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___________________________________________________________________________  

Abstract 

Until now, the power switch function is still performed by 

electromechanical relays in most vehicles. However, the trend in the industry is 

toward the usage of semiconductors for multiple reasons: better performance, 

better endurance, and more smart functions. More and more essential functions 

are performed by semiconductor components, and their reliability became a 

concern. The work in this paper deals with a silicon N-channel MOSFET for 

automotive power applications. The objective is to evaluate the shift of thermo-

sensitive electrical parameters (TSEPs) in the context of prognostic of health 

management (PHM). In this paper, the failure mechanisms are briefly explained 

and the process method is described. Despite the work of many other 

researches, the results show that the on-resistance (RDSon) is not always the 

main precursor parameter showing the extent of the degradation. 

 

___________________________________________________________________________  

I. Introduction 

 

A modern car contains approximatively sixty power MOSFETs, and the number is 

estimated to be three hundred for the future e-car. More essential or safety functions will be 

ensured by semiconductor parts, thus reliability and failure prediction of power electronic 

devices became mainstream topics today in many fields. Numerous studies have been done 

toward the objective of predicting the degradation of semiconductor components [1][2][3], 

but paradoxically, the silicon MOSFET is under studied compared to Si-IGBT, SiC or GaN 

devices. This paper presents a work on a Si NMOS of a new automotive semiconductor 

technology, working as a 30A-40V static power switch. 

The technique used in industry until now is a physics-of-failure driven approach: the 

theoretical lifespan of electronic devices is evaluated based on operation statistic data for a 

distinct mission profile. The knowledge of the mean time to failure of many failure physics 

[4] allows a precise prediction for some phenomena, such as the time dependent dielectric 

breakdown. However, when multiple physics are involved, or if the actual condition is 

different from the mission profile, this technique suffers from accuracy issues. For the most 
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part, this is due to the fabrication process variation of each components, and because random 

environmental influence cannot be taken account. In this work, we propose to associate 

multiple intrinsic thermo-sensitive electrical parameters on the MOSFET to accurately predict 

the lifespan of the device. 

Next section details the overall method of parameter identification in relation to failure 

mechanisms and aging. Section III discusses experimental results, and compares parameters 

with pros and cons regarding a strategy of health monitoring. 

 

II. Method 

 

The first effort is to detect relevant parameters to build a strategy of health monitoring. 

Particularly, a review of literature summarizes the applicable thermo-sensitive electrical 

parameters (TSEPs) but a wider survey is needed. A test bench has been implemented to 

correlate aging and parameter drifts. Figure 1 depicts the strategy for parameter identification. 

The Si MOSFET is submitted to power and temperature cycling according to the Intermittent 

Operational Life (IOL) in the JEDEC standard [5]. Numerous electrical parameters are 

recorded to evaluate the correlation of their drift with aging. A failure analysis phase is 

planned to confirm the drift data with respect to the failure physics. Then a data analysis 

phase will be performed to select suitable parameters for failure prediction. This section 

covers aging, TSEPs, failure mechanisms, and the test bench. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Aging failure mechanisms 
 

Failures in a discret MOSFET can be separated in two categories: interconnect level 

failures and die level failures. The interconnect level includes failures of the solder, bond wire 

(or clip) and the top metal of the die. The mechanisms are mostly dependent on the die 

technology and the bonding/package, thus two MOSFET in two different technology or 

package can behave differently. 

A list of well-known mechanisms is given in Table 1. The time-dependent-dielectric-

breakdown (TDDB) is well known regarding Si MOSFET. In contrary to nano-scale devices, 

it rarely occurs in modern power MOSFET because the design ensures a long enough gate-

oxide lifetime. It is the same case for Hot Carrier Injection or electro-migration, for which 

technology design reduces greatly the phenomena. 

Figure 1 – Phase diagram 
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Electro-migration 

Increase of electrical and thermal 

resistance [11][12][13] 

Fatigue of metal and solder leading to crack, void, 

delamination and debonding 

Metal reconstruction 

Thermo-mechanical stress migration 

Corrosion 

Intermetallic growth 

 

 

 

During the lifetime of the MOSFET, all degradation mechanisms can happen 

simultaneously; but for a specific technology, there is one (or a set) reaching critical state first 

to induce failure. Modern silicon die can be very durable if used in specifications condition, 

driving the interconnect level failures to be the most encountered is almost all power devices. 

The reason behind is the damage caused by thermal cycles that the component repeatedly 

encounters during its operation. When two materials have different coefficient of thermal 

expansion (CTEs), mechanical stress is generated on their interface during temperature 

change (Figure 3). Repeatedly applying this stress causes the fatigue of the materials leading 

to debonding, crack, and delamination. In power application, it is well known that wire-bond 

failures are frequent. Hence many companies are looking for other types of bonding such as 

the clip bonding (Figure 2-b) in the tested MOSFETs.  

Recent semiconductor technology in power applications are almost all of trench type. 

Moreover, the trend is toward the use of super-junction structure for better performance, this 

is also the case of the tested MOSFETs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Accelerated life test 
 

Aging tests is conducted to induce failure on the MOSFETs by reproducing stress 

conditions of real situations. An automated test bench has been built to perform this task due 

to the long time requirement of aging tests, even in accelerated setting.  

