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Abstract 

This paper introduced the features of New MPD newly developed by Mitsubishi Electric, which has 
some advanced performances for wind power converter application, including low power loss, high 
reliability, etc. And the method on calculating the lifetime of power modules is also given in this paper. 

1. Introduction 
In recent years, wind power generation system is becoming more and more popular in China. So far, 
the wind power converters with 690V output using 1700V IGBT are getting more shares, which include 
doubly-fed type and direct-drive type. This paper will introduce the new high power modules, New MPD 
(Mega Power Dual) series, which are newly developed and manufactured by Mitsubishi Electric. 
As everyone knows well, there are high performance requirements for the wind power converters, such 
as maintenance-free, quality of grid-connection, LVRT (Low Voltage Ride Through), high efficiency, etc. 
Based on these requirements, it is requested that the power module should have the high performance. 
This paper will introduce the features of New MPD based on the requirements of the wind power 
converters and explain the method on calculating the lifetime of power modules. 

2. Requirements of wind power converters 
Fig.1 shows the topology of doubly-fed wind turbines and direct-drive wind turbines, which is popular in 
the market. 

     
(a) doubly-fed wind turbine                    (b) direct-drive wind turbine 

Fig. 1. Topologies of wind turbines 

As everyone knows well, there are high performance requirements for the wind power converters, such 
as maintenance-free, quality of grid-connection, LVRT, high efficiency, etc. Accordingly, the power 
modules used for wind power converter should have the long lifetime (high power cycling capability and 
thermal cycling capability), wide SOA (Safety Operation Area), low power loss, etc. 
Among these requirements of wind turbines, the most important one is maintenance-free, especially for 
the off-shore wind turbines. So the lifetime of power modules is the most important performance for 
wind power application. 
On the other hand, in practical application, the output frequency of rotor-side-converters is usually 
running at the lower one, such as 0~17Hz for doubly-fed wind turbines (Fig.1(a)) or around 25Hz for 
some direct-drive wind turbines (Fig.1(b)). When the converter runs at the low output frequency, the 
junction temperature ripples of power chip will become higher. And it is necessary to consider the 
power cycle life for this condition, especially for 10Hz or lower. 



3. Features of New MPD 
3.1. Optimized base-plate structure for the low thermal resistance 

 
(a) Conventional structure                  (b) New MPD structure 

Fig. 2. Cross-section structure of New MPD and conventional IGBT 

Fig.2 shows the cross-section structure of New MPD and conventional IGBT module. It could be found 
that the solder layer between the baseplate and the isolation ceramic is removed for New MPD module, 
which is a weak point of for thermal cycling capability in conventional structure of IGBT module (Fig.2 
(a)). This solder layer will increase the thermal resistance Rth(j-c) and make the temperature cycling 
pressure be higher. So by removing the solder layer, the thermal cycling capability will be increased. As 
a result, the thermal cycling capability of New MPD △ is 3 times of the traditional structure at Tc=80 . ℃  

3.2. Multi-baseplate technology 
The baseplate for high power modules will be lager, which becomes difficult to get the good contact 
between the baseplate and the heat-sink. The multi-baseplate technology could solve this problem and 
reduce the contact thermal resistance Rth(c-f). 

      
(a) Bottom view of baseplate of New MPD     (b) Contact results between baseplate and heat-sink 

Fig. 3. Good contact results by using multi-baseplate technology 

From Fig.3 (a) and Fig.3 (b), it is very easy to understand that the contact thermal resistance between 
the baseplate and the heat-sink becomes lower for multi-baseplate structure of New MPD. 

3.3. Optimized chip layout of increasing the cooling capability 

        
(a) Simulation model for water-cooling              (b) Internal chip distance versus water flow 

Fig. 4. Simulation results of cooling capability for chip layout of New MPD 



The distance between chips of New MPD is over 30mm, which is designed to suppress the mutual 
thermal interference and to increase the cooling capability when using the water-cooling technology. 
Fig.4 (a) shows the simulation model for water-cooling. And Fig.4 (b) shows the simulation results of 
temperature difference between chip and water at 200W/chip. The results illustrate that the distance is 
enough for water-cooling. 

3.4. Low inductance from terminal P to N 
Fig.5 shows the structure of internal laminated DC bus bar used for New MPD. Based on the design 
and test method in lecture [1], the stray inductance inside of the module is 5.1nH from terminal P to N, 
which is helpful to reduce the surge voltage without large external snubber circuit and makes the 
snubber design easy. 

 
Fig. 5. Structure of internal laminated DC bus bar 

Since the stray inductance of New MPD is very low, the total stray inductance could be also reduced 
when connecting New MPD modules to the DC capacitor. The actual turn-on waveform of 
CM1800DY-34S is shown as Fig.6, from which it could be calculated that the stray inductance of total 
DC bus circuit is lower than 10nH. 

