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DESCRIPTION 

 

Title of Invention 

INSPECTION DEVICE AND INSPECTION METHOD 

Technical Field 5 

Technical Field 

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

inspection method. 

Background Art 

[0002] In recent years, development of a photonic integrated circuit 10 

(PIC: Photonic IC) has been advancing.  A photonic integrated circuit is 

an apparatus that integrates various optical functions and transmits 

information signals using light.  As a method for inspecting a photonic 

integrated circuit, a method of capturing infrared light scattered by 

defects in a waveguide in the photonic integrated circuit and displaying 15 

the captured image on a display to grasp spatial positions of the defects 

is known (see, for example, Patent Literature 1). 

Citation List 

Patent Literature 

[0003] [Patent Literature 1] Japanese Unexamined Patent Publication 20 

No. 2022-58070 

Summary of Invention 

Technical Problem 

[0004] In the inspection method described above, although the spatial 

positions of defects can be grasped from the captured image, it is not 25 

possible to obtain information (for example, wavelength information) on 
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light output from the photonic integrated circuit. 

 Therefore, there are cases in which proper inspection of photonic 

integrated circuits cannot be performed. 

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

described circumstances, and relates to an inspection apparatus and an 5 

inspection method capable of appropriately inspecting a photonic 

integrated circuit by acquiring information on light output from the 

photonic integrated circuit. 

Solution to Problem 

[0006] An inspection apparatus according to one aspect of the present 10 

disclosure is [1] “an inspection apparatus, which is an inspection 

apparatus inspecting a photonic integrated circuit having at least one 

optical output unit and a waveguide, including a stage holding the 

photonic integrated circuit, a control unit controlling an operation of the 

photonic integrated circuit, an optical filter having a transmission 15 

characteristic in which a transmittance varies linearly in a predetermined 

wavelength range and configured to transmit or reflect light that has been 

guided by the waveguide and output from the at least one optical output 

unit on the basis of the transmission characteristic, an imaging unit 

capturing light transmitted through or reflected by the optical filter to 20 

output first image data and capturing light output from the optical output 

unit which has arrived without passing through the optical filter to output 

second image data, and an analysis unit performing a first processing to 

derive wavelength information of the light output from the optical output 

unit on the basis of the first image data and the second image data”. 25 

[0007] In the inspection apparatus according to one aspect of the present 
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disclosure, light output from the optical output unit of the photonic 

integrated circuit is transmitted through or reflected by the optical filter 

according to a wavelength thereof.  The wavelength information of the 

light output from the optical output unit is derived on the basis of the 

first image data obtained by capturing the light transmitted through or 5 

reflected by the optical filter and the second image data obtained by 

capturing the light which has arrived without passing through the optical 

filter.  In this manner, in the inspection apparatus according to one aspect 

of the present disclosure, since the optical filter is used to transmit or 

reflect light according to the wavelength, the first image data serves as 10 

image data according to the wavelength of the light.  Also, since the first 

image data is image data obtained by capturing the light transmitted 

through or reflected by the optical filter, and the second image data is 

image data obtained by capturing the light which has arrived without 

passing through the optical filter, it is possible to acquire information, 15 

from these image data, about the light transmitted through the optical 

filter and about the light reflected by the optical filter.  When information 

about the light that has been transmitted or reflected according to the 

wavelength is acquired in this way, the wavelength information of the 

light can be acquired with high accuracy.  As described above, according 20 

to the inspection apparatus of one aspect of the present invention, it is 

possible to acquire information (specifically, wavelength information) of 

the light output from the photonic integrated circuit, and as a result, the 

photonic integrated circuit can be appropriately inspected using the 

wavelength information. 25 

[0008] The inspection apparatus according to one aspect of the present 
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disclosure may be [2] “the inspection apparatus according to the above-

described [1], in which the photonic integrated circuit includes a 

plurality of optical output units, and the optical filter transmits or reflects 

each light output from the plurality of optical output units on the basis 

of the transmission characteristic”.  According to such a configuration, 5 

the wavelength information of the light from the plurality of optical 

output units, which are provided at spatially different positions from 

each other, can be collectively acquired, allowing the photonic integrated 

circuits to be inspected more quickly and appropriately. 

[0009] The inspection apparatus according to one aspect of the present 10 

disclosure may be [3] “the inspection apparatus according to the above-

described [1] or [2], in which the imaging unit includes an image sensor 

capturing the light transmitted through or reflected by the optical filter 

and capturing the light output from the optical output unit which has 

arrived without passing through the optical filter”.  According to such an 15 

image sensor, it is possible to appropriately capture desired light. 

[0010] The inspection apparatus according to one aspect of the present 

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

the above-described [1] to [3], further including a switching unit 

configured to be able to switch between a state in which the optical filter 20 

is provided in an optical path between the optical output unit and the 

imaging unit and a state in which the optical filter is not provided”.  

According to such a configuration, it is possible to appropriately acquire 

both the first image data and the second image data described above 

while switching between the presence and absence of the optical filter. 25 

[0011] The inspection apparatus according to one aspect of the present 
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disclosure may be [5] “the inspection apparatus according to any one of 

the above-described [1] to [4], in which the imaging unit includes a light 

branching portion branching the light output from the optical output unit 

into a first branched optical path and a second branched optical path, a 

first image sensor disposed in the first branched optical path, and a 5 

second image sensor disposed in the second branched optical path, the 

optical filter is disposed between the light branching portion on the first 

branched optical path and the first image sensor, the first image sensor 

captures the light transmitted through or reflected by the optical filter to 

output the first image data, and the second image sensor captures the 10 

light output from the optical output unit which has arrived without 

passing through the optical filter to output the second image data”.  

According to such a configuration, when the light is branched into the 

first branched optical path and the second branched optical path by the 

light branching portion, it is possible to simultaneously acquire the 15 

above-described first image data and second image data, thereby 

enabling efficient inspection. 

[0012] The inspection apparatus according to one aspect of the present 

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

the above-described [1] to [5], in which the control unit controls a 20 

temperature of at least a part of the photonic integrated circuit”.  When 

a temperature of the photonic integrated circuit is controlled in this way, 

a characteristic of the waveguide in the photonic integrated circuit can 

be controlled, thereby enabling, for example, adjustment of the 

wavelength of the light output from the optical output unit.  This allows 25 

the photonic integrated circuit to be appropriately inspected while easily 
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changing wavelength conditions of the light. 

[0013] The inspection apparatus according to one aspect of the present 

disclosure may be [7] “the inspection apparatus according to any one of 

the above-described [1] to [6], in which the photonic integrated circuit 

has at least one optical input unit, and the optical output unit outputs light 5 

input from the optical input unit and guided by the waveguide”.  

According to such a configuration, it is possible to appropriately acquire 

wavelength information of the light that is input from the optical input 

unit of the photonic integrated circuit, passes through the waveguide, and 

is output from the optical output unit. 10 

[0014] The inspection apparatus according to one aspect of the present 

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

the above-described [1] to [7], further including a first optical scanner 

unit performing optical scanning on a first region of the photonic 

integrated circuit on which the optical input unit is formed and 15 

configured to detect light related to the optical scanning, in which the 

analysis unit further performs a second processing to preliminarily 

determine a position of the optical input unit into which light is input 

when the first processing is performed, and, in the second processing, 

determines the position of the optical input unit on the basis of an 20 

intensity of light detected by the first optical scanner unit”.  According 

to such a configuration, the position of the optical input unit can be 

determined from a difference in light intensity, and the subsequent first 

processing (processing of deriving wavelength information of the light 

output from the optical output unit) can be appropriately performed. 25 

[0015] The inspection apparatus according to one aspect of the present 
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disclosure may be [9] “the inspection apparatus according to any one of 

the above-described [1] to [8], further including a second optical scanner 

unit performing optical scanning on a second region of the photonic 

integrated circuit on which the optical output unit is formed and 

configured to detect light related to the optical scanning, in which the 5 

analysis unit further performs a third processing to preliminarily 

determine a position of the optical output unit which outputs light when 

the first processing is performed, and, in the third processing, determines 

the position of the optical output unit on the basis of an intensity of light 

detected by the second optical scanner unit”.  According to such a 10 

configuration, the position of the optical output unit can be determined 

from a difference in light intensity, and the subsequent first processing 

(processing of deriving wavelength information of the light output from 

the optical output unit) can be appropriately performed. 

[0016] The inspection apparatus according to one aspect of the present 15 

disclosure may be [10] “the inspection apparatus according to any one 

of the above-described [1] to [9], in which in the first processing, the 

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

light transmitted through the optical filter, from the first image data, 

derives a total intensity of the light output from the optical output unit 20 

from the second image data, derives a reflection intensity, which is an 

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

transmission intensity and the total intensity, and  derives the wavelength 

information on the basis of the transmission intensity and the reflection 

intensity”.  Since light is transmitted or reflected according to the 25 

wavelength in the optical filter, the wavelength information can be 
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derived with high accuracy from the information on the transmission 

intensity (transmitted light quantity) and the reflection intensity 

(reflected light quantity). 

[0017] The inspection apparatus according to one aspect of the present 

disclosure may be [11] “the inspection apparatus according to any one 5 

of the above-described [1] to [9], in which in the first processing, the 

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

light reflected by the optical filter, from the first image data, derives a 

total intensity of the light output from the optical output unit from the 

second image data, derives a transmission intensity, which is an intensity 10 

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

reflection intensity and the total intensity, and  derives the wavelength 

information on the basis of the transmission intensity and the reflection 

intensity”.  Since light is transmitted or reflected according to the 

wavelength in the optical filter, the wavelength information can be 15 

derived with high accuracy from the information on the transmission 

intensity (transmitted light quantity) and the reflection intensity 

(reflected light quantity). 

