
DESCRIPTION 

Title of Invention 

DEVICE ANALYSIS APPARATUS AND DEVICE ANALYSIS 

	

5 	METHOD 

Technical Field 

[0001] The present disclosure relates to a device analysis apparatus and 

a device analysis method. 

Background Art 

	

10 	[0002] In a power semiconductor device used for power conversion, etc., 

improvement in reliability under large current and high withstand voltage 

driving has been a problem. Operation analysis before a breakdown of 

an element is important in improving reliability of the power 

semiconductor device. Examples of a technology for carrying out 

	

15 	operation analysis of such a power semiconductor device include an 

avalanche light emission analysis method of an IGBT described in Non 

Patent Literature 1. 

[0003] The insulated gate bipolar transistor (IGBT) has a structure in 

which a p-type layer is added to a drain (n-type) of a metal-oxide- 

	

20 	semiconductor field-effect transistor (MOSFET) which is one of field 

effect transistors, and particularly corresponds to an element widely used 

as an element for power switching. In Non Patent Literature 1, attention 

is paid to current non-uniformity resulting from an avalanche 

phenomenon and an element breakdown due to current concentration, and 

	

25 	light emission associated with the avalanche phenomenon is observed on 

a side surface of the power semiconductor device using a streak camera. 
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Citation List 

Non Patent Literature 

[0004] Non Patent Literature 1: Tomoko Matsudai et.al., "Direct Photo 

Emission Monitoring for HighPower IGBT during Avalanche Operation" 

	

5 	The 36th NANO Testing Symposium, 9-11Nov. 2016 

Summary of Invention 

Technical Problem 

[0005] In the method of Non Patent Literature 1 described above, light 

emission from a side surface of a chip of the power semiconductor device 

	

10 	is observed using the streak camera through a slit. For this reason, there 

is a restriction that observation of light emission accompanying the 

avalanche phenomenon is limited to one-dimensional change. 

Therefore, to accurately determine the quality of the power 

semiconductor device by operation analysis before breakdown of the 

	

15 	element, it is necessary to acquire more information indicating the 

behavior of the element. In addition, to identify a two-dimensional 

position of the power semiconductor device in the chip, it is necessary to 

estimate the position from data detected using a plurality of streak 

cameras. 

	

20 	[0006] The present disclosure has been made to solve the above- 

mentioned problem, and an object of the present disclosure is to provide 

a device analysis apparatus and a device analysis method capable of 

accurately determining the quality of a power semiconductor device by 

operation analysis before breakdown of an element. 

	

25 	Solution to Problem 

[0007] A device analysis apparatus according to an aspect of the present 
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disclosure is a device analysis apparatus for determining a quality of a 

power semiconductor device, including an application unit that applies a 

voltage signal to the power semiconductor device, a light detection unit 

that detects light from the power semiconductor device at a plurality of 

	

5 	detection positions and outputs detection signals based on detection 

results, and a determination unit that determines the quality of the power 

semiconductor device based on temporal changes of the detection signals. 

[0008] In the device analysis apparatus, the voltage signal is applied to 

the power semiconductor device. Further, light from the power 

	

10 	semiconductor device is detected at the plurality of detection positions, 

and the quality of the power semiconductor device is determined based 

on temporal changes of the detection signals. In general, an internal 

structure is uniform in the power semiconductor device. For this reason, 

while the temporal changes of the detection signals at the plurality of 

	

15 	detection positions are uniform in a normal power semiconductor device, 

variations occur in the temporal changes of a plurality of detection signals 

in an abnormal power semiconductor device. Therefore, with reference 

to the temporal changes of the detection signals at the plurality of 

detection positions, the quality of the power semiconductor device can be 

	

20 	accurately determined by operation analysis before breakdown of an 

element. 

[0009] In addition, the device analysis apparatus may further include a 

comparison unit that compares the temporal changes of the detection 

signals with a preset threshold value, and the determination unit may 

	

25 	determine the quality of the power semiconductor device based on a 

comparison result in the comparison unit. In this case, it is possible to 
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quantitatively compare the temporal changes of the plurality of detection 

signals. Therefore, it is possible to more accurately determine the 

quality of the power semiconductor device. 

[0010] In addition, the device analysis apparatus may further include a 

	

5 	comparison unit that compares the temporal changes of the detection 

signals with each other, and the determination unit may determine the 

quality of the power semiconductor device based on a comparison result 

in the comparison unit. In this case, it is possible to quantitatively 

compare the temporal changes of the plurality of detection signals. 

	

10 	Therefore, it is possible to more accurately determine the quality of the 

power semiconductor device. 

