Technical Note

Judicious Use of Aluminum Electrolytic Capacitors
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1. Overview of Aluminum Electrolytic Capacitors

1-1 Basic Model of Aluminum Electrolytic Capacitors

Capacitors are passive components. Among the various kinds
of capacitors, aluminum electrolytic capacitors offer larger CV
product per case size and lower cost than the others.

In principles of capacitor, its fundamental model is shown in Fig.
1 and its capacitance (C) is expressed by Equation (1) below:

€S
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¢ : Dielectric constant
S : Surface area of dielectric(m?)
d : Thickness of dielectric(m)

C=8854x10""

Equation (1) shows that the capacitance (C) increases as the
dielectric constant ( € ) and/or its surface area (S) increases and/or
the dielectric thickness (d) decreases.

An aluminum electrolytic capacitor comprises a dielectric layer of
aluminum oxide (Al,O,), the dielectric constant ( € ) of which is 8 to
10. This value is not significantly larger than those of other types of
capacitors.

However, by extending the surface area (S) of the aluminum foil
electrode by means of etching, and by electrochemically forming a
thinner but highly voltage-withstandable layer of oxide layer dielec-
tric, the aluminum electrolytic capacitor can offer a larger CV prod-
uct per case size than other types of capacitors.

A basic model of aluminum electrolytic capacitor is shown in Fig. 2.
An aluminum electrolytic capacitor comprises:

Anode ...Aluminum foil
Dielectric...Electrochemically formed oxide layer (Al,O;) on
the anode

Cathode ...A true cathode is electrolytic solution (electrolyte).

Other component materials include a paper separator that
holds electrolyte in place and another aluminum foil that func-
tions as a draw-out electrode coming into contact with the true
cathode (electrolyte).

In general, an aluminum electrolytic capacitor is asymmetrical
in structure and polarized. The other capacitor type known as a
bi-polar (non-polar) comprises the anodic aluminum foils for
both electrodes.

1-2 Structure of Aluminum Electrolytic Capacitor

The aluminum electrolytic capacitor has, as shown in Fig. 3, a
roll of anode foil, paper separator, cathode foil and electrode
terminals (internal and external terminals) with the electrolyte
impregnated, which is sealed in an aluminum can case with a
sealing material.

The terminal draw-out structure, sealing material and structure
differ depending on the type of the capacitor.

Figure 4 shows typical examples.
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1-3 Features of Capacitor Materials

Aluminum, which is main material in an aluminum electrolytic
capacitor, forms an oxide layer (Al,O,) on its surface when the
aluminum is set as anode and charged with electricity in elec-
trolyte.

The aluminum foil with an oxide layer formed thereon, as
shown in Fig. 5, is capable of rectifying electriccurrent in elec-
trolyte. Such a metal is called a valve metal.

Fig-5 V-l characteristics of aluminum oxide

<Anode aluminum foil>

First, the foil material is electromechanically etched in a chloride
solution to extend the surface area of the foil.

Secondly, for the foil to form an aluminum oxide layer (Al,O,) as a
dielectric, more than the rated voltage is applied to the foil in a solu-
tion such as ammonium borate. This dielectric layer is as dense and
thin as 1.1 - 1.5 nm/volt and showing a high insulation resistance
(108-10° Q/m).

The thickness of the oxide layer determines the withstand voltage
according to their direct proportional relationship. For the etching
pits to be shaped to the intended thickness of the oxide layer, the pit
patterns have been designed to have efficient surface area exten-
sion depending on the intended withstand voltage (see Fig. 6)

<Cathode aluminum foil>

An etching process is performed to the cathode aluminum foil as
well as the anode foil. However, the formation process for oxide
layer is generally not performed. Therefore, the surface of the
cathode foil only has an oxide layer (Al,O,) that has spontane-
ously formed, which gives a withstand voltage of about 0.5 volt.

Low Voltage Foil High Voltage Foil

(Fracture surface of DC etched foil)
Replica

(Fracture surface of AC etched foil)

Fig-6 Cross section of aluminum etched foil (SEM)

<Electrolyte>

The electrolyte, an ion-conductive liquid functions as a true
cathode coming into contact with the dielectric layer on the sur-
face of the anode foil. The cathode foil serves as a collector
electrode to connect the true cathode with the external circuit.
Electrolyte is an essential material that controls the perfor-
mance of the capacitor (temperature characteristics, frequency
characteristics, service life, etc.).