[0018] The inspection apparatus according to one aspect of the present 

disclosure may be [12] “the inspection apparatus according to the above-20 

described [10] or [11], in which the analysis unit derives a difference 

value between the transmission intensity and the reflection intensity and 

derives the wavelength information on the basis of the difference value”.  

The wavelength information can be derived with high accuracy by 

deriving the wavelength information from the difference value between 25 

the transmission intensity and the reflection intensity. 
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[0019] The inspection apparatus according to one aspect of the present 

disclosure may be [13] “the inspection apparatus according to any one 

of the above-described [1] to [12], in which the wavelength information 

is information indicating a centroid wavelength of the light output from 

the optical output unit”.  Thereby, the wavelength information can be 5 

appropriately derived. 

[0020] The inspection apparatus according to one aspect of the present 

disclosure may be [14] “the inspection apparatus according to any one 

of the above-described [1] to [13], in which the analysis unit further 

performs a fourth processing to create a table showing a relationship 10 

between the wavelength information and a temperature control of the 

photonic integrated circuit by associating the wavelength information 

derived in the first processing with information related to the 

temperature control of the photonic integrated circuit by the control unit 

when the wavelength information was derived”.  According to such a 15 

configuration, it is possible to create a table for temperature control when 

the wavelength of the photonic integrated circuit is adjusted, making it 

easier to control the photonic integrated circuit. 

[0021] An inspection method according to one aspect of the present 

disclosure is [15] “an inspection method, which is an inspection method 20 

of inspecting a photonic integrated circuit having at least one optical 

output unit and a waveguide, including controlling an operation of the 

photonic integrated circuit, transmitting or reflecting, on the basis of a 

transmission characteristic, light that has been guided by the waveguide 

and output from the at least one optical output unit by an optical filter 25 

having the transmission characteristic in which a transmittance varies 



10 

linearly in a predetermined wavelength range, capturing the light 

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

data, capturing light output from the optical output unit which has arrived 

without passing through the optical filter to output second image data, 

and deriving wavelength information of the light output from the optical 5 

output unit on the basis of the first image data and the second image data. 

Advantageous Effects of Invention 

[0022] According to the present disclosure, a photonic integrated circuit 

can be appropriately inspected by acquiring information on light output 

from the photonic integrated circuit. 10 

Brief Description of Drawings 

[0023] FIG. 1 is a side view schematically illustrating an inspection 

apparatus according to a first embodiment of the present disclosure. 

 FIG. 2 is a plan view schematically illustrating a PIC. 

 FIG. 3(a) is a side view of the PIC on an input end surface side, 15 

and FIG. 3(b) is a side view of the PIC on an output end surface side. 

 FIG. 4 is a diagram illustrating a spectrum of light and 

characteristics of an LRG filter. 

 FIG. 5 is a side view illustrating details of the inspection 

apparatus illustrated in FIG. 1. 20 

 FIGS. 6(a) to 6(c) are views illustrating a setting step. 

 FIG. 7 is a view illustrating the setting step. 

 FIG. 8 is a view illustrating a step of roughly determining a 

position of a optical input unit. 

 FIG. 9 is a view illustrating the step of roughly determining a 25 

position of the optical input unit. 
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 FIG. 10 is a view illustrating the step of roughly determining a 

position of the optical input unit. 

 FIG. 11 is a view illustrating a step of roughly determining a 

position of a optical output unit. 

 FIG. 11 is a view illustrating the step of roughly determining a 5 

position of the optical output unit. 

 FIG. 13 is a view illustrating the step of roughly determining a 

position of the optical output unit. 

 FIG. 14 is a view illustrating a step of determining a position of 

the optical input unit with high accuracy and a step of determining a 10 

position of the optical output unit with high accuracy. 

 FIG. 15 is a view illustrating the step of determining a position 

of the optical input unit with high accuracy. 

 FIG. 16 is a view illustrating the step of determining a position 

of the optical output unit with high accuracy. 15 

 FIG. 17 is a view illustrating a step of deriving wavelength 

information. 

 FIG. 18 is a view illustrating the step of deriving wavelength 

information. 

 FIG. 19 is a view illustrating the step of deriving wavelength 20 

information. 

 FIG. 20 is a diagram showing an example of a relationship 

between a heater input power and a wavelength shift amount. 

 FIG. 21 is a flowchart of an inspection method. 

 FIG. 22 is a side view schematically illustrating an inspection 25 

apparatus according to a second embodiment of the present disclosure. 
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 FIG. 23 is a view illustrating a step of determining a position of 

a grating with high accuracy. 

 FIG. 24 is a view illustrating the step of determining a position 

of the grating with high accuracy. 

 FIG. 25 is a view illustrating a step of deriving wavelength 5 

information. 

 FIG. 26 is a view illustrating a step of deriving wavelength 

information in a third embodiment of the present disclosure. 

 FIG. 27 is a view illustrating the step of deriving wavelength 

information. 10 

 FIGS. 28(a) and 28(b) are views illustrating an imaging 

mechanism according to a first modified example. 

 FIGS. 29(a) and 29(b) are views illustrating an imaging 

mechanism according to a second modified example. 

 FIGS. 30(a) and 30(b) are views illustrating an imaging 15 

mechanism according to a third modified example. 

 FIG. 31 is a view illustrating an imaging mechanism according 

to a fourth modified example. 

Description of Embodiments 

[0024] Hereinafter, embodiments will be described in detail with 20 

reference to the drawings.  In each of the drawings, the same or 

corresponding parts are denoted by the same reference signs, and 

redundant descriptions will be omitted. 

[0025] [First embodiment] 

 FIG. 1 is a side view schematically illustrating an inspection 25 

apparatus 1 according to a first embodiment.  The inspection apparatus 
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1 is an apparatus for inspecting a photonic integrated circuit (PIC: 

Photonic IC) 100.  The PIC 100 is a circuit in which a plurality of 

photonic components such as a waveguide, a laser element, a modulator, 

and a detector are integrated in a single chip.  Compared to conventional 

integrated circuits such as silicon ICs, the PIC100 is excellent in high 5 

speed, wide bandwidth, and power efficiency.  Also, the term 

“inspection” here not only refers to checking for any abnormalities 

(defects) in the PIC 100, but may also include, for example, generating 

information necessary for controlling the PIC 100.  The inspection 

apparatus 1 detects light output from the PIC 100, derives wavelength 10 

information of the light, and inspects the PIC 100 using the wavelength 

information.  When the wavelength information of the light output from 

the PIC 100 is derived, it is possible to inspect whether light of a desired 

wavelength is being output (channel accuracy, stability of light output), 

whether there are any electrical or optical connection problems in the 15 

laser elements within the PIC 100, whether there are any defects in the 

waveguides within the PIC 100 (presence of light leakage, degree of light 

leakage), whether optical transmission characteristics of the waveguides 

(wavelength-transmittance) are appropriate), and the like. 

[0026] The inspection apparatus 1 transmits or reflects light from the 20 

PIC 100 according to a wavelength component thereof, and captures the 

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

Also, the inspection apparatus 1 captures the light output from the PIC 

100 to acquire an image (second image data).  Then, the inspection 

apparatus 1 derives the wavelength information of the light output from 25 

the PIC 100 on the basis of the above-described two images (details will 
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be described later). 

[0027] As illustrated in FIG. 1, the inspection apparatus 1 includes a 

stage 10, a PIC controller 20 (control unit), a probe card 30, a mirror 40, 

a condenser lens 50, an imaging mechanism 60, and a computer 70 

(analysis unit). 5 

[0028] The stage 10 places and holds the PIC 100.  The stage 10 may be 

an XYZ stage configured to be able to move the PIC 100 in an XYZ 

direction (front-rear, left-right, and vertical directions).  A position of the 

PIC 100 may be adjusted by the XYZ stage, and focus adjustment may 

also be performed. 10 

[0029] FIG. 2 is a plan view schematically illustrating the PIC 100.  FIG. 

3(a) is a side view of the PIC 100 on an input end surface 100a side, and 

FIG. 3(b) is a side view of the PIC 100 on an output end surface 100b 

side.  The PIC 100 is an apparatus that integrates various optical 

functions and transmits information signals using light.  As illustrated in 15 

FIG. 2, the PIC 100 is configured to include various elements.  In the 

example illustrated in FIG. 2, the PIC 100 includes an optical input unit 

101, an optical output unit 102, a grating 103, a laser element 104, an 

input coupler 105, an optical modulator 106, an optical coupler 107, a 

waveguide 108, photodiodes 109 and 112, an optical ring resonant circuit 20 

110, a photonic crystal 111, and the like.  The PIC 100 includes at least 

one optical output unit and a waveguide. 

[0030] The optical input unit 101 is a portion through which light is 

input from the outside of the PIC 100 to the inside of the PIC 100.  The 

optical input unit 101 is formed on the input end surface 100a which is 25 

one side surface of the PIC 100 as illustrated in FIG. 3(a).  In FIG. 3(a), 
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only one optical input unit 101 is illustrated, but a plurality of optical 

input units 101 are formed on the input end surface 100a.  For example, 

in a state of practical use after inspection, an optical cable is connected 

to the optical input unit 101. 

[0031] The optical output unit 102 is a portion through which light is 5 

output to the outside of the PIC 100.  The optical output unit 102 is 

formed on the output end surface 100b which is the other end surface of 

the PIC 100 as illustrated in FIG. 3(b).  In FIG. 3(b), only one optical 

output unit 102 is illustrated, but a plurality of optical output units 102 

are formed on the output end surface 100b.  For example, in a state of 10 

practical use after inspection, an optical cable is connected to the optical 

output unit 102.  The optical output unit 102 may output light input from 

the optical input unit 101 and guided by the waveguide 108 to the outside 

of the PIC 100. 

