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Abstract 

        The aim is to provide failure analysis of power devices based on real-time monitoring. The real-time 

monitoring provides a time-domain data related to a failure mechanism. The data includes important information 

about primary failure, which is often lost by conventional post-defect failure analysis. Our system monitors 

interfaces of component material inside the device by scanning acoustic tomography (SAT) under a power 

cycling test in addition to electrical and thermal condition of the device. A precursor of the failure in an early 

stage was indicated by the interface image much earlier than a thermal and an electrical technique. Feature 

identification and extraction from a series of image data by image processing efficiently pointed out the damaged 

site before the failure was occurred. 
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1. Introduction and proposal concept 

 

Failure analysis is essential to improve reliability 

of power devices. Especially, to determine primary 

failure mechanism is important for fundamental 

improvement of reliability of power devices. In many 

cases, post defect or interim samples picking out 

under acceleration test have been used for the failure 

analysis. In this way, it is often difficult to determine 

the primary failure mechanism because of incidental 

damages especially to high power density modules 

[1,2]. Moreover, the main failure mechanisms in 

standerd power modules are caused by internal 

fatigue of component material; therefore, it is also 

difficult to determine the primary failure mechanism 

by well-known monitoring solutions, such as 

electrical or thermal methods. [1]. 

Our approach to failure analysis of power 

devices is based on a real-time monitoring of a 

device under test (DUT). This technique can record 

both what happened at a moment of failure occurred 

and huge back-ground data which include important 

information related to the primary failure mechanism. 

The information about primary failure mechanism is 

often lost by conventional post-defect failure analysis. 

In order to implement the failure analysis based on 

real-time monitoring, it is imperative to identify 

features and extraction of a parameter related to the 

failure from the huge data. 

In this paper, we demonstrate failure analysis of 

power devices based on real-time monitoring with 

scanning acoustic tomography (SAT). In addition to 

monitoring electrical and thermal condition of the 

device, this system can monitor interfaces of 

component material inside the device under a power 

cycling test. In this demonstration, we were able to 

identify a precursor of failure in SAT images much 

earlier than an electrical property had changed.  

 

2. Real-time monitoring system for failure 

analysis 

 

 We have developed a real-time monitoring 

system for failure analysis of power devices [3,4]. 

The system was designed to record interface images 

of component materials, forward voltage under 

constant stress current, junction temperature of the 

chip and base plate temperature (Fig. 1). 

 
         

Fig. 1.  Real-time monitoring system for failure analysis of power devices 



 Interface images of component materials of DUT 

was observed by SAT/SAM (Scanning Acoustic 

Tomography / Microscopy). This technique, which 

uses ultrasonic wave, is capable of non-destructive 

observation of the inside of electronic devices and 

also microscopic analysis due to its fine resolution 

[5-10]. Moreover, different interface regions can be 

observed at the same time by capturing ultrasonic-

echo signal from different interfaces. 

 Frame rate of imaging depends on the number of 

measurement points [3,4]. Therefore, more than 2 

frames per minute were acquired as a practical 

standard for our real-time monitoring. The images 

obtained in real-time monitoring were rather low 

resolution to ensure the frame rate; therefore, high 

resolution images for detail analysis were obtained 

during the interval of power cycling. Moreover, 

couplant water for SAT imaging was also utilized for 

device cooling. 

 The junction temperature of DUT was estimated 

by a temperature sensitive parameter (TSP) such as 

on-state voltage drop at low current. A sense current 

ITSP =100 mA was applied at all times during the 

power cycling test to measure the TSP voltage. When 

the stress current was turn-off, the power supply for 

power stress was cut off by the DUT’s switching 

system and the TSP voltage was monitored during 

the cooling interval of power cycling. An 

experimentally obtained conversion formula made it 

possible to numerically derive the temperature from 

TSP voltage. Temperature of DUT surface and 

couplant water was also monitored with fiber optic 

temperature sensors. 

 

 

3. Power cycling test with DBC module 

 

 The real-time monitoring was performed with a 

diode on DBC substrate. A stress current of 180 A 

was applied only to a diode and its cycle was 2 s 

turn-on and 5 s turn-off. The maximal junction 

temperature Thigh and the minimal junction 

temperature Tlow was approximately 128 
o
C and 18 

o
C respectively, thus the Tj was almost 110 

o
C 

under this condition.  

 A GUI for the real-time monitoring is shown in 

Fig. 2. The observed area was 30 mm x 30 mm with 

0.2 mm scanning pitch. Under this condition, the 

frame rate was 3 frames/min.; therefore, complete 1 

frame imaging within 1 cycle (7 sec) was impossible 

in this experiment. Image noise appeared around the 

diode chip because self-heating of the DUT 

generated small bubbles. 

