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O01.INTRODUCTION

Since the development and production of electrolytic
capacitors, designers have had to deal with the issues of
aging and shelf life of these products. Electrolytic capacitors
have been around for a very long time, but the rapid increase
did not occur until the 1960s. There are still many "myths"
from that time that revolve around the aging and shelf life of
these capacitors. The main problem of that time was the
materials available, which had a much lower quality standard
than the materials used today. Aging is distinguished
between the following changes in the capacitor
performance: Change in capacitance, ESR and leakage
current during operation (with voltage applied) and reduction
of dielectric strength due to degradation of the dielectric (no
voltage applied). There is also a guideline from the ZVEI on
the long-term storage capability of components: During
storage of an aluminum electrolytic capacitor, two different
effects can adversely affect the blocking (insulation)
capability of the capacitor, oxide degeneration and
post-impregnation effects. If voltage is applied to the
capacitor after a longer storage time, this can initially cause
an increased regeneration leakage current. Shortly after a DC
voltage is applied, the leakage current is relatively high and
asymptotically decreases to a low leakage current after
some minutes. After the aluminum electrolytic capacitors
have been mounted on the printed circuit board, the
increased leakage currents must be taken into account, e.g.
in the first startup of the device, and the electrolytic
capacitor must be given time to regenerate. If these effects
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cannot be compensated, the electrolytic capacitor must be
reformed before assembly. [ Forming is a special process to
oxidize the anode electrode (i.e. aluminum oxide). However,
why do these effects occur? These and other questions will
addressed in this document.

02.BACKGROUND INFORMATION

Due to the polar or non-symmetrical structure of an
electrolytic capacitor, the electrodes are divided into anode
and cathode. In an electrolytic capacitor, the anode consists
of a processed metal foil and the conductive electrolyte
forms the actual cathode. An oxide layer on the metal foil of
the anode is used as the dielectric (insulation) between the
two conductive electrodes. This oxide layer insulates the
electrodes from each other. The thickness of this oxide layer
changes repeatedly during the production process and
during storage without voltage. It constantly decreases. This
increases the leakage current of the capacitor. Electrolytic
capacitors are differentiated in their construction based on
two essential criteria. These are the electrode material used
(such as tantalum or niobium) and the property of the
electrolyte. The electrolyte can be liquid or solid. By
specifying the relative permittivity of the different
dielectrics, it is clear that the capacitance achieved per
volume depends strongly on the dielectric used. This shows
Figure 1.

The aluminum electrolytic and aluminum polymer capacitor
are wound capacitors. The terminal pins bonded to the
respective metal foil by a special process.

Properties of the
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] wet
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Anade electrode material Dielectric Relative permittivity () at +20 °C
Al - aluminum Al;03 — aluminum oxide 93
Ta - tantalum Ta,0s — tantalum pentoxide 26
Nb - niobium Nb20s — niobium pentoxide 42

Figure 1. Overview of the electrode materials and the associated dielectrics
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The paper layer shown in Figure 2, which also referred to as
the separator, finally completely impregnated with the
electrolyte and in addition to storing the electrolyte, has the
function of physically separating the metal foils, electrically
insulating them and protecting them from damage. The
electrode foil is often mistaken for the cathode, but the
electrode foil only provides the electrical connection to the
actual cathode, the electrolyte.

A special electrochemical process called forming creates the
oxide layer. In this process, the oxide layer is created by
applying the so-called forming voltage. The stronger the
oxide layer is, the higher the voltage that can handled by this
layer. After this process, a very slow degradation of this
oxide layer begins if no voltage is applied. The longer the
capacitor is voltage-free, the thinner the oxide layer
becomes and consequently the dielectric strength
decreases. This results also in an increase of the leakage
current. As soon as voltage is applied again, the oxide layer is
rebuilt, the leakage current decreases and the dielectric
strength returns to the normal level. However, never as
after the initial production. The forming voltage can be up to
30% higher than the actual nominal voltage of the capacitor.
This means that the oxide layer is also up to 30% thicker. The
resulting thickness of the oxide layer is proportional to the
applied voltage (Figure 3: Aluminum foil with oxide layer).

Anode foil Cathode foil

+ —_

Separator Paper
(soaked with electrolyte)

Cathode

Figure 2: Structure of an electrolytic capacitor

The anode foil is either rougher or smoother, depending on
the intended use.

