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Committed to excellence

Consult - Know-how. Built-in.

The technical competence from Rutronik

Worldwide and individual consulting on the spot:
by competent sales staff, application engineers and
product specialists.

Components - Variety. Built-in.

The product portfolio from Rutronik

Wide product range of semiconductors, passive and
electromechanical components, storage, displays & boards and
wireless technologies for optimum coverage of your needs.

Logistics - Reliability. Built-in.

The delivery service from Rutronik

Innovative and flexible solutions: from supply chain management
to individual logistics systems.

Quality - Security. Built-in.

Quality management without compromise

The integrated management system (IMS) encompasses
quality control, environmental protection and occupational
health and safety.

Passive Automotive
Components

RUTRONIK & Automotive

Rutronik is one of the leading distributors for passive
components in Europe, especially within the automotive
market. We offer a complete product range with various
technical and commercial solutions of major manufactur-
ers and the world market leaders for automotive com-
ponents.

All our suppliers have the relevant quality management
certificates TS16949, QS900 / ISO9001 and offer auto-
motive qualified passive components. The analysis report-
ing and standardized processes like PPAP, 8D-report,
EOL-management/PCN s, batch tracing are also available
upon request.

Introduction

Today’s automobiles include more electronic systems than
ever before. Innovations in safety and environmental sys-
tems, as well as driver expectations of greater comfort,
convenience and security are driving the trend towards
more sophisticated on-board electronic applications.

Many of these systems are critical to vehicle performance
and passenger safety. For this reason, the accurate require-
ments for the components have to be considered.

Market requests like:

“..for automotive or for automotive application...”,
“..Automotive suitable or capable..”,

“..in accordance to, or compliant with AEC-Q200...”

are very “elastic” terms and they absolutely do not guaran-
tee automotive specification.

Additionally, it is well known, that many commercial
types are used in automotive applications. What to do?
The main point is to define the exact request, not only for
which application but also the function.
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Applications, Functions

Information, comfort like:
Navigation, audio, infotainment,
power window, climatic control

Safety like:
ESC/EPS, ABS, Airbag, TPMS, HID,
distance control

Powertrain like:
Cruise and engine control, EPS/DSC, AT/CVT

Clamp 30 (directly battery-connected):
All functions where a failure / short circuit
stops the car

Recommended Parts

Mostly commercial parts used and still
allowed, but fast growing demand by
customers for automotive specification

Automotive specified parts required

Automotive specification strongly
recommended, sometimes required

Automotive specified parts required
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Replacement of Axial Aluminium Electrolytic Capacitors

Comparison of Radial and Axial Technology

Features Radial Axial
High Market Share
Second Source Availability
Size / Performance Ratio
Vibration Resistance
Productivity Performance
Design to cost

Individual Capacitor Spec.

Radial Type
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The drawing shows an example of space consumption when a single axial
capacitor is replaced by 3 radial capacitors

Axial Type

SMD Anti-Vibration Aluminium Electrolytic Capacitors

Benefits

= High vibration and mechanical stress create demands on
rugged and high reliable electronic components in auto-
motive applications.

= Wherever inductive loads in vehicles are operated, a suffici-

ent and stable power supply network is absolutely essential.

= With special created terminals, higher walls and thicker wires
the SMD Anti-Vibration Aluminium Electrolytic Capacitors
are more rugged than standard SMD Aluminium Electrolytic
Capacitors.

Anti-Vibration E-Caps Compared to Standard E-Caps

Features Anti-Vibration E-Cap Standard E-Cap
Accelaration 30G (294 m/s2) not specified
Frequency 5 to 2000Hz 10 to 55Hz
Amplitude peak to peak 5mm 1.5mm

Duration 16min / 1 cycle 1min / 1cycle

2 hrs each of 3 axis (x, y and z)

Features:

= Capacity: 4.7 to 8200 pF

= Voltage: 6.3 to 100V

= ESR: down to 0,03 Q

= Temp. range: -40 / -55°C to +105 / +125°C / +150°C

= Lifetime: 2000 to 10000 h

= Acceleration: 30 G (294 m/s2)

= Available for all case sizes > size code E (@8 mm)

= High reflow soldering up to 260 °C available

= Co-planarity improved: due to supportive terminals
the E-Cap is fixed on the PCB completely

Thicker wires Supportive terminals

= Co-planarity

Higher walls = Wide area
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Liquid Hybrid Electrolyte

(Polymer + Electrolyte)

Polymer Hybrid Capacitor Technology for 125°C

Advantages of Polymer Hybrid Technology
= Long lifetime at high temperatures

Comparison of related technologies, a Hybrid capacitor
achieves 4 times the current and 1/6 of the ESR of an
= Stable over time / temperature / frequency electrolytic capacitor

= High ripple current / low ESR
Type Polymer Hybrid Solid Polymer Wet Electrolytic
Capacitor Capacitor Capacitor

-55°C to +125°C -55°C to +125°C -40°C to +125°C

= Low leakage current
= THT and SMD solution available
= Possible to reduce part count on PCB

Temperature range

= Specifications based on customers’ require- Size (DAL 10x10.5 10x12 10x10.5
ments are possible Rated Voltage 35V 35V 35V

= SMD Anti-Vibration solution for Capacitance 270uF 564F 220uF

sizes > size code E (@8 mm) available Leakage Current 94.5pA (0.01CV) 392uA (0.2CV) 77.0pA (0.01CV)
(WV 2min)
Applications Ripple Current (100kHz) 2000mA 2000mA 550mA
O T @il 0 Cerre o « Lighting ESR(100kHz, 20°C) 20mQ 31mQ 120mQ
o Pump control control = EPS Lifetime (125°C) 4000 Hrs 3000 Hrs 3000 Hrs

High Temperature THT Aluminium Electrolytic Capacitors

For various applications in the automotive industry electrolytic capacitors with THT mounting are still preferred (e.g. EPS,

HV compressor). They can offer high voltage, high capacity and high ripple current while achieving a long lifetime and offering
a good cost / performance ratio. Together with our manufacturers we would like to help you to choose the right capacitor for
your design.

