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Exterior Lighting

48 Vp Boardnet

Hybrid Electric Vehicle (HEV)

Full Electric Vehicle (FEV)



Engine Vehicle Control Unit-12 V to 24 V

Engine Cooling System
Exhaust Control System
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Engine Cooling System
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Engine Cooling System

Main Features

* A thermal management system optimizes the hot
and cold balance in the vehicle. Heat is produced
by the combustion engine in conventional
vehicles or by electric vehicle components
(battery, motor, and power electronics). This heat
is absorbed at the heat source by the coolant
circulating in the cooling circuit and dissipated at
a heatsink

» Coolant pumps and valves are regulated by a
superordinate control unit to provide demand-
based circulation of the cold or warm coolant in
any operating condition

» Key features:

» Shorter warm-up phase

» Fast passenger compartment heating
* Low fuel consumption

» Longer service life of the components

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Engine Cooling System

System Benefits

 Vishay’s 60 V to 120 V first-generation trench MOS
barrier Schottky (TMBS®) devices deliver efficiency
for high frequency rectification

« 200 V ultrafast FRED Pt® technology is optimized for
soft behavior at any temperature. Offering high
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Block Diagram

stability and robustness up to 175 °C, the devices are

suitable for under the hood applications such as EE*—DF j; } } 2§ MCU E> b 1, SRR
freewheeling diodes, load switching, HV boost, and Polary - Leaddump  ECU T Moy Gamd”ﬁi L

polarity protection protscton” ™ diode

1Y

« Surface-mount PAR® TVS provide stability in high m ﬁ <:' <:D
temperature, high reliability conditions proion L

« Vishay’s enhanced surface-mount power (eSMP®) N
package platform is the vehicle for all these silicon T @
technologies. Thanks to its internal design, it cosmaeveisenser
improves thermal performance while its smaller
footprint reduces PCB space requirements and
enables higher integration

Radiator flap
T actuator
2& powerloads Cooling elecfric
aux pump

Gatedriving g F/W
<:/ protection diode

RS

Signall/O
protection
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Engine Cooling System

Function _[Descripton _______[image __

Freewheeling 20 A, 120V
Diode dual high voltage TMBS® rectifier

Surface-mount PAR® TVS for
stability in high temperature,
high reliability conditions

Surge
Protection

HF Rectification FRED Pt® hyperfast rectifier

Load Switching FRED Pt® hyperfast rectifier

HV )
Boost FRED Pt® hyperfast rectifier
Voltage _
Stabilization Standard recovery diode
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-

ECU
DC/DC PSU

MCU
protection

g

Gate driving& F/W
protecton  diode

1Y

CAN/LIN /SPI
fransceiver

RS

Signall/O
protection

]

—

Rl

Gatedriving g F/W
protection diode

Medium
power loads

Medium
power loads

(SMF)

Solenoid valve
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Radiator flap
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Cooling elecfric
aux pump
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Exhaust Control System d
Z
1 >
Main Features o
« Emission control system in automobiles, employed to limit §
the discharge of noxious gases from the internal -
combustion engine and other components. There are ol of & SoIHR DA R iction (B Syston
three main sources of these gases: —
aust leaves engine with
« Engine exhaust P
+ Crankcase DEFis
« Fuel tank Particulate Matter (PM) :'l'ey;s"t:a"t“
is trapped in .the Diesel Eysiou
» The exhaust pipe discharges burned and unburned )

hydrocarbons, carbon monoxide, nitrous oxide, and
sulfur; as well as traces of various acids, alcohols, and
phenols. These are very critical elements of pollution

Ammonia (NH,) and

Nitrogen Oxides (NOx)
react in the catalyst to
form nitrogen and water

. Exhaust

Diesel Exhaust
Fluid (DEF)

 Being diesel largest ICE adopted WW, the latest exhaust el i
control system is SCR. Selective catalytic reduction MR ()6
(SDR) is a chemical process that converts the NOx into SCR Catalyst
diatomic nitrogen and water, as well as a small amount of
CO,. This process is facilitated by the addition of
automotive-grade urea (known as diesel exhaust fluid
(DEF)) to convert hazardous NOx emissions from diesel
into harmless N, and H,O

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 9




Exhaust Control System

System Benefits

« Vishay’s 120 V first-generation TMBS® devices
deliver efficiency for high frequency rectification
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« Surface-mount PAR® TVS provide stability in high Block Diag ram
temperature, high reliability conditions

« Standard recovery diodes with ESD capability in
miniature packages for rail to rail line and power line Shecor
i Medium Lambda senso
protection W ZS ZS MCU [i> ot moner
H H ® H H pfgtlgcr:%n Lporg(tjeglécm\p DC/%%UPSU prgﬂtgcttjion $ reguiabr
» Vishay’s eSMP® package platform is the vehicle for oo drnae £V
all thesg §|I|con technologies. Thanks to its |r1te_rnal ﬂ - —
design, it improves thermal performance while its : —H :
Large BW CAN/LIN /SPI
smaller footprint reduces PCB space requirements profeten renscener ?i L
. . . power loads electric
and enables higher integration Femperaie sensor w i
Diff. pressure sensor @ ::: Gpartgtgéii\j/ci.ﬂg & Sig{jve
Particles sensor
NOx sensor
Tank levelsensor
]
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Exhaust Control System

Function __|Description ______[image __

Freewheeling
Diode

Surge Protection

Signal Protection

Voltage
Stabilization and

Rail to Rail Signal

Line Protection

8Ato20A,120V
dual high voltage TMBS® rectifier

Surface-mount PAR® TVS for stability in

main load dump applications in high Llicies i)
temperature, high reliability conditions '

(SMF)
Zener diode in low profile package with ‘Q
surge capability and 2 % tolerance

(DO-218AB)
Standard recovery diode: 1 A, 1.5 A, '
600 V

(SMF)
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Block Diagram

x
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x

MCU

Polarity
protection

CAN /LIN /SPI
170

Temperature sensor

£

Large BW
profection

Lambda sensor

Tank levelsensor

Load dump
protection

=

Diff. pressure sensor
Particles sensor
NOx sensor

ECU
DC/IDC PSU

MCU
protection

g

Gate drlvmg& F/W
protection” ™ diode

1Y

CAN/LIN /SPI
fransceiver

==

Signall/O
protection

]

—

Rl

Gate driving & F/W
protection diode

Medium
power loads

Medium
power loads

SCR DEF
injector

Lambda senso
heater

DEF heater
regulator

EGR valve
actuator

DEF electric
pump
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Powertrain - Injection Control and Fuel Pump

Direct Injection Control
Piezo Injection Control

Fuel Pump Control



Direct Injection Control
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Direct Injection Control

Main Features

» Gasoline direct injection (GDI), also known as petrol /,.ﬂi\sh-vress"revumv
direct injection (PDI), is a mixture formation system |
for internal combustion engines that run on gasoline / v
(petrol), where fuel is injected into the combustion Electronic throttle control
chamber. This is distinct from manifold fuel injection
systems, which inject fuel into the intake manifold
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Direct gasoline
injection system

Lambra
Sensor

Fuel

« The use of GDI has several advantages: distribution

« Efficiency: reduced fuel consumption and CO, emissions
at the same power output due to downsizing and
turbocharging

 Flexibility for use with various system pressures up to
350 bar

« Dynamic improved responsiveness and more dynamic ECU
handling due to increased torque at low engine speeds
(high low end torque)

* Up to a 50 % downsizing ratio with cylinder reduction

oy

Injector

Sensor

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 14




Direct Injection Control

System Benefits Block Diagram
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« 200 V ultrafast FRED Pt® technology is optimized i i S injector
for load switching, particularly for freewheeling p>_‘ J; switches
and snubber diodes where ESD and surge DC/DC "JJ
capability are needed. The devices offer high co?:/g::er S0t > s%
stability and robustness up to 175 °C, with a — - Injector
good trade-off between soft recovery and V¢ o 13 Inject'ors ’
« Surface-mount PAR® TVS provide stability in JEI g#
high temperature, high reliability conditions l’?za\j 3 s w % %
« Vishay’s 200 V second-generation TMBS® Eil T T  diodes F
devices deliver efficiency for high frequency 3 i |
rectification 13 Injector
« Vishay’s eSMP® package platform is the vehicle 1l
47 DC-DC BUCK &9