[0011] In addition, the light detection unit may detect light from the 

power semiconductor device at a plurality of detection positions 

including a peripheral portion of the power semiconductor device. The 

	

15 	peripheral portion of the power semiconductor device is a part in which 

a guard ring corresponding to a ground potential is disposed and an 

electric field is easily concentrated. For this reason, by performing 

detection in the peripheral portion of the power semiconductor device, it 

is possible to detect light having high intensity, and to easily detect light 

	

20 	by application of a voltage signal. 

[0012] In addition, the light detection unit may simultaneously detect 

light from the power semiconductor device at the plurality of detection 

positions. In this case, light detection at the plurality of detection 

positions can be rapidly performed. 

	

25 	[0013] In addition, the light detection unit may individually detect light 

from the power semiconductor device at the plurality of detection 
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positions. In this case, a configuration of the light detection unit can be 

simplified. 

[0014] In addition, the application unit may apply a voltage signal 

causing avalanche breakdown to the power semiconductor device. In 

	

5 	this case, in the power semiconductor device, it is possible to cause light 

emission due to the avalanche breakdown. 

[0015] In addition, the light detection unit may detect light emission 

occurring in the power semiconductor device due to the avalanche 

breakdown. By detection of the light emission due to the avalanche 

	

10 	breakdown, a difference between the temporal changes of the detection 

signals due to the quality of the power semiconductor device becomes 

remarkable, and the quality of the power semiconductor device can be 

more accurately determined. 

[0016] In addition, a time resolution of the light detection unit may be 1 

	

15 	ius or less. In this case, it is possible to accurately comprehend the 

temporal changes of the detection signals. 

[0017] In addition, a device analysis method according to an aspect of 

the present disclosure is a device analysis method of determining a quality 

of a power semiconductor device, including an application step of 

	

20 	applying a voltage signal to the power semiconductor device, a light 

detection step of detecting light from the power semiconductor device at 

a plurality of detection positions and outputting detection signals based 

on detection results, and a determination step of determining the quality 

of the power semiconductor device based on temporal changes of the 

	

25 	detection signals. 

[0018] In the device analysis method, the voltage signal is applied to the 
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power semiconductor device. 	Further, light from the power 

semiconductor device is detected at the plurality of detection positions, 

and the quality of the power semiconductor device is determined based 

on temporal changes of the detection signals. In general, an internal 

	

5 	structure is uniform in the power semiconductor device. For this reason, 

while the temporal changes of the detection signals at the plurality of 

detection positions are uniform in a normal power semiconductor device, 

variations occur in the temporal changes of the plurality of detection 

signals in an abnormal power semiconductor device. Therefore, with 

	

10 	reference to the temporal changes of the detection signals at the plurality 

of detection positions, the quality of the power semiconductor device can 

be accurately determined by operation analysis before breakdown of an 

element. 

[0019] In addition, the device analysis method may further include a 

	

15 	comparison step of comparing the temporal changes of the detection 

signals with a preset threshold value, and the quality of the power 

semiconductor device may be determined in the determination step based 

on a comparison result in the comparison step. In this case, it is possible 

to quantitatively compare the temporal changes of the plurality of 

	

20 	detection signals. Therefore, it is possible to more accurately determine 

the quality of the power semiconductor device. 

[0020] In addition, the device analysis method may further include a 

comparison step of comparing the temporal changes of the detection 

signals with each other, and the quality of the power semiconductor 

	

25 	device may be determined in the determination step based on a 

comparison result in the comparison step. In this case, it is possible to 
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quantitatively compare the temporal changes of the plurality of detection 

signals. Therefore, it is possible to more accurately determine the 

quality of the power semiconductor device. 

[0021] In addition, light from the power semiconductor device may be 

	

5 	detected at a plurality of detection positions including a peripheral portion 

of the power semiconductor device in the light detection step. The 

peripheral portion of the power semiconductor device is a part in which 

a guard ring corresponding to a ground potential is disposed and an 

electric field is easily concentrated. For this reason, by performing 

	

10 	detection in the peripheral portion of the power semiconductor device, it 

is possible to detect light having high intensity, and to easily detect light 

by application of a voltage signal. 

[0022] In addition, light from the power semiconductor device may be 

simultaneously detected at the plurality of detection positions in the light 

	

15 	detection step. In this case, light detection at the plurality of detection 

positions can be rapidly performed. 

[0023] In addition, light from the power semiconductor device may be 

individually detected at the plurality of detection positions in the light 

detection step. In this case, a configuration of a light detection unit can 

	

20 	be simplified. 

[0024] In addition, a voltage signal causing avalanche breakdown may 

be applied to the power semiconductor device in the application step. In 

this case, in the power semiconductor device, it is possible to cause light 

emission due to the avalanche breakdown. 

