switching unit 

163 is configured to switch the state between a state in which the LRG 

filter 61 is provided on the light path between the semiconductor 

apparatus 100 and the infrared camera 62 (see FIG. 8(a)) and a state in 

which the LRG filter 61 is not provided and the normalization filter 161 10 

is provided (see FIG. 8(b)).  The switching unit 163 may implement the 

above-described switching operation by moving the LRG filter 61 and 

the normalization filter 161. 

[0076] In the state in which the normalization filter 161 is provided on 

the light path, for example, the normalization filter 161 is used to emit 15 

about 50% of incident light, and the luminance of the infrared camera 62 

is doubled, such that the total amount of light in the state in which the 

LRG filter 61 is not provided may be derived. 

[0077] FIGS. 9(a) and 9(b) are explanatory diagrams of an imaging 

mechanism 260 according to a second modification example of the first 20 

embodiment.  The imaging mechanism 260 is different from the above-

described imaging mechanism 60 in that the infrared camera 62 captures 

the light reflected on the LRG filter 61. 

[0078] The imaging mechanism 260 has the LRG filter 61, a mirror 261, 

the infrared camera 62, and a switching unit 263.  The switching unit 263 25 

is configured to switch the state between a state in which the LRG filter 
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61 is provided on the light path between the semiconductor apparatus 

100 and the infrared camera 62 (see FIG. 9(a)) and a state in which the 

LRG filter 61 is not provided and the mirror 261 is provided (see FIG. 

9(b)).  The switching unit 163 may implement the above-described 

switching operation by moving the LRG filter 61 and the mirror 261. 5 

[0079] In this case, the infrared camera 62 is provided at a position 

where the light reflected by the LRG filter 61 is captured in the state in 

which the LRG filter 61 is provided on the light path (see FIG. 9(a)) and 

provided at a position where the light reflected by the mirror 261 is 

captured in a state in which the mirror 261 is provided on the light path 10 

(see FIG. 9(b)).  In the state in which the mirror 261 is provided on the 

above-described light path, the total amount of emitted infrared light is 

acquired. 

[0080] The computer 70 derives the reflection intensity, which is the 

intensity of light reflected by the LRG filter 61, from the reflection image 15 

(see FIG. 9(a)), derives the total intensity of emitted infrared light from 

the total light amount image (see FIG. 9(b)), derives the transmission 

intensity, which is the intensity of light transmitted through the LRG 

filter 61, on the basis of the reflection intensity and the total intensity, 

and derives the wavelength information about the infrared light on the 20 

basis of the transmission intensity and the reflection intensity. 

[0081] In detail, the computer 70 executes a process of deriving 

wavelength information about emitted infrared light on the basis of the 

reflection image and total light amount image described above.  The 

computer 70 derives the reflection intensity (the amount of reflected 25 

light), which is the intensity of the emitted infrared light reflected on the 
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LRG filter 61, on the basis of the reflection image, and derives the total 

intensity (the total amount of light) of the emitted infrared light on the 

basis of the total light amount image.  Also, the computer 70 derives the 

transmission intensity (the amount of transmitted light), which is the 

intensity of the emitted infrared light transmitted through the LRG filter 5 

61, specifically by subtracting the reflection intensity from the total 

intensity on the basis of the reflection intensity and the total intensity.  

For example, when the transmission intensity is denoted by T, the 

reflection intensity is denoted by R, the total amount of light is denoted 

by A, and a difference value between the transmission intensity T and 10 

the reflection intensity R is denoted by D, T=A–R and D=A–2R are 

valid.  Moreover, the reflection intensity (the amount of reflected light) 

may be an integrated value of the intensities in the areas of the image 

corresponding to the emitted infrared light in the reflected image.  

Moreover, the total intensity (the total amount of light) may be an 15 

integrated value of the intensities in the areas of the image corresponding 

to the emitted infrared light in the total light amount image.  In this case, 

the transmission intensity (the amount of transmitted light) derived by a 

calculation process is obtained as an integrated value of the intensities in 

the areas of the image corresponding to the emitted infrared light.  20 

Furthermore, the reflection intensity (the amount of reflected light) may 

be an intensity of each pixel constituting the area of the image 

corresponding to the emitted infrared light in the reflected image.  