<Paper separator >
The separator maintains uniform distribution of the electrolyte and
keeps the anode-to-cathode foil distance unchanged.

<Can case and sealing materials>
An aluminum can case and seal materials mainly consisting of
rubber are used for the purpose of keeping airtightness.

1-4 Manufacturing Process

( Etching (for extending the surface area)

This etching process serves to
extend the surface area of the
aluminum foil. This is an AC or
DCcurrent-employed electro-
chemical process for etching the
foil surface in a chloride solution.

(2 Formation (for forming a dielectric)

This is a process for forming a
dielectric layer (Al,O,), which is
normally performed on the anode
aluminum foil.

® Slitting
This is a process for slitting alumi-
num foils (both the anode and
cathode) and paper separators to
the specified product size.

@ Winding
This is a process for rolling a set of
anode and cathode foils into a cylin-
drical form with a paper separator
inserted between them. During this
process, an inner terminal (called a
tab) is attached to each of the alumi-
num foils. The roll made at this
process is called a capacitor element.

® Impregnation

This is a process for impregnating
the element with electrolyte as a
true cathode. The electrolyte also
functions to repair the dielectric
layer.

® Sealing

This process seals the element
using the aluminum can case and
sealing materials (rubber,rubber-
lined cover, etc.) for keeping the
case airtight.

@ Aging (reforming)
The process of applying voltage to a
post-sealed capacitor at high tem-
perature is called “aging”. This
serves to repair defective dielectrics
that have been made on the foil
during the slitting or winding process.

100% inspection and packaging

After the aging, all products shall
undergo testing for checking their
electrical characteristics with chip
termination, lead reforming, taping
etc. finished, and then be packaged.

©@ Outgoing inspections
Outgoing inspections are per-
formed as per standard inspection
procedures.
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2 . Basic Performance

2-1 Basic Electrical Characteristics

2-1-1 Capacitance

The larger the surface area of an electrode is, the higher the
capacitance (capacity for storing electricity) is. For aluminum
electrolytic capacitors, the capacitance is measured under the
standard measuring conditions of 20°C and a 120Hz AC signal
of about 0.5V. Generally, as the temperature rises, the capaci-
tance increases; as the temperature decreases, the capaci-
tance decreases (Fig. 7). With a higher frequency, the capaci-
tance is smaller; with a lower frequency, the capacitance is
larger (Fig. 8).

2-1-2 Tan 6 ( also called tangent of loss angle or dissip-
ation factor)

(Fig. 9) is a simplified model of the equivalent circuit shown in
(Fig. 2). For an ideal capacitor with an equivalent series resis-
tance of R = 0, the tan 6 shown in (Fig. 10) is zero. For an
aluminum electrolytic capacitor, the equivalent series resistance
(R) is not zero due to the presence of resistance of the electro-
lyte and paper separator and other contact resistances. 1/wC
and R are correlated as shown in (Fig. 10) and Equation (2).

MNRWJ&?@HCH

Fig-9 Simplified equivalent circuit

R

Fig-10 Dissipation Factor (tan 0)

R
tan 6—1/ wC—wCR ....................................... (2)

w:2nf
n=Circular constant. f : Frequency(f = 120Hz)

2-1-3 Leakage Current (LC)

As a feature of an aluminum electrolytic capacitor, when DC
voltage is applied to it, the oxide layer that acts as a dielectric
in the electrolyte allows a small amount of electric current to
flow in it. The small amount of current is called a leakage cur-
rent (LC). An ideal capacitor does not allow the leakage current
to flow (this is not the case for charging current).

The leakage current (LC) changes with time as shown in (Fig. 12).
Note that LC, decreasing with time, will reach a steady-state
value. Therefore, the specifications of LC are defined as a value
measured several minutes after the beginning of the application
of the rated voltage at 20°C. As the temperature rises, the LC
increases; as the temperature decreases, the LC decreases
(Fig.13). As the applied voltage decreases, the LC decreases.

Ex. 35V470pF Radial Lead Type at 105°C
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2-2 Frequency Characteristics of Impedance (2)
When a capacitor is applied with a voltage with the frequency
changed, the impedance (Z), a factor of preventing the AC cur-
rent changes as shown in (Fig. 14). This is the impedance-
frequency characteristics of the capacitor.