	

25 	[0025] In addition, light emission occurring in the power semiconductor 

device due to the avalanche breakdown may be detected in the light 
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detection step. By detection of the light emission due to the avalanche 

breakdown, a difference between the temporal changes of the detection 

signals due to the quality of the power semiconductor device becomes 

remarkable, and the quality of the power semiconductor device can be 

	

5 	more accurately determined. 

[0026] In addition, the light may be detected at a time resolution of 1µs 

or less in the light detection step. In this case, it is possible to accurately 

comprehend the temporal changes of the detection signals. 

Advantageous Effects of Invention 

	

10 	[0027] According to the present disclosure it is possible to accurately 

deteiniine the quality of a power semiconductor device by operation 

analysis before breakdown of an element. 

Brief Description of Drawings 

[0028] FIG. 1 is a block diagram illustrating an embodiment of a device 

	

15 	analysis apparatus. 

FIG. 2 is a schematic view illustrating a configuration example of 

a power semiconductor device corresponding to an object to be analyzed. 

FIG. 3(a) is an equivalent circuit diagram of the power 

semiconductor device at the time of analysis execution, and FIG. 3(b) is 

	

20 	a diagram illustrating a relationship between a voltage signal and a 

current waveform. 

FIG. 4 is a schematic view illustrating an example of a 

configuration of a light detection unit. 

FIG. 5 is a plan view illustrating a detection position of the power 

	

25 	semiconductor device. 

FIG. 6 is a diagram illustrating an example of each time waveform 
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of a detection signal at each detection position of a normal power 

semiconductor device. 

FIG. 7 is a diagram illustrating an example of each time waveform 

of a detection signal at each detection position of an abnormal power 

	

5 	semiconductor device. 

FIG. 8 is a flowchart illustrating an embodiment of a device 

analysis method. 

FIG. 9 is a diagram illustrating another example of a method of 

comparing detection signals by a comparison unit. 

	

10 	Description of Embodiments 

[0029] Hereinafter, a preferred embodiment of a device analysis 

apparatus and a device analysis method according to an aspect of the 

present disclosure will be described in detail with reference to drawings. 

[0030] FIG. 1 is a block diagram illustrating an embodiment of the device 

	

15 	analysis apparatus. The device analysis apparatus 1 illustrated in FIG. 

1 is an apparatus that determines the quality of a power semiconductor 

device P by operation analysis before breakdown of an element. 

Examples of the power semiconductor device p corresponding to an 

object to be analyzed include an insulated gate bipolar transistor (IGBT). 

	

20 	The IGBT has a structure in which a p-type layer is added to a drain (n- 

type) of a metal-oxide-semiconductor field-effect transistor (MOSFET) 

which is one of field effect transistors, and particularly corresponds to an 

element widely used as an element for power switching. The power 

semiconductor device P may correspond to an injection enhanced gate 

	

25 	transistor (IEGT), a power MOSFET, etc. 

[0031] For example, as illustrated in FIG. 2, the power semiconductor 
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device P includes a P collector (P± substrate) 2. A collector electrode 3 

is formed on one surface side of the P collector 2. In addition, an N base 

4, an IGBT cell 5, an emitter electrode 6, and a guard ring 7 are formed 

on the other surface side of the P collector 2. The IGBT cell 5 is a 

	

5 	portion provided with a gate structure. Further, the guard ring 7 is a 

portion corresponding to a ground potential, and is annularly provided to 

surround the emitter electrode 6 in plan view (see FIG. 5). 

[0032] As illustrated in FIG. 1, the device analysis apparatus 1 includes 

a drive stage 11, an application unit 12, a light detection unit 13, an 

	

10 	imaging unit 14, an illumination unit 15, and an analysis unit 16. The 

drive stage 11, the light detection unit 13, the imaging unit 14, and the 

illumination unit 15 are installed in a black box 17. 

[0033] The drive stage 11 moves the power semiconductor device P 

corresponding to an object to be analyzed. The drive stage 11 has a 

	

15 	mounting surface on which the power semiconductor device P is 

mounted. Based on the control from the analysis unit 16, the drive stage 

11 is driven in an in-plane direction of the mounting surface such that a 

detection position of the power semiconductor device P coincides with a 

position of a probe 22 (see FIG. 4) of the light detection unit 13. 

	

20 	[0034] The application unit 12 applies a voltage signal to the power 

semiconductor device P. For example, a pulse generator can be used as 

the application unit 12. The application unit 12 is electrically connected 

to the power semiconductor device P, and applies a voltage signal causing 

avalanche breakdown to the power semiconductor device P. The 

	

25 	application unit 12 generates a trigger signal indicating an application 

timing of the voltage signal to the power semiconductor device, and 
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outputs the trigger signal to the analysis unit 16. 

[0035] FIG. 3(a) is an equivalent circuit diagram of the power 

semiconductor device at the time of analysis execution. In addition, 

FIG. 3(b) is a diagram illustrating a relationship between a voltage signal 

	

5 	and a current waveform. In the figure, Vg indicates a gate voltage, Vc 

indicates a voltage of a transistor, and Ic indicates an inductor current. 