Below are some examples of typical applications and fitting THT capacitor types:

Type Voltage Temperature Lifetime Applications

Low ESR 6.3-100V 105 °C 4000 - 10000 Hrs Infotainment, DC/DC, body control

High temperature 10-400V up to 130 °C 1000 - 4000 Hrs Drive control, EPS, body control, EV application
High temperature 25-70V 135t0 150 °C 2000 - 3000 Hrs EPS, EV applications

High voltage / high temp 250-275V 125t0 135 °C 3000 Hrs Drive control, E-compressor

Anti-vibration design 6.3-400V up to 150 °C up to 7000 Hrs Gear box control, EPS, drive control
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Future demands in the automotive sector make innovative = Low fuel consumption = High efficiency General Key Features Combination with Batteries in Hybrid and Electric Cars
power supply technologies a market of the future. In times of = Low CO2 emission = Long life-time of battery = Clean energy-source Recuperation of braking energy/power boost
scarce resources, increasing oil prices and growing awareness = High dynamic = High reliability of on = Fast charge-/discharge cycles (only a few seconds) = Supercap unit stores energy generated by braking
of the damage caused by CO? emissions, a raft of new require- = Low weight battery board electronics = High charge-/discharge currents (up to hundreds of A) and releases it within a short-time for acceleration
ments is developing: = Long life-time (up to over 1 billion cycles) Peak-load levelling
= Wide operating temperature range = Supercap unit supports battery by covering power-peaks
= No replacement necessary — maintenance free = smaller size
Positive results can be achieved by the use of Double-Layer Capacitors, also known as supercaps, in combination with conventional = Series- and parallel-connection possible = lower weight
batteries. Supercapacitors — or supercaps - fill the energy density gap between conventional capacitors and batteries. Due to their = Typical voltage range 2.1 V-3.0V per single cell Local power supply
extremely high power density, supercaps are ideal for handling short power peaks. = Supercap unit supplies local electric systems which need
peak power within a short time
Boardnet stabilisation
= Safety back-up for security relevant on-board electronic system
Comparison of different Energy Storage Technologies Ultracapacitors provide Peak Power ...
Type Batteries EDLC Conv.
Capacitors
ﬁ il ‘: "; - Available Power E water pump Integrated Starter Generator (ISG) Electric powerpoint
i E fan
. E air conditioning
Time of charge 1to5h 0.3to0 30s 10-3t0 10-6 Required Power Ultracapacitor Peak Power
Time of discharge 0.3to 3h 0.3to0 30s 10-3t0 10-6s Electro-mechanical 4 wheel steering
valve actuation
Spec. energy [Wh/kg] 20 to > 100 <10 <0.1
Lifetime [cycles] 1000 up to 1 Millon up to 1 Millon o AU R LSS
Spec. power W/kel <1000 > 10000 > 100000 Flectric brakes
Efficiency 0.7 t0 0.85 0.9t0 0.98 > 0.95 Ultracapacitor Backup Power

Available Power

Rutronik partner: Nesscap (others on request)

Required Power Door close/lock

Electric turbo/ Electric steering Electric roll stabilization Electric active suspension
E-supercharger




Examples for several Automotive Applications

Cam angle
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Ceramic Capacitors

Choose the right MLCC. Comparison of different versions.

Figure

Type version

Generally

Bending strength
Temp.-Cycles
Thermal shock

Visual check

Other differences see detailed specifications supplier

Ceramic

Voltage
Capacitance

Note

Standard

Commercial Parts

Standard Specs and
qualifications

1mm (some 2mm)
5 cycles
no

by sample plan

NPO (COG), X5R/

X7R/X8R, Y5V

4.0V ... 5kV
0.47pF ... 220pF

AEC-Q200

Automotive
qualified

Increased sample plans
with more and higher
criteria

NPO 3mm, X7R 2mm
1000 cycles
yes

100%

Wiper
Washer

+150°C - specified

High Temperature

Standard Specs and

qualifications, but speci-

fied up to +150°C

1 mm (some 2mm)
5 cycles
no

by sample plan

Meter, Alarm

Electric

power mirror

Door lock  Power window

Elouey Electric

Air conditioner

N
~

power mirror

__Sunroof

Power window

Door lock
Flexiterm/ OpenMode /
Soft Termination FR-Design

Other names are e.g.
Soft, Polymer,
Flexible Termination,
Softelectrode,
FlexiCap

Standard Specs and
qualifications, but:
- bending strength
> 3mm
- tendency to
open beyond

X7R > 3mm
3000 cycles (AVX)

no

by sample plan

Standard Specs and
qualifications, but
construction avoids a
short circuit caused by
typical bending cracks

1mm
5 cycles

no

by sample plan

by supplier, e.g. vibration, ESD, high temperature exposure (storage), moisture resistance, etc.

NPO (COG), X7R,

X8R (L)
6.3V ... 3kV
0.47pF ... 47 yF

Many items also
available as

Soft Termination /
Open Mode / +150°C

AEC-Q200 is an international standard with enhanced stress test qualification.

X8G, X8R, X8L

10V ... 100V
100pF ... 10pF

Also available as
AEC-Q200 or/and
Soft Termination

X7R
10V... 3kV
200pF ... 22F

Also available as
+150°C or/
and AEC-Q200

X7R, X8R, X5R

16V ... 630V
220pF ... 22pF

Also available as
AEC-Q200

Rear wiper

Auto slide door

Combined Design

Flexiterm/ Softterminati-
on with Cascade-Design

(Floating-, Serial- Elec-
trode) or Open Mode
Design

AEC-Q200- Spec.
Highest protection
against short circuit

X7R > 3mm

3000 cycles (AVX)
yes

100%

X7R

16V-100V
1.0nF ... 1.0pF

AEC-Q200- Spec.
Highest protection
against short circuit
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High Temperature. 150 °C.

MLCC specified up to 150°C

Their electrostatic capacity temperature response is stable at 15% even in high temperature

ranges (up to 150 °C). Provides high-precision performance because their electrostatic capacity
temperature response is +7.5 % in semi-high temperature ranges (up to 125 °C). Mostly used in

automotive applications in the engine bay.

Available from AVX, Murata, TDK, Vishay.
AVX also as Flexiterm® (with Soft Termination), Vishay with derating for usage up to 175°C.

MLC Radial Automotive & 150°C - new leaded types

Based on strong increase of sensors, both in automotive applications and for mounting on lead-
frames instead of pcb’s, leaded multilayer capacitors (MLC) become more and more interesting.

To fulfil automotive and high temperature requirements these MLC have been created with

AEC-Q200 qualification and additionally with some values specified up to 150 °C. One of the
best-known functions are the suppression capacitors for Hall Sensors.

Besides AVX and Murata, Vishay also launched a new programm of leaded
automotive Ceramic Capacitors. Vishay not only offers radial but also axial
types up to 150 °C, with derating for usage up to 160°C and even up to 175°C.

Ceramic
TC / Temp.

Tolerance
Voltage
Capacitance-Range radial

Capacitance-Range axial

Available from AVX, Murata, TDK, Vishay.