+ converter

for all these silicon technologies. Thanks to its
internal design, it improves thermal performance |
while its smaller footprint reduces PCB space
requirements and enables higher integration e

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 15
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Direct Injection Control
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Surface-mount PAR® TVS for ‘

Surge Protection stability in high temperature,
high reliability conditions (SIimSMA)

Four Injectors

Snubber Function:
Take care of high
voltage spikes, so it
damages the transistor.
Usually built-in for
many drivers

Freewheeling Diode FRED Pt® hyperfast rectifier
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Piezo Injection Control
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Piezo Injection Control

Main Features

» The piezo injector is an evolution of the solenoid
injector. This technology has several significant  piezo Element
advantages:
» Piezo is much faster, resulting in reduced dead times

and allowing more accurate control over the injected
fuel amount

» The fast reaction also allows more injections per cycle
(> 15), reducing rapid pressure changes in the cylinder
and nearly eliminating typical diesel noise

« On the component level, the major difference
between solenoid and piezo direct injection
systems is the significantly higher operating
voltage. While solenoid systems run at up to 120 V
boost voltage, piezo systems need a boost level of
250 V to 300 V
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Needle

4

Nozzle Body

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.




Piezo Injection Control

System Benefits
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« 200 V ultrafast FRED Pt® technology is optimized Block Dlagram
for load switching, particularly for freewheeling Boost
and snubber diodes where ESD and surge diode
capability are needed. The devices offer high —i— . eopes
stability and robustness up to 175 °C, with a good DC/DC 4¢ Hs oo | lake| [a| [a
trade-off between soft recovery and Vg flyback i Tinjector ¥
_ o converter switch F/W = = -
« Surface-mount PAR® TVS provide stability in didde 1 i i
high temperature, high reliability conditions | : Piezo i £ T i
- Vishay’s eSMP® package platform is the vehicle |Vbat oc.0¢ BUcK | injector
for all these silicon technologies. Thanks to its T2 = J’(’>J":} «DJEﬁ H'ﬁ} JEE g
internal design, it improves thermal performance /A -~ [E /\ A\ )
while its smaller footprint reduces PCB space J} } T ! s
requirements and enables higher integration injector

switches

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 19




Piezo Injection Control

Function ___|Description ____[image __

3 A, 200 V =
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HF Rectification

Block Diagram

dual high voltage TMBS® rectifier (SMPA)
Surface-mount PAR® TVS for > Bpost
Surge Protection stability in high temperature, - diode
high reliability conditions (SimSMA)
(SMF) DC/DC e § 2 HS ; = = =
L flyback N "injqct?‘r ¥
i switc —— —— = =
Snubber Diode 1TAto16A, 200V - (SlimSMA) converter ‘
FRED Pt® hyperfast rectifiers < * J, |
SMPD o LT i T -
( ) Py | Piezo
(SI'mDPAK) : Vbat DC-DC BUCK InjeCtor
| . . converter | me . - . -
- L P ) f#lZf-‘ﬂ} [ jE>J-':} > L2 FJ.':} J:ﬁﬁ i
se \ '
- 1Ato 16 A (SimSMA) s A
SRS DIEe® oo mn hyperfast rectifiers -ﬁ’ l—q LS
(SMPD) & 2 Pl il injector
e switches
(SlimDPAK)
Voltage Stabilization 2
and Rail to Rail Signal Standard recovery diode: 1 A, 600 V <
Line Protection (microSMP)
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Fuel Pump Control
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Fuel Pump Control

Main Features e
» Fuel pumps pump gasoline from the vehicle’s fuel tank
to the engine, and distribute fuel under low pressure to

the carburetor or to the fuel injection system under
high pressure

Manifold Vacuum

I' l. Injectors
A A

\4
—
=
®

@)
<
>
O

ity
6’-
(@)

Feed Line

Fuel Filter

» Carburetor engines utilize low pressure pumps, which
are located outside of the fuel tank. Fuel-injected
engines typically utilize electric fuel pumps mounted in

the fuel tank Retur  Staner o

Fuel Pump

Fuel Tank Solenoid

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 22




Fuel Pump Control

System Benefits

« 100 V and 200 V ultrafast FRED Pt® technology is
optimized for load switching, particularly for
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freewheeling and snubber diodes where ESD and Block D|ag ram

surge capabilities are needed. The devices offer high

stability and robustness up to 175 °C, with a good

111_ Solenoid fuel

trade-off between soft recovery and Vg mzp > %X NTT %S MCU cuofvave
« Vishay’s 120 V first-generation TMBS® devices deliver PR PEREHR ocftbes - erfiron oATE WG & £ o0

efficiency for high frequency rectification 1l<= z .
« Vishay’'s eSMP® package platform is the vehicle for all v

these silicon technologies. Thanks to its internal [ s

design, it improves thermal performance while its P r— @ T ——

smaller footprint reduces PCB space requirements and

enables higher integration

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 23




Fuel Pump Control

Function __|Description _____[image ___
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o 35A, 120V C
HF Rectification dual high voltage TMBS® rectifier (SMPD)
Surface-mount PAR® TVS for 53 i
Surge Protection stability in high temperature, (SMC) g BIOCk Dlag ram
high reliability conditions ’
(DO-218) -
(SMF) L 3 Z# W_JMT QF Solenoid fuel
) >
1Ato 16 A, 200 V (stimsma) % @ T Me
Shubber Diode to ’ . PROTECTION PROTECTION DCiBGPsu  PROTECTION
FRED Pt® hyperfast rectifiers (SMPD) C . GATEDRIVING & £ piopE
3 CAN/LIN/SPI —[>_ —
(SlimDPAK) = ® g & 2| < < — =
- ' o PROTEC TION TRANSCIEVER % =
. . 1Ato 16 A (S“mSMA) " ' CATE DRVING &  FIwDIODE
AEITEEE) PIees FRED Pt® hyperfast rectifiers
swep)  Fo PRSI ISy

(SlimDPAK) © #

Zener Diode 3.6 V to 200 V with 2.5 % tolerance ~ (SMF) -
(microSMF) b 2

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 24
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Chassis Control

Electric Power Steering (EPS)
Transmission ECU (TCU) And Double Clutch (DCT)
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Electric Power Steering (EPS)
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Electric Power Steering

Main Features

« EPS uses an electric motor to assist the driver,
unlike traditional systems that act on hydraulic
pressure provided via a pump driven by the
vehicle’s engine. This pump is constantly running,
whether the steering wheel is being turned or not.
That continually places a load on the engine,
affecting the vehicle’s fuel consumption

* By moving to an electric motor, the load on the
engine is reduced to only those occasions when
the steering wheel is being turned one way or the
other, therefore producing better fuel economy

» EPS also enables variable-assist power steering,
where the level of assistance is greater at lower
speed when it's needed most and reduced at
higher speeds

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Rotary Switch  yorque Sensor

Motor
Gearbox

.

ECU

Motor Demand

Torque at input
pinion is the sum
of motor output
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Electric Power Steering

System Benefits

« 200 V ultrafast FRED Pt® technology is optimized for
load switching, particularly for freewheeling and
snubber diodes where ESD and surge capability are _
needed. The devices offer high stability and T ]
robustness up to 175 °C, with a good trade-off . :.?ﬁ%m [ %S MCU o %E K

between soft recovery and Vg

- Vishay’s 120 V first-generation TMBS® devices deliver £ <
efficiency for high frequency rectificaton | &% nn

A a A
HIGH
— POWER
Angular position sensol LOADS
oin Feln T :
GATE DRIVING &
PROTECTION  F/VWDIODE

SIGNAL I'0
PROTECTION

\ 4
=
=
@
O
&
>
o
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Block Diagram

Gearbox clutch

F/W DIODE

!};; P
h]
P
o
[ ng
o
H

« Vishay’s eSMP® package platform is the vehicle for all D b volige eenect
__BLDC current sensor

these silicon technologies. Thanks to its internal
design, it improves thermal performance while its
smaller footprint reduces PCB space requirements
and enables higher integration
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Electric Power Steering

Function __|Description ____[image ___
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HF Rectification Sl LAV Ce
dual high voltage TMBS® rectifier SMPD .
— Block Diagram
- ®
_ Surface-mount PAR® TVS (SMC) > %
Surge Protection for stability in high temperature,
high reliability conditions =
? Y (DO-218) - B 1
2o T R
(SMF) e M T . D [%
‘ ' F/W DIODE
. 1Ato 16 A, 200 V (SimSMA) 53¢ - ——

Shvleleer biet FRED Pt® hyperfast rectifier < DY = c <t
SMPD T TR rei |l
N Ce |
(SIimDPAK) _D:chm T a—

L o
(SMF) sioaL o
_— 1Ato 16 A (SliMSMA)

AEITEEE) PIeee FRED Pt® hyperfast rectifier c

(SMPD) .

