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Abstract 

With the development of PV-inverter market, the demand for 500kW is also increasing year by 
year. Accordingly the solution for 500kW PV-inverter is paid more and more attention. In this 
paper, 2 solutions for 500kW PV-inverter are discussed, including single IGBT solution and 
paralleled IGBT solution. The calculation results show that IGBT modules in the 2 solutions 
could run safely within RBSOA. And the key points on IGBT parallel application are also 
recommended. At last the comparison between the 2 solutions is shown for designing 
reference. 

1. Introduction 
As reported by IHS, the new installation of PV-inverter in China was over 4GW in 2012, in 
which 500kW PV-inverter for solar farm got most shares. According to statics, the new 
installation of PV-inverter in 2013 is 11.3GW, which is almost 3 times of new installation of 
2012. And the shares of PV-inverters over 500kW are around 70%. As forecasted, the new 
installation in 2014 will be around 14GW. What’s more, as announced by China government, 
the new energy market will be supported by government in the coming several year. And 
500kW PV-inverter will still get most shares in the market. As for the key part in the 
photovoltaic generation system, there are technical requirements for PV-inverters: a) High 
efficiency to utilize the solar power and improve the efficiency of total PV generation system; b) 
Maintenance-free to satisfy the installation of PV generation system in the rural area; c) High 
reliability to achieve a longer life of PV-inverter; d) Good protection performance on 
over-current and short-circuit both in the input side and output side; e) Wide range of DC input 
voltage; f) Low THD of output current; and g) Security for people, etc. Among these 
requirements, the most important performance is efficiency and reliability. 
Accordingly, the power modules used for PV-inverter should have low power loss and high 
reliability, etc. Based on this requirement, Mitsubishi Electric developed new MPD module and 
the new 6.1th generation IGBT for this application. Moreover, this new generation IGBT 
modules are widely promoted to G/P inverter application, servo driver, power supply, etc. 

2. Topology and key parameters of 500kW PV-inverter 

The typical topology for 500kW 2-level PV-inverter is shown in Fig. 1, which could use the 
isolation transformer to step-up voltage for grid connecting. 
As for 500kW PV-inverter without the transformer, there are 2 kinds of output voltage for the 
inverter, AC270V and AC315V. Accordingly, the output current will be 1070A@270V and 
916A@315V. And the DC bus voltage under the normal operation will be 450V~820V. 
With the consideration on higher current condition for current imbalance issue, 500kW 
PV-inverter with output voltage as AC270V will be discussed. 



 

Fig. 1 Topology of 500kW 2-level PV-inverter 

3. Application notes of IGBT modules 

3.1 Current definition 

The rated DC current of IGBT modules was defined as the following equation. 
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Where, Tjmax is the maximum IGBT chip junction temperature, Tc is the module case 
temperature just under the chip, VCE(sat) is the collector-emitter saturation voltage, Rth(j-c) is the 
thermal resistance between junction and case. 

 
Io-output current; fc-switching frequency 

Fig. 2 The output current capacity of CM600DX-24S1 VS fc under Th=100℃ 
In the practical application, the output current will decrease with the increase of switching 
frequency. Fig. 2 shows the relationship between output current capacity (Io) and switching 
frequency (fc) under Th=100 .℃  Th is the heat-sink temperature just under the chip. 

3.2 Power loss and junction temperature 

Fig. 3 shows the definition of Tjop and Tjmax clearly. As for Tjop, it is recommended to be used as 
150  for long℃ -term operation, including the long-time over-load condition, under which 
RBSOA/SCSOA could be guaranteed. When the maximum junction temperature is 175℃, only 
switching of IGBT is guaranteed under this condition (keeping Tjmax within 175℃), and SCSOA 
and RBSOA could not be guaranteed. 
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Fig. 3 Definition of Tjop 
On the other hand, the junction temperature could be calculated as the following equation. 
Tj=Tc+Ploss*Rth(j-c)                                                    (2) 
Where, Ploss is the power loss of IGBT chip or diode chip, Tj is the junction temperature, Rth(j-c) is 
the thermal resistance between junction and case, Tc is the module case temperature which 
should be tested just under the chip. 

3.3 RBSOA definition 

 

Fig. 4 RBSOA of NX series IGBT with NX-M package 
IGBT RBSOA is limited by both the voltage and current. As an example, Fig. 4 shows RBSOA 
of NX series IGBT with NX-M package. In the practical application of CM600DX-24S1, the 
peak voltage during IGBT switching should be within 1200V, while the current should be kept 
within 1200A, which is 2 times of rated current (Ir). 

4. Solutions for 500kW 2-level PV-inverter 

4.1 Single IGBT solution with new MPD (2500A/1200V) 

4.1.1 Features of new MPD IGBT 

According to the reference [2], new MPD module CM2500DY-24S could be applied for 500kW 
PV-inverter without parallel connections of IGBT. 
As the unique high current 2-in-1 IGBT module, CM2500DY-24S adopts several advanced 
technologies. And new MPD IGBT modules have some good features [5], including 

 Lower junction-case thermal resistance by the optimized base-plate structure; 
 Lower contact thermal resistance by adopting multi-baseplate technology; 
 Lower internal stray inductance by using laminated busbar; 
 Lower power loss by applying CSTBTTM; 
 3 times higher thermal cycling life than conventional IGBT, shown in Fig. 6; 



 Better cooling capability through the optimized chip layout. 
The new technologies for baseplate structure and multi-baseplate are shown in Fig. 5. 