[0032] The grating 103 is disposed on a front surface (upper surface) of 15 

the PIC 100 and functions as an optical output unit that outputs light 

upward (toward the outside the PIC 100).  The laser element 104 is a 

light source that emits laser light inside the PIC 100.  The light emitted 

from the laser element 104 passes through the input coupler 105 and the 

optical modulator 106 to reach the optical coupler 107, and is guided by 20 

the waveguide 108. 

[0033] The photodiodes 109 and 112 are photodetectors provided inside 

the PIC 100.  The optical ring resonant circuit 110 is a circuit that sets a 

resonance wavelength.  The photonic crystal 111 is a structure in which 

a refractive index changes periodically, and is a structure that confines 25 

light in a small region to manipulate the light.  Further, the PIC 100 may 
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include not only the components (elements) described above but also 

various other elements.  The PIC 100 may have microheaters (not 

illustrated) mounted on elements such as, for example, the optical ring 

resonant circuit 110, an optical modulator, and the like.  The microheater 

is configured to change a refractive index of the waveguide that 5 

constitutes each element of the optical ring resonant circuit 110, the 

optical modulator, or the like, thereby controlling the resonance 

wavelength of the light being guided. 

[0034] Returning to FIG. 1, the PIC controller 20 is a control unit for 

controlling an operation of each element in the PIC 100 which is an 10 

object to be inspected.  The PIC controller 20 is electrically connected to 

the PIC 100 via the probe card 30.  The PIC controller 20 supplies power 

to a light emitting element (for example, the laser element 104, an 

amplification element, or the like).  The PIC controller 20 supplies 

modulation signals to optical modulators (such as amplification-15 

element-type modulators, electro-absorption modulators, depletion-

layer-type modulators, and ring modulators).  The modulation signal 

here is, for example, a signal related to modulation of light intensity or a 

signal related to switching of an optical switch.  The PIC controller 20 

supplies power to the microheaters and controls a temperature of at least 20 

a part of the PIC 100.  Thereby, a refractive index of light guided in the 

waveguide 108 is controlled, and a resonator length in the optical ring 

resonant circuit 110 is controlled.  The PIC controller 20 supplies power 

to the photodiodes 109 and 112.  The PIC controller 20 measures a 

temperature of the PIC 100.  Temperature measurement may be 25 

performed by resistance measurement using a resistive element or by 
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voltage measurement using a thermocouple.  Also, the PIC controller 20 

may also control an IC portion mounted on the PIC 100 or may also 

perform emission wavelength measurement.  These functions may be 

performed by an external apparatus other than the PIC controller 20. 

[0035] The mirror 40 is a mirror that reflects the light from the PIC 100 5 

in a direction of the condenser lens 50.  The condenser lens 50 is, for 

example, an objective lens and is a lens that focuses light in a direction 

of the imaging mechanism 60. 

[0036] The imaging mechanism 60 is configured to include an LRG 

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

filter), a camera 62 (image sensor, imaging unit), and a switching unit 

63. 

[0037] The LRG filter 61 is a filter made of a special optical material 

and separates the light from the PIC 100 by transmitting or reflecting the 

light according to a wavelength thereof.  The LRG filter 61 has a 15 

transmission characteristic in which a transmittance varies linearly in a 

predetermined wavelength range, and transmits or reflects the light 

guided by the waveguide 108 and output from the optical output unit 102 

on the basis of the above-described transmission characteristic. 

[0038] FIG. 4 is a diagram illustrating a spectrum of light and 20 

characteristics of the LRG filter 61.  In FIG. 4, the horizontal axis 

represents a wavelength, and the vertical axis represents spectral 

intensity (in a case of an optical spectrum) and transmittance (in a case 

of the LRG filter 61).  As shown in the characteristic X4 of the LRG 

filter 61 in FIG. 4, in the LRG filter 61, in a predetermined wavelength 25 

range (wavelength band of wavelengths λ1 to λ2), a light transmittance 
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(and a reflectance) changes gradually in response to changes in 

wavelength, and in a wavelength band other than the predetermined 

wavelength range (that is, at wavelengths shorter than the wavelength λ1 

and at wavelengths longer than the wavelength λ2), the light 

transmittance (and the reflectance) is constant regardless of changes in 5 

wavelength.  In other words, in the predetermined wavelength range (the 

wavelength band of the wavelengths λ1 to λ2), the light transmittance 

changes in a monotonically increasing manner (the reflectance changes 

in a monotonically decreasing manner) with changes in wavelength.  

Since transmittance and reflectance have a negative correlation, that is, 10 

when one changes in an increasing direction, the other changes in a 

decreasing direction, in the following description, they may be referred 

to simply as “transmittance” rather than “transmittance (and 

reflectance)”.  Further, the phrase “the light transmittance is constant 

regardless of changes in wavelength” not only refers to a case in which 15 

the transmittance is completely constant, but also includes a case in 

which a change in transmittance for a change in wavelength of 1 nm is 

0.1% or less.  At wavelengths shorter than the wavelength λ1, the light 

transmittance is approximately 0% regardless of changes in wavelength, 

while at wavelengths longer than the wavelength λ2, the light 20 

transmittance is approximately 100% regardless of changes in 

wavelength.  Further, the phrase “the light transmittance is 

approximately 0%” includes transmittance values of around 0% plus up 

to about 10%, and “the light transmittance is approximately 100%” 

includes transmittance values of around 100% minus up to about 10%.  25 

As described above, the LRG filter 61 is a wavelength-separating optical 
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element that has a wavelength band of a predetermined width (width of 

the wavelengths λ1 to λ2) in which the transmittance changes according 

to changes in wavelength. 

[0039] Returning to FIG. 1, the camera 62 captures the light transmitted 

through the LRG filter 61 to output the transmission image (first image 5 

data).  Also, the camera 62 captures the light output from the optical 

output unit 102 which has arrived without passing through the LRG filter 

61 to output a total light quantity image (second image data).  As 

described above, the camera 62 performs a first imaging in which it 

captures the light transmitted through the LRG filter 61, and performs a 10 

second imaging in which it captures the light which has arrived without 

passing through the LRG filter 61.  The first imaging and the second 

imaging are switched by changing a position of the LRG filter 61 using 

the switching unit 63 to be described later.  Further, instead of the camera 

62, an area image sensor such as CCD or MOS may be used, 15 

respectively, or a line sensor or a time delay integration (TDI) sensor 

may be used. 

[0040] The switching unit 63 is configured to be able to switch between 

a state in which the LRG filter 61 is provided in the optical path between 

the optical output unit 102 and the camera 62 (a state for performing the 20 

above-described first imaging) and a state in which the LRG filter 61 is 

not provided (a state for performing the above-described second 

imaging).  The switching unit 63 achieves the above-described switching 

by moving the LRG filter 61 (changing the position of the LRG filter 

61).  That is, when the first imaging described above is performed, the 25 

switching unit 63 moves the LRG filter 61 so that the LRG filter 61 is 
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positioned in the optical path between the optical output unit 102 and the 

camera 62 and the light transmitted through the LRG filter 61 is imaged 

by the camera 62.  Also, when the second imaging described above is 

performed, the switching unit 63 moves the LRG filter 61 so that the 

LRG filter 61 is not positioned in the optical path between the optical 5 

output unit 102 and the camera 62, and the light which has arrived 

without passing through the LRG filter 61 is imaged by the camera 62.  

The switching unit 63 may be, for example, a filter wheel or a filter slide. 

[0041] Physically, the computer 70 is configured to include a memory 

such as a RAM and a ROM, a processor (an arithmetic circuit) such as a 10 

CPU, a communication interface, and a storage portion such as a hard 

disk.  The computer 70 functions by executing a program stored in the 

memory using the CPU.  The computer 70 may also be configured using 

a microcontroller or an FPGA. 

[0042] The computer 70 performs a first processing to derive the 15 

wavelength information of the light output from the optical output unit 

102 of the PIC 100 on the basis of the transmission image and the total 

light quantity image described above.  In the first processing, the 

computer 70 derives a transmission intensity (transmitted light quantity), 

which is an intensity of the light transmitted through the LRG filter 61, 20 

on the basis of the transmission image, and derives a total intensity of 

the light output from the optical output unit 102 on the basis of the total 

light quantity image.  Then, the computer 70 derives a reflection 

intensity (reflected light quantity), which is an intensity of light reflected 

by the LRG filter 61, on the basis of the transmission intensity and the 25 

total intensity specifically by subtracting the transmission intensity from 
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the total intensity.  For example, assuming that the transmission intensity 

is T, the reflection intensity is R, the total light quantity is A, and a 

difference value between the transmission intensity T and the reflection 

intensity R is D, R = A−T and D = 2T−A hold true.  The computer 70 

derives wavelength information on the basis of the transmitted light 5 

quantity and the reflected light quantity.  The computer 70 derives a 

difference value between the transmitted light quantity and the reflected 

light quantity, and derives wavelength information on the basis of the 

difference value.  The term “wavelength information” here refers to 

information indicating a centroid wavelength of the light output from the 10 

optical output unit 102.  Also, the transmission intensity (transmitted 

light quantity) may also be an integrated value of intensities in a region 

of the image corresponding to the optical output unit 102 in the 

transmission image.  Also, the total intensity (total light quantity) may 

also be an integrated value of the intensities in the region of the image 15 

corresponding to the optical output unit 102 in the total light quantity 

image.  In this case, the reflection intensity (reflected light quantity) 

derived by the calculation is obtained as the integrated value of the 

intensities in the region of the image corresponding to the optical output 

unit 102.  Further, the transmission intensity (transmitted light quantity) 20 

may be an intensity of each pixel constituting the region of the image 

corresponding to the optical output unit 102 in the transmission image.  

