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Abstract 
 
As environmental issues have attracted increasing worldwide attention in recent 
years, wind power is playing a key role in renewable energy. The wind power 
application expects the High Voltage Insulated Gate Bipolar Transistor (HVIGBT) to 
exhibit not only high reliability but also low power loss, high rated current, and high 
robustness. This paper presents the features and evaluation results of a new 4.5kV 
high voltage IGBT module (named R-Series HVIGBT) which satisfies the 
performance requirements. 
 
 
 
1 Introduction 
 
HVIGBT modules have been widely used in many different high power applications 
such as railway propulsion and wind power. In these applications, good basic 
performances of IGBT module are absolutely necessary, for instance, lower losses 
and higher SOA robustness. In addition to these demands, in contrast to normal 
industrial applications, wind power application leads to many special requirements in 
reliability, isolation, cosmic rays ruggedness, etc. In order to meet these requirements, 
a new 4.5kV high voltage IGBT module (named R-Series HVIGBT) is presented [1]. 
This HVIGBT module, using ‘Fine Planar MOS gate Light Punch Through technology 
HVIGBT (FP-LPT-HVIGBT)’ and ‘Soft reverse Recovery HV-Diode (SR-HVDi)’ 
structures, exhibits an exceptionally low losses, high robustness and high reliability[4].  
 
Nowadays, the most used topologies for variable-speed wind turbines are doubly-fed 
induction generator– wounded rotor, induction generator–squirrel cage rotor, and 
synchronous generator–permanent magnets. In these cases, the most popular grid 
connection topologies is a back-to back voltage source converter (VSC) interface due 
to its inherent flexibility and isolation properties. Due to the application of multilevel 
technology and space vector pulse width modulation (SVPWM) the Neutral-Point-
Clamped (NPC) three level has a number of potential advantages as compared with 
two level VSC, such as superior output waveform quality, lower insulation stress and 
lower switching losses for the same output waveform quality. This paper presents a 
three level back-to-back converter achieving 2.5MW output power and output voltage 
of AC3000V. 
Cosmic ray induced failures in high voltage IGBTs must be considered in actual 
operation of wind turbine converter. The long term DC stability curve of the 
4.5kV/1200A IGBT is presented in this paper for customer’s design reference. 



The deviation of neutral point voltage is one of the key aspects that affect the 
reliability of diode NPC three-level converter. From theoretical-study view, this paper 
presents a hardware circuit for neutral-point voltage balance in three-level inverter. 
Simulation results based on Matlab/Simulink are supplied to confirm the validity of the 
proposed circuit. 

Other design considerations in designing the NPC three level converter are also 
introduced in this paper. 
 
 
2 Technologies and performance of new 4.5kV 1200A HVIGBT 
 
The new generation of Mitsubishi Electric's 4.5kV R-Series HVIGBT adopts "Fine 
Planar MOS gate Light Punch Through HVIGBT (FP-LPTHVIGBT)" and "Soft reverse 
Recovery HV-Diode with high robustness (SR-HVDi)" structures, which reduce the 
power losses and increase the rated current while maintaining the mechanical 
compatibility with the already existing H-Series. The new generation chip technology 
provides benefits such as [4] 
￭ IGBT chip: Lower losses, controllability of di/dt and dv/dt for low EMI levels 
￭ Diode chip: reduced reverse recovery current (Irr) 
￭ Higher SOA robustness, positive temperature coefficient (PTC) for easy parallel 
connection 
￭ The new wire bond technology also improves the power cycling capability of the 
module compared to conventional 4.5kV HVIGBT Modules 
As will be demonstrated in this article, the new 4.5kV HVIGBT module shows good 
performance in terms of robustness and overall electrical performance for high 
reliability application.  
 
The cross-section structure of 4.5kV R-series IGBT chip is shown in Fig.1 compared 
with conventional H-Series HVIGBT. An advanced planar-gate design with a fine 
pattern MOS-structure is adopted in this R-Series HVIGBT module. Optimized carrier 
concentration with additional N layer, thinner N- draft layer and LPT (Light Punch 
Through) structure are three key technologies, by which low on-state losses are 
achieved. In addition, the new R-Series HVIGBT has obtained output characteristics 
with strong PTC, which has big advantage in HVIGBT module’s parallel operation, as 
shown in Fig.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 HVIGBT basic structure comparison                Fig.2 Collector-Emitter saturation  
of new R-Series and conventional H-Series    voltage characteristics of 4.5kV 

HVIGBT 
  

LPT structure 

Carrier 
enhanced N layer



There are two kinds of isolation package available, one is HC-type with 6kV Viso as 
sown in Fig.3(a),the other is HG-Type with 10.2kV Viso as sown in Fig.3(b). The 
conventional external dimensions, electrode arrangement and signal interface are the 
same to the standard package in the world. 
 