Table 1: Example of failure mechanisms and their effects on TSEPs 

Figure 2 – Cross section of a modern power MOSFET 

with bond-wire (a) or clip (b) [14] 
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Figure 4 – Diagram of the test system 
Figure 5 – View of the test system at the 

MOSFET interface 

The top-level diagram is available in Figure 4: a computer with a custom-made Labview 

program controls the experiments through the instruments and the microcontroller. The test 

system has the ability to accelerate the device life and doing in-situ measurements 

automatically. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first test is a thermal cycling test called "Intermittent Operational Life" (IOL) and it 

is defined in the JEDEC standard [5] for automotive components qualification. The aim is to 

cycle the part by self-heating with more than 100°C junction temperature (ΔTj) to trigger 

failure mechanisms related to thermal cycles. In this setup (Figure 6-a), the generator injects a 

square wave current inside the MOSFET (in ON state) to self-heat. A fast acquisition rate 

infrared thermal sensor regulates the period of the square wave by tracking the surface 

temperature of the device under test (DUT). The junction temperature is estimated from the 

surface temperature (Figure 6-b) and the thermal parameters of the MOSFET.  

 

This second test is the active clamp inductive switching test (or IL for inductive load). 

The intent is to fast heat the channel to trigger thermal driven failure mechanisms on the 

silicon, the die attach, and the top metal. Compared to the previous test, most of the heat is 

generated at the boundary of the channel. The heating is very short but very intense; for this 

setup, typical numbers are 300W peak and 5µs. The test schematic is displayed in Figure 7 

(a); this configuration is commonly used in automotive power switches in real situations. 

During the switch-off of the gate by the driver, the MOSFET stays in conduction state with 

high resistance (RDSon) due to the Zener diodes. This prevents the drain-source breakdown as 

showed the VDS curve in Figure 7 (b).  

Figure 6 – IOL test schematic (a) and temperature waveform (b) 
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For both tests, a set of parameters are recorded in each measurement: threshold voltage 

(VTH), on resistance (RDSon), reverse diode voltage (VSD), drain to source breakdown 

voltage(VBRDSS), gate to source leakage current (IGSS), drain to source leakage current (IDSS), 

gate to source capacitance (CGS), mean miller plateau voltage (Vmiller) and miller plateau 

duration (Tmiller). The failure condition is a large drift on one parameter compared to the initial 

value. The failure threshold level depends on the parameter at hand. 

 

III. Results 

 

In the current Si-MOSFET field, the usual indicators used in published studies are the 

VTH [15] and the RDSon [13]. In the work of J. Celaya [13], the increased RDSON is observed 

due to the die-attach degradation. A similar RDSon drift is also observed in the IOL test as 

illustrates the Figure 8. The starting period shows no RDSon variation until the rise at the end of 

life. The reason is supposed to be degradations in solder parts or top metal. 

 

 

 

 

 

 

 
 

 

 

 

What could be surprising is the evolution of the VBRDSS and IDSS in both tests as illustrate 

Figure 9 (a) and Figure 9 (b). In the case of VBRDSS, the curves increase in both tests but their 

shapes are not the same: the overall slope is higher for the IL stress. As for IDSS, their curves 

also increase in both tests but the slope is higher for the IOL stress this time. Other result 

analyses have been done and the conclusion is that there is no direct relationship between 

drifts in VBRDSS and in IDSS.  For now, the cause is supposed to be the channel but no 

explanation has been found yet and further study of the phenomena is required. 
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Figure 8 – Normalized RDSon plot 

 

Figure 7 – (a) Inductive Load test schematic and (b) measured waveform 
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On this technology, no significant threshold voltage drift can be observed in any test 

condition. This is the contrary of the results in the work of S. Saha [15], where VTH shift can 

be observed with respect to aging cycles. This confirms the fact that the degradation 

mechanisms are technology dependent. Other TSEPs that have not displayed any variation are 

the threshold voltage (VTH), the diode voltage, the gate to source leakage current (IGSS), and 

the gate to source capacitance (CGS). 

While no drift has been noticed in the miller parameters for the IOL test, the IL test 

shows minor decrease in Vmiller and moderate increase in Tmiller (Figure 10). 

 

 

 

 

 

 

 

 

 

 

 

 

For the IL test, all failures lead to short circuit of gate, source and drain, driving the 

MOSFET in an uncontrollable state. The TSEPs drifts indicate degradation of the die and the 

failure cause is most prone to be thermal stability. The TDDB, BTI or HCI phenomena is not 

likely to occur because no change can be detected in VTH, CGS or Igss. Thus, direct correlation 

with the known failure mechanisms at die level is unclear. The failure analysis step will be 

carried out to understand the root cause. 

Tmiller Vmiller 

Figure 9 – Normalized VBRDSS plot (a) and IDSS plot (b) 

 

Figure 10 – Normalized Vmiller plot (a) and Tmiller plot (b) 
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For the IOL test, failures are correlated to high increase in RDSon. Nevertheless, the 

MOSFET is still controllable. Again, the failure analyses will detail whether this resistance 

change comes from the die or the interconnects. 

 

 RDSon VBRDSS IDSS Vmiller Tmiller Failure 

IL No change Increase Increase Small 

decrease 

Increase Short 

circuit 

IOL Rise before 

failure 

Increase Increase No change No change High 

RDSon 

 

 

IV. Conclusion 
 

 

In this work, a methodology of accelerated aging based on thermal cycling is presented. 

The tests are carried on N-channel Si MOSFETs, in a clip-bonding package. Measured data 

show increase of RDSon, which is coherent with the general results reported in many research 

works [7][13][15]. On the other hand, the increase of breakdown voltage VBRDSS along with 

stress cycles is quite surprising. Other shift have been seen in the leakage current IDSS, and the 

Miller parameters (Vmiller and Tmiller) as well. In this MOSFET technology, no variation can be 

noticed on the threshold voltage VTH, the gate leakage current IGSS or the gate capacitance 

CGS. Further investigations have to be done in order to corroborate the results. 
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