Driving
Electromobillity

S71

life.augmented

Distribution is today. Tomorrow is EBV! www.ebv.com



2

WWW.EBV.COM

The evolution of electromobility .................o. o 4

(EDEV SYSIEIMS .o 6
e ABV SYSTEM 7

FOCUS ProduUCTS ..o 11

Breakthrough technologies..............c.oocoviii, 14

Wide Band Gap (WBG) technologies revolutionize

the performance of power devices ..................ooooi 14

Packaging expertise and innovative solutions

for infer-connection ... 15

Ribbon bonding ..o 15

COPPEN ClIPS o 15

Focused on quality with the latest state-of-the-art tools

for selection of "known good dies” ... 15

ST's electromobility activities in the ecosystem ... 18

All statements are without any engagement. Subject to modifications and amendments. P-270-E-05-2017-v1



. @) The evolution
of electromobillity

Electromobility is gaining momentum

Electric vehicles recently have 140+ Blﬂﬂﬂ'lbe -100%
evolved from a niche solution rg L ano

to a reasonable alternative 120 NEW ENERGY FINANCE o
for mobility in the 21¢ century. 5 00%
On one hand, traditionall > 1007 0% 8
combustion engine solutions § 804 -60% §
are heavily criticized for their El L 50% g
pollution; while on the other, 2 . 0 @
technologies for batteries f&: o 3% 40% =
and electronics are reaching < 40- r30% =
performance and maturity levels = -20%
that allow viable economic 20+ IIIIIIII [ 10%
solutions for customers. In _____--- )
addition, the infrastructure for 301 5 _20'20 2025 2030 2035 2040 0%
charging electric vehicles is ICE+HEV ~ —— BEV PHEV ~ ——EV % of new sales

becoming denser and more
efficient, allowing longer travel distances for users.

Furthermore, strong anti-pollution rules in all parts of the world as well as access limitations to city centers
lead to a strong increase in the demand for electrified vehicles.

But electrification does not mean only 100% electric vehicles. It includes fraditional combustion engine
vehicles with start-stop functions at the 12V level and vehicles equipped with extended start-stop
functions and certain electric drive characteristics up to mild-hybrid vehicles with voltages up to 48 V. Cars
equipped with such systems will offer drivers their first electric vehicle experience beginning with short
distances that are usually needed for going to and from work.
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Longer distances will still require diesel- or gasoline-powered systems until battery and charging
technologies can offer the right autonomy in a not so far away future.

This market revolution is also reflected in the many studies by market research institutes all over the world.
Bloomberg sees EV sales rising up to 35% in 2040, with significant growth starting around 2025.

Until then, a number of technological, technical, industrial and logistical issues have to be solved.

Users of electric vehicles will expect the same level of reliability in EVs as in traditional cars at the same
cost. This will require important investments in the next years in order to reach the same maturity level for
EV components as for ICE components.

STMicroelectronics is currently working in all areas of semiconductor technology in order to make this
market revolution happen.

It concerns first of all the development of more efficient and less expensive power electronics solutions for
all voltage levels between 12 and 900V (1200 breakdown) including in particular the aspects of quality,
functional safety, robustness, lifetime, reliability, availability and cost.

As a system solution and service provider in contact with many partners and customers, ST has a wide
overview and experience in the development of custom-tailored component solutions.

Strongly intfegrated in the industrial ecosystem, ST is driving technology development of semiconductor
tfechnology and accompanying components like passives as well as industry standards through
collaborative projects and active membership in a variety of national and international organizations.

Quality-minded with In-house manufacturing
state-of-the-art tools capabilities for best wafer
for die selection quality, low defect rates

ASIL Pioneer in Functional Packaging know-how
Read safety (ASIL-D in particular for high
y A
compliant products) temperatures
PR 1 IS
L LLLN Flexible solution for From service to guidance our
: : : : : : customers (Bare dies teams help you to find the right
‘" = : n’ or modules) answers to you questions
2 Leader in Power
‘ Electronics for more
than 30 years
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. @) 1DEV Systems

Hybrid vehicle Electric vehicle

Combustion engine

Traction inverter Traction inverter

- |

T | motor

motor

Auxiliary DC/DC
converter

High voltage
battery pack

Auxiliary DC/DC
converter -
12v
High voltage
battery pack

For a semiconductor supplier, there is litfle difference between a hybrid electric vehicle (HEV) and a
full electric vehicle (EV or FEV). In both cases, our components are used for motor or gear box controls,
ignition or field controls, or power management.

For HEVs, the power management is autonomous, meaning that there is usually no interaction with
the electric grid.This is different for EVs, where there needs to be a uni- or bidirectional charger and an
inferaction with the energy provider for billing.

However, in HEVS, there is the inferaction with the combustion engine, for example through a clutch and
a gear-box actuated by electric motors.