NPO

+30ppm/°C
55 to +125°C

5%/ £10%
50V - 200V

1.0pF-10nF
100pF - 10nF

X7R

+15%
55 to +125°C

+10% / +20%
50V - 3kv
330pF - 4.7pF
330pF - 1yF

X8L

+15-40%
55 to +150°C

+10% / 20%
50V - 100V
1.0nF - 10pF

Temperature [°C]

7

X8R

*15%
55 to +150°C

+10% / +20%

25V-50V

LnF /10nF /100n - 330nF
470pF - 330nF



Ceramic Capacitors

MLCC crackand short circuit protection. Higher reliability with our manufacturer's solutions

Soft Termination + Standard Design

]

In addition to the standard chip design

with its high volumetric efficiency

a conductive epoxy coat between first
termination layer and the NiSn plating is
used. Through this flexible epoxy coat
the MLCC withstands much higher
bending stresses. Beyond this in case of
too high mechanical stress instead of the
chip the layer tends to brake.

Supplier Overview

Flexiterm / Soft- /
Polymer- / Termination

Supplier

Open Mode Design

AVX
Murata
Samsung
TDK
Vishay

M available
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Combined Designs
Flexiterm / Soft Termination with

Soft Termination + Open Mode Design

Combines the feature of flexible
conductive epoxy coat with an
OpenMode/FR Design.

But: this construction results in lower
cap.-values in comparison to standard
chip design.

Additional assurance to avoid a short
circuit in the impropable case of

a typical bending crack.

AEC-Q200

Cascade Design

Soft Termination + Float Mode Design

Combines the feature of a flexible

conductive epoxy coat with an internal
serial construction of two caps.
Maximum capacity is about a third com-
pared to a standard design based both on
series connection and the gap between
the two active areas. Double insurance: in
the improbable case of a crack almost no
short circuit is possible!

High Reliabilty

A

Soft Termination + Float Mode
Design

Soft Termination + Open Mode Design

Soft Termination + Standard Design

- s
‘ Open Mode Design

Standard Design

General Reliability

Y T T

Car battery
clamp 30

\
Capacitance
requirement

Clamp 30 solutions

More than 95% of defect components sent back to the supplier for analysis are damaged mechanically by bending stress. Based on this fact
the typical recommendation of automotive customers for connections directly across the battery is to use two parts connected in series
and mounted in a 90° angle to each other on the PCB.

The problem is that this solution assumes that board bending happens only in rectangular directions and always effects just one of the
two components. But what happens at diagonal stress-directions on the pcb? Based on our experience and according to supplier infor-
mation both of these automotive MLCC crack with this solution in the majority of cases. To date parts with features like Flexiterm-/
Soft-/Polymer-termination don't show bending cracks. This results in better reliability and higher security by using only one part with
such a special feature than with two parts connected in series orientated at 90°. Additionally the suppression performance of two serial
connected parts decreases and the total capacitance is only half of one part.

The highest level of security can be reached by using an automotive MLCC with a combined design, i.e. a Flexiterm / Soft-/ Polymer-
termination together with Open Mode or cascade design.

Security

AEC-Q200
2 parts in series with Standard Design

AEC-Q200
1 part with Flexiterm / Soft Termination

AEC-Q200

1 part with Combined Design Solutions

11



DC-Link Capacitor

A —_— —— —_— —— 12V Network
Battery or DC-Link DC Link
Fuel Cell Capacitor Capacitor

L

Inverter Q Inverter

Motor

Film Capacitors

DC-Link Capacitors in EV/HEV Applications

The DC-Link capacitors prevent ripple currents from reaching back to the power source and serve to smooth out DC-bus
voltage variations. That means the capacitor acts as a ,,buffer between the power source and the inverter and in more complex
systems also between different inverters. EV/HEV platforms require higher and higher operating temperatures, switching frequencies
and RMS current handling. Therefore, film capacitors become more and more interesting. The generally higher performance com-
pared to electrolytic capacitors (i.e. Urated >500 Vdc, almost unlimited life time, peak voltage, better energy density, lower ESR and
ripple) tends to use film capacitors in automotive applications.

Special Features of DC-Link Capacitors DC-Link Capacitors

= Self-healing properties

Capacitance range 0.47 yF to 4920 uF
= High capacitance densitiy Rated DC voltage 400Vde to 3900Vdc
= Very low dissipation factor (ESR and ESL) Capacitance tolerance 5%, 10%, 20%
= Very high insulation resistance Operating temperature range 55°C to +85°C / 105°C

= High ripple current Dielectric
= High contact reliability
= Suitable for high frequency applications Mounting

Polypropylene, Polyester
Component shape rectangular or cylindrical case, modules

2-leads, 4-leads, screw connectors, customized

Available from AVX, Panasonic, Vishay, Wima.

= Long life time expectancy

-
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Capacitors connected in parallel with the mains

50-60 Hz C

I
° T

High Reliabilty X2 RFI Capacitors

Against Corona Effect

Corona Effect

Time and time again, after a relatively short life span of 1 to 2
years, increased capacitance decrease is recorded in modern X2
capacitors caused by the so-called corona effect.

The capacitance decrease is caused by ionization, which means
that the air enclosed in the winding element becomes ionized and
consequently more conductive.

This allows partial discharges on the metallized surface of

the film, which in turn results in local vaporization of the
metallization. If this process is repeated significantly, the result
is a measurable loss of capacitance.

The use of capacitors parallel to the mains results in a reduction
in the component's ability to suppress interference. When they
are used in series, the result is usually complete failure of the
application.

This effect is influenced by factors including:

= the climatic ambient conditions such as humidity
and temperature

= the status of the power supply (spikes)

= the voltage
= the construction of the capacitor
= the effective operating time

Capacitors connected in series with the mains

R

e H

50-60 Hz

The Solution

In order to preclude the Corona Effect our suppliers offer a wide
range of suitable products. These special parts have a different
capacitor construction. One example: two capacitors sections are
internally connected in series.

The voltage on the capacitor is divided by two.

> Ionization is not possible.

Furthermore, a combination of several methods is used to
counteract the Corona Effect, for example:

= Resilient foil

= Resilient cases

= Aluminum metallization

Different potting compounds

Metallized paper

These products are suitable for applications where a high

capacitance stability over time is required.

= Energy meters

= Control boards for white goods and home appliances e.g. timer
applications

= Relays and switching gears for industrial applications

= Applications where the capacitor is used to store energy or to
divide the main voltage

Available manufacturers

Panasonic, Vishay, Wima
(AEC-Q200 available on request)

13



Tantalum & Conductive Polymer Tantalum Capacitor Solutions

Example for Several Automotive Applications

Higher Reliability with our Manufacturer‘s Solutions
For high reliability and optimal performances in automotive appli-

cations tantalum capacitors have to achieve special requirements:

= High continuous operating temperature

= High basic reliability

= More robust against more severe working conditions

= High endurance

Type

Tantalum capacitors
SMD

Applications

Capacitance
ESR values

Tolerance

Rated voltage

Operating temp.