Moreover, the total intensity (the total amount of light) may be an 

intensity of each pixel constituting the area of the image corresponding 25 

to the emitted infrared light in the total light amount image.  In this case, 
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the transmission intensity (the amount of transmitted light) derived by a 

calculation process is obtained as an intensity of each pixel constituting 

the area of the image corresponding to the emitted infrared light. 

[0082] FIG. 10(a) is an explanatory diagram of an imaging mechanism 

360 according to a third modification example of the first embodiment.  5 

Unlike the above-described imaging mechanism 60, an imaging 

mechanism 360 has two infrared cameras 62 and 363 and simultaneously 

acquires a transmission image and a total light amount image. 

[0083] The imaging mechanism 360 has an LRG filter 61, an infrared 

camera 62 (a first image sensor), an infrared camera 363 (a second image 10 

sensor), and a beam splitter 364 (an optical splitting unit).  The beam 

splitter 364 is a splitter that splits the emitted infrared light output from 

a semiconductor apparatus 100 into a transmitted light path 399x (a first 

split light path) and a reflected light path 399y (a second split light path).  

The beam splitter 364 is, for example, a half-mirror or the like, and splits 15 

light by transmitting and reflecting the light.  The infrared camera 62 is 

arranged on the transmitted light path 399x.  The infrared camera 363 is 

arranged on the reflected light path 399y.  Moreover, the LRG filter 61 

is arranged on the transmitted light path 399x. 

[0084] According to this configuration, the emitted infrared light is split 20 

by the beam splitter 364 into the transmitted light path 399x and the 

reflected light path 399y, and the acquisition of a transmission image 

(first image data) from the infrared camera 62 provided on the 

transmitted light path 399x and the acquisition of a total light amount 

image (second image data) from the infrared camera 363 provided on the 25 

reflected light path 399y can be performed simultaneously.  In this case, 
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the wavelength information can be derived efficiently. 

[0085] In addition, as shown in FIG. 10(b), the LRG filter 61 may be 

arranged on the reflected light path 399y.  In this case, the reflected light 

path 399y is a first split light path and the transmitted light path 399x is 

a second split light path. 5 

[0086] [Second embodiment] 

 Next, a second embodiment of the present disclosure will be 

described with reference to FIGS. 11 and 12.  In the second embodiment, 

differences from the first embodiment will be mainly described, and 

descriptions that are redundant with those of the first embodiment will 10 

be omitted. 

[0087] FIG. 11 is a side view schematically showing an inspection 

apparatus 1A according to the second embodiment.  The inspection 

apparatus 1A includes an imaging mechanism 460 with infrared cameras 

62 and 463, an image forming lens 64, and an LRG dichroic mirror 461.  15 

The imaging mechanism 460 has the LRG dichroic mirror 461 as an 

optical filter.  The LRG dichroic mirror 461 has a transmission 

characteristic in which transmittance varies linearly in a predetermined 

wavelength range, and transmits and reflects emitted infrared light 

generated from the semiconductor apparatus 100 on the basis of the 20 

transmission characteristic. 

[0088] Moreover, the imaging mechanism 460 has an infrared camera 

62 (a first image sensor) and an infrared camera 463 (a second image 

sensor) as imaging units.  The infrared camera 62 captures the light 

transmitted through the LRG dichroic mirror 461 and outputs a 25 

transmission image (first image data).  The infrared camera 463 captures 
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the light reflected by the LRG dichroic mirror 461 and outputs a 

reflection image (second image data). 

[0089] The computer 70 derives wavelength information about emitted 

infrared light on the basis of the transmission and reflection images 

described above.  An example of a wavelength information derivation 5 

method is as described above. 