ST supports these applications with a variety of products. Some of them can be found in the following
figure.
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On-board charger: 3 to 22 kW
Off-board charger: up to 200 kW

Si or WBG MOSFETs
G‘E!D ‘—'m Fast diodes
SCR Thyristors for Inrush limitation

y

150-700V IUA'E Inverter/Rectifier Motor
m HV battery DC/DC HV generator
SiC MOSFET 1200V
DC/DC DC/DC Fast 50 kHz _ SIC MOSFET
HV/48V HV/12V with intrinsic diode

e B
e Qs e

I ST’s component [ Battery H Electric

48 V SYSTEM

48 volts is the standardized supply voltage to supplement current 12 to 24 V levels as well as those above 60 volts. The main reason for this
new voltage level is to supply components with high power loads such as the air conditioning compressor, electrical heater, pumps and steering
system and to allow increased efficient recuperation. Most of those loads are nowadays propelled by mechanical force from main engine

over shaft. Supply all such loads by electricity allows much more efficient operation causing reduction of CO, emissions. Moreover, the 48 V
technology provides additional torque and enables more dynamic handling.

Safety Safety  Circuit *
switch 48V—|_| Buck/boost |switch breakers _||—T —||<|_—T —|I<|_—I
vl L5 | LT ], 1
LT || T T
L HB

gate Jﬁ

—/——— 4 — SBC/PS

I|+

|
1
| JIT
1
MK
1
| JITT

Traction

BMS PR /3 V battery DC/DC HV Inverter/Rectifier

Gate
driver

12V battery

M ST'e romnnnent 5 Ratterv M Flertrin
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DC/DC converters for 48 V systems

In conventional ICE vehicles, a 12 V battery supplied by the alternator was used to power the whole electric/electronic system. In (H)EVs,
different voltage levels are possible, e.g. 48 V or higher. DC/DC converter to supply the different voltages needed by the various electronic
components.

ST offer components for several DC/DC topologies. Here is one solution proposed by ST's experts for a specific topology using a 3-phase
interleave buck/boost convertor with synchronous rectification. The output power of this solution can reach from 2 up to 3 kW.

Reverse
48 V battery Hm Buck boost protection

-

i Safety Reverse

river switch 48V Buck/boost protection
; miy a 14T LT
= mJ N b B

12V

gate Jﬁ

12 V battery

Buck/boost

HB

=N
oo
=<
| |+
I<
| |+

5
'_mn
I I

puC — SBC/PS

I ST’s component [ Battery M Electric

Inverter/rectifier for 48 V systems

48V battery 48V battery

CAN bus

CAN | '\ + boost function

Inverter Starter

(Transceiver) |J_ |_+_

— k. —lq 5 —{l %
— |—

M

>—

i ] uni |

— A — A — A
() LJ [J

B ST’s component [ Battery M Electric
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Main Inverter (Power Converter)

A key component in EV/HEVs, the main
function of the traction inverter is to control
both the traction and regenerative braking
of the electric drivetrain. Logically, its
characteristics strongly influence vehicle
performance in regards to acceleration, speed
and, in particular, driving range.

The power needed in passenger cars varies
typically between 50 and 200 kW, while in
busses and trucks it is often more. Power
efficiency is key in such applications as well
as costs.

While in the beginning the component
parameters were very much linked to
industrial applications in order to find

LV battery

SBC/PS

CAN bus CAN
(Transceiver)

M ST’s component M Electric

[ Battery

Battery chargers

production synergies for reduced costs, today
more and more custom specific solutions are
requested by the market.

With its broad portfolio of standard and
customized power switches (IGBTs)
together with the breakthrough Silicon
carbide MOSFETs and diodes, coupled
with microcontrollers and accompanying
peripherals with integrated power supply
and bus transceivers, ST ensures the best
solutions for your electric traction application
with very low conduction and switching
losses.

Dies are available without packaging

(bare dies), as discrete components or in

Drivers

customized module packages.

All our products for safety demanding
applications, such as braking or steering
systems, are designed to meet the most
recent functional safety standards like

ISO 26262 ASIL C/D.

Efficiency is key for large power applications.
It becomes better with increased voltage
levels. Thus, the portfolio comprises also
components designed for DC-link voltages up
to 900 V that can offer excellent conductivity
and switching behavior with smaller die sizes
and hence lower system costs.

Naturally, ST can offer the corresponding
advanced isolated gate drivers.

Inverter/Rectifier yemmg Motor generator

HV Dom:N

Galvanic

Ii;logii\l? Insulation l _E} _|% _||l:'} Ig‘;i;:r
R

ST's R&D teams are very active in the field of HEV/EV battery charger systems including wireless, offboard and onboard charger solutions.
With onboard battery chargers being the most used by car makers, ST offers the following high-efficiency solution for hybrid and electric
vehicles.Use of SCR Thyristors can reduce bridge losses by about 30% and help increase lifetime of the components.

AC filter

Isolated
DC/DC

m 240-450V,,
HV battery
\mdlrectlonal charger

DC/DC
YY) e N
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Gate Gate
driver driver
driver
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Gate ( Y
driver
.. _ =
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o
-
driver
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Gate
driver

}||§
' H
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driver driver
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Gate
driver
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Battery Management System (BMS)

The battery management system (BMS) is one of the most important parts of an EV/HEV as it helps ensure the security of the vehicle's battery
as well as improve its lifetime and autonomy.

