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Abstract: Active thermal control for power modules can potentially extend the lifetime of the 

converter. This paper investigates the trade-off between the lifetime extension or de-rating and 

its cost due to the efficiency reduction. A short review on the existing approaches using control 

to reduce thermal stress of power modules is presented. Based on a given junction temperature 

profile, a method to evaluate the active thermal control’s trade-off is presented. The concept is 

validated on a laboratory setup, where active thermal control is implemented by adapting the 

switching frequency. A discussion of the possible lifetime extension at the efficiency’s expense 

is finally given. 
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I. Introduction 
Power electronics is today a key component in new application fields like transportation or the electrical 

grid [1],[2]. Beside the advantages of a potentially better controllability and flexibility of the system, 

the reliability has to be guaranteed. Failures need to be minimized to reduce the associated costs. For 

power electronics the thermal cycling and spatial temperature gradients are affecting aging and the 

related failure mechanisms are well known in literature [3],[4]. The manufacturers of power electronic 

modules and capacitors aim at increasing the reliability of the system by improving the single 

components [5],[6],[7]. Usually, from the users point of view, reliability is part of the design process, 

which is iterated until the reliability targets are fulfilled [8],[9]. To fulfill the requirements, the system 

can be designed for a reduced maximum junction temperature or for higher current ratings.  

It is also possible to use active thermal control to increase the reliability. The controller reduces the 

thermal swing of the power semiconductors and thus the thermal stress in operation. This increases the 

expected lifetime and consequently improves the reliability of the system. Possible implementations of 

active thermal control are: variable forced cooling [10],[11],[12], thermoelectric cooling [13] and 

electric parameters’ variation [14],[15],[16]. This study focuses on active thermal control by means of 

the latter one. 

The control of the temperature by means of active thermal control leads to the problem of increased 

losses and reduced efficiency of the system. Since efficiency directly influences the operation cost, an 

estimation of the reduced system efficiency is mandatory before the system is designed and a thermal 

controller is tuned. This estimation has to be based on the system design and on the real operation of the 

module, referred to as mission profile. Several works calculate the temperature profile of the system 

based on the mission profile and the system parameters [17],[18],[19],[20],[21]. The procedure is well 

known and several simulations have been presented, which analyze different applications. In these 

studies critical ambient and operating conditions have been detected, which limit the lifetime of the 

power semiconductors [22]. 

This work assumes the temperature profile due to the operating condition as a starting point to 

investigate the potential for active thermal control. Based on this junction temperature profile, a 

qualitative method is introduced to analyze the tradeoff between reduced thermal stress and increased 

system loss. For the quantification of the conflicting goals, a system without thermal control and with 

thermal control are considered. The implemented thermal controller applies an adaptation of the 

switching frequency in a full bridge converter to show the resulting lifetime enhancement or possible 

de-rating and the related increase in energy loss. 
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In section II a review on active thermal control in literature is given, while in section III guidelines are 

given how the potential of active thermal control can be estimated. Section IV presents a thermal 

controller design and shows the results of the controller on a laboratory setup. Finally, in section V the 

results are concluded. 

 

II. Review on Active thermal control 
In order to achieve high power density and low leakage inductance, semiconductors are assembled in 

power module configurations. To ensure electrical insulation and good heat dissipation at the same time, 

several layers of different materials need to be used, which is usually done in the DBC (Direct Bonded 

Copper) structure [23]. These materials obtain different coefficients of thermal extension [24],[25] and 

consequently temperature gradients and temperature swings caused by the losses of the power 

semiconductors affect mechanical strain within the module and especially at the interconnections. This 

mechanism is regarded as the main reason for power modules aging [1] and leads to failures. At the 

bond wires, which interconnect different chips, the state of the art soldered connection can be improved 

with improved interconnections, i.e. sintered connections [26]. Also the gel that fills the power module, 

used to reduce the risk of corrosion and environmental influences [27], can be source of aging, in 

particular due to the presence of partial discharges [28]. However, apart from vibration, cosmic rays and 

humidity caused failures, the failure mechanisms are dependent on the junction temperature and 

especially the temperature swing [3]. 