 
Fig. 6. Turn-on waveform 

3.5. Low power loss by adopting 6th generation chip 

 
Fig. 7.  Cross-section view of 5th generation IGBT and 6th generation IGBT 



Both 5th generation IGBT and 6th generation IGBT are using CSTBTTM technology. Fine pitch and 
optimized CS-layer is designed for 6th generation IGBT, which has low power loss and wide SOA. The 
cross-section view of 5th generation IGBT and 6th generation IGBT is given in Fig. 7. 
Fig.8 shows the trade-off curve between Vce(sat) and Eoff of IGBT chip used for CM1800DY-34S, from 
which it could be found that the power loss of 6th generation has the lower power loss than 5th 
generation IGBT. 

 
Fig. 8. Trade-off between Vce(sat) and Eoff of 6th generation 1700V IGBT 

4. Definition and test method of power cycle life and thermal 
cycle life 

From the cross-section view of IGBT in Fig.2, it could be found that there are several junctions 
connected by different materials, such as the connection of the Aluminum wires and IGBT chip and the 
isolation substrate and the baseplate, etc. Thermal Stress is generated in a junction between different 
materials when the temperature changes. 
Generally, the lifetime of power module is defined by a metal fatigue from mechanical stress during 
temperature cycling. And two different cycling models are defined by temperature cycle pattern: a) 
Power cycle life related the change of Tj; b) Thermal cycle life related the change of Tc. 
The failure mode related power cycle life is that the Aluminum wire is removed from the IGBT chip. 
While the failure mode of thermal cycle life is that there is crack between the isolation substrate and the 
baseplate. 
Fig.9 shows the test method of lifetime of IGBT modules used by Mitsubishi Electric, which could meet 
the requirements of IEC 60747-9. 

     
(a) Test method of power cycle life                (b) Test method of thermal cycle life 

Fig. 9. Test method of lifetime of IGBT modules 



5. Method of using power cycle life and thermal cycle life 
5.1. Power cycling capability curve of CM1800DY-34S 
Fig.10 shows the target power cycling capability curve of CM1800DY-34S, which is used to calculate 
the power cycle life. 

 
Fig. 10. Target power cycle curve of New MPD 

5.2. Using the power cycling curve to calculate the lifetime of power modules 
When power modules are used for the wind power converters, the lifetime will be one of the key points 
to be considered, because the rotor-side-converters are usually running at the low output frequency. 
The lifetime is depending on the temperature change. In this paper, the power cycle life will be taken as 
an example. And the power cycle life depends on the change of the junction temperature. 

5 ⊿.2.1 Calculating Tj by using Mitsubishi Electric simulation software 

 
Fig. 11. Simulated temperature ripple 

When the output frequency is lower than 30Hz, it could use Mitsubishi Electric simulation software to 
simulate the junction temperature ripple, which could be downloaded from the website: 
www.mitsubishichips.com. Fig.11 gives the example of the simulated result by using Mitsubishi Electric 
simulation software. And it is very easy to get ⊿ the Tj=8℃ for IGBT chip from Fig.11. 
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5.2.2 Using the power cycling curve to calculate the lifetime 
There are 3 key points on counting the power cycle numbers. a) ⊿Tj ⊿ must be calculated as T(j-c) ⊿+ Tc; 
b) When the output frequency is lower than 10Hz, the temperature ripple of Tj must be considered; c) 
Cyclical temperature difference should be considered. 
The relation ship between “Temperature difference ⊿( Tj)” and “Cycle number of failure” is calculated 
by “Miner’s Rule” as follow equation. 

1)/( =Σ ii Nn                                                              (1) 

Where, 

in : Cycles number for stress “ i ” 

iN : Life cycles for stress “ i ” 

⊿If Tj changes with several different values like Fig.14, the power cycle life could be calculated as the 
following equation. 
N=1/((1/n(⊿T1)+(1/n(⊿T2)+(1/(⊿T3))                                         (2) 
Where, 
N: Life cycle numbers 
n(⊿Ti) : Cycles number for stress “⊿Ti ” 

 
Fig. 12. Temperature change of Tj 

For an example, if ⊿T1=⊿T2=30℃, ⊿T3=40℃, then n(⊿T1) = n(⊿T2)=250000 cycles and 
n(⊿T3)=30000 cycles, so 
N=1/(1/250000+1/250000+1/30000)=24193                                   (3) 
If the conditions like in Fig.12 repeat every 6 hours, the lifetime for New MPD could be over 16 years. 
What’s more, from Fig.10 and equation (2), it could be easily found that the lifetime of power modules is 
severely affected by the temperature difference (⊿T). While the low loss and low thermal resistance of 
New MPD will result in the lower ⊿T, which means higher lifetime for New MPD. 

6. Conclusion 
From the introduction of the features of New MPD, it could be found that New MPD is suitable for the 
high power wind power converters application, including low loss chip, low thermal resistance, high 
cooling ability, low stray inductance and high power cycling capability and thermal cycling capability, 
etc. And these advanced performances allow New MPD to have the long lifetime in wind power 
application. What’s more, the lower temperature difference on Tj and Tc for New MPD allows getting the 
longer lifetime. 
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