Also, the total intensity (total light quantity) may also be an intensity of 

each pixel constituting the region of the image corresponding to the 

optical output unit 102 in the total light quantity image.  In this case, the 25 

reflection intensity (reflected light quantity) derived by the calculation is 
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obtained as the intensity of each pixel constituting the region of the 

image corresponding to the optical output unit 102.  Hereinafter, an 

example of a calculation principle of the centroid wavelength will be 

described in detail with reference to FIG. 4. 

[0043] As described above, the LRG filter 61 is assumed to reflect all 5 

light at wavelengths shorter than the wavelength λ1, to transmit all light 

at wavelengths longer than the wavelength λ2, and to have a light 

transmittance that changes linearly with wavelength in the wavelength 

band of the wavelengths λ1 to λ2.  In this case, a transmittance h(λ) in 

relation to the wavelengths λ1 and λ2 is expressed by expression (1) 10 

below, and a reflectance 1−h(λ) is expressed by expression (2) below. 

h(λ) = (λ−λ1)/(λ2−λ1) (1) 

1−h(λ) = (λ2−λ)/(λ2−λ1) (2) 

[0044] Also, it is apparent that a wavelength λ50%, at which the 

reflectance becomes 50%, is expressed by expression (3) below. 15 

λ50% = (λ2+λ1)/2 (3) 

[0045] When a spectrum f (λ) is represented by the waveform X2 in FIG. 

4, lies between λ1 and λ2, and is negligible at wavelengths shorter than 

λ1 and longer than λ2, and assuming that the reflected light quantity and 

the transmitted light quantity are equal, expression (4) below holds. 20 

∫f(λ)h(λ)dλ = ∫f(λ)(1−h(λ))dλ (4) 

When expression (4) is transformed, expression (5) is obtained as shown 

below. 

2∫f(λ)h(λ)dλ = ∫f(λ)dλ (5) 

[0046] If expression (1) is substituted into expression (5), 25 

2∫f(λ)(λ−λ1)/(λ2−λ1)dλ = ∫f(λ)dλ 
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and if both sides are further divided by 2∫f(λ)dλ/(λ2−λ1), 

∫f(λ)(λ−λ1)dλ/∫f(λ)dλ = (λ2−λ1)/2 

∫f(λ)λdλ/∫f(λ)dλ = (λ2+λ1)/2 (6) 

 

[0047] Considering expression (3), it is apparent that the right-hand side 5 

of expression (6) is λ50% and the left-hand side is a centroid of f(λ) 

which is generally an arbitrary function.  The left-hand side of such 

expression (6) is assumed to be λf.  From the above, for an arbitrary 

spectrum that has passed through the LRG filter 61 whose transmittance 

changes linearly with wavelength, if the transmitted light quantity and 10 

the reflected light quantity are equal, the centroid λf of the spectrum is 

indicated as λ50%. 

[0048] Next, a second spectrum g(λ) will be considered.  For the 

spectrum g(λ) as well, the spectrum is entirely contained between λ1 and 

λ2.  Now, for the spectra f (λ) and g (λ), a difference between normalized 15 

difference values of the transmitted light and the reflected light is 

calculated.  For the spectrum f(λ), let the transmitted light be denoted by 

Tf, the reflected light be denoted by Rf, the total light quantity be 

denoted by Af, and the difference between the transmitted light and the 

reflected light be denoted by Df.  Also, for the spectrum g(λ), let the 20 

transmitted light be denoted by Tg, the reflected light be denoted by Rg, 

the total light quantity be denoted by Ag, and the difference between the 

transmitted light and the reflected light be denoted by Dg.  Also, let a 

centroid of g(λ) be denoted as λg.  At this time, Tf, Rf, Tg, and Rg are 

measured values, and Af, Ag, Df, and Dg are values that can be directly 25 

calculated from the measured values.  These values are also expressed 
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by the following expressions. 

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) 5 

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 10 

= 2/(λ2−λ1)*∫λg(λ)dλ−(λ2+λ1)/(λ2−λ1)*∫g(λ)dλ (14) 

[0049] Here, the phrase “normalizing the difference value between the 

transmitted light and the reflected light” corresponds to dividing Df by 

Af and Dg by Ag.  If the difference between them is denoted by R, the 

following expression (15) holds. 15 

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) 

[0050] If a difference between the centroid wavelength λf of the 

spectrum f (λ) and a centroid wavelength λg of the spectrum g (λ) is 20 

denoted by δλ, the following expressions (16) and (17) hold. 

R = 2δλ /(λ2−λ1) (16) 

δλ = R(λ2−λ1)/2 (17) 

 As described above, it has been shown that the difference in 

centroid of two arbitrary spectra f(λ) and g(λ) can be obtained from 25 

calculations taking into account the transmitted light quantity and the 
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reflected light quantity. 

[0051] Then, when the centroid of f(λ) is λ50%, the reflected light 

quantity and the transmitted light quantity become equal, resulting in Df 

being zero.  That is, the centroid wavelength λg of an arbitrary spectrum 

g(λ) is expressed by the following expression (18). 5 

λg = δλ+λ50% (18) 

[0052] As described above, the centroid wavelength of the spectrum 

(that is, wavelength information of the light) can be calculated from a 

design value of the LRG filter 61, the transmitted light quantity, and the 

reflected light quantity.  Then, in the inspection apparatus 1, as described 10 

above, the PIC 100 is inspected using the centroid wavelength 

(wavelength information). 

[0053] Also, the centroid wavelength λg of an arbitrary spectrum g(λ) 

can also be determined using the following expressions (19) and (20).  In 

this case, a transmitted light Tg, a reflected light Rg, a total light Ag, and 15 

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

(24), respectively.  Further, expression (21) is equivalent to expression 

(8) described above, expression (22) is equivalent to expression (10) 

described above, expression (23) is equivalent to expression (12) 

described above, and expression (24) is equivalent to expression (18) 20 

described above. 

[Math.  1] 
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[0054] Next, steps of an inspection method performed using the 

inspection apparatus 1 will be described with reference to FIGS. 5 to 20.  

The present inspection method largely includes a preliminary 

preparation step and a step of deriving wavelength information.  The 5 
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preliminary preparation step includes a setting step, a step of roughly 

determining a position of the optical input unit 101, a step of roughly 

determining a position of the optical output unit 102, a step of 

determining the position of the optical input unit 101 with high accuracy, 

and a step of determining the position of the optical output unit 102 with 5 

high accuracy. 

[0055] The inspection apparatus 1 that performs the above-described 

steps has a configuration illustrated in FIG. 5 in detail.  FIG. 5 is a side 

view illustrating details of the inspection apparatus 1 illustrated in FIG. 

1.  As illustrated in FIG. 5, the inspection apparatus 1 is configured to 10 

include, in addition to the components illustrated in FIG. 1, a first 

scanner unit 200 (first optical scanner unit), a second scanner unit 300 

(second optical scanner unit), a condenser lens 401, and an observation 

camera 402.  The condenser lens 401 and the observation camera 402 

are components used in the preliminary preparation step. 15 

[0056] The first scanner unit 200 is configured to perform optical 

scanning on the input end surface 100a (first region) of the PIC 100, on 

which the plurality of optical input units 101 are formed, and detect light 

related to the optical scanning (specifically, light reflected at the input 

end surface 100a). 20 

[0057] The first scanner unit 200 is configured to include a laser light 

source 201, a photodiode 202, a galvanometer mirror 203, a mirror 240, 

and a condenser lens 250.  The laser light source 201 is a light source 

emitting laser light.  The galvanometer mirror (optical scanner) 203 is an 

optical scanner that reflects the light emitted from the laser light source 25 

201 in an arbitrary direction, thereby achieving optical scanning on the 
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input end surface 100a.  The condenser lens 250 is, for example, an 

objective lens and focuses the light onto the mirror 240.  The mirror 240 

reflects the light from the condenser lens 250 in a direction of the input 

end surface 100a of the PIC 100.  The photodiode 202 is a photodetector 

that detects the light reflected at the input end surface 100a.  The 5 

photodiode 202 outputs a signal related to the detected light to the 

computer 70. 

[0058] The second scanner unit 300 is configured to perform optical 

scanning on the output end surface 100b (second region) of the PIC 100, 

on which the plurality of optical output units 102 are formed, and detect 10 

light related to the optical scanning (specifically, light reflected at the 

output end surface 100b). 

[0059] The second scanner unit 300 is configured to include a laser light 

source 301, a photodiode 302, and a galvanometer mirror (optical 

scanner) 303.  The laser light source 301 is a light source emitting laser 15 

light.  The galvanometer mirror 303 is an optical scanner that reflects the 

light emitted from the laser light source 201 in an arbitrary direction, 

thereby achieving optical scanning on the output end surface 100b.  The 

output end surface 100b of the PIC 100 is irradiated with the light from 

the galvanometer mirror 303 via the condenser lens 50 and the mirror 20 

40.  The photodiode 302 is a photodetector that detects the light reflected 

at the output end surface 100b.  The photodiode 302 outputs a signal 

related to the detected light to the computer 70. 

[0060] The observation camera 402 is a camera for observing a probing 

operation of the probe card 30 on the chip of the PIC 100.  The 25 

observation camera 402 performs the above-described observation by 
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detecting light that has passed through the condenser lens 401 serving 

as, for example, an objective lens. 

[0061] In the following, the preliminary preparation steps (the setting 

step, the step of roughly determining the position of the optical input unit 

101, the step of roughly determining the position of the optical output 5 

unit 102, the step of determining the position of the optical input unit 

101 with high accuracy, and the step of determining the position of the 

optical output unit 102 with high accuracy) and the step of deriving 

wavelength information will be described in chronological order. 

