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Definition
Main manufacturing steps of IGBT-based power inverter modules

Silicon growth

Epitaxy

Wafering
Polishing

Silicon ingot Silicon wafer

Front-End

Silicon CZ epi-
wafer

or FZ wafer

IGBT dies-on-wafer

Back-End

Back-grinding
Dicing,
Flip-chip

Packaging

Binning, pick-and-place
Packaging, Housing

IGBT modules Propulsion Power 
Inverter Modules

Sources: Yole Développement 

Litho, deposition, 
ŜǘŎƘƛƴƎΣ ƳŜǘŀƭƭƛȊŀǘƛƻƴΧ

IGBT Bare-die

Can be replaced by 

the use of float-zone 

thinned Si wafer
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Bipolar

Definition
Power vs. frequency
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Electricity transportation and distribution
Power devices food chain for power grids

Chip and sub-module 
manufacturing

Power systems manufacturers Utilities

Joint Venture on
thyristor supply 
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Rail traction
Main voltage ranges implemented by major train manufacturers

1.7kV 2.5 kV 3.3kV 4.5kV 6.5kV

Alstom (F) ? ? ? ? ?

AnsaldoBreda (IT) ? ? ? ? ?

Bombardier (CA) ? ? ? ? ?

Fuji Electric Systems (J) ? ? ? ? ?

GE (US) ? ? ? ? ?

Hitachi (J) ? ? ? ? ?

Mitsubishi (J) ? ? ? ? ?

Siemens (D) ? ? ? ? ?

Toshiba (J) ? ? ? ? ?

Toyo Denki Seizo (J) ? ? ? ? ?
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Rail traction
World market size for IGBT modules used in rail transportation, split 

by voltage
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Ships and vessels propulsion
IGBT use and hypothesis

ω IGBT modules are single-pack

ω IGBT pack average values:

ςVoltage: XXX kV

ςCurrent: XXX A

ςAverage selling price: XXX US$

ωOthers:

Type of boats
Average nominal 

Power (MW)
Number of IGBT 

modules
Percentage of boat equipped 

of IGBT-based converters

Cargo ships 20 40 X

Tankers 10 20 X

Bulk carriers 15 30 X

Passenger ships 17 34 X

Military and others 12 24 X
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High voltage power electronics wafer market
What wafers for what applications?

CZ FZ SOI

Bulk + epi HPS PFZ NTD Thin (BCD)
Thick

(bonded)

1.7kV ς3.3kV X X X

Over 3.3kV X

No CZ wafers are used for over-
1.7kV applications: epitaxy cost 
is too expensive: 1µm ~ 10V
Č 170µm are required for 1.7kV 
devices

No HPS wafers are used 
for over-1.7kV 
applications, because 
resistivity is not high 
enough and not 
homogenous

NTD wafers are the most common on the high 
voltage power electronics market
Č best trade-off between material cost and 
materials proprieties: great opportunities for 
thin wafers at lower voltage

No SOI substrates are 
used in those 
applications due to 
high voltage range
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Synthesis
2008-2019 Market size for Power Modules ςIGBT, Thyristors ςin all 

applications