(SlimDPAK) Ce

Zener Diode 3.6 V10200 V with 2.5 % tolerance ~ °M") '

(microSMF) * °®
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Transmission ECU (TCU)
and Double Clutch (DCT)
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TCU and DCT

Main Features

« A TCU is a device that controls modern electronic
automatic transmissions. A TCU generally uses
sensors from the vehicle, as well as data provided by
the engine control unit (ECU), to calculate how and Transmission
when to change gears in the vehicle for optimum

performance, fuel economy, and shift quality ﬁ

« A DCT offers faster gear shift times and greater fuel
Clutch actuator

UosrjovyNa eyl

economy, improving efficiency compared to the other
transmission types

 The DCT operates via sophisticated controls. These
controls eliminate the need for the driver to manually
change gears and the entire process is automated. In
this respect, a DCT can be looked upon as being like
an automatic transmission. The main difference is that
the DCT operates the odd and even gear numbers
separately, which prevents the engine from being

disengaged from interrupted power flow when the Engine
gears are changed. The core difference between a Manages
DCT transmission and a traditional automatic Yo,. X ;
transmission is that the DCT transmission does not Additional programs @  Transmissionrpm

use a torque converter

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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TCU and DCT J
=
: >
System Benefits o
®
« 200 V ultrafast FRED Pt® technology is optimized for . 9—
load switching, particularly for freewheeling and Block Dlagram
snubber diodes where ESD and surge capability are
needed. The devices offer high stability and -
robustness up to 175 °C, with a good trade-off m_?: T %S Meu
between soft recovery and Vg e

« Vishay’s 120 V first-generation TMBS® devices 3= z ——
deliver efficiency for high frequency rectification

« Vishay’s eSMP® package platform is the vehicle for
all these silicon technologies. Thanks to its internal
design, it improves thermal performance while its
smaller footprint reduces PCB space requirements
and enables higher integration

GATE DRIVING &
PROTECTION ' /V/DIODE
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TCU and DCT
Function __|Description ______|image
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P 35A,120V ¢
el dual high voltage TMBS® rectifier (SMPD) \g
Surface-mount PAR® TVS v BIOCk D|a ram
Surge Protection  for stability in high temperature, (SMC) g
high reliability conditions (DO-218) ’
vy T ) - ]
s [ McU | < @
St Diedle 1Ato 16 A, 200 V (SlimSMA) L PROTECTION PROTECTION DclcPsy  PROTECTON
FRED Pt® hyperfast rectifier s . FRoTECToN
(SMPD) - - (——)
el : : <t -
(SimDPAK)  © WSS, AN, T“
%o s bk Y [
(SMF) 0 U | gt
. ’ [ Transmission position sensor | PROTECTION PV DIODE
Freewheeling 1Ato 16 A (Slimsma) ~ *
Diode FRED Pt® hyperfast rectifier c [lonaL o
(SMPD) g
C
(SlimDPAK) »
o
Zener Diode 3.6V t0 200 V with 2.5 % tolerance M)

2
(microSMF) —

Up to 3 A, 600 V standard recovery . s <
diode with ESD capability for rail to rail (Ges by
signal line and power line protection (SMA) X

Standard Recovery
Diode
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Body Electronics

Comfort, Door, and Window Controls
Infotainment, Navigation, and Audio

Interior LED Lighting

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

=
7]
%

YosrjovNa eyl «



. ot T T e e T ) .....;...{....’- ‘ " .. :
. . o ® . e o \ Q‘w ﬂ"
o o © ﬁ
e % e o o . .. 0. L ] 0‘ \

Comfort, Door,
and Window Controls
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Comfort, Door, and Window Controls

Main Features

» Door modules, in their simplest form, need to be able to
reliably control standard loads such as those presented
by door locking motors. In more complex door zone
systems, the chipset needs to not only control multiple
standard loads such as door lock motors, mirror
folders, and levelers, but also those for defrosters and
several lighting functions from LEDs to incandescent
bulbs. Solutions need to be both flexible and scalable
to satisfy the need for different door electronic variants,
from basic to premium

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Comfort, Door, and Window Controls

System Benefits

« 100 V ultrafast FRED Pt® technology is optimized for
load switching, particularly for freewheeling and
snubber diodes where ESD and surge capability are
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Block Diagram

needed. The devices offer high stability and

robustness up to 175 °C, with a good trade-off b D Z# T Z% =

between soft recovery and Vg i ) .,c,ssupsuT = "D j4 ]
« Vishay’'s 45V to 120 V first-generation TMBS® CATGOEMG,S  Fworooe

devices deliver efficiency for high frequency §8|<— z ——)

rectification AR, . ‘ s
«  Surface-mount PAR® TVS in miniaturized packages @ gLttt
« Vishay’s eSMP® package platform is the vehicle for . o

all these silicon technologies. Thanks to its internal
design, it improves thermal performance while its
smaller footprint reduces PCB space requirements
and enables higher integration
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Comfort, Door, and Window Controls

Function __|Description ______[image ____

Up to 35 A, 100 V to 120 V, (SMPD) ‘e

I Rl dual high voltage TMBS® rectifier
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Diode FRED Pt® hyperfast rectifier : e
(SMPD) e
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Zener Diode 3.6 V to 200 V with 2.5 % tolerance (L)

s
(MicroSMF) ~ ®

Up to 3 A, 600 V standard recovery ) -
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signal line and power line protection e
g p p (SMA) "
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Infotainment,
Navigation, and Audio
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Infotainment, Navigation, and Audio

Main Features

* The entire automotive industry is moving towards
developing innovative technologies to enable better
connectivity, improve vehicle safety, and enhance
the in-vehicle user experience. One of the key
technologies, which works as a focal point for
modern automotive systems — integrating their
functions for control and monitoring from one central
unit — is the in-vehicle infotainment system

<4991 40 YNA 8y L

» Applications for an in-vehicle infotainment system
include navigation, communication and connectivity,
remote services, and telematics services. In
developed markets people even use infotainment
systems for accessing social media and mails,
checking the availability of parking spots across the
city, and streaming high definition video and audio
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Infotainment, Navigation, and Audio

System Benefits

« Vishay’s 60 V first-generation TMBS® devices deliver
efficiency for high frequency rectification Block Dlag ram

« Surface-mount PAR® unidirectional TVS in
miniaturized packages '
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« Vishay’s eSMP® package platform is the vehicle for oy lmee T e MCU/bSP By | A
all these silicon technologies. Thanks to its internal g
design, it improves thermal performance while its FE<— z ——[]]
smaller footprint reduces PCB space requirements wsseny, s e

and enables higher integration e ST Zismm
LA;RGE;W USB 3.0 C> Pg‘kﬁ‘" P%‘(’;‘ pepersy Radio

AY

PROTECTION TRANSCIEVER EE interfaces
SIGNAL 110 Other Media
PROTECTION devices
Control buttons
EXTERNAL PERIPHERALS
Environment sensors
SIGNAL 1/0
PROTECTION
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Infotainment, Navigation, and Audio

Function __|Description _______[image ___

Upto 20 A, 100 V Ce

dual high voltage TMBS® rectifier .
SHED) Block Diagram
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HF Rectification

