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Introduction 
In 2020, Mitsubishi Electric has announced 
the availability of HV100 power modules 
with X-Series chipset and a voltage rat-
ing of 3.3 kV [1]. The HV100 package, as 
shown in Figure 1, offers high flexibility by 
easy parallel connection, low commutation 
stray inductance and 10.2 kV isolation volt-
age. Offering such features, this package 
has been originally designed to fulfill the 
requirements of future railway converters 
[2]. Most recently, Mitsubishi Electric fur-
ther released another HV100 power mod-
ule, which is rated for 4.5 kV and achieves 
a nominal current rating of 450 A. This ar-
ticle introduces this new device with the 
type name CM450DE-90X, explains the 
advantages compared to previous power 
modules and shows key features for appli-
cations like railway, medium-voltage drives 
or electric power systems.

Inside CM450DE-90X, Mitsubishi Electric 
uses its latest 4.5 kV X-Series chip genera-
tion including CSTBTTM (III) and RFC diode. 
This ensures low losses, smooth switching 
waveforms and high robustness in case of 
over-current. 

The structure of the HV100 package is 
shown in Figure 2. The two DC terminals are 
located at one side of the power-module, 
whereas two AC terminals are located at the 
opposite side. It allows low-inductive con-
nection of the DC-link capacitor and a clean 
converter setup. In its center, the HV100 of-
fers space for the gate-driver board. When 
HV100 power modules are connected in 
parallel, terminals are still easy to access 
and well sorted. For the gate driver in par-
allel connection, a PCB may be mounted 
just on top of the paralleled modules and 
control all of them. Also such design can be 
easily scalable by increasing (or decreasing) 
the number of paralleled modules to adjust 
the output power.

The HV100 package uses the famous MCB 
baseplate (Metal Casting direct Bonding). 
It allows lower thermal conductivity for re-
markable power 
density. Com-
pared to a classical 
package structure 
with AlSiC base-
plate, the ther-
mal resistance 
from junction to 
case is about 30% 
lower with MCB 
baseplate. More-
over, the MCB 
baseplate avoids 
substrate solder, 
which was origi-
nally a limiting 
factor of thermal-
cycling lifetime 
in conventional 
p o w e r - m o d u l e 
packages. 

Power Modules

Increasing Power Density of  
4.5 kV IGBT Power Modules

The requirements of future power-electronic converters are increasing constantly. Power density 
and converter efficiency have to increase further. Output power shall be adaptable for various 
projects and end customers. And yet, the converter still needs to be cost competitive. This article 

demonstrates how a new 4.5 kV power module can fulfil these converter requirements in 
applications such as railway, medium-voltage drives or electric power systems. 
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Figure 1: Power Module in HV100 Package

Figure 2: Cross section view of HV100 power 
module including MCB baseplate structure

Figure 3: Size comparison for one half bridge with HV100 and conven-
tional packages at same nominal current rating
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Increased Power Density
In the following, the achievable output power of CM450DE-90X is 
compared with conventional 190 x 140 mm² power modules. The 
comparison considers for example two CM1350HG-90X single 
modules in conventional packages with three paralleled CM450DE-
90X dual modules, which corresponds to the same nominal current 
rating for one half-bridge. Even though the nominal current rating 
is same, Figure 3 shows that the HV100 power modules occupy 
about 20% less area on the heatsink.

Stray inductance between the dc-link and the semiconductor chips 
is one of the main characteristics of a power module, which can 
influence significantly its switching behavior. High parasitic induc-
tance protracts turn on and off processes as well as leads to higher 
overvoltage spike during turn-off. Both mentioned phenomena 
overall increase switching losses of the module. Since the HV100 
achieves lower stray inductances, faster switching speeds and 
lower switching losses are enabled. Compared to the conventional 
package, the 4.5kV HV100 can reduce total inverter losses by 17% in 
acceleration mode (i.e. positive power factor Figure 4a) and 18% in 
braking mode (i.e. negative power factor Figure 4b) [3].

Using MelcoSim ver.5.4.1 [4], the achievable output current is calcu-
lated for three CM450DE-90X in parallel compared to CM1350HG-
90X and CM1200HG-90R (previous R-Series). The results are shown 
in Figure 5. Compared to the previous R series HVIGBT modules, 
the X series can contribute to lower losses, improved thermal re-
sistance and increased maximum allowed operating temperature 
to Tj=150°C. By those mentioned factors the possible output cur-
rent in CM1350HG-90X module might be increased by around 17% 
in comparison to CM1200HG-90R. A further 12% increase may be 
achieved by using new HV100 dual modules CM450DE-90X (three 
in parallel). This is achieved by the lower switching losses and the 
improved thermal resistance due to the MCB baseplate. 