HV (48-800 V)

LV battery

SBC/PS

I ST’s component [ Battery

DC/DC converter

HEV still use an important number of system powered by a "12 V" DC voltage. Because of the batteries voltage, it is required to have a high
power DC to DC converter. Among its main features we can mention the hightest eletric efficiency in the lowest volume and as light as possible

(high power density).
To achieve these goals ST can provide a set of solutions summarized on the chart below:

% T )
l}

< perglid |3
CCICH [ CCICH [ —

driver driver

H : H

Gate Gate [l _||<'

driver driver
Primary: Super-junction MOSFETSs with fast switching diode or IGBTs with copacked diode, in through-hole or SMD packages.
Secondary: Low Voltage, Trench Gate MOSFETS, rated from 40 to 100 V, AEC-Q101 Qualified.

HY ==
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FOCUS PRODUCTS

High-voltage MOSFETs

Based on legendary design and manufacturing experience of high voltage MOSFETS since
more than 40 years, ST offers AEC-Q101 super-junction state-of-the-art HV MOSFETSs,
focusing two types of use:

* Hard switching - key feature low R :

for the PFC of the On Board Chargers, for instance. A way to identify them is the "M5" digits
on the P/N

o Soft-switching - key feature low Qg:
including fast switching integrated diode: suitable for DG/DC converters or for the On Board
Chargers’ DC/DC converter. Thanks to the low gate charge switching loses can be reduced
drastically. They can be easily identified thanks to the digits "DM2" or "DM6™" in the
commercial P/N

Note: * Coming soon

High-voltage DIODES

MAIN FEATURES

e Available from 300 V up to 950V
in MDmesh™ super-junction
technology

* Rosoy from 24 mOhms typ (650 V)

e Available in through-hole and SMD
packages

When price is a key parameter and the system can use them, Silicon Power Rectifiers with low Vf are suitable for the INPUT bridge (AC

rectification) and Ultrafast Diodes are used in the output section.

ST offers AEC-Q qualified high voltage diodes meeting these requirements. They are rated from 600 to 1200 V, with current capabilities from 5 A

to 30 A, or 2 times 20 A (common cathode) for SiC Diodes, 650 V. Through-hole packages like T0220 & T0247 are available, as well as SMD

packages like D?PAK. Here are some examples of ST offer on High Voltage Diodes:

STPSC10H065DY
STPSC12065DY
STPSC20065DY
STPSC10H12DY
STPSC20H12DY

: e.g. LLC topology

STTH15RQ06DY
STTH30RQ06DY
STPSC20H065-Y
STTH1512GY
STPSC10H12-Y
STPSC15H12-Y
STPSC20H12-Y

AC —o —> Load
Al — —
T @ |- ;
driver ; driver driver D D §
STTH16L06GY — 1YY\ - -
STTH30LO6WY =
STBR3012WY 8
I
_ = o -H' E
Gate % Gate q =
driver driver l D l D
v
SiC diodes
The wide bandgap of our siliconcarbide Emitter Gate
(SiC) diodes enables the design of high- ?
voltage Schottky diodes offering negligible
reverse recovery at turn-off and minimal
capacitive turn-off behavior independent of
temperature.
Our high-performance power Schottky

rectifiers can handle up to 650 V with the
lowest forward voltage drop (VF) on the
market for optimal efficiency.

ST is the FIRST supplier worldwide to offer
100% automotive-grade SiC diodes (AEC-
Q101qualified and PPAP capable).
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IGBTs

Insulated gate bipolar transistors (IGBT) are ideally suited for all power applications.

While home appliances, such as washing machines, remain ST's most important sector, the use of IGBTS is fast growing in photovoltaic and
automotive systems.

The need to supply IGBTS to automotive customers in larger quantity will certainly influence the development and manufacturing processes
further.

For more information visit http://www.st.com/igbt

Low-voltage MOSFETs (STripFET™ F7 Power MOSFETS)
The ST’s latest STripFET F7 technology offers a number of significant improvements compared to previous technologies and also in comparison
to competition:

» Continuous R, reduction enables F7
technology to meet the most stringent
efficiency requirements compared to
previous generations

o Miller Capacity Reduction (Crss) is
reduced thanks to a new sophisticated
gate structure (double-electrode). Thus,
F7 technology shows excellent dynamic
performance

o Soft Capacity Ratio (Crss/Ciss) leads to
a technology that shows excellent EMI
performance and Miller effects immunity,
especially for motor control applications

« Excellent diode performance, low Qrr and Die size
soft behavior makes F7 technology perfectly suitable for synchronous rectification and motor control applications

o Thanks to excellent avalanche performance, F7 technology is immune to dynamic dv/dt failures

* Finally, a maximum junction temperature (T ) of 175 °C allows operation with reduced cooling for all packages in the whole portfolio, including
PowerFLAT™

The STripFET™ F7 series offers:

e Breakdown voltage from 40V to 100 V

o RDS(OH) down to <1 m Ohm @ 40V in PowerFLAT™ 5 x 6 package

o Wide product range up to 120 A

e 175 °C maximum junction temperature (meets automotive grade requirements)

o Safe paralleling

RDS, @ 10V (mQ)

\ 4

For more information visit http://www.st.com/stripfetf7

SPC5 32-bit automotive microcontrollers
ST's SPC5 32-bit microcontrollers are designed using industry’s standard Power Architecture® and ST’s proprietary embedded Flash technology.
They combine a scalable range of single-, dual- and multi-core solutions with innovative peripheral sets optimized for electrical car applications
requiring long-term reliability:

¢ Single- and multi-core architectures e Data security compliance with standards

« Technology range from 90 down to 40 nm including SHE (Secure Hardware Extension)
o and EVITA (e-safety vehicle intrusion
o Full performance up to 150 °C