Surge Protection Surface-mount TRANSZORB® TVS (SMC) -
d l Z% T # MCU/DSP MEDIUM ClassD
POLARITY LOAD DUNP 1cy I E2NES Audio
(DO-21 8) PROTECTION PROTECTION DC/DEPSU  PROTECTION - | Amplifier
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To Bl
Snubber Diode ez A’ 100V . (SMF) GATE DRIVING &
FRED Pt® hyperfast rectifier ‘ PROTECTION TRANSCIEVER
' e Displ
it i ST b ]
***** ! Cameras
' Larce jw USE 3.0 TRROE eRGr,oooca
' PROTECTION TRANSCIEVER EE
(SMF) A
Zener Diode 3.6 V to 200 V with 2.5 % tolerance
, EXTERNAL PERIPHERALS
*
(MinOSM F) SIGNAL 110
PROTECTION

Up to 3 A, 600 V standard recovery : '
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signal line and power line protection ‘

(SMA)

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 42

Standard Recovery
Diode




o o..o: ..o'..).} . ) N -,urb
° .0. ... ... .O. .....:.o'::-. . '. o e
. ., . °" % . '.. \33"’. L ...WOC\ |
... O. .. .. .. .. .. [ ] ‘ MQ .' ..: ..... " oo.\ N .
. o« o * % o 4".@-..'- a\.\

Interior LED Lighting
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Interior LED Lighting

Main Features

 Dome modules, generally placed at the top of the car
roof, control dome and map lights as well as
convenience lighting designed to illuminate driver and
passenger compartments, including the trunk and
storage areas. They can also be used to control
windows and sunroofs, as well as emergency call

buttons
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* In designing a dome module, key challenges are high
efficiency and reliability, together with extensive
diagnostics for the variety of loads controlled — LED,
bulbs, and motors — as well as reduced real estate
and weight
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Interior LED Lighting

System Benefits

« Vishay’s 60 V to 100 V first-generation TMBS®
devices deliver efficiency for high frequency
rectification

 Surface-mount PAR® unidirectional TVS in
miniaturized packages

» Standard recovery diodes with ESD capability
for rail to rail signal line protection

« Vishay’s eSMP® package platform is the vehicle
for all these silicon technologies. Thanks to its
internal design, it improves thermal performance
while its smaller footprint reduces PCB space
requirements and enables higher integration

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Block Diagram
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PROTECTION TRANSCIEVER
Control buttons
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Interior LED Lighting
Function __|Descripton ________limage ___
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(SMF)
_ 60 V and 100 V e :
HF Rectcaton G g THESS recier (ricrosue Block Diagram
e ==
(SlimSMA) 5 M“T
se mpOH|Z|[T 1K | oo | =l JE
: Surface-mount PAR® TVS (S||mS|V|A) LOAD DUMP MCy $ r#
Surge Protection : . . PROTECTION PROTECTION DCIDGPSU  PROTECTION
with wide operating temperature range ’ ’ GATEDRVING & £y piopE
(SMB) — —
> ~I o
Snubber Diode 1 A to 2 A’ 100 V (SM F) LARGE BW CAN/LIN/SPI 1 LOADS ntemal lighting
FRED Pt® hyperfast rectifier E o PROTECTION TRANSCIEVER E%
(SlimSMA) S— SATEDRMNG & FwDIODE
_ontro uttons
- { -
*eo AT
Zener Diode 3.6 VV t0 200 V with 2.5 % tolerance ~ (SMF) . = @ o 11|
(MicroSMF) — o CPRoeCTION”  FWDIoDE
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Active Safety

Enhanced Electrical Braking (EEB)
Electronic Stability Program (ESP) And Vehicle Stability Control (VSC)
Electrical Parking Brake (EPB), Integrated Parking Brake (IPB)

Advanced Driver Assistance Systems (ADAS)
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Enhanced Electrical Braking (EEB)
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Enhanced Electrical Braking System

Main Features

» Designed to reduce the amount of pedal pressure needed
for braking, electric brake boosters, which use a sensor in
the brake pedal to read a driver's actions, are progressively
replacing mechanical vacuum brake booster systems
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* Increasingly used by car makers to enhance driver comfort
and passenger safety, these electric brake boosters use a
dedicated electronic system to process the signals from the
brake pedal and operate the master cylinder by means of a
brushless DC (BLDC) motor
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Enhanced Electrical Braking System

System Benefits

 Surface-mount PAR® unidirectional TVS in
miniaturized packages

« 100 V ultrafast FRED Pt® technology is optimized for
load switching and polarity protection. The devices
offer high stability and robustness up to 175 °C, with
a good trade-off between soft recovery and Vg

« Vishay’s eSMP® package platform is the vehicle for
all these silicon technologies. Thanks to its internal
design, it improves thermal performance while its
smaller footprint reduces PCB space requirements
and enables higher integration
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Enhanced Electrical Braking System

Function __|Description ______[image ___
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R 120V
HF Rectification dual high voltage TMBS® rectifier (SMPD) ;ﬁ,
Surge Protection  Surface-mount PAR® TVS with (SMC) Bl OCk Di ag ram

a wide operating temperature range

(DO-218) o
se WBH T

(SMF) LARITY  LOAD DUMP ECU MCU
PROTECTION PROTECTION  DC/DE PSU PROTECTION

Load Switch, 1Aupto 16 A, 100 V {p’
Polarity Protection FRED Pt® hyperfast rectifier (SIMDPAK) 53¢ S <::D

(c.‘ MEDIUM :
) I BLDC electrical
PL%\:\VSS _braking motors
(SMPD) Brake pedal =€ 3 X A
posmon sensor )
GATE DRIVING & £y DIODE
Motor current PROTECTION
' I feedback

(SMF)

Zener Diode 3.6 V to 200 V with 2.5 % tolerance PROTECTION
To
(MicroSMF)
1 A, 600 V standard recovery diode with
SEINCE [REBOE) ESD capability for rail-to-rail signal line 4

Diode and power line protection
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© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 51




Electronic Stability Program (ESP)
and Venhicle Stability Control (VSC)
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ESP AND VSC

Main Features

» 80 % of vehicle manufacturers in Europe use the acronym
ESP® for the Electronic Stability Program. Some
carmakers market the ESP® under different names, such
as DSC (dynamic stability control), VSA (vehicle stability
assist) or VSC (vehicle stability control). The functionality
and operation of the ESP®, as well as the gain it provides
in driving safety, is the same
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» ESP helps drivers avoid crashes by reducing the danger
of skidding or losing control as a result of over-steering.
ESP becomes active when a driver loses control of their
car. It uses computer-controlled technology to apply
individual brakes and help bring the car safely back on
track, without the danger of fish-tailing

* These systems are mandatory in order to achieve the
highest possible scores in the various “New Car
Assessment Programs (NCAP)” throughout the world, and
are even required by law in some countries
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ESP AND VSC

System Benefits

» Zener diodes with surge current specification and
ESD (> 8 kV HBM) in miniaturized packages.
Voltages range from 3.6 V to 200 V with 2 % Block Diag ram
tolerance

« 200 V ultrafast FRED Pt® technology is optimized for -
load switching and polarity protection. The devices m@ %S ‘ I %S MCU
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offer high stability and robustness up to 175 °C, with CARGRELE " rvorooe
a good trade-off between soft recovery and V¢ £3<43 ‘>] ][] ——
» Vishay’s eSMP® package platform is the vehicle for e 2 i ks
all these silicon technologies. Thanks to its internal IS Foese
design, it improves thermal performance while its (o el ]|y [
. . Braking fluid SIGNAL 110 4k & :‘; MY LOADS solenoid
smaller footprint reduces PCB space requirements —
PROTECTION ' /WDIODE

and enables higher integration
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ESP AND VSC
Function __|Description _____|image __
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Electrical Parking Brake (EPB)
and Integrated Parking Brake (IPB)
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EPB AND IPB

Main Features

» The electric park brake (EPB) functions as a
conventional hydraulic brake for standard service
brake applications, and as an electric brake for Control

comand
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parking and emergency braking Controller e G
« The EPB is a caliper with an additional motor /
(motor on caliper) that operates the parking brake. ES Brake