[0062] (Setting step) 10 

 FIGS. 6(a) to 6(c) and FIG. 7 are views illustrating the setting 

step.  First, as illustrated in FIG. 6(a), a chip of the PIC 100 is mounted 

in a recessed portion on an upper surface of the stage 10.  Then, as 

illustrated in FIG. 6(b), the PIC 100 is fixed to the stage 10, and a 

position and an orientation (inclination) of the stage 10 are adjusted.  15 

Next, as illustrated in FIG. 7 and FIG. 6(c), probing of the chip of the 

PIC 100 with the probe card 30 is performed while the position of the 

probe card 30 is observed by the observation camera 402.  The above 

describes the setting step. 

[0063] (Step of roughly determining position of optical input unit 101) 20 

 FIGS. 8 to 10 are views illustrating the step of roughly 

determining a position of the optical input unit 101.  As illustrated in 

FIG. 8, the input end surface 100a of the PIC 100 is irradiated with light 

by the first scanner unit 200.  As illustrated in FIG. 9, the first scanner 

unit 200 scans an irradiation region of a light SC1 from the laser light 25 

source 201 on the input end surface 100a in a horizontal direction and/or 
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vertical direction, thereby performing optical scanning.  Here, as 

illustrated in FIG. 10, there are the plurality of optical input units 101 

(input units 101a, 101b, 101c, 101d, 101e, and 101f in the example in 

FIG. 10) on the input end surface 100a, and a diameter of the light SC1 

scanned at the input end surface 100a is larger than a diameter of each 5 

of the optical input units 101a to 101f.  The diameter of each of the 

optical input units 101a to 101f is, for example, 1 μm or less and may be 

about 0.5 μm.  The photodiode 202 of the first scanner unit 200 detects 

the light reflected at the input end surface 100a and outputs a signal 

related to the detected signal to the computer 70.  The signal is a signal 10 

indicating at least an intensity of the light detected by the photodiode 

202.  Further, before the optical scanning, a position of the stage 10 or 

the first scanner unit 200 may be adjusted to bring the input end surface 

100a of the PIC 100 into focus. 

[0064] Then, the computer 70 determines rough positions of the optical 15 

input units 101a to 101f on the basis of the signal (signal indicating an 

intensity of the detected light) output by the photodiode 202 of the first 

scanner unit 200.  Such processing is a second processing to 

preliminarily determine the positions of the optical input units 101a to 

101f into which light is input when the first processing of deriving the 20 

wavelength information of the light is performed.  The computer 70 

determines the positions of the optical input units 101a to 101f based on 

differences in light intensity according to a difference between the 

reflectance at the optical input units 101a to 101f and the reflectance at 

regions other than the optical input units 101a to 101f on the input end 25 

surface 100a.  The positions of the optical input units 101a to 101f 
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determined here are rough positions, and accurate positions thereof will 

be determined in the “step of determining the position of the optical input 

unit 101 with high accuracy” to be described later. 

[0065] (Step of roughly determining position of optical output unit 102) 

 FIGS. 11 to 13 are views illustrating the step of roughly 5 

determining a position of the optical output unit 102.  As illustrated in 

FIG. 11, the output end surface 100b of the PIC 100 is irradiated with 

light by the second scanner unit 300.  As illustrated in FIG. 12, the 

second scanner unit 300 scans an irradiation region of a light SC2 from 

the laser light source 301 on the output end surface 100b in a horizontal 10 

direction and/or vertical direction, thereby performing optical scanning.  

Here, as illustrated in FIG. 13, there are the plurality of output units 102 

(output units 102a, 102b, 102c, 102d, 102e, and 102f in the example in 

FIG. 13) on the output end surface 100b, and a diameter of the light SC2 

scanned at the output end surface 100b is larger than a diameter of each 15 

of the optical output units 102a to 102f.  The diameter of each of the 

optical output units 102a to 102f is, for example, 1 μm or less and may 

be about 0.5 μm.  The photodiode 302 of the second scanner unit 300 

detects the light reflected at the output end surface 100b and outputs a 

signal related to the detected signal to the computer 70.  The signal is a 20 

signal indicating at least an intensity of the light detected by the 

photodiode 302.  Further, before the optical scanning, a position of the 

stage 10 or the second scanner unit 300 may be adjusted to bring the 

output end surface 100b of the PIC 100 into focus. 

[0066] Then, the computer 70 determines rough positions of the optical 25 

output units 102a to 102f on the basis of the signal (signal indicating an 
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intensity of the detected light) output by the photodiode 302 of the 

second scanner unit 300.  Such processing is a third processing to 

preliminarily determine the positions of the optical output units 102a to 

102f that output light when the first processing of deriving the 

wavelength information of the light is performed.  The computer 70 5 

determines the positions of the optical output units 102a to 102f based 

on differences in light intensity according to a difference between the 

reflectance at the optical output units 102a to 102f and the reflectance at 

regions other than the optical output units 102a to 102f on the output end 

surface 100b.  The positions of the optical output units 102a to 102f 10 

determined here are rough positions, and accurate positions thereof will 

be determined in the “step of determining the position of the optical 

output unit 102 with high accuracy” to be described later. 

[0067] (Step of determining position of optical input unit 101 with high 

accuracy) 15 

 FIGS. 14 and 15 are views illustrating the step of determining a 

position of the optical input unit 101 with high accuracy.  As illustrated 

in FIGS. 14 and 15, with the second scanner unit 300 positioned at the 

predetermined optical output unit 102 (the optical output unit 102 whose 

position has been determined by the step of roughly determining the 20 

position of the optical output unit 102), light is input to each optical input 

unit 101 (the optical input units 101a to 101f)  by the first scanner unit 

200.  Then, the light output from the above-described optical output unit 

102 is detected by the photodiode 302 of the second scanner unit 300.  

Light is scanned over the optical input units 101a to 101f (and their 25 

surroundings), whose rough positions have already been determined, by 
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the first scanner unit 200, and light intensities thereof are detected by the 

photodiode 302, thereby enabling accurate determination of the positions 

of the optical input units 101a to 101f from a difference in light intensity. 

[0068] (Step of determining position of optical output unit 102 with high 

accuracy) 5 

 FIGS. 14 and 16 are views illustrating the step of determining a 

position of the optical output unit 102 with high accuracy.  As illustrated 

in FIGS. 14 and 16, with the first scanner unit 200 positioned at the 

predetermined optical input unit 101, light is input to the optical input 

unit 101 by the first scanner unit 200.  Then, the light output from the 10 

PIC 100 is detected by the photodiode 302 of the second scanner unit 

300.  Light is scanned over the optical output units 102a to 102f (and 

their surroundings), whose rough positions have already been 

determined, by the second scanner unit 300, and light intensities thereof 

are detected by the photodiode 302, thereby enabling accurate 15 

determination of the positions of the optical output units 102a to 102f 

from a difference in light intensity. 

[0069] (Step of deriving wavelength information) 

 FIGS. 17 to 19 are views illustrating the step of deriving 

wavelength information.  As illustrated in FIG. 17, first, the imaging 20 

mechanism 60 is  aligned in position so that the light output from the 

plurality of optical output units 102a to 102f can be collectively captured.  

Specifically, the LRG filter 61 is moved by the switching unit 63 so that 

the LRG filter 61 is positioned in an optical path between the optical 

output units 102a to 102f and the camera 62, and the light transmitted 25 

through the LRG filter 61 is captured by the camera 62.  In this case, the 
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LRG filter 61 transmits or reflects the light (see FIG. 18) input from the 

optical input unit 101, guided by the waveguide 108, and output from 

the optical output unit 102 on the basis of transmission characteristics of 

the light.  Then, with the light input to the desired optical input unit 101, 

the light output from the optical output unit 102 of the PIC 100 and 5 

transmitted through the LRG filter 61 is captured by the camera 62. 

[0070] Next, the LRG filter 61 is moved by the switching unit 63 so that 

the LRG filter 61 is not positioned in the optical path between the optical 

output units 102a to 102f and the camera 62, light which has arrived 

without passing through the LRG filter 61 is captured by the camera 62.  10 

In this case, with the light input to the desired optical input unit 101, the 

light output from the optical output unit 102 of the PIC 100 which has 

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

camera 62. 

[0071] FIG. 19(a) is a view illustrating an image of the optical output 15 

unit 102 captured by the camera 62, which is an image 802 (transmission 

image) of light that has passed through the LRG filter 61, and FIG. 19(b) 

is a view illustrating an image of the optical output unit 102 captured by 

the camera 62, which is an image 902 (total light quantity image) of light 

which has arrived without passing through the LRG filter 61.  These 20 

images 802 and 902 each represent an image corresponding to a quantity 

of light captured.  That is, an integrated value of intensities of the 

plurality of pixels constituting the image 802 may be used as the 

transmission intensity (transmitted light quantity), and an integrated 

value of intensities of the plurality of pixels constituting the image 902 25 

may be used as the total intensity (total light quantity). 
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[0072] The computer 70 performs the first processing of deriving 

wavelength information (specifically, the centroid wavelength) of the 

light output from each of the output units 102a to 102f on the basis of 

the transmission image and the total light quantity image captured by the 

camera 62.  An example of the method for deriving the centroid 5 

wavelength is as described above. 