A reduction of the temperature swing increases the lifetime of the power semiconductors. If this is 

achieved with control actions, it is referred to active thermal control. There are several possibilities to 

apply active thermal control approaches on different layers of the overall control system, addressing 

different time periods of thermal cycles, which is summarized in Fig. 1. The short thermal cycles can be 

addressed with the loss control in the gate driver or the modulator, i.e. with the placement of pulses or 

the control of the switching frequency. These controllers are application invariant and can only be 

limited by regulations of hardware limitations. While the loss control acts directly on the hardware, the 

power electronics controller can modify the electrical parameters (voltage/current), while system 

controllers can implement longer-term actions by performing the energy managing/routing. In the 

following, examples from literature for loss control and energy routing are presented. 

 

a. Control of power losses (stress reduction) 
Several approaches are reported in literature where the frequency of the pulse width modulation (PWM) 

for drive application is changed in order to limit the maximum junction temperature [29],[30],[31]. The 
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Figure 1: Active thermal controllers in different layers of a system. 



same technique is adopted in [15], where the aim is reducing the thermal cycling. The thermal controller 

can also influence multiple parameters, i.e., maximum current and switching frequency, while system 

constraints by means of an electrical machine are taken into account [32]. 

Changing between continuous and discontinuous 60 degree PWM to reduce losses was also applied in 

[33],[34], but needs to be considered carefully for application because of the different impact on the 

current ripple. A loss reduction can also beneficially affect the lifetime by decreasing the average 

operating temperature [35]. Furthermore, for grid-connected applications, the modulation strategy was 

modified to address specific problems, like the low voltage ride through (LVRT) [36], which normally 

increases the stress of the anti-parallel diodes of the power modules.  

The smallest accessible time constants are achieved by gate driver control, which was applied in 

[37],[38],[39],[40], mainly to balance the stress between parallel semiconductors. However, the 

potential to reduce the thermal cycling by increasing the power losses was also exploited. 

 

b. Control of system loading (Stress redistribution) 
If the system is composed of multiple cells or multiple converters, additional high-level controls can be 

implemented. In [41] commutation counting was performed to select the cell to switch in a cascaded H-

bridge structure. Intelligent management of the power in micro-grid has also been an object of interest 

in [42]. In [43] the control of parallel converter is optimized for lifetime extension, while the applied 

lifetime model increased the thermal stress for the components. Another approach to control the thermal 

cycling with multiple grid-connected inverters in a wind farm was proposed in [44], where reactive 

power was circulated in order to prevent excessive cooling down of the power modules during abrupt 

output power changes. For photovoltaic application, a maximum power point tracking algorithm has 

been proposed, which does not only consider the harvested energy, but also considers the damage caused 

by thermal cycling during fast changing irradiation [45]. In a modular multilevel converter (MMC) with 

redundant cells, the effect of the transition to the cold reserve was also analyzed [46] and could be extend 

to junction temperature control with the reserve cells. 
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Fig. 2: Junction temperature profile and infrared camera images for different conditions in a full 

bridge converter. 



 

III. Cost and benefit analysis for active thermal control 
Depending on the mission profile, a lifetime extension of the power module with active thermal control 

can be achieved with associated costs in terms of additional losses, higher current ripple or higher stress 

for passive components. Remarkably, the potential and the cost-benefit tradeoff of active thermal control 

varies with the mission profile and the thermal characteristics of the power converter system. The 

determination of the related optimum is a difficult topic, especially if no known periodic power cycle is 

applied, such as in renewable energy applications, where the weather is unpredictable. To overcome the 

complex interaction between mission profile and thermal behavior, it is suggested to start the analysis 

with a given junction temperature profile as shown in Fig. 2, which can either be measured or simulated.  

An indication of the lifetime enhancement is shown in (1), where the cycles to failure for  

a specific IGBT is expressed by various influencing factors, such as the thermal cycles magnitude Δ𝑇, 

the average junction temperature 𝑇𝑗,𝑎𝑣, the power on-time ton, the blocking voltage V, the diameter of 

the bond wire D and the current per wire I1.  

Beside the well-known dependence of the lifetime to the thermal cycles, this equation can be used to 

describe the relationship between lifetime and current rating. Considering the topic from another point 

of view, the goal of active thermal control can shift to increased expected lifetime to a reduced current 

rating per bond wire I1’ under the constraint of equal lifetime expectation. This is shown in (2) for a 

similar number of bond wires and visualized in Fig. 3 with the additional indication of a higher or lower 

number of bond wires [47]. 

Beside the lifetime enhancement of active thermal control, the reduced efficiency has to be considered. 