In an example of the figure, under an unclamped inductive switching 

(UIS) condition, a positive voltage signal modulated in a rectangular 

pulse shape is repeatedly applied as a gate voltage to the power 

	

10 	semiconductor device P. At a rise timing of Vg, the transistor is turned 

on, Vc becomes a negative value, and Ic gradually increases as a coil 

inductance decreases. 

[0036] In addition, at a fall timing of Vg, the transistor is turned off, Vc 

becomes a positive value, and Ic gradually decreases as the coil 

	

15 	inductance increases. In a case in which a voltage signal causing 

avalanche breakdown as Vg is applied to the power semiconductor device 

P, a period fin which Ic gradually decreases corresponds to an avalanche 

breakdown period. In the period f, light emission resulting from 

avalanche breakdown occurs in the power semiconductor device P. The 

	

20 	light emission resulting from the avalanche breakdown first occurs at the 

highest intensity in a curved portion (see FIG. 5) of the guard ring 7 

annularly provided to surround the emitter electrode 6. Thereafter, the 

light emission moves from the curved portion to a straight portion along 

the guard ring 7. 

	

25 	[0037] The light detection unit 13 detects light from the power 

semiconductor device P at a plurality of positions, and outputs detection 
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signals based on detection results. 	The light from the power 

semiconductor device P may include light reflected or scattered by the 

power semiconductor device P in addition to light emission generated in 

the power semiconductor device P. For example, the light detection unit 

	

5 	13 includes a time-resolved photodetector having a time resolution of 1 

vis or less. 	When light emission resulting from the avalanche 

breakdown is detected, it is preferable that the time resolution of the light 

detection unit 13 is 100 ns to 1µs and a wavelength range is 200 nm to 

2,000 nm. Examples of such a time-resolved photodetector include a 

	

10 	two-dimensional detector such as a micro channel plate (MCP), a single- 

photon avalanche diode (SPAD), and a multichannel photomultiplier 

(MCH-PMT), etc. 

[0038] In addition, to simultaneously detect light from the power 

semiconductor device P at a plurality of detection positions, as illustrated 

	

15 	in FIG. 4, the light detection unit 13 may include a point photodetector 

21 to which the probe 22 is connected. As the point photodetector 21, 

for example, it is possible to use a photomultiplier tube or a 

superconducting single photon detector (SSPD). The probe 22 is 

configured by providing an optical system 24 such as a lens at a distal end 

	

20 	of an optical fiber 23 optically connected to the point photodetector 21. 

[0039] In the present embodiment, as illustrated in FIG. 5, a plurality of 

detection positions including a peripheral portion of the power 

semiconductor device P is set on the other surface side of the power 

semiconductor device P (a side on which the emitter electrode 6 is 

	

25 	formed). 	More specifically, four detection positions A to D 

corresponding to respective corners are set on one surface side of the 
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power semiconductor device R Each of detection positions A to D 

includes a curved portion of the guard ring 7 annularly formed to 

surround the emitter electrode 6. In addition, four point photodetectors 

21A to 21D are disposed to correspond to the four detection positions A 

	

5 	to D. 

[0040] As illustrated in FIG. 4, distal ends of respective probes 22 of the 

four point photodetectors 21 are disposed just above the detection 

positions A to D by driving of the drive stage 11. The respective probes 

22 receive emitted light resulting from the avalanche breakdown from the 

	

10 	power semiconductor device P at the respective detection positions A to 

D, respectively, and guide the light to the point photodetectors 21A to 

21D. The point photodetectors 21A to 21D detect the light guided from 

the probes 22 and output detection signals based on detection results to 

the analysis unit 16. 

	

15 	[0041] The imaging unit 14 and the illumination unit 15 are used to 

acquire an image for aligning the detection positions A to D of the power 

semiconductor device P and the probes 22 of the light detection unit 13. 

As the imaging unit 14, for example, it is possible to use a two-

dimensional photodetector such as a CCD camera or a CMOS camera. 

	

20 	Further, as the illumination unit 15, for example, it is possible to use fiber 

illumination using a halogen lamp, an LED, etc. For example, the 

imaging unit 14 monitors one surface side of the power semiconductor 

device P coaxially with an optical axis of the probe 22 through a pair of 

half mirrors 18 and 19. Since the power semiconductor device P is 

	

25 	placed on the drive stage 11 in the black box 17, illumination light is used 

for monitoring by the imaging unit 14. For this reason, the illumination 
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unit 15 illuminates the other surface side of the power semiconductor 

device P with illumination light coaxially with an observation axis of the 

imaging unit 14 through the pair of half mirrors 18 and 19. 