Brake Disk

The EPB system is electronically controlled and o o \

consists of the EPB switch, the EPB caliper, and
the electronic control unit (ECU) Force Sensor

* Main advantages:

« Significant weight savings compared to mechanical
parking brake systems to support enhanced fuel
economy and reduced emissions

* Vehicle coverage from small car to light truck segments

 Electronic control allows for integration with other
safety technologies

Parking
Cable Clearance

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 57




EPB and IPB

System Benefits

« Vishay’s 100 V first-generation TMBS® devices
deliver efficiency for high frequency rectification
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200 V ultrafast FRED Pt® technology is optimized Block Dlagram
for load switching and polarity protection. The
devices offer high stability and robustness up to ' w1
175 °C, with a good trade-off between soft recovery _[f': %S L EF Mev
and Vg
« Surface-mount PAR® unidirectional TVS in QR ¢ 3o z —— HEEEaE
miniaturized packages R A a) -
e Vi ’ ® : i [ Faringbuton ] CPRofecion MO
Vishay’s e§MP package .platform is the.ve_hlcle for @
all these silicon technologies. Thanks to its internal Welo e
design, it improves thermal performance while its PR

smaller footprint reduces PCB space requirements
and enables higher integration
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EPB AND IPB
Function __|Description _______[image ___
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Block Diagram
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Advanced Driver
Assistance Systems (ADAS)

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

=
@
%

YosrjovNa eyl «



ADAS

Main Features

» ADAS constantly monitor the vehicle’s surroundings,
alert the driver of hazardous road conditions, and take
corrective actions, such as slowing or stopping the
vehicle. These systems use inputs from multiple
sensors, such as cameras and radar. The fusion of
these inputs is processed, and the information is
delivered to the driver and other parts of the system.
The same sensor technologies can be used both in the
current ADAS and in the upcoming fully autonomous
driving systems (level 4 and 5)

« Camera-based technologies provide high reliability and
adaptability for a wide range of driver assistance
applications, such as lane keeping, pedestrian
detection, traffic sign recognition, rearview camera,
driver monitoring, and electronic mirrors

» Radar-based ADAS use two different carrier
frequencies, 24 GHz for narrow band and 77 GHz for
wide band applications, to support features such as
blind spot detection, automatic emergency braking, and
adaptive cruise control

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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ADAS

System Benefits

« Vishay’s 40 V to 100 V first-generation TMBS®
devices deliver efficiency for high frequency _
rectification and DC/DC conversion Block Dlag ram

« Surface-mount PAR® unidirectional TVS in

miniaturized packages = ]
T MCU/DSP PRROT PROT. ﬁ@ EXT. VIDEO PERIPHERAL Surround
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« Vishay’s eSMP® package platform is the vehicle o Lo e e
for all these silicon technologies. Thanks to its i
internal design, it improves thermal performance 3 Z —— ﬁ
while its smaller footprint reduces PCB space ROTRCTON  TRANCIER
requirements and enables higher integration % @ o)

Short Range
o | —
SIGNAL /0
PROTECTION SIGNAL O Other detection
PROTECTION devices

EXTERNAL PERIPHERALS
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ADAS
Function __|Description ______[image ___
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Up to 100 V

HF Rectification dual high voltage TMBS® rectifier

Block Diagram
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Surge Protection . )
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< PROTECTION Yy
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(MicroSMF)
1 A, 600 V standard recovery diode with
S@andard SEEEN ESD capability for rail-to-rail signal line 4
Diode : . '
and power line protection (MicroSMP)
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Passive Safety

Airbag Control System

Pedestrian Protection System
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Airbag Control System
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Airbag Control System

Main Features

» Airbags are a type of car safety restraint like
seatbelts. They are gas-inflated cushions built into
the steering wheel, dashboard, door, roof, or seat of
the car that use a crash sensor to trigger a rapid
expansion to protect occupants from the impact of
an accident

» Car airbags are designed to save lives during
collisions by cushioning the occupant as he / she
decelerates after impact

« An airbag is more formally known as a
supplementary restraint system (SRS), air cushion
restraint system (ACRS), or supplemental inflatable
restraint (SIR)
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Driver Seat Belt

Front Airbag Sensor
(GLEAR))
Pretensioner

Seat Belt Buckle Driver Airbag

Switch (for Driver)
Seat Position Sensor
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Sensors (4) Occupant

Classification
ECU

Front Passenger Airbag

Seat Belt
Buckle Switch
(for Front Passenger)
Combination Meter
SRS Warning Light
Front Passenger
Seat Belt Pretensioner

66




Airbag Control System

System Benefits

« Vishay’s 200 V second-generation TMBS® devices
deliver efficiency for high frequency rectification

« 200 V ultrafast FRED Pt® technology is optimized Block Dlagram
for load switching and polarity protection. The
devices offer high stability and robustness for surge m 4
currents up to 175 °C Kl QF %S

« Surface-mount PAR® unidirectional TVS in

miniaturized packages e z ——)
« Vishay’s eSMP® package platform is the vehicle for S

all these silicon technologies. Thanks to its internal w @
design, it improves thermal performance while its

smaller footprint reduces PCB space requirements
and enables higher integration
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Airbag Control System
T L N

. 200 V
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Surface-mount PAR® TVS with smc) B L g Block Di dagram

Surge Protection

a wide operating temperature range
(DO-218) Q -
m b 2; 1 %S MCU/DSP
(SMF) ' Pzg#éch‘l%N PROTECTION DCIBE PSU PROTECTION
Load Switch, 1Ato8A, 200V el T
. . . - =" S K] I K —,
Polarity Protection FRED Pt® hyperfast rectifier (SlimDPAK) <t
-t o
v
(SMPC) 4
L " 3
< RSHELAS
Zener Diode 3.6V to 200 V with 2 % tolerance (SMF) " anonc o
Teo
(MicroSMF)
1 A, 600 V standard recovery diode with
gggcejard REEDIIR ESD capability for rail to rail signal line 4
and power line protection (MicroSMP)
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Pedestrian Protection System

Main Features

» Pedestrians are particularly at risk in traffic. In
most accidents, the pedestrian collides with the
front of the vehicle. Legal requirements and
consumer protection tests for pedestrian
protection have become significantly stricter in
recent years. This presents challenges for
sensor equipment, which must reliably detect an
impact between the vehicle and a pedestrian

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Bumper sensors Energy absorbing space
detect pedestrian reduces head impact

/
/\

a Sensors send signal o Ten times faster than
which raises bonnet a blink of an eye
using pyrotechnics
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Pedestrian Protection System

System Benefits

« Vishay’s 200 V second-generation TMBS®
devices deliver efficiency for high frequency
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rectification Block Diagram
« 200 V ultrafast FRED Pt® technology is
optimized for load switching and polarity m wT"T
protection. The devices offer high stability and _[z: ig‘ Dc,ssu.,suT : %S MCU/DSP
robustness for surge currents up to 175 °C

Thanks to its internal design, it improves
thermal performance while its smaller footprint
reduces PCB space requirements and enables
higher integration

 Hybrid
spring/pyrotechnic
actuator

- Vishay's eSMP® package platform is the §3[< Z (——)
vehicle for all these silicon technologies. T TR TR
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Pedestrian Protection System
Function __|Descripon ________limage ____
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HE Rectification 60 Vto 100 V (SlimDPAK)
dual high voltage TMBS® rectifier , ' BI k D .
OC lagram
(SlimSMA) g
. Surface-mount PAR® TVS with (SMC) ’ m > 2; { | %S
LI Ao a wide operating temperature range , e L I 1 MCU/DSP
(DO-218)
R i
Load Switch, Upto 2 A, 200 V (SMF) RS Al
Polarity Protection FRED Pt® hyperfast rectifier ‘
» Ealkd
ontact bumper PoLARITY  ove MEDIUM LOAD spring/pyrotechnic
— # B [~
Zener Diode 3.6 V to 200 V with 2 % tolerance (SMF)
Teo
(MicroSMF)
1 A, 600 V standard recovery diode with ’
[S):zggard REEAE; ESD capability for rail to rail signal line '
and power line protection (MicroSMP)
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Exterior Lighting