) protected applications)
® 15 years product longeviy  Complete development environment (from

» High-end peripheral set, including free-of-charge IDE, code compiler and
ISO CAN FD low-cost debugger solution up to high-end
e Internal manufacturing (front-end and solutions supporting AUTOSAR designs)

back-end) for security of supply

o Safety compliance with standards such as
ISO 26262 (up to ASIL-D)

For more information visit www.st.com/spch

EBV ELEKTRONIK 1



STGAP1AS gapDRIVE

The STGAP1S gapDRIVE™ s a galvanically isolated single-gate driver for N-channel MOSFETs and IGBTs with advanced protection,
configuration and diagnostic features. The STGAP1S’s architecture isolates the channel from the control and low-voltage interface circuitry
through true galvanic isolation. Main features include:

e High voltage rail up to 1500 V e Qverall input/output propagation
« Driver current capability: 5 A delay: 100 ns
e + 50 V/ns dV/dt transient immunity * Separate sink and source

e Negative gate driver ability

For more information visit www.st.com/stgaps

Automotive power-rail transient voltage suppressor (TVS) protection

The SM6TY, SM15TY and SM30TY Transil series (respectively 600 W, 100 W and 3000 W) have been designed to protect sensitive automotive
circuits against surges in compliance with ISO 7637-2 and against electrostatic discharges according to ISO 10605. Available voltage from 5V
to 82 V cover most of the automotive needs including 12V, 24 V and 48 V systems.

The planar technology makes these devices compatible with high-end circuits where low leakage current and high junction temperature are
required to provide reliability and stability over time. SM6TY and SM30TY are packaged in SMB and SMC (footprints in accordance with IPC
7531 standard).

SM30T28CAY SM6T56CAY

e Surface mounted e Surface mounted

e 3000 W in SMC package e 600 W in SMC package

* 28V Breakdown voltage (V) * 75V Breakdown voltage (V)
o Automotive-grade qualified e Bidirectional

e Max. operating temperature: 150 °C e Automotive-grade qualified

e Max. operating temperature: 150 °C
For more information, visit www.st.com/protection

ESDCAN and ESDLIN automotive-grade solutions simplify qualification and speed up time-to-market

CAN and LIN interfaces need dualchannel, bidirectionnal, 24 V protection devices.

After a first generation housed in SOT23-3L, STMicroelectronics has developped a family extension packaged in SOT323-3L.

The new family range provides improvements with regards to dimensions (40% smaller), line capacitance (3.5 pF vs 30 pF) and voltage range.
Indeed, the new serie includes also 37 V (VBR) products compatible with 24 V systems.

ESDCANXxxY series is working up to 175 °C and sustains up to 30 kV ISO 10605 as well as ISO 7637 surges.

KEY FEATURES KEY BENEFITS

* Dual-line ESD and EOS protection * Robust and safe circuit at first

« Bidirectional devices design loop:

o Max pulse power: » CAN transceiver protected against
up to 250 W (8/20 pis) ESD and EOS

o Stand-off V0|’[age: e Enables high-denSity PCB thanks
from 24V up to 36 V to the small package

, (SOT23-3L and SOT323-3L)
e Low clamping factor VCL/VBR

(VCL < 40V) e Transparency in the application

lowering the design effort with
e Low leakage current: 100 nA max ) ) )
o Capacitance compliant with CAN

o Compliant with: datarate

« ISO 7637 3a and 3b
« ISO 10605/IEC 61000-4-2:
>25 KV air and contact

12 WWW.EBV.COM



AC/DC input stage for
onboard chargers
with built-in inrush-current limitation

ABSTRACT

Thyristor-based fopologies offer many advantages for the AC/DC input stage
of onboard chargers (OBCs) used in electric vehicles. In addition to controlling
the inrush-current and allowing full OBC disconnection in standby to suppress
undesired losses, these full-silicon solutions do not require any inrush-current
limiting resistors or mechanical relays.

MIXED SCR / RECTIFIER BRIDGE BRIDGELESS TOTEM POLE INRUSH CURRENT LIMITATION OPERATION

© Bulk capacitor is smoothly charged thanks to the
SCR’s phase angle control

e T1 and T2 are synchronized according to the zero
o1 . ‘||— . crossing (ZVS) of the AC line
H_
T A T2 o ]
@ ! —— stage @ ——= DC/DC

AC o—— +DC/DC AC o \L
A !

D1 ADZT DZ_T_ M2~||<— TZT
|_

FEATURES AND BENEFITS
e Smart inrush current limitation: l ‘
e Peak current controlled by software | | ‘
1]

N ) . .
o Increased system power-up speed At system start-up or after line drops, the peak line

. - _— current is controlled by choosing the most adapted SCR
* High refability: VI AT gate driving strategy
e No moving mechanical parts [RNAG S Sunb AN AN IANAN
« No EMI noise : | HJ,!
o No contact aging issues ’ L s O L s i