[0042] The analysis unit 16 is physically configured by a computer 

	

5 	including a memory such as a RAM or a ROM, a processor (arithmetic 

circuit) such as a CPU, a communication interface, a storage unit such as 

a hard disk, and a display unit such as a display. Examples of such an 

analysis unit 16 include a personal computer, a cloud server, a smart 

device (a smartphone, a tablet terminal, etc.), etc. The analysis unit 16 

	

10 	functions as a controller 31 that controls operations of the application unit 

12, the drive stage 11, the imaging unit 14, and the illumination unit 15 

by causing a CPU of a computer system to execute a program stored in 

the memory. In addition, the analysis unit 16 functions as a comparison 

unit 32 and a determination unit 33 by causing the CPU of the computer 

	

15 	system to execute a program stored in the memory. The analysis unit 16 

may be configured by a microcomputer, a field-programmable gate array 

(FPGA), etc. 

[0043] The comparison unit 32 compares temporal changes of the 

detection signals acquired by the light detection unit 13. 	More 

	

20 	specifically, the comparison unit 32 receives the detection signals from 

the point photodetectors 21A to 21D and the trigger signal output from 

the application unit 12, respectively. The comparison unit 32 causes 

time axes of the detection signals from the point photodetectors 21A to 

21D to coincide with each other with reference to the timing of the trigger 

	

25 	signal. 	Further, for each of the detection positions A to D, the 

comparison unit 32 calculates a time from a reception time of the trigger 
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signal to a time when the intensity of the detection signal reaches a peak 

(hereinafter, referred to as a peak appearance time). The comparison 

unit 32 calculates an average value of peak appearance times at the 

respective detection positions A to D, and outputs information indicating 

	

5 	a calculation result to the determination unit 33. 

[0044] The determination unit 33 determines the quality of the power 

semiconductor device P based on a comparison result in the comparison 

unit 32. The determination unit 33 holds in advance, as a threshold 

value, a range in which the average value of the peak appearance times at 

	

10 	the respective detection positions A to D can be obtained for a normal 

power semiconductor device. Upon reception of the information 

indicating the calculation result of the average value of the peak 

appearance times at the respective detection positions A to D from the 

comparison unit 32, the determination unit 33 compares the average value 

	

15 	with the threshold value, and determines the quality of the power 

semiconductor device P based on a comparison result. 

[0045] FIG. 6 is a diagram illustrating an example of each time waveform 

of a detection signal at each detection position of the normal power 

semiconductor device. An internal structure is uniform in the power 

	

20 	semiconductor device P corresponding to an object to be analyzed (see 

FIG. 2). For this reason, in the normal power semiconductor device, the 

respective temporal changes of the detection signals at the respective 

detection positions A to D are uniform, and the peak appearance times to 

to td of the respective detection signals substantially coincide with each 

	

25 	other. Therefore, the average value of the peak appearance times of the 

detection positions A to D falls within a threshold range. 

15 



[0046] Meanwhile, FIG. 7 is a diagram illustrating an example of each 

time waveform of a detection signal at each detection position of an 

abnormal power semiconductor device. In an example of the figure, for 

comparison with the normal power semiconductor device, a part of the 

	

5 	power semiconductor device is cut using a focused ion beam (FIB) to 

create an abnormal power semiconductor device, which is used as an 

object to be analyzed. In this abnormal power semiconductor device, 

variations occur in respective temporal changes of detection signals at the 

respective detection positions A to D, and the peak appearance times to 

	

10 	to td of the respective detection signals are in a wide range. Therefore, 

the average value of the peak appearance times at the detection positions 

A to D is out of the threshold range. 

[0047] Next, a description will be given of a device analysis method 

using the above-described device analysis apparatus 1. FIG. 8 is a 

	

15 	flowchart illustrating an embodiment of the device analysis method. 

[0048] As illustrated in the figure, the device analysis method includes a 

preparation step (step S01), an application step (step S02), a light 

detection step (step S03), a comparison step (step SO4), and a 

determination step (step SO5). 

	

20 	[0049] The preparation step is a step of setting the power semiconductor 

device P corresponding to an object to be analyzed in the device analysis 

apparatus 1. In the preparation step, the power semiconductor device P 

is placed on the drive stage 11 in the black box 17. Further, the drive 

stage 11 is driven in the in-plane direction of the mounting surface while 

	

25 	irradiating the power semiconductor device P with illumination light by 

the illumination unit 15, and the detection positions A to D of the power 
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semiconductor device P are aligned with respect to the distal ends of the 

probes 22 of the light detection unit 13. 

[0050] The application step is a step of applying a voltage signal to the 

power semiconductor device P. In the application step, a voltage signal 

	

5 	that causes avalanche breakdown is applied to the power semiconductor 

device P. In addition, a trigger signal indicating an application timing 

of the voltage signal to the power semiconductor device P is generated by 

the application unit 12 and output to the analysis unit 16. 