Reliability

Benefits

All series of our manufacturer meet the requirements of AEC-Q200. (an international standard with enhanced stress test qualifications)

High Performance

Safety & security, body electronic applications, comfort & conveni-

ence, drive train

High Reliability

e.g. CAN/LIN vehicle
networking, tire pressure
monitoring system, brake
& steering control, airbag
system, engine control unit

0.1-680pF

10%, 20%

4-50 Vdc
for continuous operation at
+85 °C

-55 to + 85 °C (to
+ 125 °C with voltage
derating)

0.5 % per 1000 hours at
85 °C, Vr with 0.1 QANr

series impedance, 60 %

confidence level

= Moisture penetration
barrier

= Thicker dielectric layer &
modified manganising
process

= 6 case sizes with
dimensions identical
to standard SMD
capacitors

= Low ESR parts released

High Temperature

e.g. HID headlamps, air
conditioning, brake & steering
control, engine control unit, fan
controller unit

0.1 - 220yF

10%, 20%

6.3-50 Vdc
for continuous operation at
+85 °C

Up to 200 °C

0.5 % per 1000 hours

at 85°C, Vr with 0.1 Q/Vr series

impedance, 60 % confidence
level,
3.5 fits at 40 °C, 0.5 Vr

= High temperature
operation and higher basic
reliability
for optimal performance
= 5 case sizes with dimensions
identical
to standard SMD capacitors
= Low ESR parts released

= Exterior systems
= Powertrain

= EC glasses

= Electronics

= Mirrors

Standard Automotive

= Vehicle assembly
= All-wheel drive
= Interior systems

= Metal forming

Body electronic applications, comfort & convenience, drive train

Standard

e.g. wiper systems, tire pressure
monitoring system, audio & video
systems, air conditioning, power

module,GPS, Dashboard, seat
control

0.22 - 680pF

10%, 20%

6.3 - 50 Vdc
for continous operation at +
85°C

-55 to +85 °C (to
+125 °C with voltage
derating)

1 % per 1000 hours at
85 °C, Vr with 0.1 Q/Vr
series impedance, 60 %
confidence level

= High temperature

operation and higher basic reli-

ability for
optimal performance

= 5 case sizes with dimensi-
ons identical to standard SMD
capacitors

= 3x Reflow 260°C
compatible

We can also offer AEC-Q200 qualified Niobium Capacitors. For more details, please do not hesitate to contact us.
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Low ESR

e.g. DC/DC converters,
battery management
systemes, power supply

0.22 - 680 pF

ESR readings measured
at 100 kHz, +25 °C from
100 mQ to 7000 mQ

10%, 20%

6.3 to 50 Vdc

for continuous operation
at

+85°C

-55 to + 85 °C (to
+125 °C with voltage
derating)

1 % per 1000 hours at
85 °C, Vr with 0.1 Q/Nr
series impedance, 60 %
confidence level

= 5 case sizes with dimen-

sions identical to stan-

dard SMD capacitors
= Excellent line and field

performance

Conductive
Polymer Tantalum
Capacitors

Body electronic applications,
drive train,
comfort & convenience

High Reliability

Dashboard systems, car
alarm, LED driver, rain
sensor, engine control unit,
parking assistant, keyless
system

10680

ESR readings measured
at 100 kHz, +25 °C from
23 mQ to 2200 mQ

20%

1.8-8 Vdc for
continous operation
at +85 °C

(0.66DC to 105 °C /
0.5DC to 125 °C)

-55to +105 °C

0.2 % per 1000 hours
at 85 °C, Vr, 0.1 Q/NVr
series impedance, 60%
confidence level

= Surge resistant

= Benign failure mode under
recommended conditions

= Roadmaps to 150 °C,
63V and Lower ESR

Engine control unit Infotainment

Dashboard systems Keyless entry

LED Lighting Air conditioning

Car applications requirements

2. Harsh electrical
requirements

1. Harsh environment
conditions
= Wide temperature range = Voltage & current spikes

= High humidity, dust = High electrostatic voltage

4. Production certified to
TS16949 and ISO 9001

3. Increasingly strict
requirements
= 10 years guarantee
= 150,000 miles
= < 10 ppm failures
= Lead-free

5. All capacitors certified
to AECQ-200

Tyre pressure

L Parking assistant
monitoring system




Examples for Several Automotive Applications

LED lamp

Electric Engine ECU
power i
steering Airbag system
C 00(1 P 1& :
; L2 =l Fuel |
Engine ®m | / = (| Tank |

il e

Variable dumper

ESP

ABS control unit Electric brake system

HEV/FCV
Battery management/
current sensing

Thin Film Resistors

Braking and safety systems, engine management, gearbox control
and power supply are systems which depend on a high degree of
reliability and long-term stability of all components.

Thin Film Resistors are precise, reliable, temperature-

resistant and unsusceptible to moisture. These characteris-
tics make them ideal for recording, evaluating and processing
measured variables that are hardly distorted by the resistance.

Rutronik cooperates with innovative manufacturers of Thin Film
Resistors.

Drift [%]

3.500

3.000
2.500 1 Thick Film 0.063 W @ 125°C

2,000 ,/
1,500 ]

/ Thin Film 0.125 W@155°C

1.000
. Thin Film 0.100 W@125°C
0.500 // i
Thin Film 0.032 H
0.000 2000 4000 6000 8000 10 000

Operation Time [h]

Resistance drift — Thin Film compared to Thick Film
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Power window

Door lock Keyless entry

Wiper Meter, Alarm
Washer

Electric

. Rear wiper
power mirror P

T Seat memory system
el Electric

power mirror Stire pressure control

Power window

Air conditioner Door lock

Benefits

High heat resistance

= Operating temperature range up to 155°C
Typical drift below 0.05 % after 1000h

= Rated ambient temperature +85°C with rated power
Pulse stability

High reliability

= Moisture resistance

= Low drift at 85°C, 85 % relative humidity 1000 h
High precision

= Resistance tolerance down to £ 0.05%

= T.C.R. down to +5ppm/K

High stability

= Resistance change max. + 0.1 %

1. Ceramic Substrate

4. Laser Trimming

2. Ceramic Substrate
3. Resistive Layer

5. Lacquer
6. Electroplated Termination

Construction

Current Sensing Resistors

Use of a Shunt Resistor for Battery Management

Features & Benefits
= Resistance range from 0.2mQ to 1 Q)

= Exact measurement with low tolerances

= Wide temperature range from -65°C to +275°C

= Power rating up to 9 watt, depending on version

= Practically unaffected by temperature fluctuations

= SMD component, but also available to customer requirements
= Low thermal EMF

= Excellent frequency behaviour

Customer demands for comfort, convenience and safety in the automotive sector will continue to grow in the coming years. Imple-

menting developments to meet these demands require a dependable vehicle electrical system that reliably delivers the power needed by

each load at all times. The only way of achieving this is with comprehensive vehicle energy management.