LED Headlight Unit
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LED Headlight Unit

Main Features

» Automotive exterior lighting systems, including turn
signals, headlights, and taillights, are standard features
in any vehicle

 Exterior lighting, especially LED front lighting, is one of
the key differentiating factors for car makers in terms of
brand recognition. It also plays an important role in
safety (road illumination by automatically adjusting the
headlamp cone of light depending on speed, steering
angle, and vehicle tilt angle), reliability (extended
lifetime), energy efficiency (low power consumption),
and the so-called “user experience: UX"” (emotional
identification)

* As more and more dynamic and animated functions
have come to the front lighting system, the complexity
for supply, communication, sense, control, and actuation
has been continuously increasing. To keep this
complexity manageable in terms of space on the PCB,
but also in terms of power dissipated, the integration of
functions has become a key factor in design
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LED Headlight Unit Block Diagram

¥
System Benefits Clitolt DC/DC

MOS
« Vishay’s 60 V to 120 V first-generation TMBS® coﬁ?,‘;i:er § Boost

devices deliver efficiency for DC/DC conversion

i —re °

« Up to 200 V ultrafast FRED Pt® technology is # | 8
optimized for polarity protection. The devices offer
high stability and robustness for surge currents up to Vbat

175 °C 4112V - o
» Zener diodes with surge current specifications and A

43 breakdown voltage from 3.6 V to 200 V, with
tolerance of £ 2 % .
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« Vishay’s eSMP® package platform is the vehicle for
all these silicon technologies. Thanks to its internal
design, it improves thermal performance while its
smaller footprint reduces PCB space requirements
and enables higher integration

LED strin

UqQ

NTC he:
temps
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LED Headlight Unit Block Diagram :
-k 2
j >
Function __|Description ___[image [ pc/oC .
-t boost % 3
— converter 5 B00st =
HE Rectification 60V to 120V (SMPC) diode
dual high voltage TMBS® rectifier 4 %F |
—e
‘ -
(SMPA) ‘
. Surface-mount PAR® TVS with '
Sree FRiRelioT a wide operating temperature range . ' Vbat [']
—— - "- =
¥ o T ’—J“ immer
Upto2 A, 200 V (SMF) /A [ MOS
Polarity Protection P co%’Y . JE
FRED Pt® hyperfast rectifier ‘ & e T
(SlimSMA) [ h
PAVAS
s I
Zener diodes with surge current ' < =
Zener Diod specification and 43 breakdown (SMF)
enerLiode voltages from 3.6 V to 200 V, with + 2 % s Y
tolerance L
(MicroSMF) \ - - - N4
1 A, 600 V standard recovery diode with ’ LED string
[S)Eggard REEIE; ESD capability for rail to rail signal line g :
and power line protection (MicroSMP)
Jemp mcy P
NTC heatsink off
temp sensor
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48 V. Boardnet

Integrated Starter Generator (ISG)
DC/DC Converter, Bidirectional
HVAC (E-Compressor)

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

s
?
%

YosrjovNa eyl «




sy,
. o. '0.. 0.’:.0':3'"‘-‘_‘. . o '::::O;”
° '.. °. ... * ‘ .\ \'www. . . .:. ....\&\J
o ‘. ‘.. o. Q....\::{.\.\

Integrated Starter Generator
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Integrated Starter Generator

Main Features

» The ISG replaces the conventional starter motor
and the alternator (generator). In addition to its two
basic functions (starter and alternator), it provides
an auxiliary one as a convenient automatic vehicle
start-stop system for further improved fuel
efficiency. The electronic control system switches
off the ICE at zero load (such as when standing at a
traffic light) and automatically restarts it using the
ISG very rapidly when the gas pedal is pressed.
The IEC is accelerated to the required cranking
speed (idle speed) and only then the combustion
process for instant ignition is initiated

« During braking, the ISG can convert the vehicle’s
kinetic energy into electrical energy, and then feed
this power back into the electrical system. As it fully
supports the stop and start operation, electric drive-
off and acceleration, and recycling of braking
energy, the ISG helps to reduce both fuel
consumption and emissions
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Independent Starter and Generator
Alternator

Starter
Gear Box

Belt Driven ISG
on Alternator

Engine Clutch
Flywheel

Gear Box

Belt

Engine Clutch

Flywheel

Crankshaft ISG
Starter / Alternator

Gear Box

Engine Clutch
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Integrated Starter Generator

System Benefits

« 200 V ultrafast FRED Pt® technology is optimized for
load switching and polarity protection. The devices

offer high stability and robustness for surge currents
up to 175 °C

» Zener diodes with surge current specifications and
breakdown voltage from 3.6 V to 200 V, with
tolerance of £ 2 %

« Vishay’s eSMP® package platform is the vehicle for
all these silicon technologies. Thanks to its internal
design, it improves thermal performance while its
smaller footprint reduces PCB space requirements
and enables higher integration
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Block Diagram
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Integrated Starter Generator

Function __|Descripton ________limage ___
s 2P Y

(SMF) Block Diagram
Ce

=
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A8+ LVEA

Load Switch, 1Ato 16 A, 200 V (SlimDPAK)
Polarity Protection FRED Pt® hyperfast rectifier
e DHI x| .
L MCU | rocam.” [ seseaue
(SMPC) POLARITY LOAD DUMP ECU Mcu
PROTECTION PROTECTION DC/DC PSU PROTECTION )
: ; LOADS power stage
’ ﬂ@ ]<:Ij HHMJ&
(SMPD) GATE DRIVING & E/W DIODE ‘
LARGE BW CANJ/LIN/SPI PROTECTION Motor/
PROTECTION TRANSCIEVER Generator
. Surface-mount PAR® TVS with '
Surge Protection . : ' {7115 T
a wide operation temperature range Ki MEDIUN
(SlimSMA) e
i i ” PRSIy ChRGTRCTON" oo
Zener Diode 3.6 V to 200 V with 2 % tolerance ¥+ <
(SMF)

1 A, 600 V standard recovery diode with 4
ESD capability for rail to rail signal line '
and power line protection )

(MicroSMP)

Standard Recovery
Diode
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DC/DC Converter, Bidirectional
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DC/DC Converter

Main Features

« Automakers around the world have begun releasing
vehicles that include a new 48 V power subsystem, also
known as a board net

« While the introduction of 48 V subsystems does come with
an incremental increase in vehicle cost, their widespread
acceptance shows that automakers acknowledge them as
a means to achieve lower CO, emissions, while improving
fuel economy and providing vehicle drivability
enhancements
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« The 48 V system typically consists of several core
elements. There is a 48 V battery, a 48 V starter /
generator, and a 12V /48 V DC/DC Converter

« The 12V /48 V bidirectional DC/DC Converter is used to
link the existing 12 V board net to the new 48 V board net.
The converter typically supplies power up to 3.5 kW from
the 48 V system to the 12 V net to power the existing
vehicle electronics. In some situations, the 12 V board net
must supply the 48 V electronics through the 12V /48 V
DC/DC Converter as well, therefore requiring bidirectional
power transfer

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.