Q)

(Fig. 9) is a simplified model of an equivalent circuit of an
aluminum electrolyte capacitor. (Fig. 14) shows dotted lines
representing a breakdown of the impedance-frequency charac-
teristic curve into components (C, R and L). As can be seen in
this figure, the impedance-frequency characteristics are a com-

position of C, R and L frequency characteristics. 0.001 !
100 1k 10k 100k 1M

Frequency(Hz)

Fig-14 Factor of Impedance Frequency

Impedance * ESR (

The value 1/w C shows the pure capacitive reactance graphi-
cally presented by a straight line going downward at an angle
of 45°, and wL shows the pure inductive reactance graphically
presented by a straight line going upward at 45°. R shows the

equivalent series resistance (ESR). At a range of lower 100 <
frequencies, the R curve goes downward due to the dielectric N o\
. . N,
loss frequency-dependence. At a range of higher frequencies, N \\ Ny
the R curve tends to be almost flat since resistance of electro- 10 N
. . . _ N\ BN
lyte and paper separator is dominant and independent on G \ RN
frequency. Equation (3) shows this tendency. % 4 N N
9 N
z R2+( - )2 (3) £ \ D%
= WL— == | /
C 0.1 N N— v N
Aluminum Electrolytic Capacitors\ NI Vi
— — - Film Capacitors v/ I
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Because the impedance characteristics of an aluminum elec-
trolyte capacitor depend on resistance of the electrolyte and
paper separator, the Z value at the self-resonant frequency
tends to be relatively higher, as shown by the solid line in (Fig.
15). The resistance of the electrolyte varies depending on tem-
perature: as the temperature rises, the impedance decreases;
and as the temperature decreases, the impedance increases,
as shown in (Fig. 16).

Frequency(Hz)

Fig-15 Frequency Characteristics of each Capacitors Impedance
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3. Reliability

For designing the device with aluminum electrolytic capacitors, a failure
rate and useful life are necessary to be considered for their reliability.
The failure rate of aluminum electrolytic capacitors is approximated by
the bathtub curve shown in (Fig.17).

—e—

a ®

Failure Rate

Time ———
Fig-17 Bathtub curve

(@ Early failure period
At the comparatively early periods of use, devices/components fail by deficiencies
in design or manufacturing process or incompatibility with operation conditions.
For aluminum electrolytic capacitors, these defectives are removed by debugging
at one of manufacturing processes before shipments.

® Random failure period
Failure is stable low in occurrence and appears unrelated
to their served term. Aluminum electrolytic capacitors are
low in catastrophic failures in this period compared with
semi-conductors and solid tantalum capacitors.

© Wear-out failure period
In this period, the failure rate increases with the served time.
For aluminum electrolytic capacitors, since they were completed in manu-
facturing, the electrolyte impregnated has gradually evaporated and diffused
out of the capacitors through the rubber seal materials with time, which
leads to decrease in the capacitance and/or increase tand. When any of
these values changes beyond the allowable range of specifications, the
capacitors are defined as “fell into the wear-out failure”. The served term
until the capacitors fall into the wear-out failure period is called a useful life.

4 . Failure Modes

Aluminum electrolytic capacitors have two categories of failures:
catastrophic failure and wear-out failure.

<Catastrophic failure>
This is a failure mode that completely destroys the function of the
capacitor such as short circuit and open circuit failure.

<Wear-out failure>
This is a failure mode where the electrical parameters of the
capacitor gradually deteriorate and fail. The criteria for determin-
ing if this failure has occurred depend on the purpose of a device.
For each series of capacitors, the following electrical parameters
have been defined as criteria in the specifications of Endurance in
the catalogs or product specifications:

+ Change in capacitance

*Tand

+ Leakage current
Failure rates are often measured in units of % per 1000 hours
(10%/hour). For higher reliability devices designed with a smaller
failure rate, units of Failure In Time (FIT) (10®hour) is used.
Aluminum electrolytic capacitors are considered as components
of wear-out failure mode, the electrical characteristics of which
gradually deteriorate and their failure rate increases with time. In
general, the failure rate in FIT is determined by total component-
hours (product of the number of tested components and test
hours).
Due to the definition of FIT, the same FIT rate can be calculated in
both cases of testing on the large number of tested components
and also testing for long test periods of time. However, these
cases mean differently for aluminum electrolytic capacitors. Using
the failure rate is not suited to express the reliability of aluminum
electrolytic capacitors, but the electrical characteristics based
lifetime in hour should be considered to express the reliability.
Also, there are MTBF (Mean Time Between Failures) and MTTF
(Mean Time To Failure) to express reliability. The latter is appli-
cable for aluminum electrolytic capacitors because they are
categorized into a group of non-repairable systems, equipment
and devices for which MTTF is applicable.