2.1 What happens during operation with applied

voltage?
Electrolytic capacitors are used everywhere in electronics.
Due to the applied voltage a certain temperature profile will
be established at the capacitor, with a higher temperature in
the core of the element and respectively lower on the
surface. Several aspects, the heat generated by components
as well as the heat from the surrounding, influence the
ambient temperature. Other factors such as ripple current
and frequency also play a role in calculating the expected life.
The simple relationship between expected life and operating
temperature is defined by the Arrhenius equation.

To-Ta

LX =Lnom'2' 10_ (1)

with Lnom = defined endurance, To = upper temperature limit,
Ta = application temperature.

Depending on the conditions under which the capacitor is
operated, the amount of electrolyte is reduced by
self-healing of the oxide layer (e.g. damage due to
overvoltage), dry out or by diffusion through the sealing

rubber.
Dielectric
(Oxide layer)
vl
Anode —>» <«—— Electrode

(Aluminum foil) (Aluminum foil)

T Separator Paper

(soaked with electrolyte)
Electrolyte

Figure 3: Aluminum foil with oxide layer
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2.2 What happens during voltage-free storage?

The storage conditions of electrolytic capacitors are defined
in the data sheet. These conditions are temperature
between 5°C and 35°C with a humidity between 10% and
75%. The quality of the oxide layer can deteriorate during
storage without externally applied voltage, especially at
higher temperatures. Since in this case there is no leakage
current and as a result, the oxide layer will not regenerate.
This leads to a higher leakage current flow when a voltage
applied after prolonged storage. If a capacitor is exposed to
high humidity for a long period, this can cause discoloration
of the terminals (i.e. oxidation) and lead to poor solderability.
The average storage conditions at Wrth Elektronik are
temperature = 22.48°C and humidity = 37.51%. The storage
capability of the capacitor is defined by the so-called shelf
life. Please see Table 1 for information that is more detailed.
The shelf life simulates the aging of the capacitor under the
influence of temperature without an electrical load (voltage,
current). The electrical parameters of the capacitor
subsequently measured again after formation and at a room
temperature of 20°C.

2.3 What is oxide degeneration?

The ZVEI guide describes oxide degradation as follows:
Depending on the electrolyte class and temperature, ionic
components of the electrolyte can diffuse into the dielectric
or oxide and change the oxide crystal structure. Electrical
defects and ionic charge carriers are formed in the oxide. [
Electrolytes based on the solvent glycol have an increased
leakage current. The advantage of this electrolyte is its
ability to repair defects in the oxide layer when current flows
through the capacitor. As a result, these electrolytes are
mainly used in high-voltage aluminum electrolytic

capacitors. In the low-voltage range, the oxide layer is more
homogeneous, so electrolytes containing the solvent
gamma-butyrolactone are used here. This solvent produces
areliable and voltage-resistant oxide layer. An advantage of
gamma-butyrolactone is that this solvent almost incapable
of penetrate the oxide layer. As a result, a long voltage-free
storage can be achieved, since the oxide layer is still well
insulating even after a long time. If a measurement of the
leakage current shows temporarily increased values after a
long period of voltage-free storage, this is due to the
post-impregnation effects.

2.4 What are post impregnation effects?

The ZVEI guide describes the post-impregnation effects as
follows: The oxide can only be electrochemically formed in
the component where it is also covered with electrolyte and
electrically connected to the cathode foil via the electrolyte.
This means that the necessary forming current can flow at
these points. This is the case in a new capacitor for more
than 99.9% of the oxide area to be formed. [ In the case of
low-voltage aluminum electrolytic capacitors with solvent
electrolytes such as gamma-butyrolactone, it is assumed
that the oxide layer has formed in all areas of the anode foil
in accordance with the applied forming voltage and has not
degraded by the time the capacitor is used for the first time.
It is therefore expected that these capacitors will have a very
low leakage current. In principle, the post-impregnation
effects also occur with high-voltage aluminum electrolytic
capacitors, but they are negligible because the effects of
oxide degradation are dominant. Nevertheless, forming can
be an advantage, since forming makes the oxide layer more
stable and thus reduces the resulting leakage current (albeit
minimal).

Test Conditions ‘ Endurance Shelf Life
Lifetime 2000h @85 °C 1000h @85 °C
Voltage URr applied none
Current none none
AC <=25 % of initial measured value <=25 % of initial measured value
DF <200 % of the initial specified value <200 % of the initial specified value
Leakage Current < the initial specified value < the initial specified value
Pre-treatment for measurements shall be conducted after
Comment application of DC working voltage for 30 min.