DC/DC Converter

System Benefits

« 200 V ultrafast FRED Pt® technology is optimized
for load switching and polarity protection. The
devices offer high stability and robustness for
surge currents up to 175 °C

- Vishay's 120 V to 200 V first- and second-
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Block Diagram

<:> E m G

generation TMBS® devices deliver efficiency for R %\ﬁm
DC/DC conversion

« Vishay’s eSMP® package platform is the vehicle _E':
for all these silicon technologies. Thanks to its £3|<— ﬂﬁ"ﬁ
internal design, it improves thermal performance T T L
while its smaller footprint reduces PCB space
requirements and enables higher integration m @ <:U
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DC/DC Converter

T e S
teo
(SMF) Ce Block Diagram

Load Switch, 1Ato 16 A, 200 V (SlimDPAK)

Polarity Protection FRED Pt® hyperfast rectifier 4
g

(S M PC) PROTECTION
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S =

LOAD DUMP
PROTECTION

g
[
| a : @
.
ﬁ I =
' 5 GATE DRIVING &
/, ATEDRIVING SYNC BUCK/BOOST ARRAY D I

POLARITY
PROTECTION

(SMPD)

q TMBS® technology up to L @ CAN/LIN/SPI -y ~[>
DC/DC Conversion 30 A 200 V in SMD device - C’ 3 533 < —— MCU EF %g ‘ i

I
[

- ® i Voltage sensors
Qs PEaiog Surface-mount PAR® TVS with ’ '
a wide operating temperature range

(SIimSMA)

Zener Diode 3.6 V/ to 200 V/ with 2 % tolerance ¥ -]
(SMF)

1 A, 600 V standard recovery diode with 4
[S)Eggard REEDIHR ESD capability for rail to rail signal line '
and power line protection (MicroSMP)
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HVAC (E-Compressor)
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HVAC (E-Compressor)

Main Features

« A/C in vehicles works in the same way as your fridge at
home. The heat from inside the car is pumped to the
front, where there is a radiator that sits in front of your
car's engine radiator. Once it passes through the radiator
at the front (called the condenser), the gas turns into a B el
liquid due to the high pressure and cooling. It then passes Gampressor
through what is known as a dryer, which is a device that
absorbs water, if there is any. It is then sprayed into Condenser
another radiator called the evaporator (via the expansion
valve), where it absorbs the heat and turns back into gas

 The A/C pump is driven by the engine via a belt. There is
a clutch on the pump pulley to reduce engine load when
not in use, and to ensure that the evaporator maintains a
steady temperature. The compressor clutch assembly has
been the primary control of A/C for the past 30+ years,
but in more recent vehicles it has been dispensed with, in
favor of either a bypass valve in the pump or an ECU
interactive expansion valve. Finally, in hybrid vehicles, the
pump is driven electrically, so the A/C can continue
operating even when the engine is not actually turning
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Car Air Conditioner System

Expansion Valve
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HVAC (E-Compressor)

System Benefits

« 200 V ultrafast FRED Pt® technology is optimized for
load switching and polarity protection. The devices
offer high stability and robustness for surge currents Block Diag ram
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up to 175 °C
. Standard recovery di V with high ESD [T
Sta d.a.d .eCO. e. y d.Ode up to 600 t . g . S m_u_ 2§ H %S Uciac:‘ilr:cst‘i)claggj)lg(?s
capability in miniaturized packages for rail to rail ] === 1 T || MU I X
protection UG rwoos
H ] = - CAN/LIN/SPI ay —D_ ]
- Vishay’s eSMP® package platform is the vehicle for 3| G [ —— 3
all these silicon technologies. Thanks to its internal RBRER AN % | —
ign, it i ile i HEGS  rooos
design, it |mpr.oves thermal performance whlle its et
smaller footprint reduces PCB space requirements = : 1L
, : : e LLLETY [meevmpaes
and enables higher integration T ——
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HVAC (E-Compressor)

Function  |Description  |image
(SMF)

Load Switch, 1Ato 16 A, 200V (SImDPAK) !
Polarity Protection FRED Pt® hyperfast rectifier

(SMPD) “"
Surface-mount PAR® TVS for

Surge Protection  stability in high temperature, ’
high reliability conditions (DO-218) ° /

Zener Diode 3.6 V to 200 V with 2 % tolerance ¥ <
(SMF)

1 A, 600 V standard recovery diode with
ESD capability for rail to rail signal line 4 '
and power line protection i

(MicroSMP)

Standard Recovery
Diode
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Block Diagram
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POLARITY LOAD DUMP
PROTECTION PROTECTION
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DC/DC PSU PROTECTION
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L 5 3<3
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MCU

'é'g&’;g;f Unidirectional gas
: LOADS valve solenoid
]

GATE DRIVING &
PROTECTION /W DIODE
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LARGE BW
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Control buttons
Temperature sensors

Motor current
feedback
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TRANSCIEVER
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T MEDIUM
N TEn Sl <
A
ZX * T Three-ways gas

—— 1

o Foln T el Air conditioning
MEDIUM/HIGH BLDC pump
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= BLDC fan motors
on B n Feln T
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Hybrid Electric Vehicle (HEV)

Electrical Motor Drives
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Electrical Motor Drives

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

sl

-4o91 JO YNd 3ayL <¥
<



§I
<

Electrical Motor Drives

Main Features

A hybrid electric vehicle is distinguished from a
standard ICE by four different parts: a) a device to store
a large amount of electrical energy; b) an electrical
machine to convert electrical power into mechanical
torque on the wheels; ¢) a modified ICE adapted to
hybrid electric use; d) a transmission system between
the two different propulsion techniques

* Electric motors used on hybrid vehicles include: DC
motors, induction motors (IM), permanent magnet
synchronous motors (PMSM), and switching reluctance
motors (SRM). The HEV can use the electrical machine
to behave as a generator and thereby produce
electrical energy, which can be stored and used later.
The ICE may be the same type as those on
conventional vehicles, but it must be designed and
optimized for hybrid vehicles. The transmission system
between the ICE and the electrical machine is typically
of a series or parallel architecture. For power
electronics, MOSFETs or IGBT transistors are used
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Electrical Motor Drives

System Benefits

« 600 V and 650 V ultrafast FRED Pt® technology is
optimized for load switching and freewheeling. The
devices offer high stability and robustness for surge Block Diag ram
currents up to 175 °C

UosrjovyNa eyl

» Zener diodes with surge current specifications and
breakdown voltage from 3.6 V to 200 V, with
tolerance of £ 2 %

« Surface-mount PAR® TVS offer stability in high
temperature (T, max. = 185 °C), high reliability
conditions

« Vishay’s eSMP® package platform is the vehicle for
all these silicon technologies. Thanks to its internal
design, it improves thermal performance while its
smaller footprint reduces PCB space requirements
and enables higher integration
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Electrical Motor Drives

Function __|Description _____[image ___
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(SMF) _
re¢ Block Diagram

1 Ato 30 A, 600V to 650 V (SlimDPAK) Fuel Tank
FRED Pt® hyperfast rectifier

Load Switching,
Freewheeling

Diode ~t Y
v
(SMPC) % ——
)\ - Clutch
P e o [T e @-@- f—d
(SMPD) R TRV rockEhoon —H 0 : ) Dl
_ Surface-mount PAR® TVS with - ' } :
. MCU : -(3 L
Sl DIl a wide operating temperature gange ’ w i z <::> D 4K G g s (e
(SlimSMA) TR Sqaes Bewne TS
INVERTER Motor
Zener Diode for ’ @,
Rail to Rail 3.6 V to 200 V with 2 % tolerance < m Eq C:D E)@ SR
Protection (S MF ) , PROTECTION ot "”'m""“ PROTECTION
Surge Protection Surface-mount TRANSZORB® TVS ’ ‘
(SMB)
Standard Recovery I1E SAI,DGOO Y, §Itlan;1ard rlecovglry 'dIOdlel'WIth 4
Diode capabl_ ity for rai Fo rail signal line '
and power line protection (MicroSMP)
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Full Electrical Vehicles (FEV)

Electrical Motor Drives
Battery Management and DC/DC Converter
On-Board Charger (OBC)
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INVERTER

(MAIN
AND AUX)

On-Board
Charger

Electrical Vehicle
Applications Overview

ON-BOARD
DC/DC
HV to LV
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Electrical Motor Drives
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Electrical Motor Drives

Main Features

« The main inverter controls the electric motor. This is a key
component in an electric car and determines its driving
behavior. Regardless of whether the motor is synchronous,
asynchronous, or brushless DC, the inverter always functions
in a similar way and is controlled by an integrated PCB, which TR Rt
should be designed to minimize switching losses and maximize & & G
thermal efficiency. Not only does the inverter drive the electric - |
motor, but it also captures the energy released via regenerative

braking and feeds it back to the battery. As a result, the range -IJP s 4? Onvboard,__| o
of the vehicle is directly related to the efficiency of the main :’} B T'
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inverter DG / DC converter