[0051] The light detection step is a step of detecting light from the power 

	

10 	semiconductor device P at a plurality of detection positions, and 

outputting detection signals based on detection results. In the light 

detection step, emitted light caused by the avalanche breakdown from the 

power semiconductor device P at the respective detection positions A to 

D is received by the probes 22 and guided to the point photodetectors 21A 

	

15 	to 21D. In each of the point photodetectors 21A to 21D, light guided 

from the probe 22 is detected, and a detection signal based on a detection 

result is output to the analysis unit 16. In the light detection step, light 

emission occurring from the power semiconductor device P which is 

repeatedly operated may be detected by application of the voltage signal 

	

20 	in the application step, and light emission occurring from the power 

semiconductor device P operated once may be detected. 

[0052] The comparison step is a step of comparing the temporal changes 

of the detection signals with a preset threshold value. In the comparison 

step, based on the detection signals from the point photodetectors 21A to 

	

25 	21D and the trigger signal output from the application unit 12, each of the 

peak appearance times to to td of the respective time waveforms of the 
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detection signals at the respective detection positions A to D is calculated. 

In addition, in the comparison step, for example, the average value of the 

peak appearance times ta to td at the respective detection positions A to 

D is calculated as the temporal change of the detection signal. 

	

5 	[0053] The determination step is a step of determining the quality of the 

power semiconductor device P based on the temporal change of the 

detection signal. In the determination step, for example, the average 

value of the peak appearance times ta to td at the respective detection 

positions A to D is compared with a preset threshold value, and the quality 

	

10 	of the power semiconductor device P is determined based on a 

comparison result. 	Here, when the average value of the peak 

appearance times ta to td is within the threshold range, it is determined 

that the power semiconductor device P is normal. When the average 

value of the peak appearance times ta to td is out of the threshold range, 

	

15 	it is determined that the power semiconductor device P is abnormal. 

[0054] As described above, the device analysis apparatus 1 applies a 

voltage signal to the power semiconductor device P. Then, light from 

the power semiconductor device P is detected at each of the plurality of 

detection positions A to D, and the quality of the power semiconductor 

	

20 	device P is determined based on the temporal change of the detection 

signal. An internal structure is uniform in the power semiconductor 

device P corresponding to an object to be analyzed. For this reason, 

while the temporal changes of the detection signals at the plurality of 

detection positions A to D are uniform in the normal power 

	

25 	semiconductor device, variations occur in the temporal changes of the 

plurality of detection signals in the abnormal power semiconductor 

18 



device. Therefore, with reference to the temporal changes of the 

detection signals at the plurality of detection positions A to D, the quality 

of the power semiconductor device P can be accurately determined by 

operation analysis before breakdown of an element. 

	

5 	[0055] In addition, the device analysis apparatus 1 further includes the 

comparison unit 32 that compares the temporal changes of the detection 

signals with a preset threshold value, and the determination unit 33 

determines the quality of the power semiconductor device P based on a 

comparison result in the comparison unit 32. In this way, it is possible 

	

10 	to quantitatively compare the temporal changes of the plurality of 

detection signals. Therefore, it is possible to more accurately determine 

the quality of the power semiconductor device P. 

[0056] In addition, in the device analysis apparatus 1, the light detection 

unit 13 detects light from the power semiconductor device P at the 

	

15 	plurality of detection positions A to D including the peripheral portion of 

the power semiconductor device P. The peripheral portion (particularly, 

the corner) of the power semiconductor device P is a part in which the 

guard ring 7 corresponding to a ground potential is disposed and an 

electric field is easily concentrated. For this reason, by performing 

	

20 	detection in the peripheral portion of the power semiconductor device P, 

it is possible to detect light having high intensity, and to easily detect light 

by application of a voltage signal. 

[0057] In addition, in the device analysis apparatus 1, the light detection 

unit 13 includes the point photodetectors 21A to 21D having the probes 

	

25 	22, and light from the power semiconductor device P can be 

simultaneously detected at the plurality of detection positions A to D. In 
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this way, light detection at the plurality of detection positions A to D can 

be rapidly performed. 

[0058] In addition, in the device analysis apparatus 1, the application unit 

12 applies a voltage signal causing avalanche breakdown to the power 

	

5 	semiconductor device, and the light detection unit 13 detects light 

emission occurring in the power semiconductor device P due to the 

avalanche breakdown. By detection of the light emission due to the 

avalanche breakdown, a difference between the temporal changes of the 

detection signals due to the quality of the power semiconductor device P 

	

10 	becomes remarkable, and the quality of the power semiconductor device 

P can be more accurately determined. 