Failure modes depend on the application conditions that lead to fail. (Fig. 18).

Primary Factors

Failure Modes Internal Causes

Mismanaged Mishandled Unavoidable Factors
Production Application in Normal Service
Short Circuit | Burred Foil/
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Dielectrical Break of \ !
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Fig-18 Failure Modes
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5. Lifetime

The lifetime of aluminum electrolytic capacitors is largely depen-
dent on the application conditions. Environmental factors include
temperature, humidity, atmospheric pressure and vibrations. Elec-
trical factors include operating voltage, ripple current and charge-
discharge. Where the capacitors are used in a normal filtering
circuit, ambient temperature and heating due to the ripple current
are crucial factors for determining the lifetime of the capacitors.
These factors are included to the lifetime specifications titled “En-
durance” on the catalogs or product specifications.

For applications subject to high humidity and/or continuous vibra-
tions, or subject to frequent charge and discharge operations, the
endurance of individual conditions should be considered.

5-1 Ambient Temperature Effect on Lifetime

The lifetime of aluminum electrolytic capacitors is affected mainly
by the loss of electrolyte as the result of diffusion through the
rubber seal materials, which leads to a decrease in capacitance
and increase in tand.
The relationship of temperature to the diffusion of electrolyte
follows the Arrhenius’ Law (Equations (4) and (5)):

E

k=AeRT

..................... (4)
Ink= (£)+InA (5)
RT .........
k : Reaction rate constant
A : Frequency factor
E : Activation energy
R : Gas constant (8.31J/deg)

_|

: Absolute temperature (K)

Applying Equation (5) to the lifetime of the capacitors brings
Equation (6), which is converted to Equation (7):

Lx E 1 1
o8( L5 )= 230 T 76 ) ©
E 1 1
09 L= 355 (Tx ~ 75 ) +109L0 .7

Practical estimation of the lifetime has been using Equation (8)
as an approximation:

Lx =Lo - Bt™™1° ... (8)

Lo : Specified lifetime (hour) with the rated voltage applied
(or the rated ripple current superimposed to a DC voltage)
at the upper limit of the category temperature. Refer to the
lifetime specifications of individual products.

Lx : Estimated life on actual usage (hour)

To : Maximum Category Temperature(°C)

Tx : Actual Ambient Temperature (°C)

Bt : Temperature acceleration factor

Where, the temperature acceleration factor (BT) is approximately
2 over an ambient temperature range from 60°C to 95°C, which
means that the lifetime is approximately halved for every 10°C rise
in ambient temperature. However, according to the Arrhenius
Equation (6), the reciprocal of T is directly proportional to the loga-
rithm of lifetime, which means that, strictly speaking, there is the
temperature range where the theory of lifetime reducing by half at
every 10°C rise is not applied. (Fig. 19).

Especially for capacitors whose maximum operating temperature
is a 105°C or higher, the temperature acceleration factor (BT)
needs to be modified depending on temperature ranges of the
lifetime estimation.

For details, please consult us.

For lifetime estimation at a lower-temperature range, evaluation
test data have not been obtained, and for evaluating long term
endurance, it is necessary to take into account some additional
factors such as deterioration of the rubber seal materials as well
as the diffusion of electrolyte. Accordingly, in Equation (8), Tx
should be 40°C at the lowest for the lifetime calculation purpose,
and also the estimated lifetime (Lx) should be 15 years at the

longest.
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Fig-19 Estimated result by Law of 10°C 2 times and Law of Arrhenius

5-2 Applying Voltage Effect on Lifetime

Where a capacitor is used at lower than the rated voltage, the
lifetime may not be adversely affected, which means that the effect
of the applying voltage is negligibly small, while the effect of the
ambient temperature and heat generation due to ripple current is
significant.

(Fig-20)
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Fig-20 Endurance (measured by each apply voltage, result curves are overlapped)

Note: Due to the very small effect of the applying voltages, the plots
cannot be distinguished from one another.