* In typical EV, auxiliary systems (PTC heaters, auxiliary drives,
etc.) are supplied via the high voltage battery. Notably, the
devices that were formerly belt-driven (such as the e-
compressor for HYAC systems, oil pumps, and cooling pumps)
have now been electrified and integrated into the power
system. These auxiliary inverters now deliver power on
demand, thereby increasing the vehicle’s energy efficiency
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Electrical Motor Drives

System Benefits

« 600 V and 650 V ultrafast FRED Pt® technology is
optimized for load switching and freewheeling for Block D|ag ram
IGBTs. The devices offer high stability and
softness and any temperature and minimize total
conduction losses. They are available as bare die

and in discrete packages T I
. .p g . . w—u'_ _UT_ | bC ] ISOLATED
» Zener diodes with surge current specifications and I :>_ pc | | CATECRIVERs
breakdown voltage from 3.6 V to 200 V, with PROARITY\ SOSRONMN  SNBOARD  roMimon
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tolerance of £ 2 %

« Surface-mount PAR® TVS offer stability in high
temperature (T, max. = 185 °C), high reliability 2 z @ McU '
conditions AAEERB SR, T

« Vishay’s eSMP® package platform is the vehicle I e
for all these silicon technologies. Thanks to its m : J ] |
internal design, it improves thermal performance T | -
while its smaller footprint reduces PCB space oA Lo, conti MGl o dEYT

requirements and enables higher integration
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Electrical Motor Drives

Function  |Descripion ~ |image
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Block Diagram

(SMF) {ﬂ
Load Switch, !
Freewheeling L e, RO 65(_)FV (SlimDPAK)
i FRED Pt® hyperfast rectifier |

4 _UT_JYT B ]
e Emmp - Z# T || || e
POLARITY LOAD DUMP ONBOARD MCU
,Q PROTECTION PROTECTION DC/DC PSU PROTECTION
(SMPD) <
Zener Diode for % —| >— MCU
Rail to Rail 3.6 V/ to 200 V/ with 2 % tolerance ¥+ o I 2 <:>

Protection (SMF)

LARGE BW CANI/LIN/SPI GATE DRIVING &
PROTECTION TRANSCIEVER PROTECTION

I
Surge Protection Surface-mount TRANSZORB® TVS ’ ”
P EY SENSORS

1 A, 600 V standard recovery diode with SIGNAL 110 codloNAL U
SN ROETE ESD capability for rail to rail signal line 4 ' FROTECTION RS FROTECTION

Diode : . n
and power line protection

(MicroSMP)
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Battery Management and
DC/DC Converter
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DC/DC Converter

Main Features

« DC/DC Converters convert high voltages to 48 V and
12V, and 48 V to 12 V in the various configurations of
EVs. The key design requirements for DC/DC
Converters are low losses, high efficiency, low volume,
and light weight. There are many architectures, each
requiring different kinds of semiconductor devices

» EVs use two different power systems: a high voltage
battery (200 Vpc to 450 V) for traction and a low
voltage (12 V) one for supplying all the electric
appliances in the vehicle. Traditionally, the low voltage .
battery was charged by the alternator, but in today's
vehicles it gets its power from the high voltage battery
pack. However, in specific electric car architectures,
this low voltage battery should be ready to help
recharge the high voltage battery pack in order to
provide energy for cranking the car

* This means that the on-board DC/DC Converter must
be bidirectional and very efficient, as well as highly
reliable in order to run the complex control algorithms
needed to ensure an energy-efficient solution
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DC/DC Converter

System Benefits

« 600 V and 650 V ultrafast FRED Pt® technology is
optimized for load switching. The devices offer high
stability and robustness for surge current up to
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Block Diagram

1 75 OC PRIMARY DC/DC I SECONDARY DC/DC
— ", | > w
¢ 500 mW Zener diodes in the low profile MicroSMF ii v igné - ﬂ
(DO-219AC) package provide voltage stabilization I ﬁ | ﬁ o
« Surface-mount PAR® TVS offer stability in high — Atlmoame Z# T %S
temperature (T, max. = 185 °C), high reliability > ﬁ Sl | ﬁ 5 QNSRS SRAREN
conditions GATEDRIVING & ) GATE DRIVING &
« Vishay’s 100 V second-generation TMBS® devices = < :
deliver efficiency for DC/DC conversion <L conBiMGling
+ Vishay’s eSMP® package platform is the vehicle for e {}
- . . ‘T’ | /?I-/i L _[>_ qW CAN/LIN/SPI
all these silicon technologies. Thanks to its internal ——— - /0
design, it improves thermal performance while its "CoNDITONNG CONDTIONNO cawtmse tancean |

smaller footprint reduces PCB space requirements
and enables higher integration
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DC/DC Converter

Function  |Descripon  |image |

(SMF)

(SimDPAK)

‘e

(SMPC)

<
(SMPD) .

Load Switching,
Freewheeling
Diode

1 Ato 30 A, 600V to 650 V
FRED Pt® hyperfast rectifier

500 mW Zener diodes in the low profile
MicroSMF (DO-219AC) package £ 3
provide voltage stabilization

Signal Conditioning

(MicroSMF)
Surface-mount PAR® TVS for
Surge Protection stability in high temperature, ,‘ '
high reliability conditions :
(SlimSMA)
. . 100 V to 600 V, 1 A rectifiers with high
Rail to Rail o o T LSS L L -
Protection Eiili)egt?gsblllty for rail to rail signal line ’
P (MicroSMP)
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On-Board Charger (OBC)
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On-Board Charger

Main Features

» At the heart of any EV or plug-in HEV vehicle lies
the high voltage (200 Vpc to 450 Vpc) battery and
its associated charging system. The On-Board
Charger (OBC) provides the means to recharge
the battery from the AC mains, either at home or
from outlets found in private or public charging
stations

* From a 3.6 kW single-phase to a 22 kW three-
phase high power converter, today's OBCs must
have the highest possible efficiency and reliability
to ensure rapid charging times as well as meet
limited space and weight requirements
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On-Board Charger

System Benefits

« 600 V and 1200 V ultrafast FRED Pt® technology is
optimized for load switching and high frequency
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rectification. The devices offer high stability and Block Diagram
robustness for surge current up to 175 °C i

* 500 mW Zener diodes in the low profile MicroSMF ‘4 [ H A ' BmERY
(DO-219AC) package provide voltage stabilization | _':>_ A gg |

« Surface-mount TRANSZORB® TVS used in sensitive o jl ﬂ: o, 47 i 5 :@;
electronics for protection against voltage transients U PR 288 [ Lo | 7|0 [T 4
induced by inductive load switching and lightning ”“°TE°"°"|? %28 _V i I NDITIONNG
on ICs, MOSFETSs, and signal lines - - —|§’- — | |

Z= 52X A e AN

« Vishay’s eSMP® package platform is the vehicle for K t 3 ghE D
“ E <

all these silicon technologies. Thanks to its internal MCU

design, it improves thermal performance while its OFFLINE ' s

smaller footprint reduces PCB space requirements A | > %S _—z 2
and enables higher integration V= proTEETON _canLse LaRoE Bw
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On-Board Charger

Function __|Description __image _
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PFC, HF Output Up to 30 A, 650 V to 1200 V

Rectification FRED Pt® hyperfast rectifier -
TO-220 .
S— Block Diagram
500 mW Zener diodes in the low profile , prc »
Signal Conditioning MicroSMF (DO-219AC) package ‘ I
provide voltage stabilization

(MicroSMF) B == I

=]

i

Surface-mount TRANSZORB® TVS, '

uni- and bidirectional

oy 0 1
z z3 GATE =
[ = o :‘%E = DRIXING ¥
GATE DRIVING i ZES GATE DRIVING P T
& PROTECTION t 7| 850 PROTECTION —[>— PROTECT | 1 SIGNAL
L wza - ONDITIONING
S« = & ISOLATION
AN
i
o, )

Surge Protection

N\

MCU ==

/N
- —‘
A
L= X

-
|

OFFLINE

- | || o
1E&Y " 0
Rail to Rail 100 V to 600 V, 1 A rectifiers with high 4 =1 o D %S
. ESD capability for rail-to-rail signal line PROTECTION ANSOLvERRoTEcToN |
Protection !
protection

(MicroSMP)
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