[0059] In addition, in the device analysis apparatus 1, the light detection 

unit 13 has a time resolution of 1µs or less. In this way, it is possible to 

accurately comprehend the temporal changes of the detection signals. 

	

15 	In particular, a case in which the time resolution of the light detection unit 

13 is 100 ns to 1µs and a wavelength range is 200 nm to 2,000 nm is 

suitable for detection of light emission resulting from avalanche 

breakdown. 

[0060] The present disclosure is not limited to the embodiment. For 

	

20 	example, even though the power semiconductor device P is moved by the 

drive stage 11 to align the detection positions A to D with the distal ends 

of the probes 22 of the point photodetector 21 in the embodiment, the 

point photodetector 21 may be moved by the drive stage 11 to align the 

detection positions A to D with the distal ends of the probes 22 of the 

	

25 	point photodetector 21. In addition, since emitted light in the power 

semiconductor device P may leak to the outside through a metal surface, 

20 



the detection position may be set on one surface side (collector electrode 

3 side) of the power semiconductor device P. 

[0061] When a two-dimensional photodetector is used as the light 

detection unit 13, the drive stage 11 may move the power semiconductor 

	

5 	device P so that the entire chip of the power semiconductor device P is 

included in a detection field of view, and each temporal change may be 

obtained by designating the detection positions A to D from a detected 

image. The detection positions A to D may be individually designated 

by manual input of a user. Alternatively, the detection positions A to D 

	

10 	may be automatically designated by the analysis unit 16 based on an 

image captured by the imaging unit 14. For example, four corners of 

the power semiconductor device P may be subjected to image 

recognition, and the analysis unit 16 may designate positions thereof as 

the detection positions. 

	

15 	[0062] In addition, in the embodiment, the application unit 12 repeatedly 

applies a positive voltage signal modulated in a rectangular pulse shape 

to the power semiconductor device P. However, the voltage signal 

applied to the power semiconductor device P may correspond to one 

pulse. Further, in the embodiment, the time axes of the detection signals 

	

20 	from the point photodetectors 21A to 21D are caused to coincide with 

each other based on the timing of the trigger signal output from the 

application unit 12. However, the trigger signal may not be used, and 

the time axes of the detection signals from the point photodetectors 21A 

to 21D may be caused to coincide with each other based on the fall timing 

	

25 	of Vg (see FIG. 3(b)). 

[0063] In addition, the light detection unit 13 may individually detect the 

21 



light from the power semiconductor device P at the plurality of detection 

positions A to D. In this case, for example, the light detection unit 13 

includes the point photodetector 21 having one probe 22, and the power 

semiconductor device P is moved by the drive stage 11 to perform 

	

5 	application of a voltage signal and detection of light in order at the 

detection positions A to D. According to such a method, a configuration 

of the light detection unit 13 can be simplified. Further, the light 

detection unit 13 may include one point photodetector 21 and an optical 

scanner (a galvano mirror, an MEMS mirror, etc.), and the above- 

	

10 	described detection procedure may be performed. In this case, light 

from an arbitrary detection position on the power semiconductor device 

P can be individually detected by the optical scanner. 

[0064] In addition, in the embodiment, the comparison unit 32 compares 

the temporal changes of the detection signals with the preset threshold 

	

15 	value. However, the comparison unit 32 may compare the temporal 

changes of the detection signals with each other. In this case, for 

example, the comparison unit 32 calculates a variance of the peak 

appearance times to to td at the respective detection positions A to D, and 

the determination unit 33 determines the quality of the power 

	

20 	semiconductor device P based on a value of the variance. In this case, 

for example, based on the preset threshold value, the determination unit 

33 determines that the power semiconductor device P is normal when the 

variance is within a range less than or equal to the threshold value, and 

determines that the power semiconductor device P is abnormal when the 

	

25 	variance is a value larger than the threshold value. In this case, temporal 

changes of the plurality of detection signals are quantitatively compared. 
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Therefore, it is possible to more accurately determine the quality of the 

power semiconductor device P. 

[0065] When a second peak appears in the time waveform of the 

detection signal as illustrated in FIG. 9, the quality of the power 

	

5 	semiconductor device P may be determined based on a difference 

between a peak appearance time of a first peak and a peak appearance 

time of the second peak. In this case, at each of the detection positions 

A to D, the comparison unit 32 calculates each of the differences va - ta, 

vb - tb, vc - tc, and vd - td between peak appearance times of first peaks 

	

10 	and peak appearance times of second peaks. The determination unit 33 

can determine the quality of the power semiconductor device P using an 

average value or a variance of these values. 

