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Abstract: Power electronics and static power converters 
play significant role in industrial applications, power 
generation and transmission, home appliance, 
transportation, etc., etc. Today, our life will be completely 
different without power electronics. 
Power electronics, particularly power semiconductors are 
progressing on daily bases. Each new generation of power 
semiconductor introduces new challenges and issues. Some 
of them make almost impossible to fully utilize full 
advantages of new power semiconductor devices. Two of 
the challenges are high di/dt and dv/dt, which in 
combination with parasitic inductance and capacitance of 
the power semiconductor and converter create issues of 
over-voltage, radiated and conducted EMI emission, stress 
of the load isolation, etc., etc. The above mentioned issues 
(di/dt and dv/dt) will make impossible to fully utilize all the 
benefits of future Wide Band Gap devices such as SiC and 
GaN. New devices packaging is a must. But, where is the 
limit of a new package? Is it possible to solve the issue with 
a new package or something more is necessary to be done? 
What about passive devices and where is going research in 
the area of magnetics and capacitors? 
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I. HISTORY OF POWER CONVERSION 

Fundamentals and history of power conversion will be 
briefly presented in the first part of the speech. 

II. POWER CONVERTERS & 
TOPOLOGIES 

Brief overview of state of the art as well as advanced 
power converter topologies will be given. 

� Voltage source versus current source converters, 
� Multilevel converters: 

• Series Multilevel versus Parallel Multilevel,  
• Series-parallel. 

III.  ADVANCED POWER 
SEMICONDUCTOR DEVICES 

Advanced power semiconductor devices will be 
discussed in the third part of the tutorial. Advanced 
power semiconductors with different voltage or current 
ratings can be used for a given application. Therefore 
competition is very open and appropriate design methods 

must be developed. For the same reasons, different 
technologies must also be compared. 

� IGBT versus IGCT for High Power applications, 
� Si versus Wide Band Gap components for more 

standard applications, 
� Unipolar (MOSFETs) versus bipolar devices 

(IGBTs) for Low Voltage and high efficiency 
applications. 

IV.  NEW ISSUES WITH NEW POWER 
SEMICONDUCTORS 

The current trend in development of power 
semiconductors is high power density and high switching 
speed. These two are necessary for further improvement 
of the converter power density and efficiency. However, 
this is not the end of the story. Since the device is not 
ideal, many new issues are created with new power 
semiconductor devices. 

A. Thermal Management 

High power density creates the issue of the device 
thermal management and the device reliability. High 
power density of the module requires high performance 
heat sink with very low spreading thermal impedance. If 
standard heat sink is used, the temperature gradient under 
the module may reach 10K to 50K, which turns as 
additional increase of the device junction temperature. 

B. Electromagnetic Field and Related Issues 

Power semiconductor device and converters are not 
ideal. Each power semiconductor module together with 
entire power converter is characterized by the fact that 
energy is stored in form of electromagnetic field. Simple 
speaking, the module and system are characterized by 
parasitic stray inductance and capacitance. These 
parasitic have not been considered as an issue in the past. 
The power semiconductor switching speed was 
moderate, and therefore there has not been strong impact 
of the parasitic on the converter operation. However, 
todays power semiconductors are very fast switching 
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devices. If an ordinary power semiconductor module is 
used, it creates issues that limit performances of the 
entire converter. 
Two major issues are: 

� di/dt issue in low voltage and high current power 
conversion applications. High di/dt generates high 
over-voltage when the switch turns-off. Hence, to 
respect the device voltage limit, a device with higher 
voltage rating must be used. This turns as additional 
cost and losses, which is not acceptable. Also, high 
di/dt generates high induced electric filed in the 
proximity of the converter, which is reflected as 
radiated emission and EMC issue. 

� dv/dt issue in medium and high voltage power 
conversion applications. High dv/dt generates high 
displacement current through parasitic capacitance 
of the module and the converter load. Moreover, 
dv/dt is additional stress of the load isolation. 

The above mentioned issues (di/dt and dv/dt) will make 
impossible to fully utilize all the benefits of future Wide 
Band Gap devices such as SiC and GaN. New devices 
packaging is a must. But, where is the limit of a new 
package? Is it possible to solve the issue with a new 
package or something more is necessary to be done? 

V. NEW POWER DEVICES AND 
TOPOLOGIES INTEGRATION: IS IT AN 
ULTIMATE SOLUTION? 

In this part of the tutorial we will address some solutions 
for the above discussed issues. 

C. Parallel Multilevel Inegration 

Intelligent Parallel Multilevel Integration (IPMI) is an 
ultimate solution for di/dt issue in low voltage and high 
current power conversion applications. The following 
aspects of IPMI are discussed in the paper: 

� Concept of IPMI, 
� Effect on the equivalent commutation di/dt and 

induced over-voltage, 
� Optimal number of IPMI cells for given 

optimization parameters, 
� The issues and solution. 

D. Series Multilevel Integration  

Intelligent Series Multilevel Integration (ISMI) is a 
solution for dv/dt issue in medium and high voltage 
power conversion applications. The following aspects of 
ISMI are discussed in the paper:  

� Concept of ISMI, 
� Effect on the equivalent commutation dv/dt and 

displacement parasitic capacitance current, 
� Optimal number of ISMI cells for given 

optimization parameters, 
� The issues and solution. 

VI.  WHERE ARE PASSIVE DEVICES? 

Passive components such as inductors and capacitors are 
unavoidable part of a power converter. Unfortunately, 
today’s research in the area of power converters is 
mainly focused on active power device such as Diodes, 
IGBTs and MOSFETs. Passives are somehow left behind 
the power semiconductors. 

E. Magnetics 

� What is appropriate material in frequency range 
between 12kHz and 30kHz, especially in case 
of high ac flux? 

� What about acoustic noise and orthogonal flux 
losses in such frequency range? 

� What is proper material for DCM converters? 
� What is appropriate material in very high 

frequency applications, such as dc-dc converters 
running above 1MHz? 

All the above questions are crucial for future progress of 
power converters. However, these questions are still 
open. 

F. Capacitors 

Regarding power capacitors, there are also few open 
questions: 

� Life time, current capability and energy density 
of electrolytic power capacitors? We need 
capacitors with significantly higher current 
capability and energy density, particularly for 
single phase applications. A good example is 
Google Little Box Chalange project. 

� Another open issue is low capacitance high 
current rated capacitors for resonant power 
converters. For example, 10kW resonant 
converter requires a capacitor of (5-10)µF rated 
at 600V and (15-20)Arms. 

VII.  POWER CONVERTERS CONTROL 
CIRCUIT 

Power converters control circuits and devices are 
progressing well on daily base. Currently we have 
various Digital Signal Controllers (DSC) dedicated for 
control of power converters. However, all the existing 
devices have limited number of PWM outputs (up 18) 
and ADC inputs (up to 16). To drive a three phase multi-
level/cell converter, more than 36 PWMs and 20 to 24 
ADC are required. 
Another issue is limitation of the control code execution 
time. Currently, the limit of all existing DSCs is 10 to 
15µs. We need the code execution time down to 2-5µs. 
One possible solution for future control circuit is a 
combination of a DSC and FPGA. 

VIII.  CONCLUSION 

Power electronics and power conversion is part of our 
everyday life. Today, research is focused mainly on 
power semiconductors, Si, SiC and GaN. Power devices 
are left behind and until now only incremental progress 
has been archived. For full utilization of new power 



devices, such as new Si, SiC and GaN MOSFETS, 
packaging and passive devices must be part of the 
research. If not, it would not be possible to achieve full 
benefit of new power semiconductors. New control is 
also required. 
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