However, for capacitors of larger size and higher rated voltage
contain a larger volume of electrolyte, difference in applying
voltages can affect degradation of the oxide layer, other than
the diffusion of electrolyte.

Therefore, for screw mount terminal type capacitors with the
rated voltage of 350Vdc or higher, the lifetime estimation
includes the effect of applying a lower voltage than the rated
voltage (derating voltage).

Product specifications in this catalog are subject to change without notice.Request our product specifications before purchase and/or use. Please use our products based on the information contained in this catalog and product specifications.
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5-3 Ripple Current Effect on Lifetime

Since an aluminum electrolytic capacitor has a larger tand than other types of
capacitors, the capacitor produces more internal heat when a ripple current flows
through it. The temperature rise due to this heat may significantly affect the lifetime of
the capacitor. This is the reason why ripple current ratings are specified for capacitors.
5-3-1 Heat Generation due to Ripple Current
Power consumption by the ripple current can be expressed as follows:
LT A P = T (9)
W : Internal power dissipation
Ir : Ripple Current
R : Internal Resistance (Equivalent Series Resistance)
V : Applied voltage
I. : Leakage Current
Leakage current |. at the maximum operating temperature can be 5 to 10 times higher than the values-
measured at 20°C. However, considering I >> |, the above equation can be simplified as Equation (10).
T T = T (10)
To obtain the temperature at which equilibrium is achieved
between heat generation and dissipation, derive Equation (11).

JRZR = BA AT cvvrvrrernrrraerieiieie e (11)
B : Radiation Constant
A : Surface area of can case (m®)
AT : Temperature-rise due to the Ripple Current(°C)
A =4£D (D + 4L)
D : Can Diameter (m)
L : Can Length (m)
From the above equation, the internal temperature rise (AT) is given by Equation (12):
Ix°R
N 12
BA (12)

Also, for a ripple frequency of 120Hz, Equation (12) for calculating
AT is rewritten as Equation (13):

_ KR _Istané

AT = e 1
BA  BAwC (13)
tan 6
Where R = w C

tané : Dissipation Factor at 120Hz
w :27nf (f=120Hz)
C : Capacitance at 120Hz(F)

An approximate value of ripple current-caused AT can be cal-
culated using Equation (14):
AT =(IX/10 ) 2 XATO wwrvvveeeevveeeeiiieeeiieee e (14)
lo : Rated ripple current (Arms), frequency compensated,
at the upper limit of the category temperature range
Ix : Operating ripple current (Arms) actually flowing in the capacitor
ATo : Rise in internal temperature due to the rated ripple
current (°C): different for each product series. Please
consult us.

There are some product families that can accept a higher ripple current than the rated value providing
that ambient temperature Tx is lower than the upper limit of the category temperature range. However,
in this case, remember that the lifetime decreases due to the higher AT due to the ripple current. Be
sure that AT does not exceed the specified limit that has been determined as a function of ambient
temperature. Note that the core temperature limit of the element is shown by [Tx + AT limit].
Examples of AT limits at some ambient temperatures are shown below.

Ambient Temp Tx [85C lessorequal| 105°C
Limit value of AT 15C 5C

Each product family has a different AT limit. For details, consult us.

5-3-2 Ripple Current and Frequency
The ripple current rating is specified normally by the effective value (r.m.s value) of
120Hz or 100kHz sine wave. However, since the equivalent series resistance
(ESR) of a capacitor is frequency-dependent, the allowable ripple current
depends on the frequency. Where the operating ripple current consists of a mains
power frequency element and switching frequency element(s) like switching mode
power supplies do, the internal power loss is expressed by Equation (15):
W =1,°Ry + I,°Rp +...... P = (15)
W : Power consumption
liys I ...1i, @ Ripple current (Arms) at frequency f1---fn
Ri« Ris ...Rq : ESR (Q) at f1---fn

Given a frequency compensation factor (Frequency Multiplier) = F;, and
reference frequency for the ripple current = fo, R, = R,/Fy, is obtained.
Therefore, the ripple current at any frequency can be converted into its
r.m.s. value at the reference frequency (l,,) using Equation (16):
lo= Ja/Fa P (/P (JfFi)? e (16)
I, : Reference ripple current (Arms), i.e., that at the reference frequency

Fis Fioo ...F @ Frequency compensation factor (Frequency Multiplier)
at frequency f1--fn (Refer to the catalogs)

Note that the ESR depends on the temperature and the value of 8 depends
on the installation conditions of the capacitor on the board. To determine more
accurate values of AT, they can be actually measured using a thermocouple.

