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GLOBAL TRENDS FOR POWER MODULE PACKAGING
Interconnections
Aluminum wire Ribbon Copper wire
bonding bonding bonding Copper clip

Embedded die

Silicone gel or epoxy resin - high temperatures or
combination of epoxy and silicone gel

Encapsulation

Silicone gel or epoxy Epoxy resin

Both materials
and designs in
power
modules are
evolving
toward
greater device
reliability and
higher power
density.

Copper
sintering

Soldering Silver sintering

Tin Solder with
soldering metal mesh

Double-side cooling with two
ceramics/leadframes

DBC Leadframe
Copper flatplate
baseplate

Integrated
substrates

Substrate

Other direct-cooled baseplates
Structured baseplate
for direct cooling.

Thermal
grease Pre-applied Direct-cooled
TIM

2020

Substrate attach

No baseplate

Silver paste or
film sintering
AlN AMB
Si3N4 AMB

Die attach

baseplate

Copper alloys → AlSiC for
some applications only.

TIM
pads

2023

Direct bonding to
the cooler

Phase change
materials

No baseplate (for
low power
devices)

Baseplate

Direct cooling
with no TIM

TIM

2025 and beyond
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POWER MODULE PACKAGING FOR VARIOUS APPLICATIONS
Summary
Application
Key
requirements

EV/HEV
•
•
•
•
•

•

•

Low cost
Small size
High efficiency
Higher power density
converters
High reliability to
operate in harsh
environments
(extreme cold to
extreme heat)
Robustness to
withstand a harsh
environment (heat
and vibration)
Safe power systems

Motor drive
•
•
•
•
•

•

Standard modules
and multiple
sourcing
Long lifetime
Robust
components
Consistent
performance
High energy
efficiency
High reliability
within harsh
industrial
environments

UPS
•
•

•

High
reliability
Constant
power
No dynamic
load

PV
•
•

High
efficiency
Longer lifetime

Wind
•
•
•
•

•

•

Low cost
Downsizing
Standard modules
Consistent
performance and
high reliability in
spite of fluctuating
wind speeds
Robust and
durable
Longer-lifetime
components

Rail
•

•

•

High reliability and
performance
consistency to
operate in harsh
temperature (heat,
frost…) for entire
service life.
Robust to manage
shock, vibration and
dirt
Long term availability
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EXCELLENT VS. GOOD ENOUGH APPROACH IN POWER MODULE PACKAGING
Keeping product strategy adapted to technology and market evolutions
Performance,
reliability

With maturing
EV/HEV power
module design
and packaging
solutions, and
growing EV/HEV
market, a change
of focus from
EXCELLENT to
GOOD
ENOUGH could
bring competitive
advantages.

•

Excellent

•

Performance,
reliability

Cost advantage
appreciated by customers
on maturing market with
increasing cost pressure

Cost

An example is a “golden
triangle” in power module
packaging:

SiC die

Silver sintering
die attach

Cost

Good
Enough

To attract the attention of potential customers and to
differentiate from a growing number of competitors, EV/HEV
power module makers have been focused mainly on high
performance and high reliability power module design and
packaging solutions.

Si3N4 AMB
ceramic substrate

•

However, as the manufacturing volumes are increasing, every
cent one can save in device production is very valuable.

•

Moreover, if many players already offer comparable highperformance products, it would be very complicated and
costly to differentiate by offering significantly better product.

•

Therefore, some module makers opt for another approach:
instead of competing on high-performance and high-reliability
levels, they focus on cost reduction by maintaining “goodenough” performance and reliability for their customers.
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SUPPLY CHAIN MOVEMENT
Cost, cost, cost !
While launching early EV/HEV products (low sales volume), car
makers are/were losing money for every EV/HEV sold.
Although, the
best
technology is
very important,
with the
maturing EV
technology and
increasing EV
car sales, the
focus on cost
becomes
crucial.

This situation is not sustainable, once
the market becomes mature and sales
volume more important.

Early-stage differentiation
was made by technology
(performance)

To maintain the differentiating
added value face to a growing
number of competitors offering
high performance products, cost
becomes an important factor.
Time
EV/HEV market maturity
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POWER MODULE PACKAGING MATERIAL SUPPLIERS
Many players supply more than one packaging solution.
Wires/Ribbons

Baseplates

Substrates

Die/Substrate attach

Encapsulation

TIM
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POWER MODULE MARKETS RESHAPING
New entrants into power module markets

Despite having
many packaging
challenges,
many new
players are
trying to get
the revenue
from power
modules
business.
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FOCUS ON CHINA
Chinese players are expanding their capabilities
•

•

There is the
will, there is
the money, but
there are still
many
technological
challenges to
be overcome
by Chinese
power module
packaging
players.

•

China has an increasing number of
world-leading companies at the
system level: for example CRRC,
Huawei, and Sungrow.
When moving down to the power
packaging level the technology gap
widens between Chinese players and
established foreign players.
At the power module packaging level,
the global IGBT module market is
ruled by giants like Infineon,
Mitsubishi Electric, Fuji Electric, ON
Semi, Semikron, etc. In addition, in
China foreign suppliers still provide a
large proportion of power modules
especially for high-end modules.
However, Chinese players, including
BYD, CRRC, StarPower, are also
expanding their capacities and
technological knowledge.

Global power
packaging giants
Non-exhaustive list

Chinese players are also
expanding their capabilities,
production capacities and
technological knowledge.
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MARKET FIGURES
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Status of the Power
Electronics Industry 2020

Power Electronics for Electric
& Hybrid Electric Vehicles 2020

Contact our
Sales Team
for more
information
Li-ion Battery Packs for
Automotive and Stationary Storage
Applications 2020

Power GaN 2019: Epitaxy, Devices,
Applications & Technology Trends

Status of the Inverter
Industry 2019
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System Plus Consulting
Industrial Power Module
Packaging Comparison 2020

GaN-Based Wall Charger
Comparison 2019

Contact our
Sales Team
for more
information

Automotive Power Module
Packaging Comparison 2018
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HOW TO USE OUR DATA?
Yole Group of Companies, including Yole Développement,
System Plus Consulting and PISEO, are pleased to provide
you a glimpse of our accumulated knowledge.
We invite you to share our data with your own network,
within your presentations, press releases, dedicated
articles and more, but you first need approval from Yole
Public Relations department.
If you are interested, feel free to contact us right now!
We will also be more than happy to give you updated data
and appropriate formats.
Your contact: Sandrine Leroy, Dir. Public Relations
Email: leroy@yole.fr
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