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Mitsubishi Headquarters was 

dissolved. 

Each Mitsubishi company started 
as a new independent entity. 

Mitsubishi Electric Corporation is an independent company like other Mitsubishi companies, 

and is separately owned, managed, and operated. 

With the exception of other companies in the Mitsubishi Electric Group, it bears no legal affiliation with 

other companies that have the word "Mitsubishi" in their names. 

1870 1886 1917 1921 1946

Tsukumo Shokai, which was 

the origin of Mitsubishi, was 

established. 

Mitsubishi Electric Corporation was established. 

Spinning-off of the business 

departments started. 

Mitsubishi Goshi Kaisha 

became a holding company. 

Mitsubishi Sha was established. It 

promoted its business diversification 

and grew as a modern corporation.

1870 1886 1917 1921 1946

The founder, 
Yataro Iwasaki 

Origin of the Three-Diamond Mark

Photo courtesy of The 
Mitsubishi Archives

100th anniversary in 2021
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Head Office 

Location: 
Tokyo Building, 2-7-3 Marunouchi, Chiyoda-ku, Tokyo 

100-8310, Japan

President & 

CEO:   

Uruma Kei（Inaugurated on July28, 2021）

Established: January 15, 1921

Revenue: ¥4,191,443 million

Paid-in Capital: ¥175,820 million

Shares Issued: 2,147,201,551 shares

Total Assets: ¥4,797,921 million

（As of March 31, 2021）
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BUILDING SYSTEMS ENERGY SYSTEMS TRANSPORTATION SYSTEMS HOME PRODUCTS

AIR CONDITIONING 

SYSTEMS
FACTORY AUTOMATION 

SYSTEMS

AUTOMOTIVE EQUIPMENT PUBLIC SYSTEMS

SPACE SYSTEMS INFORMATION/COMMUNICATI

ON SYSTEMS

SEMICONDUCTORS/DEVICES

PRODUCTS & SERVICESOF MITSUBISHI ELECTRIC CORP.
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Renewables

Installed in harsh environments

Offshore wind, Floating Solar, SPS in desert

ESS in uninhabitable areas, etc

Railway

Expansion of coverage area

Expansion of vehicle variants

Installation of inverters outside the vehicle

Automotive

Expansion of coverage area

Expansion of vehicle variants

Transmission and distribution

HVDC

Long-distance transmission through 

uninhabited areas

Industrial, Home appliance

Expansion of coverage area
coming into use outdoors and in harsh environments

power modules are expanding their applications
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Power chips

Highly protective materials

Additional protection

Highly robust structure

Package

Highly protective materials

Additional protection

Highly robust structure

Test & models

Failure Mechanism

Accelerated testing

Lifetime prediction and modelling

Power modules are beginning to be used 

outdoors and in harsh environments
Demands for “NEW” reliability

Chemicals

Humidity

Dust

Mechanical 

stress Electrostatic

What impact does humidity have?
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High Humidity High Temperature

Reverse Bias  (H3TRB) test

High Voltage High Humidity High

Temperature Reverse Bias (HV-H3TRB) test

1000hr

85℃, 85%rH

80% (VCE max , VDE max, VR max ) , max 80V

1000hr

85℃, 85%rH

variant 1

80V
Variant 2

80% (VCE max , VDE max, VR max ) 

Voltage class 1700V 3300V 4500V 6500V

HV-H3TRB test 1000V 1950V 3000V 3900V

Un 750V 1500V - 3000V

Umax1 900V 1800V - 3600V

Umax2 1000V 1950V - 3900V

Umax3 1270V 2540V - 5075V

Nominal line voltage

Highest permanent DC

catenary voltage

Highest non-permanent

DC catenary voltage

Highest temporary

over-voltage

IEC 60749-5:2017

ECPE Guideline AQG324

Qualification of Power Modules for Use in

Power Converter Unit in Motor Vehicles

ECPE Guideline PSARRA01

Railway Applications H3TRB tests

for Power Semiconductor

High bias voltages must be applied 

considering the real environment.

without depending on the blocking voltage of the devices!
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Degradation of electrical characteristics

Shown as a combination of 2 mode

✓ Leakage Current

✓ Breakdown Voltage

Failure point

Edge termination area

Active area

Failures can be seen in

Edge termination areaActive area

Edge 

termination

Determine the breakdown voltage

Chip edges have a lower breakdown voltage 

due to electric field crowding

Edge termination :

Designed to spread localized electric fields
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1. Electro-chemical metal corrosion

Electro-chemical migration (ECM)

❖Dendritic metal growth from the anode

Aluminum Corrosion

❖Al electrophoresis into the passivation layer

❖Delamination of the passivation layer due to generated gases

𝑎𝑓 𝑅𝐻, 𝑇, 𝑉 =
𝑅𝐻𝑎

𝑅𝐻𝑢

𝑥

∙ 𝑒𝑥𝑝
𝐸𝐴
𝑘
∙
1

𝑇𝑢
−

1

𝑇𝑎
∙
𝑉𝑎
𝑉𝑢

𝑦

No interactions between the stresses

Stress factor

✓ Relative humidity

✓ Temperature

✓ Voltage

Acceleration factor : advanced Peck’s model 
𝑅𝐻 : relative humidity

𝐸𝐴 ∶
𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦

𝑇 ∶ 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (𝐾)

𝑉 ∶ 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉)
𝑘 ∶ 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛’𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

1) Zorn, C., Kaminski, N., et al. : “Acceleration of Temperature Humidity Bias (THB) Testing on IGBT 

Modules by High Bias Levels”, IEEE 2015, 



© 2022 Mitsubishi Electric Europe B.V. / All rights reserved

Tests  and Models  – Fa i lu r e M ech an i s m ( 2 )02

18

Dielectric polarization

Moisture absorbing

Surface-state charge (QSS) 

accumulation

Decrease in blocking capability

(higher electric field)