5-3-3 Lifetime Estimation

Equations (17) through (19) can be used for estimating the lifetime of a non-
solid aluminum electrolytic capacitor based on the ambient temperature, the
rise of internal temperature due to ripple current, and operating voltage applied.

For a capacitor whose Endurance specifications are defined by only ‘the DC rated voltage”.
ToTx AT
Lx=Lox2 ™ x2°

For a capacitor whose Endurance specifications are defined
by “the rated ripple current with a DC voltage superimposed”.

To-Tx ATo- AT
LX=er2 10 X2 5 asassssassssassssssasssasssseannn (18)
For a screw terminal type capacitor with the rated voltage of 350Vdc or higher
To+5-Tx-25 25-AT (1 9)
LX=LrX2 10 X2 A XKV ...........................

Lo : Specified lifetime (hour) at the upper limit of the
category temperature range and at the rated voltage

Lr : Specified lifetime (hour) at the upper limit of the
category temperature range and at the rated ri-
pple current superimposed to a DC voltage

Lx : Estimation of actual lifetime (hour)

To  : Upper limit of the category temperature range (C)

Tx  : Actual ambient temperature of the capacitor (°C)
Use 40°C if the actual ambient temperature is below it.

AT : Rise of internal temperature due to actual ripple current (‘C)

*ATo : Rise of internal temperature due to the rated ripple current(‘C)

*A : This factor depends on the ripple frequency and
internal temperature rise.

Kv  : Derating voltage factor

For the values marked with * , consult us.

Note that the calculation results above are not considered as a guaranteed value.
When designing the lifetime of a device, please select a capacitor that has an
extra margin against the device lifetime requirements. Also, where the estimation
result calculated exceeds 15 years, please consider 15 years to be a maximum.

Product specifications in this catalog are subject to change without notice.Request our product specifications before purchase and/or use. Please use our products based on the information contained in this catalog and product specifications.
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5-4 Charge and Discharge Operation Effect on Lifetime

Applying a voltage to an aluminum electrolytic capacitor makes the
electric charges accumulate on the anode foil dielectric. Discharg-
ing the electricity through a discharging resistance makes the elec-
tric charges move to the cathode foil and cause chemical reactions
between the cathode aluminum and electrolyte, thereby forming a
dielectric oxide layer.

When this charge and discharge is repeatedly operated, the
chemical reactions proceed to further form the oxide layer on the
cathode foil, causing the capacitance of the cathode foil to reduce
and thereby reducing the capacitance of the capacitor. Moreover,
the chemical reactions bring heat and gases. Depending on the
charge and discharge conditions, the internal pressure may
increase, the pressure relief vent may open or the capacitor may
have destructive failures. Consult us for using a capacitor with the
following applications:

* Frequently repeating power on/off.
* Repeating rapid charge and discharge operations at a short interval cycle.
* Repeating charge and discharge operations with a large voltage drop.

+ |+
Anode Foil Q = CaV1
Z# Ca
V1_ | -~
T Ca : Capacitance of Anode Foil
#Z Cc : Capacitance of Cathode Foil
Cathode Foil  V1* Voltqge of Power Supply .
Ce V2 : Applied Voltage to Cathode Foil

Fig-21 Charge Condition at Charge

Vo |+ +|+ V2
Anode Foil -I: Z# iF :|— Cathode Foil

Fig-22 Charge Condition at Discharge
(Disconnect V1 and Discharged condition)

Q=CaVz2+CcV2

then  CaVi=CaV2+CcV2
_ CaVs
"~ Cat+Co
Figures 23 through 25 show some test data of special-de-
sign capacitors for charge and discharge application, com-
pared with general-purpose capacitors.

