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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.

Electric Double Layer Capacitors (EDLC)

Benefits of a strong partner

We are the only top broadliner in Europe who generates one
third of its turnover from passive components. Furthermore,
we buy more passive components in Europe than any other
distributor.

Our focus is to provide a comprehensive product portfolio
combined with high quality and technical standards.

Electric Double Layer Capacitors —

the intelligent, cost saving and green solution

The EDLC technology was developed a long time ago but
is still nearly unknown. There are daily new applications
arising for those products based on new requirements
from the market.

They offer the highest energy density of all capacitors and
close the gap between common capacitors and batteries.
Especially for safety relevant applications or in harsh environ-
ments, this technology could be a clever and a cheaper solution
over a couple of operation years compared to batteries.

On the other hand there are a lot of applications where
batteries and EDLCs work together very well.

We offer you:

= European franchises with major manufacturers and
world market leaders for electronic components, we can
also offer Electric Double Layer Capacitors like Maxwell,
Panasonic, Nesscap and AVX

= High reliability due to multiple suppliers for the same
products

= Competent products, consulting and technical support
based on exceptional expertise from product specialists
with great market experience

Our key customer list includes leading companies in the
following sectors:

Industrial, Automotive, Consumer, Telecommunications,
Information, Communication and Medical
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The Electric Double Layer Capacitors (EDLC)

Electric Double Layer Capacitors (EDLC) also known as
Ultracapacitors, Goldcaps or Supercapacitors are proven
rechargeable alternative energy storage devices. The EDLC
Technology is not a new one and was developed in the
middle of the last century, but now the technology becomes
more and more important and the number of different
applications are uncountable. The Electric Double Layer
Capacitors are mainly used in tandem with a battery but in
some cases the real option is to replace the battery.

The EDLCs are an ideal source of back-up and peak-power.

The charge in an Ultracapacitor is stored electrostatically
by separating positive and negative charges. This means
they do not use a chemical reaction to store energy.
That’s the reason why an Electric Double Layer Capacitor
can be charged and discharged up to 1,000,000 times and
much faster than a battery.

Basically, there are two different types of constructions:

On the one hand the stacked and on the other hand the wound
construction forms. The construction of the wound types

is similar to the construction of ordinary radial electrolytic
capacitors. Available with a maximum cell voltage between
2.1V and 3V, capacities of up to 3400F can be reached with
these cells. The stacked types called “Coin”, however, generally
offer a capacitor voltage of 5.5V (integrating cells in row).
Available with capacities of up to 1.5F, these cells are used
especially in RT'C (Real Time Clock) applications.
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The key point of this technology is the special electrode
with its surface coated with activated carbon. The porous
structure of this coating expands the surface significantly

and allows a capacity up to thousands of Farad.

The Electric Double Layer Capacitor does not have a
typical dielectric rather it uses the electrolyte solution as
a function of the dielectric.

Comparison to Batteries

Type

Time of charge

Time of discharge
Spec. energy [Wh/kgl
Lifetime [cycles]
Spec. power [W/kg]
Efficiency

Batteries

1to5h
0.3to 3h
20 to > 100

1000

<1000
0.7 t0 0.85

Benefits

= Fast charge-/discharge cycles (only a few seconds)

= High charge-/discharge currents (up to hundreds of A)

= Long lifetime (up to over one million cycles)

= Very long operating lifetime (up to 10 years and even more)
= No memory effect

= Reliable operation in harsh environments

= Wide operating temperature range (-40 °C up to +85 °C)
= Virtually maintenance free

= Higher energy vs. electrolytic

= Higher power vs. batteries

= Series- and parallel-connection possible

EDLC Conv. Capacitors

=2 | @ z
i
0.3to0 30s 103 to 10%s
0.3t0 30s 102 to 10%s
<10 <0.1
up to 1 Mio. > 500000
> 10000 > 100000
0.9 t0 0.98 >0.95



Typical Shapes

Flat packs SMD Coin Radial / lead Snap-in Screw Module
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Capacitance  0.0068F- 0.1F  0.033F-0.47F  0.022F - 1.5F 3F - 100F 100F - 400F 650F — 3400F variable
Tempera- -20/-25 - -10-25 - -25/-40 - -25/-40 - -25/-40 - -25/-40 - -40 - 60/65°C
ture 70/75°C 60/70°C 70/85°C 60/65/70°C  60/65/70°C 60/65°C
Operating mA /A pA pA / mA mA /A A A A
currents

Discharging behaviour compared with a battery and ESR-Drop

VA

EDLC
VO

Battery AV (total) =1+ ESR + | - At/C

AV (Q)=1-At/C

Cut of Voltage
A B ST ——

v

The ESR-Drop (AIR) shown in red at the figure on

the left is caused by and is directly proportional to the
capacitor 's ESR. Especially in cases of high discharge
currents the voltage drop can be a matter which
should be calculated. The continous voltage drop with
time (AVC), is a function of the available charge.
Related to the continous voltage drop the cut off
voltage of customers application has to be considered

to make sure to reach the required back-up time.