The shunt resistor is always used when a particular application needs exact current measurements. With its high accuracy in recording

and processing measured data, combined with the reliability and durability, the precision resistor is ideal for use in the vehicle

This high degree of electronic equipment requires a dependable
power supply with high energy efficiency and durability.

This will be achieved by a comprehensive battery management
system (BMS). The BMS is monitoring the state of the battery as
represented by various items, such as:

Voltage: total voltage or voltages of individual cells

Temperature: average temperature, coolant intake temperature,
coolant output temperature, or temperatures of individual cells
State of charge (SOC) / depth of discharge (DOD): to indicate the
charge level of the battery

State of health (SOH): a variously-defined measurement of the
overall condition of the battery

Current: current in or out of the battery

The BMS is monitoring the state of the battery, calculating secon-
dary data, reporting that data, protecting the battery, controlling
its environment, and / or balancing it.
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Automotive NTC Thermistors

In the automotive industry the importance of engine management, safety, fuel economy and control of exhaust emissions is growing

rapidly. For optimal control of the various engine parameters, more precise knowledge of the various states is necessary. Nowadays

sensors detect temperature changes more quickly, whereas they are exposed to higher temperatures. Rutronik’s focus in the auto-

motive industry are (assembled) thermistor cables, which allow the engineer to bridge longer distances from the PCB to measured

locations underhood. Here, a precise SMD or THT NTC is coated with epoxy, metal pipe or screw connection and assembled with

cables. The length of the cables is up to engineer demands.

Requirements for the automotive market

= Short reaction time

= Small sizes

= Special coating
(protecting against electrical,
mechanical, climatic impacts)

= Climatic category IEC 60068-1

= High accuracy over a wide
temperature range

= High stability over a long life

= Exceptional thermal shock
withstanding performance

= High voltage sector
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Typical automotive applications
= Inside temperature

= Qutside temperature
= Air condition

= Air intake

= Cooling water

= Motor oil

= Transmission oil

= Brake fluid

= Water heater

= Battery management

Smart battery pack for hybrid car

Structure Construction

Ceramic

Leakage Paths

Turn on time comparison:
MLV vs TVS diodes

Peak

wos |
Solder Layer Current 9% | | TVS Djodes
—_— | I ] y ¥ turn on time
4 4 4 4 4 30ns
I T A A O
Nickel L
e ILeyisr \ MLV calculated
- Leakage Paths \ turn on|time
Thick Film Material
60ns
Electrodes L
1ns 30ns  60ns

Multilayer Varistors (MLVs)

Time (ns)

MLVs have long time been an ideal solution for low power circuit and sensor applications due to their inherent low current leaka-

ge characteristics, which can be as low as a few nanoamps. MLV off-state capacitance is also a compelling advantage to designers since

it provides a broad range of EMI filtering. Automobile designers are some of the most stringent in the world. Recently two technology

developments have broadened the MLV family of products:

= The operating temperature range of MLV has beed expanded to a range of -55°C to +150°C.

= The capacitance of an MLV has been reduced to <1 pE This results in MLV's with self-resonant frequencies in the 9000 MHz range.

Expanding the range of available capacitance down to <1 pF and upwards to 16 nF is of particular interest to the automobile community.

Advantages of MLV technology
Electrical
= EMI filter response
= Highly rugged on extreme thermal cycles and repetitive pulses
= Reliable ESD protection acc. to ISO 10605 and IEC 61000-4-2
Level 4 up to 25kV for high-speed data buses
= Bidirectional clamping
= Fast response time: < 0.5ns due to small case inductance
= Repetitive strike capability
= Operating voltage varies from 3.3V up to 385V
= Energy absorbency depends on MLV size,
typical values between 50m]J (only ESD protection)
up to 50] (inductive voltage peaks)
= Custom-designed MLV for CAN-Bus, LIN, Flexray,
USB and other applications

+100/-150V
87V Spikes
Load dump

24V Jump
start
6V Crank / Nominal
1 © oV
Reverse
battery

Physical

= SMD sizes from 0402 to 2220

= Single MLV takes place of back-to-back diode plus an EMC
capacitor thereby saving up to 90 % of the board space that
zener & capacitor solutions demand

= Lead free (RoHS compliant)

Termination

= Ni-barrier termination with tin alloy plated finish for lead-free
soldering acc. to IEC 60068-2-59 and acc. to JEDEC J-STD 020C

= Operating temperature up to +125°C for lead-free soldering or
+150°C for hybrid mounting

Dangers in automotive applications
= ESD spikes

= EMI

= Load dump

= Inductive switching

= Jump start
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Noise Level
[dBup/m] A

60

J CISPR25 Class3 |
50 ' I I !

e Noise J' CISPR25 Class5 i
radiates strong

30

20

10

10 100 1000

Common mode chokes effectively reduce noise levels Frequency [MHZ]

Chokes, Inductors, Filters & Ferrites

Power Transmission, Signal Transmission, Filtering, EMI and Noise Reduction Solutions

Noise Reduction Solutions

Insertion 0
Loss (dB) 10 Noise Reﬂjfing Noise
Our continuous improved product range of magnetic products are not only compatible with today’s systems — we offer designers the 20 — Sz s
flexibility to incorporate the technology of tomorrow and support you to bring cutting-edge systems to market first. el %
40