 A failure occurred due to bond wire lift-off after 

4677 power cycles (Fig. 3). Fig. 4 shows behavior of 

forward voltage VF of the DUT at the power cycling 

test. Remarkable change of VF was observed after 

4300 cycles and in a few ten cycles just before the 

failure occurred. Fig. 5 shows a series of SAT images 

at the top of the diode chip, namely interface 4 in Fig. 

2(b). Few bonding marks on the diode chip 

disappeared after 3500 cycles. This disappearance of 

the bonding marks in the SAT images was not caused 

by defocus during image acquisition because bonding 

marks on the IGBT chip, which placed on almost 

 

Fig. 2.  Specimen DBC module (a), (b) and GUI of real-

time monitoring system (c). (b) indicates corresponding 

interface observed in the GUI. 

 

Fig. 3.  Failed specimen diode after 4677 cycles. This 

photograph was flipped upside down to adjust 

orientation of following SAT images. 



same level of that on the diode chip, were observed 

still the same contrast after the failure. A bonding-

wire lift was recognized after the failure at the 

position where the bonding marks disappeared in the 

 

Fig. 4.  Behavior of forward voltage VF of the DUT at the power cycling test. 



SAT images; therefore, the disappearance of the 

bonding marks in the images was caused by a change 

of reflection condition of ultrasonic wave at the 

interface. On the other hand, the thermal dissipation 

was not affected during this failure process, because 

remarkable changes of junction temperature behavior 

and SAT images at the solder layer was recognized 

(not shown here). 

 In this case, the SAT images indicated a 

precursor of the failure earlier than the electrical 

property had changed. This result strongly suggests 

that a real-time monitoring of internal structure of 

DUT is an indispensable technique to identify the 

primary failure mechanism of power devices. 

 

 

4. Feature extraction from time-domain data 

 

 Identifying a feature and extraction of 

parameters related to the failure from the huge data is 

essential to implement real-time monitoring based 

failure analysis. As an example we tried feature 

extraction from series of SAT images by image-

processing. 

 Fig. 5 also shows a series of subtract images. 

These images were obtained to subtract a former 

image from a latter one of a power cycling period. 

The subtract images illuminates changing point in the 

interface as high-grayscale value, namely bright pixel. 

The subtract images in Fig. 5 indicated that the 

bonding condition varied in the power-cycling period 

of 3000 ~ 4000 and 4600~failure. This result 

suggests that the bond lift-off at the lower right site 

of the chip took place and then the bond lift-off with 

anode metal damage occurred. The same technique 

was applied to the power cycling period of around 

4300 where a remarkable change of VF was observed. 

According to Fig. 6, the change of VF was most likely 

caused by a degradation of the bonding wire itself 

(e.g. heel-crack) because there was no change at the 

bonding site on the chip. 

 By comparing the initial image with that after a 

 

Fig. 5.  SAT images at the top of the diode chip. Bright region in subtract images indicate image-changing points in 

each power cycling period. Contrast and brightness of these images were adjusted for printing. 

 

Fig. 6.  Image change around 4300 cycle where the VF 

change was observed. These images suggest that bonding 

condition was not affected in this period. 

 

Fig. 7.  A series of subtract images at an early stage of 

power cycling test. Bright regions indicate areas where 

the contrast changed from the initial image. Some 

bonding sites became brighter after 500 cycles. This 

result means that the bonding interface was affected in a 
very early stage of the failure process. 



power cycling test, changing points become clearer. 

Fig. 7 shows subtract images obtained with the initial 

images. The bonding site became brighter after 500 

cycles which means that the bonding interface was 

affected at a very early stage in the failure process. 

This finding can be obtained only by the time-

domain analysis of the real-time monitoring on 

internal structure of DUT. 

 We succeeded to extract a feature of image 

changes with image processing. However, In order to 

implement real-time monitoring based failure 

analysis, it is necessary to identify and determine 

critical parameters of some failure modes. 

 

 

5. Conclusion 

 

 Failure analysis of power devices based on real-

time monitoring with SAT was demonstrated. The 

SAT images were indicated a precursor of the failure 

in an early stage much earlier than a thermal and an 

electrical technique. This result strongly suggests that 

real-time monitoring of internal structure of DUT is 

an indispensable technique to identify the primary 

failure mechanism of power devices. Feature 

identification and extraction from a series of image 

data by image processing efficiently pointed out the 

damaged site before the failure occurred.  
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