[0073] Further, the computer 70 may create a table indicating a 

relationship between wavelength information and a temperature control 

of the PIC by associating the wavelength information derived in the first 

processing with information related to the temperature control of the PIC 10 

(for example, power supplied to the microheaters) performed by the PIC 

controller 20 at the time the wavelength information is derived.  Such a 

table can be used during normal PIC control (wavelength control of the 

PIC 100).  As described above, the PIC controller 20 supplies power to 

the microheaters and controls a temperature of at least a part of the PIC 15 

100.  Through such temperature control, a refractive index of the light 

guided in the waveguide 108 of the PIC 100 is controlled, thereby 

controlling the wavelength of the light output from the PIC 100.  For 

example, when conditions of input power to the microheaters by the PIC 

controller 20 are changed and the wavelength information is derived 20 

through the first processing for each condition, it is possible to create a 

table, as shown in FIG. 20, in which the input power to the microheaters 

is associated with the wavelength information.  In FIG. 20, the horizontal 

axis represents input power to the microheaters, and the vertical axis 

represents a resonance wavelength shift amount (δλ in the above-25 

described expression (18)). 
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[0074] Next, the step of deriving wavelength information in the 

inspection method performed using the inspection apparatus 1 will be 

described with reference to the flowchart shown in FIG. 21.  FIG. 21 is 

a flowchart of the inspection method (specifically the step of deriving 

wavelength information). 5 

[0075] As shown in FIG. 21, in the step of deriving wavelength 

information, an operation of the PIC 100 is first controlled by the PIC 

controller 20 (step S1).  Here, the “control of the operation” refers to 

control of an operation of each element within the PIC 100. 

[0076] Next, the LRG filter 61 disposed in the optical path between the 10 

optical output unit 102 and the camera 62 transmits the light output from 

the optical output unit 102 (step S2). 

[0077] Next, the light transmitted through the LRG filter 61 is captured 

by the camera 62, and the transmission image is output to the computer 

70 (step S3). 15 

[0078] Next, the LRG filter 61 is withdrawn from the optical path 

between the optical output unit 102 and the camera 62, and the light 

which has arrived without passing through the LRG filter 61 is captured 

by the camera 62, and the total light quantity image is output to the 

computer 70 (step S4). 20 

[0079] Then, the wavelength information of the light output from the 

optical output unit 102 is derived by the computer 70 on the basis of the 

transmission image and the total light quantity image (step S5). 

[0080] Next, an operation and effects of the inspection apparatus 1 

according to the present embodiment will be described. 25 

[0081] The inspection apparatus 1 is an inspection apparatus for 
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inspecting the PIC 100 having at least one optical output unit 102 and 

the waveguide 108, and includes the stage 10 holding the PIC 100, the 

PIC controller 20 configured to control an operation of the PIC 100, the 

LRG filter 61 having a transmission characteristic in which a 

transmittance varies linearly in a predetermined wavelength range, and 5 

transmitting or reflecting light guided by the waveguide 108 and output 

from the at least one optical output unit 102 on the basis of the 

transmission characteristic, the camera 62 capturing light transmitted 

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

light output from the optical output unit 102, which has arrived without 10 

passing through the LRG filter 61, to output a total light quantity image, 

and the computer 70 performing a first processing to derive wavelength 

information of the light output from the optical output unit 102 on the 

basis of the transmission image and the total light quantity image. 

[0082] In the inspection apparatus 1 according to the present 15 

embodiment, the light output from the optical output unit 102 of the PIC 

100 is transmitted through or reflected by the LRG filter 61 according to 

a wavelength thereof.  Then, the wavelength information of the light 

output from the optical output unit 102 is derived on the basis of the 

transmission image obtained by capturing the light transmitted through 20 

or reflected by the LRG filter 61, and the total light quantity image 

obtained by capturing the light which has arrived without passing 

through the LRG filter 61.  In this manner, in the inspection apparatus 1 

according to the present embodiment, since the LRG filter 61 is used to 

transmit or reflect light according to the wavelength, the transmission 25 

image serves as image data according to the wavelength of the light.  
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Also, since the transmission image is image data obtained by capturing 

the light transmitted through the LRG filter 61, and the total light 

quantity image is image data obtained by capturing the light which has 

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

acquire information, from these image data, not only about the light 5 

transmitted through the LRG filter 61, but also about the light reflected 

by the LRG filter 61.  When information about the light that has been 

transmitted or reflected according to the wavelength is acquired in this 

way, the wavelength information of the light can be acquired with high 

accuracy.  As described above, according to the inspection apparatus 1 10 

of the present embodiment, it is possible to acquire information 

(specifically, wavelength information) of the light output from the PIC 

100, and as a result, the PIC 100 can be appropriately inspected using 

the wavelength information. 

[0083] The PIC 100 may include the plurality of optical output units 15 

102a to 102f, and the LRG filter 61 may transmit or reflect each light 

output from the plurality of optical output units 102a to 102f on the basis 

of the transmission characteristic.  According to such a configuration, the 

wavelength information of the light from the plurality of optical output 

units 102a to 102f, which are provided at spatially different positions 20 

from each other, can be collectively acquired, allowing the PIC 100 to 

be inspected more quickly and appropriately. 

[0084] The imaging unit may include the camera 62 which is an image 

sensor that captures the light transmitted through or reflected by the LRG 

filter 61, and captures the light output from the optical output unit 102 25 

which has arrived without passing through the LRG filter 61.  According 



39 

to such a camera 62, it is possible to appropriately capture desired light. 

[0085] The inspection apparatus 1 may further include the switching 

unit 63 which is configured to be able to switch between a state in which 

the LRG filter 61 is provided in the optical path between the optical 

output unit 102 and the camera 62 and a state in which the LRG filter 61 5 

is not provided.  According to such a configuration, it is possible to 

appropriately acquire both the transmission image and the total light 

quantity image described above while switching between the presence 

and absence of the LRG filter 61. 

[0086] The PIC controller 20 may control a temperature of at least a part 10 

of the PIC the 100.  When the temperature of the PIC 100 is controlled 

in this way, the refractive index of the waveguide constituting the optical 

ring resonant circuit 110 of the PIC 100 can be changed, thereby 

controlling, for example, the resonance wavelength of the light in the 

optical ring resonant circuit 110.  This allows the PIC 100 to be 15 

appropriately inspected while easily changing wavelength conditions of 

the light. 

[0087] The PIC 100 may have at least one optical input unit 101, and the 

optical output unit 102 may output light input from the optical input unit 

101 and guided by the waveguide 108.  According to such a 20 

configuration, it is possible to appropriately acquire wavelength 

information of the light that is input from the optical input unit 101 of 

the PIC 100, passes through the waveguide 108, and is output from the 

optical output unit 102. 

[0088] The above-described inspection apparatus 1 may further include 25 

the first scanner unit 200 that performs optical scanning on the input end 
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surface 100a of the PIC 100 on which the optical input unit 101 is formed 

and detects light related to the optical scanning, in which the computer 

70 may further perform the second processing to determine in advance a 

position of the optical input unit 101 onto which light is input when the 

first processing is performed, and in the second processing, the position 5 

of the optical input unit 101 may be determined on the basis of the 

intensity of the light detected by the first scanner unit 200.  According to 

such a configuration, the position of the optical input unit 101 can be 

determined from a difference in light intensity, and the subsequent first 

processing (processing of deriving wavelength information of the light 10 

output from the optical output unit 102) can be appropriately performed. 

[0089] The above-described inspection apparatus 1 may further include 

the second scanner unit 300 that performs optical scanning on the output 

end surface 100b of the PIC 100 on which the optical output unit 102 is 

formed and detects light related to the optical scanning, in which the 15 

computer 70 may further perform the third processing to determine in 

advance a position of the optical output unit 102 that outputs light when 

the first processing is performed, and in the third processing, the position 

of the optical output unit 102 may be determined on the basis of the 

intensity of the light detected by the second scanner unit 300.  According 20 

to such a configuration, the position of the optical output unit 102 can be 

determined from a difference in light intensity, and the subsequent first 

processing (processing of deriving wavelength information of the light 

output from the optical output unit 102) can be appropriately performed. 

[0090] In the first processing, the computer 70 may derive the 25 

transmission intensity, which is an intensity of the light transmitted 
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through the LRG filter 61, from the transmission image, derive the total 

intensity of the light output from the optical output unit 102 from the 

total light quantity image, derive the reflection intensity, which is an 

intensity of the light reflected by the LRG filter 61, on the basis of the 

transmission intensity and the total intensity, and  derive the wavelength 5 

information on the basis of the transmission intensity and the reflection 

intensity.  Since light is transmitted or reflected according to the 

wavelength in the LRG filter 61, the wavelength information can be 

derived with high accuracy from the information on the transmission 

intensity (transmitted light quantity) and the reflection intensity 10 

(reflected light quantity). 

[0091] The computer 70 may derive a difference value between the 

transmission intensity and the reflection intensity, and derive the 

wavelength information on the basis of the difference value.  The 

wavelength information can be derived with high accuracy by deriving 15 

the wavelength information from the difference value between the 

transmission intensity and the reflection intensity. 

[0092] The wavelength information may be information indicating the 

centroid wavelength of the light output from the optical output unit 102.  

Thereby, the wavelength information can be appropriately derived. 20 

[0093] The computer 70 may further perform a fourth processing to 

create a table showing a relationship between the wavelength 

information and a temperature control of the PIC 100 by associating the 

wavelength information derived in the first processing with information 

related to the temperature control of the PIC 100 by the PIC controller 25 

20 when the wavelength information was derived.  According to such a 
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configuration, it is possible to create a table for temperature control when 

the wavelength of the PIC 100 is adjusted, making it easier to control the 

PIC 100. 

[0094] [Second embodiment] 

 Hereinafter, a second embodiment of the present disclosure will 5 

be described with reference to FIGS. 22 to 25.  In the second 

embodiment, points different from the first embodiment will be mainly 

described, and redundant explanations overlapping those of the first 

embodiment will be omitted. 

[0095] FIG. 22 is a side view schematically illustrating an inspection 10 

apparatus 1A according to the second embodiment.  The inspection 

apparatus 1A has the same configuration as the inspection apparatus 1.  