Rutronik offers considerable advantages by means of a well- We can offer you optimised products. In some cases the devices % . - . - 2 Resistor Ezi'i?fo
balanced supplier mix. Therefore we are able to cover the broad are specified for operating temperatures up to 150 °C and ensure Frequency [Mtiz] GND
product range for almost all automotive applications with com- a great reliability. This matches equivalent industry standard
petitive price levels. Our long-standing strong partnership has devices to deliver a high reliability, high performance second Benefits Ferrite Bead 3-terminal Filter
formed the basis for a high availability of parts, technical support source for developers of automotive subsystems such as safety = Low signal distortion = 20dB suppression = High performance
and procurement of samples. All parts are RoHS compliant and equipment, lighting, security systems and telematics. = High noise suppression = Easy to use = 60dB suppression
comply with the AEC-Q200 for automotive suppliers. = High frequency = Low price = LC/RC-combinations
RUTRONIK offers dedicated know-how from specially trained = Flexible usage = Large selection
Rutronik has extended its range of magnetic components toge- FAEs and Product Marketing Managers along with state-of-the- = Good mechanical strength
ther with our strong manufacturer partners over the last years. art product portfolios from leading suppliers around the globe.
Can-Bus Chokes
RUTRONIK has extended its range of common mode filters for automotive networking applications by introducing filters from our wide
Our Focus AUTOMOTIVE Products Our Focus AUTOMOTIVE Applications portfolio of manufactures. The chokes achieve a common-mode impedance up to high frequencies and inductive-coupling coefficient.
= Filter for CAN and FlexRay networks for Automotive = Safety These devices maximize signal integrity as well as noise immunity and ensure a great reliability. This is achieved through advanced
Applications = Body electronics adhesives, internal constructions and technologies.
= Metal Composite Power Inductor for Automotive = Drive train
Applications = Comfort & Convenience o dietonee contro —
= Ethernet Magnetics and Common Mode Chokes for = eMobility . L EBEHE Rear wiper
Examples for Several Automotive Applications [P TG

Automotive Applications Sunroof

= Ferrite beads for Automotive Applications

Electric Automatic transmission

power

steering

Auto cruise
L Impedance IN R U Operating Dimensions Part No. l
Temp. Range = =
[uH] [at 10MHz] [mA] [mQ] v [°C] [mm] g L (0 &
)

11 5000 250 0 50 -40to +125 4.5x3.2x2.8 ACT45B-110-2P \ ! =
22 10000 200 1 50 -40 to +150 4.5x3.2x2.8 ACTA45B-220-2P T S~ \ Ao <lide door
51 10000 200 1 50 -40 to +150 4.5x3.2x2.9 ACT45B-510-2P Ql Blower | flecic Airbag
100 20000 100 3 50 40 to +150 4.5:3.2x2.8 ACT45B-101-2P powermiror | T N
100 50000 200 2 50 -40 to +125 4.5x3.2x2.9 DLW43SH101XK2 Airconditoner Doar lock/ ©\“ \‘;‘ﬁ )
51 20000 230 1 50 40t0 +125 4.5x3.2x2.9 DLWA43SH510XK2 ABS control unit e Q@ =y \)/)\\j
100 30000 170 2 50 -40to +125 4.5x3.2x2.9 DLWA43SH101XP2
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Timing Devices in Automotive Applications

Timing Devices such as quartz crystals, oscillators, real-time-clock modules and resonators provide accurate clock frequency

for all automotive key applications. To produce reliable components the factories are certified according to ISO9001 TS16949

ISO 14001. Automotive parts have to fulfil AEC-Q200 standard. For safety applications special materials are used to guarantee

the operation in harsh environment. PPAP documents of submission level 1 to 5 can be provided on request.

Key Features

= Accuracy over a wide temperature range

= Robust designs for reliable products

= Special packages with special terminals to avoid cracks
= Seam-sealed ceramics with grounded lid, EMI solutions
= High reliable glass sealed 2 pad crystals

Navigation

Body, Engine control

22

Device connectivity

\]

Display

]

Benefits
= Board evaluation with manufacturer, to
= Shorten development time
= Ensure enough safety oscillation margin
= Achieve specified tolerance by frequency matching

Information, Multimedia TPMS

Roof system

Parking sensor

Telematics

Camera

Access control

Comfort

Robust Package Portfolio

Crystals TCXO

= Body electric control

= ABS, airbag, engine
control

= Display control

= GPS navigation
= Telematics

32.768 kHz Tuning Fork Products

Applications

= Remote keyless entry

= Infotainment & telematics

= Advanced driver assistance system
= Connected car

Real Time Clock Modules

Applications

= Battery control
= Board diagnostic
= Car audio

= GPS

SPX0

= Information system
= Camera

Real Time Clock

Ceramic Resonator SAW Resonator/Filter

= Instrument = ABS, airbag = RKE
cluster/clock = Window, = TPMS
= Car navigation wiper control

MHz Crystals

Applications

= Advanced driving assistance system
= ECU

= High-speed automotive network

= TPMS

Oscillators

Applications

= Navigation

= Front / Rear camera
= Multi media interface
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Purpose

Crystal offers more precise tolerances (20ppm to 250ppm) but for many applications a resonator is the right choice, because it is cheaper

than a quartz crystal.

Initial frequency Temperature characteristics Frequence aging
tolerance (-40°C to +125°C)

Conventional

products +3000

Total frequency
tolerance: +13000

v

Tight tolerance

products

Unit: ppm

Total frequency

tolerance: +2700 Tolerance evaluation of resonators in the last few years ACOUStIC Components In Automotlve Vehlcles

= Instrument cluster = ETC (Electronic Toll Collection) = Burglar alarm
= Seat belt warning sound = Confirmation sound of operation = Car siren
= Head light reminder sound = Car audio/navigation = RKE Transmitter
R t = Key reminder sound = Confirmation sound of button / an operation = Answer back
esonators = Flat tyre warning sound = TPMS (for after market)
= Reverse warning sound = Confirmation sound of tyre pressure warning
Purpose Benefits = Turn signal operation sound
Circuit stability Save time and effort Known performance S ———— E———
To evaluate the combination of IC and Customers can save engineering time and Customers know the performance Diaphragm
ceramic resonator to seek optimum cir- effort in evaluating oscillation circuits in and frequency correlation. If required, W
cuit conditions, preventing oscillation terms of preventing oscillation failures. resonator frequency can be adjusted to
failure such as stop oscillation and the IC/PCB based on customers frequency .' '_; __I U
irregular oscillation. Guaranteed oscillation tolerance requirement. TRETH
Guaranteed resonator oscillation with 4kHz SMD Type 2.4kHz SMD Type High Sound Pressure Level Type 2kHz Small Type Automatic Insertion 4 kHz
q 3 Small Type
Frequency matching optimum resonator part number and Series PN Size Frequency
) S i range PKLCS1212E40ALR1 PKLCS1212E24A0R1 PKM22EPPH4007-80 PKM17EPP-2002-B0 PKM13EPYH4000-A0 7BB-20-6
To measure the frequency correlation circuit conditions. PKM22EPPH2001-B0
. PBRV-HR 7.4x3.4x2.0mm  2to 20 MHz
between your PCB and standard test Assumption: No changes have been made
. L ) PBRV-MR 45x2.0x1.2mm 4 to 20 MHz
circuit. This is important for tight to the IC and/or PCB.
o PRQV 321.3x1.0mm  8to 20 MHz
tolerance (0.1 % and +0.2 % initial
tolerance) resonators. Piezo Sounder for Turn Signal
Piezoelectric sounders can create the tick-tack sound of a turn signal as shown in the following example:
Automotive Graded Resonators Key Specifications
5 " = Save Space and components: Application circuit for turn signal sound Yeeo
AEC-Q200 test item Test Condition Judgement
3.2x1.3 mm —1
High temperature exposure 125°C, 1000h Acceptable o . i p
. . ' L000evel R = Built in capacitor = Eﬂ =
emperature cycling cycles cceptable -
, , = Shorter start-up time Ly Sounder
Moisture resistance MIL-STD-202 Method 106 Acceptable . . e
- — = Contribute to cost reduction c o—- g
Biased humidity 85°C/85% RH, 6V, 1000h Acceptable X . .
= Less influenced by foreign particles
Mechanical shock 100G, 6ms, 6 sides Acceptable .
= Tight frequency tolerance +0.25% i
Thermal shock 300cycles Acceptable .
= High temperature -40 + 150°C
ESD Level depends on the series Acceptable ‘ ex. 1.9kHz-4pulse ‘ ‘ ex. 2.1kHz‘4puIse‘ ex. 1.9kHz-4pulse
Test condition depends on the series
Board Flex 2mm Acceptable HH_H_‘