[0066] In addition, the drive stage 11 may be configured to move an 

optical system including the light detection unit 13, the imaging unit 14, 

	

15 	the illumination unit 15, and the pair of half mirrors 18 and 19. In such 

a configuration, the power semiconductor device P can be relatively 

moved. Further, an LSM optical system may be configured by using a 

point photodetector such as a photodiode as the imaging unit 14, using an 

SLD or a laser light source as the illumination unit 15, and disposing an 

	

20 	optical scanner (a galvano mirror, an MEMS minor, etc.) on an optical 

path between the half mirror 18 and the power semiconductor device P. 

In such a configuration, it is possible to preferably acquire an image for 

aligning the detection positions A to D of the power semiconductor 

device P with the probes 22 of the light detection unit 13. 

	

25 	Reference Signs List 

[0067] 1: device analysis apparatus, 12: application unit, 13: light 
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detection unit, 32: comparison unit, 33: determination unit, A to D: 

detection position, P: power semiconductor device. 

24 



CLAIMS 

1. A device analysis apparatus for determining a quality of a power 

semiconductor device, the device analysis apparatus comprising: 

an application unit that applies a voltage signal to the power 

	

5 	semiconductor device; 

a light detection unit that detects light from the power 

semiconductor device at a plurality of detection positions and outputs 

detection signals based on detection results; and 

a determination unit that determines the quality of the power 

	

10 	semiconductor device based on temporal changes of the detection signals. 

2. The device analysis apparatus according to claim 1, further 

comprising 

a comparison unit that compares the temporal changes of the 

detection signals with a preset threshold value, 

	

15 	 wherein the determination unit determines the quality of the 

power semiconductor device based on a comparison result in the 

comparison unit. 

3. The device analysis apparatus according to claim 1, further 

comprising 

	

20 	 a comparison unit that compares the temporal changes of the 

detection signals with each other, 

wherein the determination unit determines the quality of the 

power semiconductor device based on a comparison result in the 

comparison unit. 

	

25 	4. 	The device analysis apparatus according to any one of claims 1 to 

3, wherein the light detection unit detects light from the power 

25 



semiconductor device at a plurality of detection positions including a 

peripheral portion of the power semiconductor device. 

5. The device analysis apparatus according to any one of claims 1 to 

4, wherein the light detection unit simultaneously detects light from the 

	

5 	power semiconductor device at the plurality of detection positions. 

6. The device analysis apparatus according to any one of claims 1 to 

4, wherein the light detection unit individually detects light from the 

power semiconductor device at the plurality of detection positions. 

7. The device analysis apparatus according to any one of claims 1 to 

	

10 	6, wherein the application unit applies a voltage signal causing avalanche 

breakdown to the power semiconductor device. 

8. The device analysis apparatus according to claim 7, wherein the 

light detection unit detects light emission occurring in the power 

semiconductor device due to the avalanche breakdown. 

	

15 	9. 	The device analysis apparatus according to any one of claims 1 to 

8, wherein a time resolution of the light detection unit is 1µs or less. 

10. A device analysis method of determining a quality of a power 

semiconductor device, the device analysis method comprising: 

an application step of applying a voltage signal to the power 

	

20 	semiconductor device; 

a light detection step of detecting light from the power 

semiconductor device at a plurality of detection positions and outputting 

detection signals based on detection results; and 

a determination step of determining the quality of the power 

	

25 	semiconductor device based on temporal changes of the detection signals. 

11. The device analysis method according to claim 10, further 
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comprising 

a comparison step of comparing the temporal changes of the 

detection signals with a preset threshold value, 

wherein the quality of the power semiconductor device is 

	

5 	determined in the determination step based on a comparison result in the 

comparison step. 

12. The device analysis method according to claim 10, further 

comprising 

a comparison step of comparing the temporal changes of the 

	

10 	detection signals with each other, 

wherein the quality of the power semiconductor device is 

determined in the determination step based on a comparison result in the 

comparison step. 

13. The device analysis method according to any one of claims 10 to 

	

15 	12, wherein light from the power semiconductor device is detected at a 

plurality of detection positions including a peripheral portion of the 

power semiconductor device in the light detection step. 

14. The device analysis method according to any one of claims 10 to 

13, wherein light from the power semiconductor device is simultaneously 

	

20 	detected at the plurality of detection positions in the light detection step. 

15. The device analysis method according to any one of claims 10 to 

13, wherein light from the power semiconductor device is individually 

detected at the plurality of detection positions in the light detection step. 

16. The device analysis method according to any one of claims 10 to 

	

25 	15, wherein a voltage signal causing avalanche breakdown is applied to 

the power semiconductor device in the application step. 
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17. The device analysis method according to claim 16, wherein light 

emission occurring in the power semiconductor device due to the 

avalanche breakdown is detected in the light detection step. 

18. The device analysis method according to any one of claims 10 to 

5 	17, wherein the light is detected at a time resolution of 1µs or less in the 

light detection step. 
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