An accurate derivation requires taking the dynamic behavior of the thermal impedance into account. In 

(3) the derivation is shown for the junction temperature Tj(t) in dependence of the starting temperature 

Tj,0 added to the convolution integral of the losses P(t) and the derivative of the thermal impedance 

�̇�𝑡ℎ(𝑡) [48]  

Since this equation is too complex to analyze the mitigation of power losses and thus for the efficiency, 

this work proposes to only give a qualitative estimation based on the distribution of thermal cycles. 

An effective way to analyze the potential of an application based on a thermal profile is to identify the 

thermal cycles, which are most responsible for the degradation.  This is done by applying thermal cycle 

counting, which leads to a histogram with the thermal swing Tj, the time period of the cycle T, the 

mean temperature of the thermal swing Tj,mean and the number of cycles in a defined interval of these 

variables. Even if there are several ways to count thermal cycles, in reliability literature Rainflow 

counting [49] has been preferred and it is also applied in this case study. The 10 min temperature profile 

of a power semiconductor during operation in Fig. 2 is used to present the proposed method. The 

Rainflow histograms for the aforementioned temperature profile are derived. Thhe x-axis displays the 

cycles period T, the y-axis the thermal swing Tj and the z-axis the number of thermal cycles N. This is 

shown in Fig. 4 (a). Here, thermal cycles with a magnitude lower than Tj < 1K are neglected. The most 

severe cycles have high thermal swings, which make their reduction most important [3]. However, 

beside the magnitude, the time period is important, because a long period affects high additional losses 

for the compensation of the cycle and thus a high drop in efficiency. According to this this, high potential 

for a cost effective thermal controller design is existing for profiles with high thermal swings, which 

occur in short time periods. 

In the second step Rainflow counting is repeated based on Tj,mean instead of the time period. This 

identifies if the thermal controller should rather reduce or increase the losses for the compensation of 

the thermal cycles. In general, both ways are possible, but regulations of device ratings might set limits. 

If no limitation is violated in case of high average temperatures the losses should be reduced and in case 

of low average temperatures, the losses should be increased. In Fig. 4, (b), this Rainflow histogram is 

Nf1 = 𝐾 ⋅ (Δ𝑇)𝛽1 ⋅ 𝑒
𝛽2

𝑇𝑗,𝑎𝑣+273 ⋅ 𝑡𝑜𝑛
𝛽3 ⋅ 𝐼1

𝛽4 ⋅ 𝑉𝛽5 ⋅ 𝐷𝛽6  (1) 

𝑁𝑓1′

𝑁𝑓1
= (

𝐼1′

𝐼1
)

−0.717

 (2) 

𝑇𝑗(𝑡) = 𝑇𝑗,0 + ∫ 𝑃(𝜏)�̇�𝑡ℎ(𝑡 − 𝜏)𝑑𝜏
𝑡

0

 (3) 



shown. These histograms can be used to estimate the lifetime of the power semiconductors with a 

simplified form of (1): 

This histogram can be used to estimate the lifetime of the power semiconductors with a simplified form 

of (1), which is shown in (4). Since this equation is only valid for a specific Δ𝑇,  the Palmgren Miner 

rule is commonly applied (5). 

If the sum of the number of cycles ni divided by the lifetime Ni in the stress range i exceeds c the module 

fails. This expression is known to lack of precision, because it assumes linear damage accumulation. 

Nevertheless, it is applicable with the power cycling data commonly published by the module 

manufacturers, which makes it a practical solution in combination with the Rainflow histograms. 
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Fig. 3: Power module lifetime dependence on current rating and number of bond wires. 



 

IV. Study on laboratory setup 
For demonstration of the concept in a study case, a mission profile composed by active and reactive 

power profiles is considered and simulated with constant switching frequency fsw = 10 kHz, constant 

voltage Udc = 300 V and constant output frequency f=50 Hz on a full bridge IGBT converter built with 

a Danfoss module (DP25H1200T101667-101667, 𝑉𝑐𝑒 = 1200 𝑉, 𝐼𝑐 = 25 𝐴). An equivalent circuit is 

shown in Fig. 5 (a) and a photo of the measurement setup in Fig. 5 (b) with a high speed infrared camera 

and a power analyzer. The resulting temperature profile is shown in Fig. 2. To reduce the temperature 

fluctuations, a thermal controller is designed as shown in Fig. 6 to vary the switching frequency between 

10 kHz < fsw < 30 kHz.  