[0090] In the inspection apparatus 1A for the present embodiment, 

emitted infrared light generated from the semiconductor apparatus 100 

is transmitted and reflected by the LRG dichroic mirror 461 in 

accordance with a wavelength.  Also, wavelength information about the 10 

emitted infrared light is derived on the basis of the transmission image 

obtained by capturing the transmitted light and the reflection image 

obtained by capturing the reflected light.  Thus, in the inspection 

apparatus 1A, because the LRG dichroic mirror 461 is used to transmit 

and reflect emitted infrared light in accordance with a wavelength, the 15 

transmission and reflection images are image data according to the 

wavelength of the light.  By deriving light wavelength information from 

such image data, it is possible to acquire light wavelength information 

with high accuracy.  Furthermore, in this method for acquiring 

wavelength information, wavelength information about emitted infrared 20 

light can be acquired spatially all at once, and wavelength information 

can be easily acquired because a process for changing a band filter or the 

like is unnecessary.  As described above, the inspection apparatus 1A of 

this embodiment can easily and accurately acquire wavelength 

information about emitted infrared light generated from the 25 

semiconductor apparatus 100. 



38 

[0091] A configuration of the imaging unit in the second embodiment is 

not limited to the above-described aspect, but may be as shown in FIGS. 

12(a) to 12(d).  In the example shown in FIG. 12(a), light transmitted 

through the LRG dichroic mirror 461 is transmitted through an image 

forming lens 666a and reflected by a mirror 665a and captured by an 5 

infrared camera 62.  The light reflected by the LRG dichroic mirror 461 

passes through an image forming lens 666b and is reflected by the mirror 

665b and captured by the infrared camera 463.  In the examples shown 

in FIGS. 12(b) and 12(c), the LRG dichroic mirror 461 is provided within 

the prism.  In the examples shown in FIGS. 212(b) and 12(c), light 10 

transmitted through the LRG dichroic mirror 461 is reflected by the 

mirror 665a through the prism and captured by the infrared camera 62.  

The light reflected by the LRG dichroic mirror 461 is reflected by the 

prism and captured by the infrared camera 463.  If the LRG dichroic 

mirror 461 is provided within the prism, a degree of freedom of the 15 

layout of the infrared cameras 62 and 463 is improved.  In the example 

shown in FIG. 12(d), the prism with the built-in LRG dichroic mirror 

461 and the light detection units 661a and 661b, are configured as a 

single camera. 

[0092] Moreover, the imaging mechanism 60 may have a sensitivity 20 

correction filter 550 that flattens the spectral response characteristics of 

the entire optical system in front of the LRG filter (optical filter) 61, as 

shown in FIG. 13.  By providing the sensitivity correction filter 550, the 

centroid of wavelengths of light with wavelength widths can be obtained 

more accurately.  In addition, the sensitivity correction filter 550 may be 25 

provided between the LRG filter (optical filter) 61 and the camera 
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(image sensor) 62. 

[0093] Although the case where the computer 70, separate from the 

imaging unit, derives the wavelength information has been described, 

the present disclosure is not limited thereto and each process such as the 

derivation of the wavelength information may be performed by an 5 

integrated circuit within a camera. 

Reference Signs List 

[0094] 1, 1A Inspection apparatus, 10 Stage, 61 LRG filter (optical 

filter), 62 Infrared camera (camera, imaging unit, image sensor, first 

image sensor), 63, 163 Switching unit, 70 Computer (analysis unit), 100 10 

Semiconductor apparatus, 461 LRG dichroic mirror (optical filter), 463 

Infrared camera (camera, imaging unit, image sensor, second image 

sensor) 
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CLAIMS 

[Claim 1] An inspection apparatus for inspecting a semiconductor 

apparatus, the inspection apparatus comprising: 

 a stage configured to hold the semiconductor apparatus; 

 an optical filter having a transmission characteristic in which 5 

transmittance varies linearly in a predetermined wavelength range and 

configured to transmit or reflect emitted light generated from the 

semiconductor apparatus on the basis of the transmission characteristic; 

 an imaging unit configured to capture the light transmitted or 

reflected by the optical filter to output first image data and capture light 10 

as emitted light that has arrived without passing through the optical filter 

to output second image data; and 

 an analysis unit configured to derive wavelength information 

about the emitted light on the basis of the first image data and the second 

image data. 15 

[Claim 2] The inspection apparatus according to claim 1, wherein 

the imaging unit has an image sensor configured to capture the light 

transmitted or reflected by the optical filter and capture the light as the 

emitted light that has arrived without passing through the optical filter. 