Lifetime advantage over batteries

Due to the liquid electrolyte inside of the
Electric Double Layer Capacitor they have
a life behaviour similar to conventional
Electrolytic Capacitors. Over many years
the Electric Double Layer Capacitor will
dry out. Despite of this fact, the EDLC

offers a much higher lifetime than batteries.

Electric Double Layer Capacitor life is
predominantly affected by a combination
of perating voltage and operating tempe-
rature.

A decrease of the ambient temperature
by 10°C will increase the lifetime of the
Double Layer Capacitor by a factor of two
similar to the Electrolytic Capacitors.
This allows the application to reach a life-

time up to 10 years and even more.

The basic End-Of-Life failure mode for

an EDLC is a decrease in capacitance
and/or an increase in ESR. It has to be
considered that each manufacturer has his
own End-Of-Life-Criteria. The life specified
by industry standards is a 20% decrease

in capacitance and/or 100% increase in

resistance.

Product
Lifetime

Voltag®

Q
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Applications

= Solar battery operated circuits:
Toys, Lamps, Parking Lot, etc.

= Electric vehicles:
Forklift Trucks, Golf Cart, etc.

= Battery Backup:
PC, Network&Server, etc.

Portfolio
= White Goods:
Technology Flat packs SMD Coin Radial /lead  Snap-In Screw Module Washing Machine, Tumble Dryer, (mostly RTC)
. - s e
~ 1% ?2 : y , :',-i . NV = Bicycle Lamps and Photoflashes, Solar-LED-Lighting,
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Pitch control

= Recuperation / Start Stop:

Cars, Trains, Bus, Fuel cell car, Electric car

= UPS-Systems

Examples = Barcode scanner = Subsidiary = Backup = UPS = UPS = UPS = UPS
= Metering power supply  of CMOS « Garden Light = Windmil = Windmill = Windmill = Emergency Door actuators (A380)
= Personal locators = Memory backup  microcomputers = Toys = Electric Car = Electric Car = Electric Car
(GPS/GSM) during battery = Memory backup = Solar battery = Electric = Electric = Electric

= Wireless Modems  exchange «RTC operated circuits ~ Scooter Scooter Scooter st .
=RTC = Metering = Metering = Power Tools = Power Tools - Safety relevant ap phcatlons.
= Bike Light - Emergency fire siren, presence detector, emergency exit light

Light

= Memory Backup for video and audio equipment:
TV, Digital photo frame

- Focus supplier - 2nd source
= GPRS/GSM Applications
= Heavy Lifting

= Metering

= Roller Coaster
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RN BN kagehie  Maxwen Panasonic 4D

Enabling Energy’s Future™



Information Request Form (EDLC) - Modules

General Information:

Customer: Application:
Contact: Demand/Year:
Contact Tel.: SOP:

Project name:

Target Price:

Technical Information:

Aim of application:

Kind of application: ( ) Stand-By () Cycles-appl. ( ) Battery hybrid
Nom. Voltage (V)
Max. Voltage (V)
Nom. Current (A)
Charge
Max. Current (A)
Time (sec)
: » Power (W)
Typical Cycle Condition: Cut off Vot n
ut off Voltage
Nom.Current (A)
Discharge Max. Current (A)
Time (sec)
Power (W)
Number of cycles by day / hour
min.
Temperature Range (°C) nom. / Average
max.
Lifetime: Years
(for a detailed lifetime
lculation, pls. fill in the tabl
(;:l(;l‘;lvilon pis. Till In the table CyC|eS
Temperature [°C] % of time Temperature [°C] % of time
-30 +30
-20 +40
-10 +50
0 +60
+10 +70
+20 >?7?

|Coup|ing:

(

) with charge / direct

() over an DC-DC-converter

|Max Dimensions:

X

mm (LxHxW)

Comments:

10
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EFFICIENT. ROBUST. SCALABLE

D Jour

eMobility

Industrial Appliance

RUTRONIK POWER brings the latest knowledge, scalable solutions and efficient
support for innovative power electronic components together — not only in the
focus markets:

m Industrial m eMobility = Home Appliance

More information: www.rutronik.com/power
Tel. +49 (0) 7231 801-1379 | E-Mail: power@rutronik.com
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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

YUBC Bul. Mihajla

Pupina 10z/IV, 11070 Beograd
Tel. +381 11 311 33 66-3

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.