Based on the electrical parameter, the losses are derived and filtered by a low pass filter. A lookup table 

sets the switching frequency, which increases for decreasing losses. Consequently, during steady state 

operation and during increased output power the losses are being minimized. Appropriate tuning of this 

controller is essential and explained in [50], but will not be investigated deeper in this work. 

 
(a) 

 
(b) 

Fig. 4: Rainflow Counting of the thermal cycles: a) in dependence of the cycles period and 

magnitude, b) in dependence of the cycles mean temperature and magnitude. 
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Fig. 5: Setup with a power converter equipped with an open module infrared camera temperature 

measurement. 



The same mission profile of the previous case is now applied to test the thermal controller and results 

in the temperature profiles of Fig. 7, where also the measured efficiency is shown for both cases. Tj,1 is 

the recorded temperature measurement without thermal control and Tj,2 is the temperature measurement 

with active thermal control. From the figure it can be seen that several thermal cycles are significantly 

reduced in magnitude, while others are affected less. The efficiency without thermal control is between 

88.5% and 95%. Instead, for the active thermal control it is varying between 67% at decreasing low 

power and 95% for full power. For a deeper analysis of the thermal cycles and thus the reliability, the 

Rainflow histograms are shown in Fig. 8. In Fig. 8 (a) the thermal cycles are reduced in magnitude 

compared to the histogram without thermal control, while the periods of the cycles show only few 

changes. In Fig. 8 (b) it can be seen that also the average temperature of the cycles has increased. In 

total fewer cycles are counted than in the previous temperature profile. For the comparison between the 

cases with thermal control and without thermal control, the lifetime consumption of the profiles is 

derived as in (4)-(5) with the parameters in [51]:  

The data of this experiment is furthermore used to apply the proposed method of section III and the 

results are shown in Tab. 1. The overall efficiency of the profile is shown for both cases, whereby the 

thermal controller reduces the efficiency by 1.1%. Remarkably, the cumulated damage with thermal 

control cctr is estimated to be 72% of the damage without thermal control for the expense of 9.7% higher 

loss energy. This can either be used to achieve a lifetime enhancement of 39% or to apply it for de-rating 

as shown in Fig. 3. De-rating leads to power semiconductors with 78 % current rating compared to no 

thermal control under equal expected lifetime. 
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Fig. 6: Controller diagram. 
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Fig. 7: Measured temperature and efficiency  profiles: Tj,1 without thermal control and Tj,2 with 

active thermal control. 

Nf = 4.48 ⋅ 1014 ⋅ (ΔTj)
−5.024

⋅ e(−Tj,mean+77.5)⋅0.0555 (6) 



 

 

V. Conclusion 
This work has reviewed several active thermal control approaches proposed in literature to reduce the 

thermal stress of power electronic systems. A method by means of Rainflow counting been introduced 

to estimate the potential improvements and the related potential for the active thermal control. A study 

case where switching frequency variation is used to control the losses is analyzed with the proposed 

tools. The adopted active thermal controller has reduced the accumulated damage by 28% at the expense 

of 9.7% higher losses. Consequently, for an expected efficiency reduction of 1.1%, the lifetime of the 

system is significantly increased (by 39%) or alternatively, the current rating can be reduced to 78% 

under the same lifetime conditions. 

   
 Acknowledgement  
The research leading to these results has received funding from the European Research Council under 

the European Union's Seventh Framework Programme (FP/2007-2013) / ERC Grant Agreement n.  

616344 – Heart. 

 

VI. References 
[1] Huai Wang; Liserre, M.; Blaabjerg, F., "Toward Reliable Power Electronics: Challenges, Design Tools, and 

Opportunities," IEEE Industrial Electronics Magazine,  vol.7, no.2, pp.17,26, June 2013.  

[2] Huai Wang; Liserre, M.; Blaabjerg, F.; de Place Rimmen, P.; Jacobsen, J.B.; Kvisgaard, T.; Landkildehus, J., 

"Transitioning to Physics-of-Failure as a Reliability Driver in Power Electronics," Emerging and Selected 

Topics in Power Electronics, IEEE Journal of , vol.2, no.1, pp.97,114, March 2014. 