Avalanche breakdown

in Silicone gel

Edge termination

area

+

a)  Under dry condition

(w/o QSS accumulation)
b)  Under moisture-absorbing conditions

(w/ QSS accumulation)

2.  Decrease in avalanche breakdown voltage
Higher electric field!

Correlation between avalanche 

breakdown voltage and QSS

2) Tanaka, N., Ota, K., et al. : “Robust HVIGBT Module Design Against High Humidity”, 

PCIM 2015, May 2015, 
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𝑎𝑓 𝑅𝐻, 𝑇, 𝑉 =
𝑅𝐻𝑎

𝑅𝐻𝑢

𝑥

∙ 𝑒𝑥𝑝
𝐸𝐴
𝑘
∙
1

𝑇𝑢
−

1

𝑇𝑎
∙
𝑉𝑎
𝑉𝑢

𝑦

Acceleration factor : advanced Peck’s model 
𝑅𝐻 : relative humidity

𝐸𝐴 ∶
𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦

𝑇 ∶ 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (𝐾)

𝑉 ∶ 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (𝑉)
𝑘 ∶ 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛’𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

πH πT πV

Lifetime estimation

𝐿𝑇 =
𝐿𝑇𝑏

𝑎𝑓(𝑅𝐻, 𝑇, 𝑉)
=

𝐿𝑇𝑏
𝜋𝐻𝜋𝑇𝜋𝑉

Step 1 
parametric THB test ( RH, V, T)

Step 2
parameter fitting (EA, x, y ) → af (RH, T, V )

Step 3
convert THB results to ref. condition → LTb

Step 4
Lifetime model

𝐿 𝑇𝑏 : 𝑏𝑎𝑠𝑒 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 @ 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛
(𝑎𝑠 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒)

𝑥 = 20.50
𝑦 = 1.37
𝐸𝐴 = 0.7

49 𝑒𝑉
𝐿 𝑇𝑏 = 1210 @ 75%𝑅𝐻, 25℃,1500𝑉

Lifetime model for 3.3kV IGBT module

3) Kitajima, Y., Hatori, K., et al. : “Lifetime Estimation Model of HVIGBT Considering Humidity”, PCIM 2017, 
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Semi-insulation layer
Semi-insulation layer

Charges 
caused by E

Charges caused by Eswept via semi-insulation layer    
no charge 

accumulation

Charges caused 
by external factors

Charges caused 
by external factors

i.e., Dielectric polarization of gel

Charge accumulation induced higher E

LNFLR with SCC (Surface-Charge Control)

Chip Des ign – N ew D es ign  f o r E dge  Te r m ina t i o n

Designs of edge termination

Conventional design : LNFLR (Linearly Narrowed Field Limiting Ring)

4)  Honda, S., Harada, T., et al. : “High Voltage Device Edge Termination for Wide Temperature Range Plus   

Humidity with Surface Charge Control (SCC) Technology”, Proc. ISPSD 2016, 
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Lower leakage current under high temperature

The electric field distribution was balanced with the avoidance of QSS accumulation

Chip Des ign – E f f e c t o f S CC
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Edge terminationActive 

area

Passivation

Encapsulation (Silicone gel)
Package

Highly protective materials

- Silicone gel : Dielectric polarization

- Passivation material : Qss accumulation

Additional protection

Highly robust structure

sample materials

Silicone gel Passivation

Type A (conventional) A A

Type B B B

HV-H3TRB test :

Ta=85℃ / 95%RH, VCE=4000V(DC), VGE=0V

Type A
(n=5)

Type B
(n=4)

DUT 1 18.7 hr 374.8 hr

DUT 2 23.5 hr 565.5 hr

DUT 3 186.1 hr 620.0 hr

DUT 4 510.1 hr 883.8 hr

DUT 5 572.6 hr

F(t)=50% 143.4 hr 603.9 hr

Package – S i l i co ne  G e l  and  Pas s i va t i o n

2) Tanaka, N., Ota, K., et al. : “Robust HVIGBT Module Design Against High Humidity”, 

PCIM 2015, May 2015, 
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Chemicals → Corrosive gas

Humidity

→ Condensation

EMI 
(electromagnetic interference)

Mechanical 

stress

Vibration

Electrostatic

Atmospheric 

pressure

Temperature

Dust

Package

Highly protective materials

Additional protection

Highly robust structure

Demand for environmental robustness are 

becoming more severe and more varied

Resin encapsulation

Chal lenges  – N ew D em ands

combines the best of both
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Chal lenges  – N ew Package  Co ncep t ;  S LC

1. Structure

5)  Kaji, Y., Hatanaka, Y., et al. : “Novel IGBT Modules with Epoxy Resin Encapsulation and Insulating Metal Base Plate”, Proc. ISPSD 2016, 

6)  Asada, S., Kaji, Y., et al : “Resin Encapsulation Combined with Insulated Metal Baseplate for Improving Power Module Reliability, PCIM 2016,
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Chal lenges  – N ew Package  Co ncep t ;  S LC

2.  Low temperature stability
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3.  Low pressure stability

Chal lenges  – N ew Package  Co ncep t ;  S LC
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4.  Robustness against corrosive gases

Chal lenges  – N ew Package  Co ncep t ;  S LC
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The expanding use of power modules has led to demands for robustness against 

harsher environments.

The impact of humidity is particularly important and highlighted.

We focused on the edge-terminated area of the power chip and identified new

failure mechanism and lifetime model.

High robustness against humidity is achieved with advanced chip design and packaging.

Development of resin encapsulated structures for harsher and more diverse 

environmentals demands.
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