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A big dive into the heart of the power electronics industry, from systems to active & passive components
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Executive Summary

Inverter market (revenue)

Inverters market (in MS)

including PV inverter, wind turbine, rail traction, EV/HEV, motor drives & UPS
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Analytical Comparison and Global Market Forecasts

Global perspective
Power module players typology
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Passive Components

Inductors and transformers

e To date, there are three main transformer types available:

— Wirewound core or shell type

e The historic type of transformer using a square core, or “E-1”
core, and wirewound copper cables

— Toroidal type
e The core is ring shaped, and cables are wound around the core

— Planar type

e This newer type of transformer is proposed only by a few
players. The core is similar to a core or shell type transformer.
The difference is with the conductor, which is not cable made. A
planar conductor is used. For low power, it can be planar lines
on a PCB. For high power, the conductor can be made of planar
copper rings.
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Bill of Materials Comparison Si vs. SiC
Results for 5kW 1-Phase
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Power Devices for PV Inverters

Supply-chain for power devices
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Passive Components - Introduction

e When using higher power, the choice of passive components is critical and must
consider the functions where they are applied. We will take a look at the different
resistors, capacitors, connectors and busbars surrounding the inverter.
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Application Priorities by Market Drivers +++: Strong driver
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Inverter Architecture Trends:

Where Are We Going? With Which Solutions?

Thermal management at module level:

Base plate / spreader / passive cooling system = double-sided cooling seems to be the most efficient
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Where Are the Synergies (1/2)
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manufacturers are created

—  Partnerships or joint developments between power
module and power stack manufacturers
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Partnerships

‘ @ Vertical integratior

Developments (1/2) Fecauires @

e Overview of the current power electronics landscape one
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Multiple Components Manufacturers: Summary Table

. Laminated . Other Power
Capacitors busbars Inductors | Resistors | Connectors s e Total (2011)

. SXX M

Vishay SXXM - - SXXM ) (semiconductors) XX
SXXM

Eagtop [ECLERY, SXXM | $XXM | $XXM : (cooling solutions) XX
SXX M

2R B i ) >63.0/M ) ) (inverters and stacks) XX

CSR - SXX M - - - . S XX

(inverters)

Rogers - S45.0 M - - - S(é)é (I:\;I XX
SXX M

Mersen - SXX M - - - (cooling systems and XX

protection solutions)

e Several players are involved in manufacturing more than one passive component. This horizontal integration can come
from:

—  The history of the company, where past events made the company involved in such markets. It comes, most of the time, from opportunistic
strategic moves. It is the case for Vishay.

— A planned strategy, which will likely result in the company manufacturing new components. This strategy is then part of the integration trend.
This is the case for SMA, Eagtop, Rogers and Mersen.
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Passive Components, Packaging and Connectivity Evolution

Trends in power module packaging

Current solutions Emerging technos Potential breakthrough
Widely used by all players At mass production and At R&D stage. Still too expensive
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Global Perspective

Power module player typology
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