[3] Ciappa, Mauro. "Selected failure mechanisms of modern power modules." Microelectronics reliability 42.4 

(2002): 653-667. 

[4] Wu, Rui, et al. "Overview of catastrophic failures of freewheeling diodes in power electronic circuits." 

Microelectronics Reliability 53.9 (2013): 1788-1792. 

[5] Bayerer, Reinhold. "Advanced packaging yields higher performance and reliability in power electronics." 

Microelectronics Reliability 50.9 (2010): 1715-1719. 

 
(a) 

 
(b) 

Fig. 8: Rainflow Counting of the thermal cycles after applying active thermal control: a) in 

dependence of the cycles period and magnitude, b) in dependence of the cycles mean temperature 

and magnitude. 

 Without thermal control With thermal control 

Efficiency 𝜂 [%] 93.9 92.8 

Cumulated damage c 𝑐 = 1.272 ⋅ 10−7 𝑐𝑐𝑡𝑟 = 9.11 ⋅ 10−8 ≈ 0.72 ⋅ 𝑐 

Lifetime enhancement [%] 0 39 

Measured relative losses [%] 100 109.7 

Current rating for similar lifetime [%] 100 78 

Tab. 1: Comparison of the profile with thermal control and without thermal control. 



[6] Hyunseok Oh; Bongtae Han; McCluskey, P.; Changwoon Han; Youn, B.D., "Physics-of-Failure, Condition 

Monitoring, and Prognostics of Insulated Gate Bipolar Transistor Modules: A Review,", IEEE Transactions 

on Power Electronics, vol.30, no.5, pp.2413,2426, May 2015. 

[7] Haumann S., Becker M., Rudzki J., Eisele R., Osterwald F., Novel bonding and joining technology for power 

electronics - Enabler for improved lifetime, reliability, cost and power density, Twenty-Eighth Annual IEEE 

Applied Power Electronics Conference and Exposition (APEC), 2013.  

[8] Lu, Hua, Chris Bailey, and Chunyan Yin. "Design for reliability of power electronics modules." 

Microelectronics reliability 49.9 (2009): 1250-1255. 

[9] Ma K., Yang Y., Wang H., Blaabjerg F. “Design for Reliability of Power Electronics in Renewable Energy 

Systems,” in MA Sanz-Bobi (ed.), Use, Operation and Maintenance of Renewable Energy Systems: 

Experiences and Future Approaches. Springer, pp. 295-338. Green Energy and Technology. 

[10] Liang W., Castellazzi A.: Temperature adaptive driving of power semiconductor devices, IEEE International 

Symposium on Industrial Electronics (ISIE), 2010. 

[11] Onifade, M.; Castellazzi, A.; Zanchetta, P., "Advances in the dynamic active cooling of power electronic 

modules," in Power Electronics, Machines and Drives (PEMD 2012), 6th IET International Conference on , 

vol., no., pp.1-5, 27-29 March 2012. 

[12] Choy, W.J.; Castellazzi, A.; Zanchetta, P., "Adaptive cooling of power modules for reduced power and 

thermal cycling," in Power Electronics and Applications (EPE 2011), Proceedings of the 2011-14th 

European Conference on , vol., no., pp.1-10, Aug. 30 2011-Sept. 1 2011. 

[13] Cong Li; Da Jiao; Jizhou Jia; Feng Guo; Jin Wang, "Thermoelectric Cooling for Power Electronics Circuits: 

Modeling and Active Temperature Control," IEEE Transactions on Industry Applications, , vol.50, no.6, 

pp.3995,4005, Nov.-Dec. 2014. 

[14] Andresen, M.; Liserre, M.; Buticchi, G., "Review of active thermal and lifetime control techniques for power 

electronic modules," Power Electronics and Applications (EPE'14-ECCE Europe), 2014 16th European 

Conference on, vol., no., pp.1,10, 26-28 Aug. 2014. 

[15] Murdock D.A., Torres J.E.R., Connors J.J., Lorenz R.D.: Active thermal control of power electronic modules, 

IEEE Trans. Industry Applications, vol. 42, pp. 552 – 558, April 2006. 

[16] Weckert M., Roth-Stielow J.: Chances and limits of a thermal control for a three-phase voltage source inverter 

in traction applications using permanent magnet synchronous or induction machines, Proceedings of the 2011-

14th European Conference on Power Electronics and Applications (EPE 2011). 