Parallel Operation
As previously mentioned, the HV100 package is designed for sim-
pler parallel connection. Hence, even for parallel connections, the 
terminal layout allows straight forward connection of the dc-link 
capacitors and the AC output. In the following, the current sharing 
among two parallel-connected CM450DE-90X is measured. Figure 6 
shows the test setup. With it, the individual currents of the N-side 
IGBTs are measured. The tests have been performed at room tem-
perature, VCC = 2800 V, a total current of IC,total = 900 A (450 A per 
power module), and a gate voltage of VGE = ± 15 V.

Figure 7 (a) and (b) show the current sharing between the two pow-
er modules during turn-off and turn-on respectively. The measure-
ments show that the current is distributed evenly between the two 
power modules, leading to a very good utilization of available chip 
area. 

Figure 4: Inverter Loss Calculation Result

Figure 5: Relationship between output current and carrier frequency for 
R series HVIGBT, X series HVIGBT and 4.5kV HV100 (Condition: Sinusoi-
dal, VCC=2800 V, PF=+0.85, M=1, TS=80°C, Tj = Tjop)

Figure 6: Test setup to measure the current sharing between two 
CM450DE-90X connected in parallel

Power Modules

Figure 7: Current sharing of two parallel-connected CM450DE-90X  
(Conditions: VCC=2800V, IC,total=900A, VGE=±15V, Tj=25°C, N-side)
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It should be noted that the two modules used in the evaluation 
have been selected to have small differences in their individual 
characteristics. Regarding the influence of power module param-
eter variations on the parallel connections, please refer to [5].

Switching with High Stray Inductance
Switching with low DC-link stray inductance LS is recommended to 
reduce switching losses and overvoltage during turn-off switching. 
However, converter design with low LS might not always be possi-
ble. In some cases, for example in multi-level converters, the power 
module should also be able to operate safely even under higher LS 
conditions. Figure 8 shows a comparison of switching waveforms 
at LS=100nH and 400nH for 4.5kV HV100 during turning-off. As it 
can be seen, even at LS high as 400nH the maximum VCE voltage 
reaches only around 3600V. For further measurement results at 
high stray inductance, please see [3]. In summary, CM450DE-90X 
can operate even with high stray inductance having enough margin 
to VCES and without oscillations.

Ruggedness in Over-Current Events
Robustness of power modules is one of the main required feature 
especially for such a responsible applications as railway or electric 
power systems. Defining RBSOA (Reverse Bias Safe Operation Area) 
is the typical approach to evaluate the robustness of IGBT module. 
This characteristic shows the ability of a power module to with-
stand certain voltage and current during IGBT turn-off. In Figure 9, 
the specified RBSOA for CM450DE-90X is shown with black color. In 
same picture, real type-test measurement results are shown with 
orange. It has been confirmed that the CM450DE-90X sample has 
not failed even at 2700A which is 6-times rated current. This dif-
ference demonstrates the ruggedness of CM450DE-90X and poten-
tially gives additional safety margin to the converter manufacturers 
and end-users in case of unexpected over-current events. 

Conclusion
This article has introduced the new 4.5 kV / 450 A power module 
in the HV100 package, named CM450DE-90X. The power module 
provides 10.2 kV isolation voltage and remarkable performance en-
abled by its MCB baseplate and latest chip generation. It has been 
shown that CM450DE-90X fulfills future converter requirements. In 
particular, power-density increase, simple parallel-connection, and 
high ruggedness in case of over-current have been discussed.

The new CM450DE-90X is extending the line-up of the LV100 / 
HV100 product family. Besides CM450DE-90X, there are additional 
power modules for 1.7 kV and 3.3 kV rated voltage available. Table 
1 shows the complete LV100 / HV100 line-up.
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Table 1: Line-up of HV100 and LV100 power modules

Power Modules

Does your HIL simulator 
require numerous I/Os?

Connect multiple RT Boxes 
via high-speed links

Figure 8: Comparison of switching waveform of 4.5kV HV100 between 
Ls=100nH and Ls=400nH (Condition: VCC=2800V, IC=450A, VGE=15 V, Tj 
=150°C)

Figure 9: Specified RBSOA and evaluation result (VCC=3400V, Tj=150°C)
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