[Claim 3] The inspection apparatus according to claim 1, further 20 

comprising a switching unit configured to perform a switching operation 

between a state in which an optical filter is provided on the light path 

between the semiconductor apparatus and the imaging unit and a state in 

which no optical filter is provided. 

[Claim 4] The inspection apparatus according to claim 1, 25 

 wherein the imaging unit has an optical splitting unit configured 
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to split the emitted light into first and second split light paths, a first 

image sensor arranged on the first split light path, and a second image 

sensor arranged on the second split light path, 

 wherein the optical filter is arranged between the optical splitting 

unit and the first image sensor on the first split light path, 5 

 wherein the first image sensor captures the light transmitted or 

reflected by the optical filter to output the first image data, and 

 wherein the second image sensor captures the light as the emitted 

light that has arrived without passing through the optical filter to output 

the second image data. 10 

[Claim 5] The inspection apparatus according to claim 1, wherein 

the analysis unit derives a transmission intensity, which is an intensity of 

light transmitted through the optical filter, on the basis of the first image 

data, derives a total intensity of the emitted light on the basis of the 

second image data, derives a reflection intensity, which is an intensity of 15 

light reflected by the optical filter, on the basis of the transmission 

intensity and the total intensity, and derives wavelength information on 

the basis of the transmission intensity and the reflection intensity. 

[Claim 6] The inspection apparatus according to claim 1, wherein 

the analysis unit derives a reflection intensity, which is an intensity of 20 

light reflected by the optical filter, on the basis of the first image data, 

derives a total intensity of the emitted light on the basis of the second 

image data, derives a transmission intensity, which is an intensity of light 

transmitted through the optical filter, on the basis of the reflection 

intensity and the total intensity, and derives wavelength information on 25 

the basis of the transmission intensity and the reflection intensity. 
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[Claim 7] The inspection apparatus according to claim 5 or 6, 

wherein the analysis unit derives a difference value between the 

transmission intensity and the reflection intensity and derives 

wavelength information on the basis of the difference value. 

[Claim 8] The inspection apparatus according to claim 1, wherein 5 

the wavelength information is information indicating a centroid 

wavelength of the emitted light. 

[Claim 9] The inspection apparatus according to claim 1, wherein 

the emitted light is light having a wavelength in an infrared wavelength 

range. 10 

[Claim 10] An inspection apparatus for inspecting a semiconductor 

apparatus, the inspection apparatus comprising: 

 a stage configured to hold the semiconductor apparatus; 

 an optical filter having a transmission characteristic in which 

transmittance varies linearly in a predetermined wavelength range and 15 

configured to transmit or reflect emitted light generated from the 

semiconductor apparatus on the basis of the transmission characteristic; 

 a first image sensor configured to capture the light transmitted 

through the optical filter to output first image data; 

 a second image sensor configured to image light reflected by the 20 

optical filter to output second image data; and 

 an analysis unit configured to derive wavelength information 

about the emitted light on the basis of the first image data and the second 

image data. 

[Claim 11] An inspection method for inspecting a semiconductor 25 

apparatus, the inspection method comprising: 
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 transmitting or reflecting emitted light generated from the 

semiconductor apparatus by an optical filter having a transmission 

characteristic in which transmittance varies linearly in a predetermined 

wavelength range, on the basis of the transmission characteristic; 

 capturing light transmitted or reflected by the optical filter to 5 

output first image data; 

 capturing light as emitted light that has arrived without passing 

through the optical filter to output second image data; and 

 deriving wavelength information about the emitted light on the 

basis of the first image data and the second image data. 10 

[Claim 12] An inspection method for inspecting a semiconductor 

apparatus, the inspection method comprising: 

 transmitting or reflecting emitted light generated from the 

semiconductor apparatus by an optical filter having a transmission 

characteristic in which transmittance varies linearly in a predetermined 15 

wavelength range, on the basis of the transmission characteristic; 

 capturing light transmitted through the optical filter to output 

first image data; 

 capturing light reflected by the optical filter to output second 

image data; and 20 

 deriving wavelength information about the emitted light on the 

basis of the first image data and the second image data. 