[17] Ke Ma; Liserre, M.; Blaabjerg, F.; Kerekes, T., "Thermal Loading and Lifetime Estimation for Power Device 

Considering Mission Profiles in Wind Power Converter," IEEE Transactions on Power Electronics, , vol.30, 

no.2, pp.590,602, Feb. 2015. 

[18] Bruckner, T.; Bernet, S., "Estimation and Measurement of Junction Temperatures in a Three-Level Voltage 

Source Converter," Power Electronics, IEEE Transactions on , vol.22, no.1, pp.3,12, Jan. 2007. 

[19] Yongheng Yang; Ke Ma; Huai Wang; Blaabjerg, F., "Mission profile translation to capacitor stresses in grid-

connected photovoltaic systems," Energy Conversion Congress and Exposition (ECCE), 2014 IEEE , vol., 

no., pp.5479,5486, 14-18 Sept. 2014. 

[20] Baker, N.; Liserre, M.; Dupont, L.; Avenas, Y., "Improved Reliability of Power Modules: A Review of Online 

Junction Temperature Measurement Methods," IEEE Industrial Electronics Magazine, vol.8, no.3, pp.17,27, 

Sept. 2014. 

[21] Ciappa, Mauro. "Lifetime prediction on the base of mission profiles." Microelectronics reliability 45.9 

(2005): 1293-1298. 

[22] Ke Ma; Liserre, M.; Blaabjerg, F., "Operating and Loading Conditions of a Three-Level Neutral-Point-

Clamped Wind Power Converter Under Various Grid Faults," IEEE Transactions on Industry Applications, , 

vol.50, no.1, pp.520,530, Jan.-Feb. 2014. 

[23] Busca C., Teodorescu R., Blaabjerg F., Munk-Nielsen S., Helle L., Abeyasekera T., Rodriguez P.: An 

overview of the reliability prediction related aspects of high power IGBTs in wind power applications, 

Microelectronics Reliability, vol. 51, pp. 1903-1907, Nov. 2011. 

[24] Smet V.: Aging and failure modes of IGBT power modules undergoing power cycling in high temperature 

environments, Ph.D. dissertation at, Dept. Elect. Eng., Montpellier 2 University, November 2010. 

[25] Dawei X., Ran L., Tavner P., Shaoyong Y., Bryant A., Mawby P.: Condition Monitoring Power Module 

Solder Fatigue Using Inverter Harmonic Identification, IEEE Transactions on Power Electronics, vol. 27, pp. 

235-247, Jan. 2012. 

[26] Scheuermann U., Schmidt R.: Increasing component reliability by eliminating solder interfaces, 13th 

European Conference on Power Electronics and Applications, 2009. EPE '09, Sept. 2009. 

[27] Ningyan W., Cotton I., Evans K.: Impact of Thermal Cycling in Humid Environments on Power Electronic 

Modules, IEEE Transactions on Components, Packaging and Manufacturing Technology, vol. 2, pp. 1085-

1091, July 2012. 

[28] Fabian J.-H., Hartmann S., Hamidi A.: Analysis of insulation failure modes in high power IGBT modules, 

IEEE Industry Applications Conference, Oct 2005. 



[29] Blasko V., Lukaszewski R., Sladky R.: On line thermal model and thermal management strategy of a three 

phase voltage source inverter, IEEE Industry Applications Conference, Oct 1999. 

[30] Lixiang W., McGuire J., Lukaszewski R.A.: Analysis of PWM Frequency Control to Improve the Lifetime of 

PWM Inverter, IEEE Transactions on Industry Applications, vol. 47, pp. 922-929, April 2011. 

[31] Lemmens J., Driesen J., Vanassche P.: Thermal management in traction applications as constraint optimal 

control problem, IEEE Vehicle Power and Propulsion Conference (VPPC), Oct. 2012. 

[32] Lemmens, J., Vanassche, P., Driesen, J.: Optimal Control of Traction Motor Drives Under Electrothermal 

Constraints, IEEE Journal of Emerging and Selected Topics in Power Electronics, vol.2, no.2, pp.249,263, 

June 2014. 

[33] Lo Calzo G., Lidozzi A., Solero L., Crescimbini F., Cardi V. Thermal regulation as control reference in electric 

drives, Power Electronics and Motion Control Conference (EPE/PEMC), Sept. 2012. 