Table 1: Example test conditions for Endurance and Shelf Life for SMD electrolytic capacitors
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03.COUNTERMEASURES AND
MEASUREMENTS

Ethylene glycol and gamma-butyrolactonelm electrolytes
are used in Wirth Elektronik products. These have different
properties. Due to the fact, that the thickness of the oxide
layer change by time, a longer storage without voltage can
increase the capacitance and reduce the ESR. The leakage
current provides a reliable basis for determining the
condition of the oxide layer. By applying the nominal voltage
via a 10 kQ resistor, the oxide layer of the dielectric
stabilizes; the dielectric strength and the leakage current
stabilize to the initial level. The leakage current decreases
after applying a voltage. In the data sheet, leakage currents
given are after typically 120 seconds. Figure 4 shows the
leakage current over 2 min. with applied nominal voltage
(Ur = 10 Voc and I eakmax = 100 pA after 2 min.)

Furthermore, Wrth Elektronik has established the so-called
"Electrical Property Check" to check the electrical

parameters of electrolytic capacitors. Data available on
request. To show how the properties of the capacitors
change over time, we measured the electrical properties of
an aluminum electrolytic and aluminum polymer capacitor
after five years of storage. Figure 5, Figure 6 and Figure 7
shows the measurement results for the aluminum
electrolytic capacitor and Figure 8, Figure 9 and Figure 10
shows the measurement result for the aluminum polymer
capacitor.

Another point that influences the shelf life is the
solderability of the components. A longer storage time can
change the wettability of the solder connections and have
an influence on the process ability of the components. All
aspects described in this document describe physical effects
as they occur to any capacitor of the respective technology.
This information is for general information and does not
represent a data sheet extension.

Leakage Current over time
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Figure 4: Average leakage current of 10 capacitor, measured over 2 minutes
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Figure 5: Capacitance of five samples after five years of storage. Nominal capacitance is 1000 pF (aluminum electrolytic capacitor)
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Figure 6: Dissipation factor of five samples after five years of storage. Maximum specified DF is 9% (aluminum electrolytic capacitor)
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Figure 7: Leakage current of five samples after five years of storage. Maximum specified leakage current is 630 pA (aluminum electrolytic

capacitor)
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Figure 8: Capacitance of five samples after five years of storage. Nominal capacitance is 47 uF (aluminum polymer capacitor)
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Measured Leakage Current
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Figure 9: Leakage current of five samples after five years of storage. Maximum specified leakage current is 559 pA (aluminum polymer

capacitor)
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Figure 10: Dissipation factor of five samples after five years of storage. Maximum specified DF is 12% (aluminum polymer capacitor)

04.CONCLUSION

Capacitors, similar to many other components have a certain
lifetime with a changing performance over the time. The
change in the performance is very much dependent of the
quality of the material used, the storage conditions before
used in an application and the position on the PCB. The
placement of the component can influence the entire expected
lifetime of the application. The temperature on the surface and
in the core of the component largely defines the lifetime. This
temperature can rise above the defined temperatures in the
application due to a hotspot or it can be kept at a defined level
through active cooling. More information about aluminum
electrolytic and aluminum polymer capacitors can be found in
Application Note ANPO71. More information specifically on the
topic of expected lifetime can be found in Support Note
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SNO0Q08. By proper handling and adherence to the
specifications defined in the data sheet, the electrolytic
capacitor can be a reliable and long-lasting component. The
loss of capacitance and the increase of the ESR during
operation is compensated by a well thought-out
dimensioning of the component. Prolonged voltage-free
storage is also possible. Regardless of whether the
capacitors are stored in their original packaging or already
mounted the degradation of the oxide layer and the resulting
reduction in the maximum voltage that the capacitor can
dissipate must be taken into account. The increased leakage
current at the moment of switch-on must be tolerated by
the application so that a frictionless start is possible. An
upstream formation of the capacitors is also possible. The
data sheet provides a detailed description of this.
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https://www.we-online.com/en/support/knowledge/application-notes?d=anp071-aluminum-electrolytic-vs-aluminum-polymer-capacitor&_gl=1*zc9stk*_ga*MjA2Mjc0MjA0MC4xNjk1MjgzMzY4*_ga_FKGLPYZBDK*MTY5NjI2MDcyMS4xMC4xLjE2OTYyNjA3MjEuMC4wLjA.
https://www.we-online.com/en/support/knowledge/application-notes?d=sn008-expected-lifetime-of-aluminum-electrolytic-and-aluminum-polymer-capacitor&_gl=1*h2xbbb*_ga*MjA2Mjc0MjA0MC4xNjk1MjgzMzY4*_ga_FKGLPYZBDK*MTY5NjI2MDcyMS4xMC4xLjE2OTYyNjEwMjAuMC4wLjA.