F-_

e 7Zero Current Switching thanks to SCRs

© High power density: AN )
© SMD packages available | as
* Power density increased = Thin designs possible gt
e Industrial production costs optimized through SMD packages ooH e
© Embedded disconnection function: A 6 -l
© DC bus is disconnected from the line K ET R
thanks to the SCRs D*PAK
e Stable and predictable efficiency c
e Automotive grade TN T2
—o L s'::ge - Both line and neutral functional disconnection ensured by the
Bridge PFC +beoe | SCRs (valid for both mixed bridge and bridgeless totem poles)
A TN3050H-12WY A STBR3012WY STPSC20065DY D2 ]: D1 ]i
%ﬂ TN3050H-12GY % STBR6012WY STPSC12065DY
¢ TN5050H-12WY STTH30L06-Y STPSC20H065C-Y AC/DC stage power losses
« STPSC12C065DY (for 3.7 kW converter)

— typic  —max

C 5

Relay + Rectifiers Mied Beidge

= =

=» Mechanical relay contact aging makes the
solid state solution more stable and predictable

Power losses [W)
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K) Breakthrough technologies

WIDE BAND GAP (WBG) TECHNOLOGIES REVOLUTIONIZE THE PERFORMANCE OF POWER DEVICES

The introduction of silicon carbide (SiC) and Gallium Nitride (GaN) technology further ensures the reduction of energy losses and, when used
with a high-temperature material, can allow reduction of cooling effort.

This is especially true in applications where higher switching frequencies can be favorably used to reduce losses, size and costs of transformers
and coils.

In some cases ST can offer package solutions operating at up to 200 °C.

The reduction of the overall losses especially at low and mild loads (more close to the real mission profile of the EV) vs. the silicon IGBT together
with the additional ability of the material to withstand higher temperatures allow to obtain lighter and smaller systems to save thus material
costs.

Today, ST is significantly improving the industrialization of its SiC components with automotive-grade quality and the costs compatible with these
applications.

1200V SiC MOSFET vs IGBT solution in a traction inverter (90 kW, 8 kHz)

Efficiency at 8 kHz @ % load
101.0%1

100.0%
99.0%
98.0%
97.0% A
96.0%
95.0%
94.0% -
93.0%
92.0%+---

91 00/0 T T T T T 1
0% 20% 40% 60% 80% 100% 120%

% load
* Simulated efficiency —— |GBT ——SiC

Efficiency
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PACKAGING EXPERTISE AND INNOVATIVE SOLUTIONS FOR INTER-CONNECTION

Competence Centers have developed new
bonding techniques, green and high-
temperature (200 °C) molding compounds,
and novel lead-free, high-performance,
reliable die-attach materials.

Packages allowing dual-side cooling have
been also introduced to improve the thermal
performances leading to increased reliability
and product lifetime.

High performance and reliability as well as
a neutral impact on environment are key
features expected of semiconductors used
for E-mobility solutions.

ST achieves these targets using concurrent
engineering techniques and eco-design
approaches to develop new and innovative
dice and package solutions.

To obtain the best results, ST Packaging

RIBBON BONDING

A specific bonding technique already used in traditional Si components, Ribbon bonding, can
be used in high-current applications to increase the equivalent connection area between die
and bonding as well as reduce mechanical stress. Today, ST uses this kind of bonding notably
in an application for electric bicycles.

As an example, the wide bandgap of our siliconcarbide (SiC) diodes enables the design of high-
voltage Schottky diodes offering negligible reverse recovery at turn-off and minimal capacitive
turn-off behavior independent of temperature.

Our high-performance power Schottky rectifiers can handle up to 650 V with the lowest
forward voltage drop (VF) on the market for optimal efficiency.

ST is the FIRST supplier worldwide to offer 100% automotive-grade SiC diodes (AEC-
Q101qualified and PPAP capable).

COPPER CLIPS

In some high power applications,clip bonding can be a preferred solution.

Z

KEY FEATURES

e 100% automotive-grade
e AEC-Q101 qualified

e PPAP capable

e Very low forward conduction
losses

e [ow switching losses

e Soft switching behavior

e High forward surge capability

e Contributes to safe energy

e Allows high switching frequency
 Reduced EMI

* High T, capability Tj max = 175 °C
e 650V guaranteed @ -40 °C

This technology, which replaces partially traditional wire bonding, is caracterized by better thermal performance and increased switching

performance.

FOCUSED ON QUALITY WITH THE LATEST STATE-OF-THE-ART TOOLS FOR SELECTION OF “KNOWN GOOD DIES”

Power devices often include numerous g S, SR
dice in the same package. For example, a
module package can contain up to 72 SiC
MOSFETSs (ST's current record). With this
in mind, it is of utmost importance to ensure
that each of the components are performing
perfectly and, in some cases, with matched
parameters.

To ensure the components' quality, they
undergo a full power test with specific
patented tools that allow currents up to
several hundreds of amps and more than a
thousand volts.

e

-—— s . B

EBV ELEKTRONIK 15



FD- SOI technology

The Fully Depleted Silicon On Insulator is a planar process technology that relies on two primary innovations, an ultra-thin layer of insulator,
called the buried oxide, positioned on top of the base silicon and a very thin silicon film that implements the transistor channel. Thanks to its
thinness, there is no need to dope the channel, thus making the transistor fully depleted.

The combination of these two innovations is called “ultra-thin body and buried oxide fully depleted SOI” or UTBB-FD-SOI.

By construction, FD-SOI enables much better transistor electrostatic characteristics versus conventional bulk technology. The buried oxide layer
lowers the parasitic capacitance between the source and the drain. It also efficiently confines the electrons flowing from the source to the drain,
dramatically reducing performance-degrading leakage currents.