 
 (a)CM1200HC-90R(4.5kV,1.2kA,Viso=6kV)        (b)CM1200HG-90R (4.5kV,1.2kA,Viso=10.2kV) 

Figure.3 External views of the 4.5kV 1200A R-Series HVIGBTs 
 
RBSOA (Reverse Bias Safe Operation Area) defines the maximum allowable 
simultaneous occurrence of 
collector current and collector to 
emitter voltage during turn-off. The 
turn-off switching SOA test result of 
HG-Type 4.5kV, 1200A IGBT is 
demonstrated in Fig.4, displaying 
the collector-emitter voltage Vce 
(red), the collector current Ic (blue) 
and the gate emitter voltage VGE 
(green). It can be seen that under 
the junction temperature Tj=125°C 
condition, turn-off current of three 
times rated current 
(3x1200A=3600A) and DC-link 
voltage of 3200V, both the current 
and voltage are smooth without 
oscillation and failure.                                  Fig.4 waveform of new 4.5kV,1200A HVIGBT           

under turn-off condition(Tj=125°C, Vdc=3200V) 

 
The waveform of short circuit 
testing based on HG-Type 4.5kV 
1200A HVIGBT is shown in Fig.5. 
Within a short circuit time 10uS, 
the IGBT module could endure a 
peak short circuit current of 
7000A and can turn off safely, 
showing high SCSOA robustness 
design. 
 
 
 

Fig.5 waveform of new 4.5kV,1200A HVIGBT           
under short circuit (Tj=125°C, Vdc=3200V) 



3 4.5kV HVIGBT application in Neutral-Point-Clamped Three Level Wind 
Turbine Converter 

 
In the early days of the wind power application, wind turbine manufacturers mainly 
developed lower power wind turbines, which were installed as single units or in small 
groups at a given location. Increasingly higher power turbines are installed and 
grouped into large farms or wind power stations. The turbine manufacturers are faced 
with a number of challenges such as high output topologies, more severe safety 
issues and high voltage power devices. The multi-level inverter was introduced as a 
solution to increase the converter output voltage above the voltage limits of classical 
semi-conductors. The topology of neutral-point-camped three level is being 
considered for wind power applications in China, which offers potential benefits over 
two level voltage source inverters. These include: 
1. The operating voltage is increased without power devices in series connection. 
2. The output voltage waveform has a reduced harmonic content compared to that 

of the standard two level inverter under a low switching frequencies fSW . 
3. The maximum voltage stress from the load is reduced, which can reduce dv/dt 

and EMI 
 
Basic circuit configuration of a full scale medium-voltage converter for high-power 
wind turbines is illustrated in Figure6. The topology is a neutral-point-clamped three 
level back to back type, with rating power 2.5MW, line-side voltage of AC3kV and DC 
link voltage of 5kV. Therefore, the main IGBT module selected 4500V,1200A IGBT 
modules and diodes selected 4500V,600A high voltage diodes. 
 

 
 

Fig.6. Configuration of three level back-to-back converter 
 
It is well known that the life of high voltage IGBT modules might be drastically 
shortened when exposed to high blocking voltage due to a substantial failure rates 
that induced by cosmic rays [6]. This limits the maximum allowable DC blocking 
voltage for HVIGBTs to far less than the maximum rating collector-emitter voltage 
VCES. So, to improve the robust design of high voltage IGBT module is an important 
technical issue in IGBT design. 
The key robust design approach against cosmic ray induced failures in HVIGBT 
modules is to reduce the maximum electric field strength during blocking voltage 
states. The newly developed 4.5kV,1200A HVIGBT module with Light Punch 
Through technology, was designed with a lightly doped thick N buffer combined with 
a shallow P collector and a thin N- drift layer with a longer carrier lifetime. By 
optimizing the chip technologies, the cosmic ray induced defect in silicon is 
minimized.  
Fig.7 shows the predicted failure rate as a function of DC voltage for the proposed 
4500V,1200A HVIGBT module. This curve is also called Long Term DC Stability 
(LTDS) curve. 



 
Fig.7.LTDS curve of 4.5kV,1200A HVIGBT module at 25°C and New York’s altitude 

 
The ability to control the neutral-point potential is an essential requirement of three 
level wind turbine converter design. Paper[7] presents a simple control method for 
balancing the DC-link voltage of three-level neutral-point-clamped inverters, while 
providing enhanced ride-through and common-mode voltage (CMV) elimination. The 
method uses a DC-DC power converter technology on the DC link for balancing and 
ride-through enhancement, as is shown in Fig.8. 

 
 
 
 
 
 
 
 
 
 

Fig.8.Main circuit schematic of the neutral-point voltage balancing 
To verify the feasibility of the schematic of the neutral-point voltage balancing, 
simulation was made based on the balancing circuitry of Fig.8, the simulation 
conditions are: DC-link voltage of three level converter= 
530V,C1=C2=3300uF,L1=L2=3mH,Fsw=2kHz. Figure.9 illustrates the simulation 
results. It can be seen that the neutral-point voltage is reduced from 25V (Fig(a)) to 
8V  (Fig(b)) by applying the neutral-point voltage balancing circuit. What’s more, 
output line voltage of the three level converter is also optimized with reduction of 
ripple. 



(a) neutral-point voltage without balancing circuit           (b) neutral-point voltage with balancing circuit 

(c) output line voltage without balancing circuit           (d) output line voltage with balancing circuit 
Fig.9. Simulation results 

 
4 Conclusions 
Latest technologies of Mitsubishi Electric new generation of 4.5kV HVIGBT module 
with FP LPT-HVIGBT and SR-HVDi are presented. The advanced new HVIGBT ‘s 
application in high voltage wind turbine converter is also introduced, including LTDS 
curve and control method of the neutral-point potential. 
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