‘ about 0.5 s

—

Criteria: Oscillating frequency: +/-0.15 % max. Resonant impendance: Meet initial spec.
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Five good reasons for
choosing Rutronik24

Order online and receive personalised on-site
support. We offer Catalog, Procurement,
Mass Quotation and Product Change Notifications.
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1 Personal support
= You got it.

With Rutronik24 we have created a modular platform
that significantly simplifies your business processes.
The advantages of rapid online orders are combined
with a personal advisory service, tailored to your
needs. This has not replaced our personal service;
on the contrary: We are adding to it.

Catalog

All roads
= lead to us.

Are you looking for a particular electronic component?
Our Rutronik24 catalog will guide you reliably to the
right choice: Our Product Groups Search will enable
you to find the product you are looking for in a maxi-
mum of three steps. The product groups are divided
into semiconductors, passive and electromechanical
components, storage technologies, displays & boards
as well as wireless technologies. Using the full-text and
part number search, you can select results after enter-
ing parts of the product or manufacturer's name.

Procurement
Everything
= at a glance.

The Rutronik24 “Procurement” module provides you
with a complete overview of your orders, item lists,
stocks, contracts and delivery times. You can conve-
niently download all the lists in Excel format and import
them into your inventory control system, for example.
Take the opportunity to save time.

Mass quotation

4 Everything in just

= a few seconds.

Rutronik24 offers you the opportunity to access all the
information about our products very quickly. We have
developed the “Mass quotation” tool for the fast and
simple evaluation of your individual material. Upload
your comprehensive item lists to our system in one
file and this will then be returned to you, complete with
current prices and additional information, just a few
moments later.

numnnm@

Advantages

for Developers

Search and filter according to a maximum of
12 technical parameters

Full text and part number search
Data sheets, product links, application manuals

Alternative replacement items suggested, e.g.
with discontinued components

for Buyers

= Quotation request or direct ordering with the delivery
and payment conditions agreed with Rutronik

= Position your complete component list in the mass
quotation tool and receive a complete offer

= Direct contact with your Rutronik contact person —
worldwide

Visit us at
www.rutronik24.com

PCN
5 Everything from

= a single source.

Be fully informed of changes. Our Rutronik24 “PCN”
module keeps you up-to-date with current product
changes from our manufacturers. Not only do you have
access to an extensive PCN database, but the product
changes are also linked directly to the respective pro-
duct. This gives you the opportunity to react in good
time to the changes.
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Committed to excellence

B® Germany - Headquarters
Rutronik Elektronische Bauelemente GmbH | Industriestrafie 2 | 75228 Ispringen/Pforzheim
Tel. +49 7231 801-0 | Fax +49 7231 82282 | E-Mail: rutronik@rutronik.com | www.rutronik.com

Berlin
Justus-von-Liebig-Strafie 7
12489 Berlin

Tel. +49 30 80927 16-0

Dresden

Radeburger Strafle 172
01109 Dresden

Tel. +49 351 205330-0

Erfurt
Flughafenstrafle 4
99092 Erfurt

Tel. +49 361 22836-30

European branches:

= Austria

Rutronik Elektronische
Bauelemente Ges. m. b. H.
Durisolstrafle 11

4600 Wels

Tel. +43 7242 44901

Il Belgium

Rutronik Belgium BVBA
Keppekouter 1
Ninovesteenweg 198

9320 Erembodegem-Aalst
Tel. +32 53 606590

= Bulgaria

Rutronik Elektronische
Bauelemente GmbH

Blvd. Nikola Vaptzarov 35
Business Center Lozenec
Floor 1, Office N 1B

1407 Sofia

Tel. +35 92 974 86 46

Bl Czech Republic
Rutronik Elektronische
Bauelemente CZ s.r.o.

Brno

Prazakova 1008/69, 15. floor
63900 Brno

Tel. +420 5 45424-681

Prague

Na Pankraci 1638/43
140 00 Praha 4

Tel. +420 2 33343120

Denmark
Rutronik Elektronische
Bauelemente GmbH
Herstedostervej 27-29
2620 Albertslund

Tel. +45 7020 1963

B8 Estonia

Rutronik Elektronische
Bauelemente GmbH
Vaksali 17A

50410 Tartu

Tel. +372 7370951

HH Finland

Rutronik Elektronische
Bauelemente GmbH
Malminkaari 5

00700 Helsinki

Tel. +358 932912200

Frankfurt

Frankfurter Strafle 151 ¢
63303 Dreieich

Tel. +49 6103 27003-0

Freiburg

Basler Landstrafie 8
79111 Freiburg

Tel. +49 761 611677-0

Hamburg

Neue Groningerstrafle 10
20457 Hamburg

Tel. +49 40 35960 06-20

W France

Rutronik S.A.S

6, Mail de I’Europe
78170 La Celle St Cloud
Tel. +33 130083300
rutronik_sas@rutronik.com
Bordeaux

Tel. +33 557264000
Grenoble

Tel. +33 476610090
Le Mans

Tel. +332 43781697
Lyon

Tel. +33 472768000
Poitiers

Tel. +33 549528888
Rennes

Tel. +33 2 23451440
Strasbourg

Tel. +33 3 88781212

= Hungary

Rutronik Magyarorszag Kft.
Aliz utca 1

1117 Budapest

Tel. +36 1 37106 66

LN 1taly

Rutronik Italia S.r.1.