N e (20)

56WV—10,000 L F($35X600)

T
| Measurement:20°C, 120Hz

0 O0—0 L

g o—
3 -
2 Special
5 Test Conditions Products|
5 [Applied Voltage: Rated Yoltage
§ —20 Ambient Temp: 60C
£ 'S 7:0.01sec
g (vent Operated) | General || cycle: Charge 30 sec, Discharge 30 sec
& —30 Products

—40

—50

[ 1 2 4 6 8

Charge and Discharge Cycle (ten thousand cycle)

Fig-23 Rapid charge and discharge characteristics
(Effects of Frequency)
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2
&
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- .\“
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Fig-24 Rapid charge and discharge characteristics
(Effects of Applied Voltage)
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Capacitance Change(%)

—40
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(Vent Operated) Products|
! f

20 40 60 70 80
(Vent Operated)

Fig-25 Rapid charge and discharge characteristics
(Effects of Ambient Temperature)

—50

5-5 Inrush Current

For the power supply inrush current that can occur on the start-up
of a power supply or on the charge of a welding machine lasts only
milliseconds, but its magnitude may reach 10 to 100 times more
than the normal current. Usually, a single, non-repeated inrush
current produces a negligibly small amount of heat, so it does not
matter.

However, frequently repeating inrush currents may heat up the
element inside a capacitor more than the allowable limit and/or
overheat the external terminal connections or the connections
between the internal lead and foil electrode.

Product specifications in this catalog are subject to change without notice.Request our product specifications before purchase and/or use. Please use our products based on the information contained in this catalog and product specifications.
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5-6 Abnormal Voltage Effect on Lifetime

Applying abnormal voltage can increase the internal pressure
with heat and gases produced, causing the pressure relief vent
to open or the capacitor to have destructive failures.

5-6-1 Overvoltage

Applying a voltage higher than the rated voltage will cause
chemical reactions (formation of dielectric) to occur on the anode
foil with the leakage current rapidly increasing, which produces
heat and gases and thereby increases the internal pressure.
The reactions are accelerated by the voltage, current density
and ambient temperature, causing the pressure relief vent to
open or the capacitor to have destructive failures. It may also
accompany a reduction in capacitance and an increase in tan 0
as well as an increase in the leakage current, which can lead to
internal short-circuiting failure. An example of capacitor overvolt-
age characteristics is shown in Fig. 26.

Ex. Radial Lead Type 35V560uF
10
\ W ||
= —A—WVx1.07
% 0 ) —B—WVx1.14] |
f=4
£ 10 \é\ —
o \
8 I ——a
§-20
5
@
3 .30
[&]
-40
1 1
——Wv H
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< 01 %;
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. \ |
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Fig-26 Applied overvoltage characteristic at 105°C

5-6-2 Reverse Voltage

Applying a reverse voltage will cause chemical reactions (formation
of dielectric) to occur on the cathode foil, and, as is the case with
overvoltage, the leakage current will rapidly increase with heat and
gases generating and thus the internal pressure increases.

The reactions are accelerated by the voltage, current density
and ambient temperature. It may also accompany a reduction in
capacitance and an increase in tan 6 as well as an increase in
the leakage current. An example of capacitor reverse-voltage
characteristics is shown in Fig. 27.

A reverse voltage of as small as 1V can cause the capacitance to
decrease. A reverse voltage of 2 to 3V can shorten lifetime due to
a reduction in capacitance, increase in tan 6 , and/or increase in
leakage current. A reverse voltage of even higher value can open
the pressure relief vent or lead to destructive failures (Fig. 27).

Ex. Radial Lead Type 25V47uF

——WV |
g o —A—-1V |
@ S —=—-3V
I3 L
=4
—
£ 10 —%
)
: \E\
.E -20 ~sl
o
©
T 30 ——
[$)
-40
4
[ —&
A —a
o 0.1 =
§ ——WVv
—A—-1V [
——-3V —
0.01
1000
—e—wWVv
< %_A_'W
=100 i — |—8—-3v
—
g [ =
=3
o %
S
S 10 B
[ A
3 ‘
;
| —
. | \
0 250 500 750 1000
Time(hours)

Fig-27 Applied Reverse voltage characteristic at 105°C

5-6-3 Do not Use Aluminum Electrolytic Capacitors
in an AC Circuit

Using an aluminum electrolytic capacitor in an AC circuit will result
in the same situation as that with a positive potential being applied
to the cathode (like a reverse voltage) and with an excessively
large ripple current flowing in the capacitor, which may increase the
internal pressure due to the generation of heat and gases, open
the pressure relief vent, leak the electrolyte with the rubber seal
bung expelled or cause the capacitor to blow up or catch fire in the
worst case. If the capacitor blows up, it may scatter flammable
materials such as electrolyte and element-supporting wax materi-
als, which can lead to short-circuiting of the device. Therefore, do
not use aluminum electrolytic capacitors in any of the AC circuits.