A very strong point of FD-SOI is its best-in-class immunity against radiation errors, bringing area savings and strong reliability to the system.
Some further advantages of 28nm FD-SOI technology:

o Fewer mask steps due to a simpler
process FD-5SI

e | ower leakage power

* Multiple threshold voltage (V) of the
transistor are available allowing:
« RVT device for regular-V,
Source »e-- Drain
Ultra-Thin Buried oxide
advantages: _
« Very low VDD for ultra-low-power applications

or standard-V. circuits,
« Reduced VDD for competitive speed at reasonable power consumption and nominal VDD for high-performance applications

« LVT device for low-V_ high-speed
circuits

« \Wide operating voltage range, for different
applications with competitive PPA

Application benefits by market segment

Internet of Things, Wearable

e Ultra-low-voltage operation o Well-managed leakage in high-temperature environments
e FBB optimizes power/performance e High reliability thanks to highly-efficient memories
o Efficient RF and analog integration

Networking Infrastructure Consumer Multimedia
e Energy-efficient multicore e Optimized SoC integration (Mixed-signal & RF)
o Adapt performance & power to workload via FBB e Energy-efficient SoC under all thermal conditions
e Excellent performance in memories o Optimized leakage in idle mode

Bipolar CM0S-DMOS (BCD) technology

Bipolar CMOS (complementary metal—oxide—semiconductor) - DMOS (double-diffused metal—oxide—semiconductor) is a key technology for
power ICs.

Since inventing this revolutionary technology in the mid-eighties, ST has continually developed it, creating the BCD family which combines the
strengths of the three different process technologies into a single chip:

e Bipolar for precise analog functions
e CMOS for digital design
e DMOS for power and high-voltage elements

16 WWW.EBV.COM



Addressing a wide range of applications

With know-how in process development and chip production honed over more than two decades, ST offers a unique range of BCD process
technologies, each addressing specific application needs, with an optimal trade-off between functionality, performance and cost.

_________ e L L L L L L L R L

BCD6s-0ffline
800V

HIGH-VOLTAGE BCD

Enables reliable coexistence on the 0.32 pm :
. : BCD6/6s BCD6s-SOI
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substrates addresses specific ;

high-value solutions in electro-

medical, automotive safety or audio
applications.

HIGH-DENSITY BCD Timeline - Available " In development

Driven by the need to integrate more
and more complex and diversified
functions on the same chip and

to guarantee high quality and
reliability in all types of application
environments.

Driving innovation in BCD

With its expertise in both “More-Moore” and “More-than-Moore” semiconductor technologies; by integrating DMOS architectures designed with
a set of innovative techniques and by taking advantage of state-of-the-art wafer-processing fabs, ST has an unmatched capability to offer the
best BCD solutions with best-in-class performance.

Moreover, ST has the capability to customize its BCD technologies to optimally address the most demanding markets, including automotive,
aerospace and certain segments of the industrial market.

With its unique technical knowledge based on more than two decades of experience in the field, ST provides unrivaled technical support in order
to guarantee the best BCD experience to its customers.
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K) ST's electromobility
activities in the ecosystem

.
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The electromobility market is still in its early stages.

The answers to the many technical, standardization and elementary questions will be found in a
collaborative ecosystem.

ST is a very active contributor to these discussions through its participation in many funded research
projects in Europe or industrial federations, for example in the German ZVEI or the French FIEEC.

ST is also involved in the discussions concerning the electromobility roadmap on the European level
(ECPE, ERTRAC, EPOSS, EURIPIDES) and in France, where it is very engaged in competitive clusters like
MOVEQO, that bring together industrial actors with their vision of market needs and researchers with bright
new ideas in order to create tfechnical solutions, products, business and new companies.

Today, ST is actively participating in approximately 100 research projects around nanoelectronics
including about 30 projects in the area of power electronics, electric mobility and packaging.

Hundreds of researchers at ST benefit from intellectual exchanges with more than 1,000 partners in this
domain.

ST also very actively supports the training and education of engineers through conferences like the
Automotive Power Electronics conference in Paris in cooperation with APE Japan or through schools and
universities.

L , EPOSS mov’eo
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CONTACT

EBV Elektronik GmbH & Co. KG
D-85586 Poing
Im Technologiepark 2-8

Phone: +49 (0)8121 774-0 ‘,[ ‘ @ EBVElektronik
Fax:  +49 (018121 774-422
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AUSTRIA

A-1120 Wien

Grinbergstrale 15 / Stiege 1/ 7. OG
Phone: +43 (0)18 91 52-0

Fax: +43 (0)18 91 52-30

BELGIUM

B-1831 Diegem
Kouterveldstraat 20
Phone: +32 (0)27 16 00 10
Fax:  +32(0)27 20 81 52