A Appendix

A.1 References

Ul ZVEI Leitfaden Langzeitlagerfahigkeit von Bauelementen, Baugruppen und Geraten Leitfaden Langzeitlagerfahigkeit von
Bauelementen, Baugruppen und Gerdten (zvei.org)
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IMPORTANT NOTICE

The Application Note is based on our knowledge and experience of
typical requirements concerning these areas. It serves as general
guidance and should not be construed as a commitment for the
suitability for customer applications by Wiirth Elektronik eiSos GmbH
& Co. KG. The information in the Application Note is subject to change
without notice. This document and parts thereof must not be
reproduced or copied without written permission, and contents
thereof must not be imparted to a third party nor be used for any
unauthorized purpose.

Wirth Elektronik eiSos GmbH & Co. KG and its subsidiaries and
affiliates (WE) are not liable for application assistance of any kind.
Customers may use WE's assistance and product recommendations
for their applications and design. The responsibility for the applicability
and use of WE Products in a particular customer design is always
solely within the authority of the customer. Due to this fact it is up to
the customer to evaluate and investigate, where appropriate, and
decide whether the device with the specific product characteristics
described in the product specification is valid and suitable for the
respective customer application or not.

The technical specifications are stated in the current data sheet of the
products. Therefore the customers shall use the data sheets and are
cautioned to verify that data sheets are current. The current data
sheets can be downloaded at www.we-online.com. Customers shall
strictly observe any product-specific notes, cautions and warnings. WE
reserves the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services.

WE DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE,
EITHER EXPRESS OR IMPLIED, IS GRANTED UNDER ANY PATENT

USEFUL LINKS

Application Notes
www.we-online.com/appnotes

REDEXPERT Design Platform
www.we-online.com/redexpert

Toolbox
www.we-online.com/toolbox

Product Catalog
www.we-online.com/products
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RIGHT, COPYRIGHT, MASK WORK RIGHT, OR OTHER INTELLECTUAL
PROPERTY RIGHT RELATING TO ANY COMBINATION, MACHINE, OR
PROCESS IN WHICH WE PRODUCTS OR SERVICES ARE USED.
INFORMATION PUBLISHED BY WE REGARDING THIRD-PARTY
PRODUCTS OR SERVICES DOES NOT CONSTITUTE A LICENSE FROM
WE TO USE SUCH PRODUCTS OR SERVICES OR A WARRANTY OR
ENDORSEMENT THEREOF.

WE products are not authorized for use in safety-critical applications,
or where a failure of the product is reasonably expected to cause
severe personal injury or death. Moreover, WE products are neither
designed nor intended for use in areas such as military, aerospace,
aviation, nuclear control, submarine, transportation (automotive
control, train control, ship control), transportation signal, disaster
prevention, medical, public information network etc. Customers shall
inform WE about the intent of such usage before design-in stage. In
certain customer applications requiring a very high level of safety
and in which the malfunction or failure of an electronic component
could endanger human life or health, customers must ensure that
they have all necessary expertise in the safety and regulatory
ramifications of their applications. Customers acknowledge and
agree that they are solely responsible for all legal, regulatory and
safety-related requirements concerning their products and any use
of WE products in such safety-critical applications, notwithstanding
any applications-related information or support that may be
provided by WE.

CUSTOMERS SHALL INDEMNIFY WE AGAINST ANY DAMAGES
ARISING OUT OF THE USE OF WE PRODUCTS IN SUCH SAFETY-
CRITICAL APPLICATIONS.

CONTACT INFORMATION

appnotes@we-online.com
Tel. +49 7942 945 -0

Wirth Elektronik eiSos GmbH & Co. KG
Max-Eyth-Str. 1 - 74638 Waldenburg
Germany

www.we-online.com
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