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Electro mobility - a 100 year old vision 
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Electro Mobility meets the Mega Trends  

Mega Trends in future global development: 

- Demographic Change 

- Globalization 

- Lack of resources 

- Climate change 

- Urbanization 

 The future impact of the city development on  

 mobility, working life and societies is going  

 to be tremendous. 

- Mobility  

 Electric Vehicle (EV) is a major trend that will  

 impact the mobility of people and will change  

 the Automotive, Auto-component and related  

 industries. 

 

 BEV: Battery EV, HEV: Hybrid EV, FCEV: Fuel Cell EV 

.  
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Techniques for Electro Mobility  
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Urban Interurban Long distance 

ICE – mild hybrid (15 % fuel reduction) / ICE - full hybrid (25 % fuel reduchtion) 

Plug in  hybrid (65 % fuel reduction) 

Battery Electric Vehicle 

Fuel cell range extended Electric Vehicle 

(ICE- Internal Combustion Engine) 
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Development of Electro Mobility 
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Source : BOSCH 

Steps to Electric Driving 

Folie 7 



Fakultät Elektrotechnik und Informationstechnik Institut für Aufbau- und Verbindungstechnik der Elektronik 

Prof. Klaus-Jürgen Wolter 

Components of Battery Electric Vehicle 
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Development of Batteries 
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Location of Components 

Inverter 

AC/DC-Converter 

Battery Charger 

Images source : BOSCH 

DC/AC-Converter 
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Lithium Battery 
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VISIO M/BMW for Urban Traffic 
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Passengers: 2 
Trunk: 500 Liter 
Range: 160 km 
Prize: as compact car 
 
Market: Europe 
 
Speed: 120 km/h 
Power: 15 kW (cont.) 
Weight: 400 kg + 
   100 kg Battery 
 

Image Source : BMW 
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 ProPOWER is the project funded by 

 Timeline: Jan. 2012 to Dec. 2014 

 Partners in the project: 

ProPower Project 
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Price   in Euro/KW   

Power-weight ratio   
in kW/kg   

Power density   
kW/l   
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ProPower Project – Goals of Drive Systems 
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Inverter: Heart of Power Electronic 

Source: Yole 2012 
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Typical IGBT-Module 

Source: Antonios et. al. 

IGBT – Insulated Gate Bipolar Transistor 
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Comparision of Semiconductor Materials 

Source: Yole 2012 
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Expanding Device Family 

Voltage range: up to 6,5 kV 

Source: Yole 2012 
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Need for packages for 
higher operating 
temperatures 
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Technologies for Power Module Packaging 

Source: Yole 2012 
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Interconnection Solutions 

Source: Yole 2012 
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Die Attach 

Source: Yole 2012 
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DBC + Baseplate 

Source: Yole 2012 
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Need for Thermal Management 

Electric Power 
for EV 

Inverter losses 
(5%) 

   15 kW   750 W 

   60 kW  3000 W 

   80 kW  4000 W 

 150 kW  7500 W 

Source: Infineon 
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lead frame 

  

semiconductor with 
Cu Finish 
Cu bonding wire 

Sintering /diffusion soldering 

mold compund for 
higher temperatures 

DCB- substrate  

Thermal grease 

Liquid cooling 
  

Example of innovative power module with improved reliability 
for increased operating temperatures 

Source: M. Kock, Danfoss, modified 

ProPower Technology Demonstrator 
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The Sn-Cu-System for soldered Die Attach  
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SnCu0,7 (Sn99Cu1) 227°C 0.80 x 105 0,660 49,90 227°C 

Cu6Sn5 - 0.57 x 105 0.341 85.56 415°C 

Cu3Sn - 1.12 x 105 0.704 108.30 638°C 

values taken from: Journal of Non-Cristalline Solids; 
Lee et.al @ 2007 Electronic Components and Technology Conference; 

Indium Corp. 
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Homologous temperature:  TH = Top/Tmp  (both temperatures in K) 

 

TH < 0.4 … no or small influence on materials behavior 

TH > 0.4 … creeping 

TH > 0.7 … strong decrease of mechanical strength 

 

Material SnAg3,5 Cu6Sn5 Cu3Sn Ag 

Melting temperature 
[°C] 

  221   415   638   961 

TH for 125°C   0,81   0,58   0,44   0,32 

TH for 150°C   0,86   0,61   0,46   0,34 

TH for 200°C    0,96   0,69   0,52   0,38 

TH for 250°C   1,06   0,76   0,57   0,42 

Limitations of soldered interconnects 

Homologous temperature of SnAg solder vs. SnCu IMP and Ag:  
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Solidification during soldering (I) 
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Source : Zerna 

Folie 28 



Fakultät Elektrotechnik und Informationstechnik Institut für Aufbau- und Verbindungstechnik der Elektronik 

Prof. Klaus-Jürgen Wolter 

Solidification during soldering (II) 
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Isothermal solidification of Cu-Sn-Cu stack 

 

 

 

 

 

• During initial stages both Cu6Sn5 and Cu3Sn 
phases grow. 

 

• After consumption of all available Sn, the 
Cu3Sn phase grows reactively at the expense 
of Cu and Cu6Sn5. 

 

• Finally, we obtain solder joints consisting of 
only Cu3Sn. 
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Source : Zerna 

Folie 30 



Fakultät Elektrotechnik und Informationstechnik Institut für Aufbau- und Verbindungstechnik der Elektronik 

Prof. Klaus-Jürgen Wolter 

Possible realizations 

Option 1: 

• Use layer stack of solid metals/alloys between components 

• Forming interconnection with temperature and maybe 
pressure 

• Interconnecting material becomes temporarily liquid 

 SLID: Solid Liquid InterDiffusion 

Option 2: 

• Use interconnecting material in paste-like state 

• Remelt paste (reflow soldering) and keep temperature until 
IMC growth is completed 

 Diffusion soldering 

Source : Zerna 
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Solder Paste with Cu-Particle 

• Cross section SEM 

 

 

 

 

 

 

 

 

 

Source : Zerna 

Folie 32 



Fakultät Elektrotechnik und Informationstechnik Institut für Aufbau- und Verbindungstechnik der Elektronik 

Prof. Klaus-Jürgen Wolter 

Approach I to „avoid voids“ 

Combination of vapor phase soldering and vacuum  (CONDENSO) 

Source: Rehm Thermal Systems/IAVT 

Temperature Pressure Time ab. liq. 
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Approach I to „avoid voids“ 

Convection 
soldering 
with N2 

Condenso 
Paste thickness 

125 µm 

Condenso 
Paste thickness 

180 µm 

Source: Rehm Thermal Systems/IAVT 
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Approach I to „avoid voids“ 

1 bar 

Influence of vacuum pressure 

Source: Rehm Thermal Systems/IAVT 
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Approach II to „avoid voids“ 

Combination of convection soldering and temporary high pressure 
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Summary and outlook 

• Reliable power electronic devices require emerging packaging 
technologies for higher operating and ambient temperatures 

• Copper wire bonding 

• Diffusion soldering or 

• Micro Ag-sintering for die attach 

• DBC for baseplate. 

 

• Solder joints with intermetallic compounds growth can be a solution for 
high temperatures die attach. 

 

• Challenges for diffusion soldering are long process time, voiding in area 
soldering and brittleness of IMC. 

 

• Future packaging technologies for power electronic devices will require 

• Foil sintering and foil ultrasonic wedge bonding 

• Nano Ag-sintering for moderate heating and pressure for die attach 

• Micro channel cooling in DBC baseplate. 
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