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Abstract 

With the development of the high voltage power modules and the technology of voltage source 

converter (VSC) becomes more and more mature; VSC-HVDC (High Voltage Direct Current 

Transmission) has had a lot of achievement. Compared to the traditional HVDC, the new type 

DC transmission based on VSC-HVDC technology has numerous advantages. This paper 

presents a new type High Voltage Insulated Gate Bipolar Transistor (HVIGBT). This paper also 

shows the topology and operating principle of Modular Multilevel Converter (MMC) and how to 

build a Sub-Module (SM) by using HVIGBT. Due to the low saturation voltage and excellent 

performance, it’s very suitable to the application of VSC-HVDC.  

1. Introduction 

The global climate change poses new challenges for power generation and transmission. 

Innovative solutions will contribute to our environment .High Voltage Direct Current 

Transmission (HVDC) has a wide range of applications. In particular, it aims to fill the gap in the 

market for flexible DC solutions to simplify the grid access of remote or renewable energy 

sources. Voltage source converter based on the HVDC (VSC-HVDC) has been widely used in 

the power transmission and distribution (PTD) and have a good performance.  VSC-HVDC 

using modular multilevel converter (MMC) has many advantages: The MMC provides a nearly 

ideal sinusoidal waveform on the AC side; which can control active and reactive power 

independently, and so on. 

As we know, IGBT is an important component of VSC-HVDC system. The system needs IGBT 

with low losses, high robustness and high reliability. A new type of HVIGBT is introduced in this 

paper. Its electrical characteristics and performance are showed also. Its IGBT chip uses light 

punch through (LPT) technology and diode chip uses soft reverse recovery technology, so it 

has a low saturation voltage and lower peak current in switching procedure. It’s suitable for the 

application of VSC-HVDC. 

The topology of MMC HVDC is given. Then, its operating principle is introduced in brief. What’s 

more, an example is presented. The numbers of SM in series and the IGBT DC current are 

calculated. At last, based on the calculation result above, the power loss of CM1200HC-90RA 

is simulated, which is very helpful for heat sink design. 
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2. Features of CM1200HC-90RA 

2.1.  Description 

CM1200HC-90RA belongs to Mitsubishi Electric 4th-Version HVIGBT (High Voltage Insulated 

Gate Bipolar Transistor) modules. The main descriptions are as below: IC (Collector current) 

=1200A; VCES (Collector-emitter voltage) =4500V; single switch in a pack; high insulated type; 

CM1200HC-90RA can be used in HVDC, high reliability converters/inverters, DC choppers 

and so on. 

2.2.  Summary of features 

Internal chip technology 

Now the new generation Mitsubishi Electric HVIGBT modules, R-series HVIGBT, had also 

been released to the market. R-series HVIGBT modules include 3300V series, 4500V series 

and 6500V series. We can see the picture of CM1200HC-90RA in Fig.1. Compared to 

conventional H-series HVIGBT, the structure is optimized as shown in Fig.1. An advanced 

planar-gate design with a fine pattern structure is adopted in this R-series IGBT module.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.  CM1200HC-90RA picture and Cross-section of IGBT chips  

Through additional carrier enhanced N layer, R-series HVIGBT has a lower VCE (sat) 

(collector-emitter saturation voltage); What’s more, the IGBT chips of R-series HVIGBT have 

a thinner N- drift layer so as to realize lower Eoff  (turn off switching energy) and VCE (sat); 

R-series HVIGBT also adopts improved diode chip design, and it can realize lower leakage 

current and VF (diode forward voltage). 

Other features 

Besides adopting new chip technology, CM1200HC-90RA also has many other outstanding 

features. From the figure 2, we can see that CM1200HC-90RA has a lot of advantages and 

can be used in many applications. 



 

Features Advantages 

AlSiC baseplate Longer thermal cycling lifetime 

Positive temperature coefficient Can be used in parallel 

Soft reverse recovery diode No surge voltage in reverse recovery 

High dynamic robustness Wider safe operating area 

High creepage and clearance distances 6kV AC isolation 

Fig.2. Main features of CM1200HC-90RA 

2.3. Compared to CM1200HC-90R 

Mitsubishi Electric released two types of HVIGBTs: CM1200HC-90R and CM1200HC-90RA. 

The electric comparison of the two modules can be seen as below: 

 

Items CM1200HC-90R CM1200HC-90RA 

VCE(sat) Tj=25℃ 3.5V 2.8V 

Tj=125℃ 4.4V 3.6V 

Eon Tj=125℃ 5.5J 6J 

Eoff Tj=125℃ 4.3J 5.6J 

VF Tj=25℃ 2.6J 2.25V 

Tj=125℃ 2.8J 2.5V 

Erec Tj=125℃ 2.5J 3.3J 

Fig. 3. Comparison of CM1200HC-90R and CM1200HC-90RA 

From the figure above, we can see CM1200HC-90RA has a lower collector-emitter saturation 

voltage and diode forward voltage, while CM1200HC-90R has lower turn off switching energy, 

turn on switching energy and diode reverse recovery energy. As a result, we cannot judge 

which one is better, and we should choose the most suitable module according to our 

application conditions. Regarding HVDC applications, the carrier frequency is rather low, so it 

need IGBT with lower collector-emitter saturation voltage and diode forward voltage. 