The inspection apparatus 1A derives wavelength information of light 

output from a grating 103 (see FIG. 25), which is a optical output unit 

provided on a front surface (upper surface) of a PIC 100.  In this case, 15 

an imaging mechanism 60 is disposed to be positioned directly above the 

front surface (upper surface) of the PIC 100 so that the light output from 

the grating 103 can be captured. 

[0096] Steps of an inspection method performed using the inspection 

apparatus 1A will be described.  Also in the present inspection method, 20 

as in the inspection method according to the first embodiment, a setting 

step (see FIGS. 6(a) to 6(c)) is first performed.  Next, if necessary, a step 

of roughly determining a position of a optical input unit 101 and a step 

of determining the position of the optical input unit 101 with high 

accuracy are performed.  These steps are similar to those described in 25 

the first embodiment.  Next, a step of determining a position of the 
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grating 103 is performed.  Specifically, as illustrated in FIGS. 23 and 24, 

light is input to the optical input unit 101 of the PIC 100 by a first scanner 

unit 200, and light from the grating 103 formed on the front surface 

(upper surface) of the PIC 100 is captured by a camera 62.  In this case, 

the light is input to each optical input unit 101 by scanning performed by 5 

the first scanner unit 200.  In this way, when the light from the grating 

103 is captured by the camera 62, the position of the grating 103 formed 

on the front surface (upper surface) of the PIC 100 can be determined 

with high accuracy. 

[0097] Next, a step of deriving wavelength information is performed.  10 

Specifically, first, the imaging mechanism 60 is aligned in position so 

that it can capture the light output from the grating 103.  Specifically, an 

LRG filter 61 transmits or reflects the light output from the grating 103 

on the basis of a transmission characteristic.  At this time, a condenser 

lens 50 and/or a stage 10 may be adjusted in an optical axis direction of 15 

the condenser lens 50 to bring the front surface (upper surface) of the 

PIC 100 into focus.  Then, with light input to the desired optical input 

unit 101, the light is output from the grating 103 formed on the front 

surface (upper surface) of the PIC 100 (see FIG. 25), the light is 

transmitted through or reflected by the LRG filter 61, and the transmitted 20 

light is captured by the camera 62. 

[0098] Also, after the LRG filter 61 is withdrawn from the optical path, 

with the light input to the desired optical input unit 101, the light is 

output from the grating 103 formed on the front surface (upper surface) 

of the PIC 100 (see FIG. 25), and the light is captured by the camera 62. 25 

[0099] Then,  the wavelength information (specifically, a centroid 
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wavelength) of the light output from the grating 103 is derived by a 

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

quantity image captured by the camera 62. 

[0100] [Third embodiment] 

 Hereinafter, a third embodiment of the present disclosure will be 5 

described with reference to FIGS. 26 and 27.  In the third embodiment, 

points different from the first embodiment and the second embodiment 

will be mainly described, and redundant explanations overlapping those 

of the first embodiment and the second embodiment will be omitted. 

[0101] FIGS. 26 and 27 are views illustrating a step of deriving 10 

wavelength information in the third embodiment.  As illustrated in FIG. 

26, in the third embodiment, light is emitted from a laser element 104 

inside a PIC 100, and the light is output from a plurality of gratings 103 

formed on a front surface (upper surface) of the PIC 100 That is, in the 

third embodiment, instead of light input to the inside of the PIC 100 from 15 

the outside of the PIC 100, light generated by the laser element 104 

inside the PIC 100 is output from the plurality of gratings 103. 

[0102] Step of an inspection method in this case will be described.  Also 

in the present inspection method, as in the inspection method according 

to the second embodiment, a preliminary preparation step such as a 20 

setting step is performed, followed by a step of deriving wavelength 

information. 

[0103] In the step of deriving wavelength information, first, an imaging 

mechanism 60 is  aligned in position so that the light output from the 

plurality of gratings 103 can be collectively captured.  Specifically, an 25 

LRG filter 61 transmits or reflects the light output from the plurality of 
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gratings 103 on the basis of a transmission characteristic.  At this time, a 

condenser lens 50 and/or a stage 10 may be adjusted in an optical axis 

direction of the condenser lens 50 to bring the front surface (upper 

surface) of the PIC 100 into focus.  Then, with light emitted from the 

laser element 104 inside the PIC 100, the light is output from the plurality 5 

of gratings 103 formed on the front surface (upper surface) of the PIC 

100 (see FIG. 26), the light is transmitted through or reflected by the 

LRG filter 61, and the transmitted light is captured by a camera 62. 

[0104] Also, after the LRG filter 61 is withdrawn from the optical path, 

with the light emitted from the laser element 104 inside the PIC 100, the 10 

light is output from the plurality of gratings 103 formed on the front 

surface (upper surface) of the PIC 100 (see FIG. 26), and the light is 

captured by the camera 62. 

[0105] FIG. 27(a) is a view illustrating an image of the plurality of 

gratings 103 captured by the camera 62 and an image 812 (transmission 15 

image) of light transmitted through the LRG filter 61, and FIG. 27(b) is 

a view illustrating an image of the plurality of gratings 103 captured by 

the camera 62 and an image 912 (reflection image) of light which has 

arrived without passing through the LRG filter 61.  These images 812 

and 912 each represent an image corresponding to a quantity of light 20 

captured. 

[0106] Then,  the wavelength information (specifically, a centroid 

wavelength) of the light output from each grating 103 is derived by a 

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

quantity image captured by the camera 62. 25 

[0107] Embodiments of the present disclosure have been described 
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above, but the present disclosure is not limited to the embodiments 

described above. 

[0108] FIGS. 28(a) and 28(b) are views illustrating an imaging 

mechanism 160 according to a first modified example.  The imaging 

mechanism 160 differs from the above-described imaging mechanism 60 5 

in that a switching unit 163 is configured to be able to switch between 

the LRG filter 61 and a normalization filter 161. 

[0109] The imaging mechanism 160 includes the LRG filter 61, the 

normalization filter 161, the camera 62, and the switching unit 163.  The 

normalization filter 161 is a filter that spatially reduces a light quantity 10 

uniformly, and is, for example, an ND filter.  The switching unit 163 is 

configured to be able to switch between a state in which the LRG filter 

61 is provided in the optical path between the optical output unit 102 and 

the camera 62 (see FIG. 28(a)) and a state in which the LRG filter 61 is 

not provided but the normalization filter 161 is provided (see FIG. 15 

28(b)).  The switching unit 163 may achieve the above-described 

switching by moving the LRG filter 61 and the normalization filter 161. 

[0110] In a state in which the normalization filter 161 is provided in the 

optical path, the total light quantity (total light quantity of the light output 

from the optical output unit 102) in a state in which the LRG filter 61 is 20 

not provided may be derived by, for example, using the normalization 

filter 161 that emits light at about 50% of the incident light quantity and 

setting a brightness of the camera 62 to about twice its normal level. 

[0111] FIGS. 29(a) and 29(b) are views illustrating an imaging 

mechanism 260 according to a second modified example.  The imaging 25 

mechanism 260 differs from the imaging mechanism 60 described above 
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in that the camera 62 captures  light reflected by the LRG filter 61. 

[0112] The imaging mechanism 260 includes the LRG filter 61, a mirror 

261, the camera 62, and a switching unit 263.  The switching unit 263 is 

configured to be able to switch between a state in which the LRG filter 

61 is provided in the optical path between the optical output unit 102 and 5 

the camera 62 (see FIG. 29(a)) and a state in which the LRG filter 61 is 

not provided but the mirror 261 is provided (see FIG. 29(b)).  The 

switching unit 163 may achieve the above-described switching by 

moving the LRG filter 61 and the mirror 261. 

[0113] In this case, the camera 62 is provided at a position to capture the 10 

light reflected by the LRG filter 61 when the LRG filter 61 is provided 

in the optical path (see FIG. 29(a)), and is positioned to capture the light 

reflected by the mirror 261 when the mirror 261 is provided in the optical 

path (see FIG. 29(b)).  In a state in which the mirror 261 is provided in 

the optical path, a total light quantity of the light output from the optical 15 

output unit 102 is acquired. 

[0114] In the first processing, the computer 70 derives a reflection 

intensity, which is an intensity of the light reflected by the LRG filter 61, 

from the reflection image (see FIG. 29(a)), derives a total intensity of the 

light output from the optical output unit 102 from the total light quantity 20 

image (see FIG. 29(b)), derives a transmission intensity, which is an 

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

of the reflection intensity and the total intensity, and derives wavelength 

information on the basis of the transmission intensity and reflection 

intensity. 25 

[0115] In detail, the computer 70 performs the first processing of 
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deriving wavelength information of the light output from the optical 

output unit 102 of the PIC 100 on the basis of the reflection image and 

the total light quantity image described above.  In the first processing, 

the computer 70 derives the reflection intensity (reflected light quantity), 

which is an intensity of the light reflected by the LRG filter 61, on the 5 

basis of the reflection image, and derives the total intensity (total light 

quantity) of the light output from the optical output unit 102 on the basis 

of the total light quantity image.  Then, the computer 70 derives the 

transmission intensity (transmitted light quantity), which is an intensity 

of the light transmitted through the LRG filter 61, on the basis of the 10 

reflection intensity and the total intensity, specifically by subtracting the 

reflection intensity from the total intensity.  For example, assuming that 

the transmission intensity is T, the reflection intensity is R, the total light 

quantity is A, and a difference value between the transmission intensity 

T and the reflection intensity R is D, T = A−R and D = A−2R hold true.  15 

Also, the reflection intensity (reflected light quantity) may also be an 

integrated value of intensities in the region of the image corresponding 

to the optical output unit 102 in the reflection image.  Also, the total 

intensity (total light quantity) may also be an integrated value of 

intensities in the region of the image corresponding to the optical output 20 

unit 102 in the total light quantity image.  In this case, the transmission 

intensity (transmitted light quantity) derived by the calculation is 

obtained as an integrated value of intensities in the region of the image 

corresponding to the optical output unit 102 Further, the reflection 

intensity (reflected light quantity) may also be an intensity of each pixel 25 

constituting the region of the image corresponding to the optical output 
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unit 102 in the reflection image.  Also, the total intensity (total light 

quantity) may also be an intensity of each pixel constituting the region 

of the image corresponding to the optical output unit 102 in the total light 

quantity image.  In this case, the transmission intensity (transmitted light 

quantity) derived by the calculation is obtained as an intensity of each 5 

pixel constituting the region of the image corresponding to the optical 

output unit 102. 