[34] Weckert M., Roth-Stielow J.: Chances and limits of a thermal control for a three-phase voltage source inverter 

in traction applications using permanent magnet synchronous or induction machines, Proceedings of the 2011-

14th European Conference on Power Electronics and Applications (EPE 2011). 

[35] Liserre M.: Real time monitoring and acitve thermal control, Presentation, Aalborg University, Denmark. 

[36] Ma K., Blaabjerg F.: Thermal optimized modulation methods of three-level neutral-point-clamped inverter 

for 10 MW wind turbines under low-voltage ride through, IETPower Electronics, vol. 5, pp. 920-927, July 

2012. 

[37] Hava, A. M., Kerkman R. J., Lipo T. A.: Carrier-Based PWM-VSI Overmodulation Strategies: Analysis, 

Comparison, and Design, IEEE Transaction on Power Electronics, vol. 13 no 4, July 1998. 

[38] Hofer P., Karrer N., Gerster C.: Paralleling intelligent IGBT power modules with active gate-controlled 

current balancing, IEEE Power Electronics Specialists Conference, 1996. PESC, June 1996 

[39] Xuesong Wang, Zhengming Zhao, Liqiang Yuan: Current sharing of IGBT modules in parallel with thermal 

imbalance, IEEE Energy Conversion Congress and Exposition (ECCE), 2010. 

[40] Liang W., Castellazzi A.: Temperature adaptive driving of power semiconductor devices, IEEE International 

Symposium on Industrial Electronics (ISIE), 2010. 

[41] Bifaretti, S., Tarisciotti, L., Watson, A., Zanchetta, P., Bellini, A., Clare, J.: Distributed commutations pulse-

width modulation technique for high-power AC/DC multi-level converters," IET Power Electronics, vol.5, 

no.6, pp.909-919, July 2012. 

[42] Joseph C.J.J., Zolghadri M.R., Homaifar A., Lee F., Lorenz R.D. Novel thermal based current sharing control 

of parallel converters, Telecommunications Energy Conference (INTELEC), Sept. 2004. 

[43] Huanhuan W., Khambadkone A. M., Xiaoxiao Y.: Control of Parallel Connected Power Converters for Low 

Voltage Microgrid—Part II: Dynamic Electrothermal Modeling, IEEE Transactions on Power Electronics, 

vol. 25, pp. 2971-2980, Dec. 2010. 

[44] Ma K., Liserre M., Blaabjerg F.: Reactive Power Influence on the Thermal Cycling of Multi-MW Wind Power 

Inverter, IEEE Transactions on Industry Applications, vol. 49, pp. 922-930, April 2013. 

[45] Andresen, M., Buticchi, G., Liserre, M., " Thermal Stress Reduced Maximum Power Point Tracking for Two 

Stages Photovoltaic Converters ," IEEE Energy Conversion Congress and Exposition (ECCE), 2015. 

[46] Binbin Li; Yi Zhang; Rongfeng Yang; Rong Xu; Dianguo Xu; Wei Wang, "Seamless Transition Control for 

Modular Multilevel Converters When Inserting a Cold-Reserve Redundant Submodule," Power Electronics, 

IEEE Transactions on , vol.30, no.8, pp.4052,4057, Aug. 2015. 

[47] Bayerer, Reinhold; Herrmann, Tobias; Licht, Thomas; Lutz, Josef; Feller, Marco, "Model for Power Cycling 

lifetime of IGBT Modules Â¿ various factors influencing lifetime," in Integrated Power Systems (CIPS), 2008 

5th International Conference on , vol., no., pp.1-6, 11-13 March 2008. 

[48] Gerstenmaier, Y. C., and G. Wachutka. "Rigorous model and network for transient thermal problems." 

Microelectronics journal 33.9 (2002): 719-725. 

[49] Musallam M., Johnson C.M.: An Efficient Implementation of the Rainflow Counting Algorithm for Life 

Consumption Estimation, IEEE Transactions on Reliability, vol 61, pp. 978 - 986 Dec. 2012.  

[50] Andresen M., Buticchi G., Falck J., Liserre M., Mühlfeld O.: Active thermal management for a single-phase 

H-Bridge inverter employing switching frequency control, PCIM 2015, Nuernberg. 

[51] Wintrich, Arendt, and Ulrich Nicolai. "Application manual power semiconductors." ISLE, 2011. 

 