BULGARIA

B-1505 Sofia

48 Sitnyakovo Blvd., Serdika
offices, 10" floor, Unit 1006
Phone: +359 2 9264 337
Fax: +3569 2 9264 133

CZECH REPUBLIC
Amazon Court

Karolinska 661/4
CZ-18600 Prague

Czech Republic

Phone: +420-234 091 011
Fax: +420-234 091 010

DENMARK

DK-8230 Abyhoj

Ved Lunden 10-12, 1. sal
Phone: +45 86 25 04 66
Fax: +45 86 25 06 60

DK-2730 Herlev
Lyskeer 9, 1. sal
Phone: +45 39 69 05 11
Fax:  +45 39 69 05 04

ESTONIA

E-10414 Tallinn

Niine 11

Phone: +372 625 79 90
Fax: +372 625 79 95
Cell.  +372 51322 32

FINLAND

FIN-02240 Espoo

Pihatérma 1a

Phone: +358 (0)927 05 27 90
Fax: +358 (0)9 27 09 54 98

FIN-90100 Oulu
Nahkatehtaankatu 2

Phone: +358 8 41 52 62 70
Fax:  +358841526275

FRANCE

F-13856 Aix-en-Provence

1330 Rue G.G. de la Lauziere
Europarc Pichaury, Batiment A2
Phone: +33 (0)442 39 65 40
Fax:  +33(0)442 39 65 50

F92184 Antony Cedex (Paris)
2-6 Place Du General De Gaulle -
CS70046

Phone: +33 (0)140 96 30 00

Fax:  +33(0)140 96 30 30

F-35510 Cesson Sévigné (Rennes)
35, av. des Peupliers

Phone: +33 (0)299 83 00 50

Fax:  +33 (0)299 83 00 60

F67400 llkirch Graffenstaden
35 Rue Gruninger

Phone: +33 (0)3 90 40 05 92
Fax:  +33(0)3 88 65 11 25

F-31500 Toulouse

8 chemin de la terrasse
Parc de la plaine

Phone: +33 (0)561 00 84 61
Fax:  +33(0)561 00 84 74

F-69693 Venissieux (Lyon)
Parc Club du Moulin & Vent
33, Av. du Dr. Georges Lévy
Phone: +33 (0472 78 02 78
Fax:  +33 (0)478 00 80 81

GERMANY

D-85609 Aschheim-Dornach
Einsteinring 1

Phone: +49 (0)89 388 882-0
Fax:  +49 (0)89 388 882-020

D-10587 Berlin

Englische Stral3e 28

Phone: +49 (0)30 74 70 05-0
Fax: +49 (0)30 74 70 05-55

D-30938 Burgwedel
Burgdorfer StraRe 2

Phone: +49 (0)5139 80 87-0
Fax:  +49 (0)5139 80 87-70

D-69439 Holzwickede
WilhelmstraRe 1

Phone: +49 (0)2301 943 90-0
Fax:  +49 (0)2301 943 90-30

D-41564 Kaarst

An der Gimpgesbricke 7
Phone: +49 (0)2131 96 77-0
Fax:  +49 (0)2131 96 77-30

D-71229 Leonberg

Neue Ramtelstralle 4
Phone: +49 (0)7152 30 09-0
Fax: +49 (0)7152 759 58

D-90471 Nirnberg
Lina-Ammon-StraRe 19B
Phone: +49 (0)911 817 669-0
Fax:  +49 (0)911 817 669-20

D-04435 Schkeuditz

Airport Business Center Leipzig
Frankfurter StraBe 2

Phone: +49 (0)34204 4511-0
Fax:  +49 (0)34204 4511-99

D-78048 VS-Villingen
Marie-Curie-Strale 14

Phone: +49 (0)7721 998 57-0
Fax: +49 (0)7721 998 57-70

D-65205 Wiesbaden
Borsigstralte 36

Phone: +49 (0)6122 80 88-0
Fax: +49 (0)6122 80 88-99

HUNGARY

H-1117 Budapest

Budafoki Ut 91-93, West Irodahaz
Phone: +36 1 436 72 29

Fax:  +36 1436 72 20

IRELAND

IRL:Dublin 12

Calmount Business Park
Unit 7 Block C

Phone: +353 (0)14 09 78 02
Fax:  +353 (0)14 56 85 44

ISRAEL

1-40600 Tel Mond

Drorrim South Commercial Center
PO. Box 149

Phone: +972 (0)9 778 02 60

Fax: +972 (0)3 760 11 15

ITALY

1-20092 Cinisello Balsamo (MI)
Via C. Frova, 34

Phone: +39 02 66 09 62 90
Fax:  +39 02 66 01 70 20

1-50019 Sesto Fiorentino (Fl)
EBV Elektronik Srl

Via Lucchese, 84/B

Phone: +39 05 54 36 93 07
Fax: +39 05 54 26 52 40

1-41126 Modena (MO)

Via Scaglia Est, 33

Phone: +39 059 29 24 211
Fax:  +39 059 29 29 486

1-80128 Napoli (NA)
Via G. Capaldo, 10
Phone: +39 081 193 016 03
Fax: +39 081 198 061 24
Cell.  +3933583905 31

1-00155 Roma (RM)

Via Edoardo D'Onofrio 212
Phone: +39 064 06 36 65/789
Fax:  +39 064 06 37 77

1-35030 Sarmeola di Rubano (PD)
Piazza Adelaide Lonigo, 8/11
Phone: +39 049 89 74 701

Fax:  +39 049 89 74 726

110144 Torino (TO)
ViaTreviso, 16

Phone: +39 011 262 56 90
Fax: +39 011 262 56 91

NETHERLANDS
NL-3606 AK Maarssenbroek
Planetenbaan 116
Phone: +31 (0)346 58 30 10
Fax: +31 (0)346 58 30 25