CM1200HC-90RA is very suitable for HVDC application. 

2.4. Performance of CM1200HC-90RA 

A sub-module based on CM1200HC-90RA is developed, in which the laminated bus bar and 

IGBT driver with active clamping function are built. Based on the sub-module platform, some 

switching tests are carried out to evaluate the IGBT’s performance. The test condition: 

VCC=2800V, IC=1200A, LS=110nH,Tj=125℃,RG(on)=2.7Ω, RG(off )=27Ω.While VCC is the bus 

voltage of each SM, IC is the collector current of IGBT, LS is the stray inductance of bus bar, Tj 

is the junction temperature of IGBT,RG(on) is the turn-on resistance, RG(off ) is the turn-off 

resistance. 



        

Fig.4.   Turn-on waveform of CM1200HC-90RA   Fig.5.   Turn-off waveform of CM1200HC-90RA 

 

Fig.6.   Reverse recovery waveform of CM1200HC-90RA 

Fig.4 shows the turn on waveform of CM1200HC-90RA under DC link voltage of 2800V. The 

turn-on switching energy is 4.67J, while the peak collector current is 2556A. 

Fig.5 shows the turn off waveform of CM1200HC-90RA under DC link voltage of 2800V and 

the collector current of 1200A. The turn-off switching energy is 5.52J, while the peak voltage is 

3166V. 

Fig.6 shows the reverse recovery waveform of CM1200HC-90RA under DC link voltage of 

2800V and the collector current of 1200A. The reverse recovery energy is 2.95J, while the 

peak reverse recovery current is 1486A. 

From the figures above, we can see CM1200HC-90RA has a very good switching 

characteristic. 

3. VSC-HVDC operation principle 

3.1. Function of VSC-HVDC 

Fig.7 shows the topology of MMC system and the structure of SM (sub-module). The 

converter consists of six legs where each leg has the same number of sub-modules and a 

valve reactor in series. Each sub-module consists of two IGBTs (containing two freewheeling 

diodes) and a capacitor.  



 

Fig.7.   The topology of MMC HVDC 

Iw is the line current of AC side; Ud is the bus voltage; Vx is the output voltage of SM. 

3.2. Operation principle of each sub-module: 

We can take the sub-module as a voltage source converter. The output of the converter is 0 or 

VC when IGBTs turn on or off. There are 2 switching states of SM showed in Fig. 8.  

State 1: S1 turn on and S2 turn off, CO discharge through S1 or charge CO through D1. On 

these two states, the output of SM is VC. The detailed direction of current can be seen in Fig.9. 

State 2: S1 turn off and S2 turn on, CO is bypassed by S2 or D2. On these states, the output of 

SM is 0. The detailed direction of current can be seen in Fig.10 

From the analysis above, we can get the expected alternating current (AC) output by 

changing the state of each sub-module.  

 

state S1 S2 VX 

1 On  Off  VC 

2 Off  On  0 

Fig.8.   Switching states of SM 

 

                                 

Fig.9.   State 1                                   Fig.10.   State 2 



3.3. Example of VSC-HVDC using CM1200HC-90RA 

Here we suppose developing a VSC-HVDC as these parameters: power rating of HVDC is 

200MW; Ud=±140kV; the DC current: IDC=714A; the AC line current IAC=780A;  

In order to reduce the SM number in series, we suppose the voltage UC of each SM is 2.8kV, 

so we can calculate the number of SM in each leg of HVDC as below: 

N=Ud/UC=10kV/2.8kV=3.6 

Considering redundancy design, we set N=6; 

I =457A 

So we can choose CM1200HC-90RA as the converter valve. 

We carry out the power loss calculation under such conditions: VCC=2800V, IC=457A, 

Tj(operating junction temperature)=125℃, RG (on) (turn on gate resistance)=2.7Ω, RG (off ) (turn 

off gate resistance)=27Ω, fS (the switching frequency) =150Hz. 

By specific calculation, the IGBT static-state loss, the IGBT switching loss, the freewheeling 

diode on-state loss, and the freewheeling diode reverse recovery loss are as below: 

 

Items Power loss 

IGBT static-state loss [W] 502W 

IGBT switching loss [W] 298W 

Freewheeling diode on-state loss [W] 37W 

Freewheeling diode reverse recovery loss [W] 125W 

The total power loss [W] 962W 

Fig.11.   Power loss calculation of CM1200HC-90RA 

4. Conclusion 

CM1200HC-90RA is a very suitable power module for MMC-based VSC-HVDC 

application .Because it has many advantages: (1) It has a lower collector-emitter saturation 

voltage and diode forward voltage; (2) It has a very good switching characteristic; (3) It has a 

rather low power losses, high robustness and high reliability. 

5. References 

[1]: Liu Yang, Chengyong Zhao, Member, IEEE, and Xiaodong Yang, “Loss calculation 

method of modular multilevel HVDC converters”, 2011 IEEE Electrical power and energy 

conference. 

[2]: Guangfu Tang, “Voltage source converter based HVDC technology” Electric Power Press, 

Beijing, China, 2010, p. 66. 

[3] Mitubishi Electric, “CM1200HC-90RA specification”, 

http://www.mitsubishielectric.com/semiconductors/products/powermod/hvigbtmod/index.html. 