(a) New solderless baseplate structure                 (b) Multi-baseplate technology 

Fig. 5 New technologies for new MPD module 

Fig. 6 Thermal cycling life of new MPD module      Fig. 7 Block diagram of PV-inverter power stack 

using CM2500DY-24S (one phase) 

4.1.2 New MPD solution for 500kW PV-inverter 

Since a single CM2500DY-24S module for one phase could be applied to develop 500kW 
PV-inverter, then it could reduce the numbers of IGBT for 500kW PV-inverter when using 
CM2500DY-24S, which could avoid the parallel connection of IGBTs and help to improve the 
simplification of PV-inverter. The structure design will also be simplified, including busbar, 
heat-sink, drive board, etc. 
Fig. 7 gives the block diagram of PV-inverter power stack, in which the driver from CT-concept 
or Isahaya could be integrated. The driver unit of VLA553-01R from Isahaya and driver of 
P0325x2Ax-2500DY-24S from CT-concept would make the customers use CM2500DY-24S 
easily.  

4.2 Paralleled solution with 4pcs of CM600DX-24S1 (600A/1200V) 

4.2.1 Features of NX6.1 IGBT modules 

 

 

 

 

 

Fig. 8 Package view for CM600DX-24S1 
The package of CM600DX-24S1 is shown in Fig. 8. It could be found that it is easy to design 
DC busbar with low stray inductance for CM600DX-24S1. As a new IGBT module, 
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CM600DX-24S1 also has several features, including 
 Lower power loss by applying CSTBTTM; 
 Low thermal resistance by using AlN substrate; 
 Higher isolation voltage as 4000V. 

4.2.2 Suggested drive circuit for IGBT parallel connection 

 

Fig. 9 Recommended drive circuit for parallel connection 
The recommended drive circuit is shown in Fig. 9. In this drive circuit, the addition Re is 
introduced to limit the loop current and damp the oscillations in the gate voltage. In addition, Re 
also leads to a negative feedback to the drive voltage, which is helpful to balance the current 
sharing. And the value of Re is recommended as 1/5~1/3 of Rg. 

4.2.3 Current derating factor 

When using more than two IGBTs in parallel, the current imbalance between IGBTs should be 
considered. In order to make IGBT run smoothly and reliably, the current derating of paralleled 
IGBT modules should be considered. 
According to the application experience, Mitsubishi recommends that the derating factor 
should be considered as 15% for 1200V IGBT when two modules are in paralleled. When more 
than two modules are used for the parallel application, the derating factor could be calculated 
as: 
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Where,  is the derating factor, n is the number of paralleled IGBT, x is for 15% for 1200V 
IGBT. 
When using 4 pcs IGBT in parallel, the current derating factor is 

20%100%1)/4)15%)15%)/(1(11)((4(1           (4) 

4.2.4 Possibility of using 4pcs IGBT modules in parallel for 500kW PV-inverter 

The rated output current for 500kW PV-inverter (Vo=270V) is 1070Arms. So the current for 
each IGBT will be 267.5Arms. With the consideration on the worst cases of current imbalance: 
3pcs IGBT follow (1-20%) times rated current, while 1pcs IGBT flow (1+3*20%) times rated 
current. So the highest current for 1 IGBT will be 428A. The peak current at 120% over-load is 
726A, which is within RBSOA of 2 times rated current limit (1200A) for CM600DX-24S1. 

4.3 Comparison between the 2 solutions 

4.3.1 Power loss calculation 

The power loss is calculated by Melco simulation software V5.0.1, which could be downloaded 
from Mitsubishi Electric Semiconductor worldwide website: 
http://www.mitsubishielectric.com/semiconductors/simulator/index.html. 
Simulation conditions: Vcc=800V, Io=1070Arms for CM2500DY-24S and 270Arms for each 
CM600DX-24S1, PF=1, fc=3kHz, Rg=1Ohm, Th=100℃. 
From the simulation results, it could be found that the total power loss for single 
CM2500DY-24S solution is 8262W, while it is 7992W for CM600DX-24S1 paralleled solution. 



The power loss comparison is shown in Fig. 10. 

 

Fig. 10 Power loss comparison between CM2500DY-24S and 4pcs parallel of CM600DX-24S1 
Moreover, in the inverter system, the area for thermal dissipation of CM600DX-24S1 is larger 
than CM2500DY-24S, so the heat-sink design and cooling design will be easier for 
CM600DX-24S1. 

4.3.2 Comparison between new MPD solution and the parallel solution 

The comparison has been done with the requirements from the market, such as cost, IGBT 
loss (efficiency), inverter size, simplification (easy to use) and life time. 

Table 1 Comparison between single IGBT solution and IGBT parallel solution 

Solution Cost IGBT loss*1 Inverter size Simplification Thermal cycling life 

Single CM2500DY-24S ⃝ ⃝ ⊚ ⊚ ⊚ 

4pcs CM600DX-24S1 parallel ⊚ ⊚ ⃝ ⃝ ⃝ 

⊚: Better; ⃝: Good. 

*1: Calculated based on the typical switching frequency as 3kHz for PV-inverter application. 

5. Conclusion 
Both the single IGBT solution and the paralleled IGBT solution are suitable for 500kW 

PV-inverter, which could be chosen from the different requirements of PV-inverters. And the 

IGBT could keep running in RBSOA even under the worst current imbalance condition. 

From the comparison between the 2 solutions, it could be found that the paralleled solution 

using 4pcs of CM600DX-24S1 has better performance with cost and IGBT loss, while the 

single IGBT solution using CM2500DY-24S has better performance with inverter size, system 

reliability and thermal cycling life. 
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