21, Via Caldera

Centro Direzionale S.Siro
20153 Milano (MI)

Tel. +39 02 40951-1
italia_ MI@rutronik.com

Ancona
Tel. +39 0712916218

Bologna
Tel. +39 051 6463200

Florence
Tel. +39 055 8827332

Padua
Tel. +39 049 8697800

Rome
Tel. +39 06 228 782-1

Turin
Tel. +39 011 9022000

&= Lithuania
Rutronik Elektronische
Bauelemente GmbH
Raudondvario pl.76
47182 Kaunas

Tel. +370 37 2617 80

Hannover
Rendsburger Strafle 32
30659 Hannover

Tel. +49 511 228507-0

Mannheim
Amselstraie 33

68307 Mannheim

Tel. +49 621 762126-0

Miinchen

Landsberger Strafie 392
81241 Miinchen

Tel. +49 89 889991-0

== Netherlands
Rutronik Elektronische
Bauelemente GmbH
Papland 4a

4206 CL Gorinchem
Tel. +31 183 6460-50

Norway

Rutronik Elektronische
Bauelemente GmbH
Olav Helsets vei 6

0694 Oslo

Tel. +47 22767920

bl Poland

Rutronik Polska Sp. z o.0.
ul. Bojkowska 37

44-101 Gliwice

Tel. +48 324612000

Gdynia

ul. Batorego 28-32
81-366 Gdynia

Tel. +48 58 78320-20

Warsaw

ul. Broniewskiego 3
01-785 Warszawa
Tel. +48 22 462 70-50

El Portugal

Rutronik Elektronische
Bauelemente GmbH

Av. General Humberto Delgado
Porta 8, 1°Andar, Sala R
4760-012 V. N. Famalicido

Tel. +351 252 312-336

W Romania

Rutronik Elektronische
Bauelemente GmbH

Martin Luther Str. no. 2, 3rd floor
300054 Timisoara

Tel. +40 25 64 01 240

Bucuresti
Tel. +40 314 253839

= Russia

Rutronik
Beteiligungsgesellschaft mbH
Levoberejnaya sreet 12

Hotel Soyuz, office 314
125445 Moscow

Tel. +7(499) 963 31 84

Serbia

Rutronik Elektronische
Bauelemente GmbH
Maglajska 24a

11000 Belgrade

Tel. +381 (11) 3113366

ELECTRONICS WORLDWIDE

Niirnberg
Siidwestpark 10/12
90449 Niirnberg

Tel. +49 911 6 8868-0

Ostwestfalen
Brockweg 133

33332 Giitersloh

Tel. +49 5241 23271-0

Ratingen

Gothaer Strafle 2
40880 Ratingen

Tel. +49 2102 9900-0

eal Slovakia

Rutronik Elektronische
Bauelemente GmbH, o.z.
Lazovna 11

97401 Banské Bystrica
Tel. +421 48 47223-00

sl Slovenia

Rutronik Elektronische
Bauelemente GmbH
Motnica 5, 1236 Trzin
Tel. +386 1 5610980

= Spain

Rutronik Espaiia S.L.

Barcelona

C/ Marqués de Sentmenat 54 - 58,
3a Planta - 1o, 08029 Barcelona
Tel. +34 93 4442412

Madrid

C/ Santa Leonor 65,

Parque Empresarial Avalon,
Edificio A, 4° Planta, 28037 Madrid
Tel. +34 91 3005528

San Sebastian

Pe Ubarburu, 71 - 1°E

20115 Astigarraga/Guipuzcoa
Tel. +34 943 404528

E=l Sweden

Rutronik Nordic AB
Kista Science Tower
Fdrogatan 33; 16451 Kista
Tel. +46 8 50554900

Switzerland
Rutronik Elektronische
Bauelemente AG

Volketswil
Brunnenstrasse 1
8604 Volketswil

Tel. +41 44 9473737

Yverdon-les-Bains

Rue Galilée 15,

1400 Yverdon-les-Bains
Tel. +41 24 4239140

[ Turkey

Barbaros Mahallesi, Ardic Sokak,
Varyap Meridian G2 Blok, No.: 09
34746 Bati Atasehir, Istanbul

Tel. +49 7231 801-1751
rutronik_tr@rutronik.com

L1 United Kingdom & Ireland
Rutronik UK Ltd.

1-3 The Courtyard, Calvin Street
The Valley, Bolton

BL1 8PB, Lancashire, UK

Tel. +44 1204 363311

% RUSOL

RUSOL GmbH & Co. KG
Industriestrale 2

75228 Ispringen

Tel. +49 (0) 7231 801-2910
rusol@rusol.com
www.rusol.com

International branches:

B usa

Rutronik Inc.

3 Summit Park Drive, Suite 535
Cleveland, Ohio 44131
Tel.: +1 216 328 8900

0 Mexico
Rutronik Mexico S.A. DE C.V.

Av. Armando Birlaing Shaffler

No. 2001 Piso 8 A-II

Corp. Central Park Torre 1, Centro Sur
76090 QUERETARO, Qro.

Tel. +52 442 103 1800

Bl China
Rutronik Electronics (Shenzhen)
Co., Ltd

Shenzhen

Room 807, Excellence Bldg.,
No. 98, Fuhua 1 Road
Futian Distr., Shenzhen
Tel. +86 755 8240 7106

Shanghai

Room 1710, Dongchen Tower
No. 60, Mudan Road

Pudong New Distr., Shanghai
Tel. +86 216 8869 910

Chengdu

Room no. 407, 4F

No. 31 Zong Fu Street
610016 Chengdu

Tel. +86 28 8651 2214

EA Hong Kong
Rutronik Electronics Asia HK Ltd.

Hong Kong

54/F, Hopewell Centre

183 Queens Road East, Wan Chai
Hong Kong

Tel. +852 5337 0119

Bl Taiwan
Rutronik Electronics Asia HK Ltd.

Taipei (Taiwan representative office)
8F, No. 367, Fuxing N. Rd.,
Songshan Dist, Taipei City,

10543 Taiwan

Tel. +886 (2) 2175 2936

== Thailand
Rutronik Elektronische
Bauelemente GmbH

2/1 Soi Rom Klao 25/2

Rom Klao Road, Khlongsamprawet
Ladkrabang, 10520 Bangkok

Tel. +66 2 737 6423

s subject to change without notice.

Please note, there could be some limitations for some franchised product lines in several countries. For more information, please contact our sales team.