NORWAY

Postboks 101, Manglerud
Ryensvingen 3B

N-0681 Oslo

Phone: +47 22 67 17 80
Fax: +47 22 67 17 89

POLAND

80-838 Gdansk

Targ Rybny 11/12

Phone: +48 (0)58 307 81 00

02-674 Warszawa
Ul. Marynarska 11
Phone: +48 (0)22 257 47 06

PL-50-062 Wroclaw

PI. Solny 16

Phone: +48 (0)71 34-2 29-44
Fax:  +48 (0)71 34-2 29-10

PORTUGAL
Unipessoal LDA
Edificio Tower Plaza

Rotunda Eng.° Edgar Cardoso, 23 - 14°G

4400-676 Vila Nova de Gaia
Phone: +351 220 920 260
Fax: +351 220 920 261

ROMANIA

4C Gara Herastrau Street
Building B, 2" Floor - 2" District
Bucharest

RO-014472

Phone: +40 21 528 16 12

Fax:  +40 21 528 16 01

RUSSIA

RUS-620028 Ekaterinburg
Tatischeva Street 49A
Phone: +7 343 311 40 4
Fax: +7 343 311 40 46

RUS-127486 Moscow
Korovinskoye Shosse 10,
Build 2, Off.28

Phone: +7 495 730 31 70
Fax: +7 495 730 31 71

RUS-195197 St. Petersburg
Polustrovsky Prospect 43,
Office 421

Phone: +7 812 635 70 63
Fax: +7 812 635 70 64

SERBIA

Balkanska 2

SRB-11000 Belgrade
Phone: +381 11 404 9901
Fax:  +381 11 404 9900
Mobile: +381 63 204 506
Mobile: +381 62 78 00 12

SLOVAKIA

SK-82109 Bratislava
Turianska 2

Green Point Offices
Phone: +421 2 321 111 41
Fax: +421 2 321 111 40

SLOVENIA

SI-1000 Ljubljana

Dunajska 167

Phone: +386 (0)1 56 09 778
Fax:  +386 (0)1 56 09 877

SOUTH AFRICA

ZA-8001 Foreshore, Cape Town
1 Mediterranean Street

5th Floor MSC House

Phone: +27 (0)21 402 19 40
Fax:  +27 (0)21 419 62 56

ZA-3629 Westville

Forest Square,11 Derby Place
Suite 4, Bauhinia Building
Phone: +27 (0)31 27 92 600
Fax: +27 (0)31 27 92 624

ZA-2157 Woodmead,
Johannesburg

Woodlands Office Park

141 Western Service Road
Building 14-2nd Floor
Phone: +27 (0)11 236 19 00
Fax: +27 (0)11 236 19 13

SPAIN

E-08014 Barcelona

c/Tarragona 149 - 157 Planta 19 1°
Phone: +34 93 473 32 00

Fax: +34 93 473 63 89

E-39005 Santander (Cantabria)
Racing n° 5 bajo

Phone: +34 94 223 67 55
Phone: +34 94 237 45 81

E-28760 Tres Cantos (Madrid)
Centro Empresarial Euronova
C/Ronda de Poniente, 4
Phone: +34 91 804 32 56
Fax: +34 91 804 41 03

SWEDEN

S-191 62 Sollentuna
Glimmervagen 14, 7 tr
Phone: +46 (0)859 47 02 30
Fax: +46 (0)859 47 02 31

SWITZERLAND

CH-8953 Dietikon
Bernstrasse 394

Phone: +41 (0)44 745 61 61
Fax:  +41 (0)44 745 61 00

CH-1010 Lausanne

Av. des Boveresses 52
Phone: +41 (0)216 54 01 01
Fax: +41 (0)216 54 01 00

TURKEY

Canan Residence

Hendem Cad. No: 54 Ofis A2
Serifali Umraniye Istanbul
34775 Turkiye

Phone: +90 (0)216 52 88 310
Fax:  +90 (0)216 52 88 311

Armada Is Merkezi

Eskisehir Yolu No: 6 , Kat: 14
Ofis No: 1406

06520 Sogutozu, Ankara-Turkey
Phone: +90 (0)312 295 63 61
Fax:  +90 (0)312 295 62 00

UKRAINE

UA-03040 Kiev
Vasilovskaya str. 14

off. 422-423

Phone: +380 44 496 22 26
Fax:  +380 44 496 22 27

UNITED KINGDOM

South East

2, The Switchback

Gardner Road

Maidenhead

Berkshire, SL6 7RJ

Phone: +44 (0)16 28 77 85 56
Fax: +44 (0)16 28 78 38 11

South West & Wales

12 Interface Business Park
Bincknoll Lane

Royal Wootton Bassett
Wiltshire, SN4 8SY

Phone: +44 (0)17 93 84 99 33
Fax:  +44 (0)17 93 85 95 55

North

Manchester International
Office Centre, Suite 3E (MIOC)
Styal Road

Manchester, M22 5\WB

Phone: +44 (0)16 14 99 34 34
Fax: +44 (0)16 14 99 34 74

Scotland

15t Floor

180 St. Vincent Street
Glasgow, G2 5SG

Phone: +44 (0)141 242 4820
Fax:  +44(0)141 221 1916
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