[0116] FIG. 30(a) is a view illustrating an imaging mechanism 360 

according to a third modified example.  The imaging mechanism 360 

differs from the above-described imaging mechanism 60 in that it has 10 

two cameras 62 and 363 and simultaneously acquires both the 

transmission image and the total light quantity image. 

[0117] The imaging mechanism 360 includes the LRG filter 61, the 

camera 62 (first image sensor), the camera 363 (second image sensor), 

and a beam splitter 364 (light branching portion).  The beam splitter 364 15 

is a splitter that branches the light output from the optical output unit 102 

into a transmission optical path 399x (first branched optical path) and a 

reflection optical path 399y (second branched optical path).  The beam 

splitter 364 is, for example, a half mirror or the like, and branches (splits) 

the light by transmitting and reflecting it.  The camera 62 is disposed on 20 

the transmission optical path 399x.  The camera 363 is disposed in the 

reflection optical path 399y.  Also, the LRG filter 61 is disposed on the 

transmission optical path 399x. 

[0118] According to such a configuration, light output from the optical 

output unit 102 is branched by the beam splitter 364 into the transmission 25 

optical path 399x and the reflection optical path 399y, and acquisition of 
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the transmission image (first image data) by the camera 62 provided on 

the transmission optical path 399x and acquisition of the total light 

quantity image (second image data) by the camera 363 provided on the 

reflection optical path 399y can be simultaneously performed.  

Accordingly, the wavelength information can be efficiently derived. 5 

[0119] Further, as illustrated in FIG. 30(b), the LRG filter 61 may be 

disposed on the reflection optical path 399y.  In this case, the reflection 

optical path 399y is the first branched optical path, and the transmission 

optical path 399x is the second branched optical path. 

[0120] Also, as illustrated in FIG. 31, the imaging mechanism 60 may 10 

include a sensitivity correction filter 550 that flattens spectral response 

characteristics of the entire optical system in front of the LRG filter 

(optical filter) 61.  When the sensitivity correction filter 550 is provided, 

a centroid of light having a wavelength width can be determined more 

accurately.  Further, the sensitivity correction filter 550 may be provided 15 

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

62. 

[0121] Further, although it has been described that the wavelength 

information is derived by the computer 70 that is separate from the 

camera 62, the present disclosure is not limited thereto, and each 20 

processing such as derivation of wavelength information may be 

performed by an integrated circuit inside the camera.  Also, the heater or 

cooler for adjusting a temperature of the PIC may be provided inside the 

PIC or outside the PIC.  Also, the PIC controller, which controls an 

operation of the PIC, may be connected from outside the PIC by a tester 25 

or the like, or may be connected via a board that is electrically connected 
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to a board of the PIC. 

Reference Signs List 

[0122] 1, 1A Inspection apparatus, 10 Stage, 20 PIC controller, 61 LRG 

filter (optical filter), 62 Camera (imaging unit, image sensor, first image 

sensor), 70 Computer (analysis unit), 100a Input end surface (first 5 

region), 100b Output end surface (second region), 101 Optical input unit, 

102 Optical output unit, 103 Grating (optical output unit), 108 

Waveguide, 200 First scanner unit (first optical scanner unit), 300 

Second scanner unit (second optical scanner unit) 363 Camera (second 

image sensor),  10 
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CLAIMS 

[Claim 1]  An inspection apparatus, which is an inspection apparatus 

inspecting a photonic integrated circuit having at least one optical output 

unit and a waveguide, comprising: 

 a stage holding the photonic integrated circuit; 5 

 a control unit controlling an operation of the photonic integrated 

circuit; 

 an optical filter having a transmission characteristic in which a 

transmittance varies linearly in a predetermined wavelength range and 

configured to transmit or reflect light that has been guided by the 10 

waveguide and output from the at least one optical output unit on the 

basis of the transmission characteristic; 

 an imaging unit capturing light transmitted through or reflected 

by the optical filter to output first image data and capturing light output 

from the optical output unit which has arrived without passing through 15 

the optical filter to output second image data; and 

 an analysis unit performing a first processing to derive 

wavelength information of the light output from the optical output unit 

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

[Claim 2]  The inspection apparatus according to claim 1, wherein 20 

 the photonic integrated circuit includes a plurality of optical 

output units, and 

 the optical filter transmits or reflects each light output from the 

plurality of optical output units on the basis of the transmission 

characteristic. 25 

[Claim 3]  The inspection apparatus according to claim 1, wherein the 
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imaging unit includes an image sensor capturing the light transmitted 

through or reflected by the optical filter and capturing the light output 

from the optical output unit which has arrived without passing through 

the optical filter. 

[Claim 4]  The inspection apparatus according to claim 1, further 5 

comprising a switching unit configured to be able to switch between a 

state in which the optical filter is provided in an optical path between the 

optical output unit and the imaging unit and a state in which the optical 

filter is not provided. 

[Claim 5]  The inspection apparatus according to claim 1, wherein 10 

 the imaging unit includes a light branching portion branching the 

light output from the optical output unit into a first branched optical path 

and a second branched optical path, a first image sensor disposed in the 

first branched optical path, and a second image sensor disposed in the 

second branched optical path, 15 

 the optical filter is disposed between the light branching portion 

on the first branched optical path and the first image sensor, 

 the first image sensor captures the light transmitted through or 

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

 the second image sensor captures the light output from the optical 20 

output unit which has arrived without passing through the optical filter 

to output the second image data. 

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

control unit controls a temperature of at least a part of the photonic 

integrated circuit. 25 

[Claim 7]  The inspection apparatus according to claim 1, wherein 
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 the photonic integrated circuit has at least one optical input unit, 

and 

 the optical output unit outputs light input from the optical input 

unit and guided by the waveguide. 

[Claim 8]  The inspection apparatus according to claim 7, further 5 

comprising a first optical scanner unit performing optical scanning on a 

first region of the photonic integrated circuit on which the optical input 

unit is formed and configured to detect light related to the optical 

scanning, wherein 

 the analysis unit further performs a second processing to 10 

preliminarily determine a position of the optical input unit into which 

light is input when the first processing is performed, and, in the second 

processing, determines the position of the optical input unit on the basis 

of an intensity of light detected by the first optical scanner unit. 

[Claim 9]  The inspection apparatus according to claim 1, further 15 

comprising a second optical scanner unit performing optical scanning on 

a second region of the photonic integrated circuit on which the optical 

output unit is formed and configured to detect light related to the optical 

scanning, wherein 

 the analysis unit further performs a third processing to 20 

preliminarily determine a position of the optical output unit which 

outputs light when the first processing is performed, and, in the third 

processing, determines the position of the optical output unit on the basis 

of an intensity of light detected by the second optical scanner unit. 

[Claim 10]  The inspection apparatus according to claim 1, wherein in 25 

the first processing, the analysis unit derives a transmission intensity, 
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which is an intensity of the light transmitted through the optical filter, 

from the first image data, derives a total intensity of the light output from 

the optical output unit from the second image data, derives a reflection 

intensity, which is an intensity of the light reflected by the optical filter, 

on the basis of the transmission intensity and the total intensity, and  5 

derives the wavelength information on the basis of the transmission 

intensity and the reflection intensity. 

[Claim 11]  The inspection apparatus according to claim 1, wherein in 

the first processing, the analysis unit derives a reflection intensity, which 

is an intensity of the light reflected by the optical filter, from the first 10 

image data, derives a total intensity of the light output from the optical 

output unit from the second image data, derives a transmission intensity, 

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

the basis of the reflection intensity and the total intensity, and  derives 

the wavelength information on the basis of the transmission intensity and 15 

the reflection intensity. 

[Claim 12]  The inspection apparatus according to claim 10 or 11, 

wherein the analysis unit derives a difference value between the 

transmission intensity and the reflection intensity and derives the 

wavelength information on the basis of the difference value. 20 

[Claim 13]  The inspection apparatus according to any one of claims 1 

to 11, wherein the wavelength information is information indicating a 

centroid wavelength of the light output from the optical output unit. 

[Claim 14]  The inspection apparatus according to any one of claims 1 

to 11, wherein the analysis unit further performs a fourth processing to 25 

create a table showing a relationship between the wavelength 
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information and a temperature control of the photonic integrated circuit 

by associating the wavelength information derived in the first processing 

with information related to the temperature control of the photonic 

integrated circuit by the control unit when the wavelength information 

was derived. 5 

[Claim 15]  An inspection method, which is an inspection method of 

inspecting a photonic integrated circuit having at least one optical output 

unit and a waveguide, comprising: 

 controlling an operation of the photonic integrated circuit; 

 transmitting or reflecting, on the basis of a transmission 10 

characteristic, light that has been guided by the waveguide and output 

from the at least one optical output unit by an optical filter having the 

transmission characteristic in which a transmittance varies linearly in a 

predetermined wavelength range;  

 capturing the light transmitted through or reflected by the optical 15 

filter to output first image data; 

 capturing light output from the optical output unit which has 

arrived without passing through the optical filter to output second image 

data; and 

 deriving wavelength information of the light output from the 20 

optical output unit on the basis of the first image data and the second 

image data. 