Product specifications in this catalog are subject to change without notice.Request our product specifications before purchase and/or use. Please use our products based on the information contained in this catalog and product specifications.
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6. Effect of Halogens

Aluminum electrolytic capacitors are sensitive to contamination
of halogen ions (especially to chlorine and bromine ions)
though the degree of the effect depends on the properties of
the electrolyte and/or sealing materials used in the capacitors.
For using a halide-containing flux, solvent (cleaning agent,
adhesive or coating materials) or fumigant, the halide may pen-
etrate into the capacitor through the rubber seal materials and
cause the following corrosion reactions to occur. These reac-
tions can lead to an increase in leakage current, opening of the
pressure relief vent, and/or open-circuit failure in the capacitor.
The reactions are accelerated as the voltage and/or tempera-
ture rises.
[Corrosion reactions]

a) Decomposition of halides

RX+H,O = ROH+H" +X ... (21)
b) Corrosion reactions

Al20g + BH" + 6X — 2AIXs + 3H20 ..o (22)

Al +3X = AIXs + 38 cooviiiiiieiiee e (23)

2AIX5 + 6H.0 — 2AI(OH)s + 6H" + 6X .......ccceeeen.. (24)

RX : Halogenated compound

X- : Halogen ions(CI, F, Br)
Halides that penetrated the element inside a capacitor make
contact with the electrolyte, by which the halides are hydro-
lyzed and release halogen ions as shown on Reaction (21).
The halogen ions then attack aluminum by anodic half-cell
reaction, producing AlX; (Reaction 22 and 23).
AlX; is then hydrolyzed, which is decomposed to aluminum
hydroxide and the halogen ions (Reaction (24). The halogen
ions reproduced are repeatedly used and reproduced by the
reactions of (22) ~ (24), and then the corrosion develops end-
lessly.
Shown below are precautions for use of flux, cleaning agents,
adhesive, coating materials and fumigant.

6-1 Effect of Flux

Usually flux products contain an activator of ionic halide
system, which has been associated with the corrosion issues
of capacitors, and nowadays non-ionic halide system type flux
products have been increasingly available on the market. Some
of the latter flux type have been classified into the so called
“non-halogen flux” or “halogen-free flux”, and parts of the
“non-halogen” or “halogen-free” flux products may contain a
large amount of non-ionic halides, which can also adversely
affect the capacitors.

Flux types whose halogen ion concentrations are so low that
the capacitor may not be adversely affected include:

+ AHQ3100K (Asahi)

- POZ6 (Senjyu)

6-2 Cleaning Agents
6-2-1 Alcohol Cleaning Agents

(DFatty-alcohol cleaning agents (New type of solvent)
Pine Alpha ST-100S (Arakawa Chemical)
Clean Through 750H, 750K, 750L, and 710M (Kao)
Technocare FRW-14 through 17 (GE Toshiba Silicones)

@ IPA (Isopropy! alcohol)
[Compatible capacitor products]

Terminal Shape Subject Series

Surface Mount Type | All Series
Radial Lead Type All Series
Snap-in Type All Series (Less and equal 100Vdc)

[Cleaning conditions]
Either of Immersion or ultrasonic cleaning, for a maximum of
10 minutes at a maximum liquid temperature of 60°C.

[Precautions]

a. Make sure that the markings on a capacitor are not rubbed
against any other component or the PC board during clean-
ing. Note that shower cleaning can cause the markings on
the capacitor to be washed off.

b. Depending on the cleaning method, the markings may be
erased or blur.

c. A drying process following a water cleaning or rinsing pro-
cess may cause the outer sleeve materials of a capacitor to
swell or shrink.

d. After using a weak-alkaline cleaning agent (e.g. Clean
Through 750H), rinse with water to make sure that no alka-
line residue is left on the capacitor.

e. Control a flux concentration in a cleaning agent within 2
wit%.

f. IPS (Isopropyl Alcohol), if containing xylene or other solvent to
improve its cleanability, may swell the rubber seal materials.

g. Depending on the type of cleaning agent or conditions, note
that the outer sleeve of a capacitor may lose a gloss or
whiten in appearance.

6-2-2 HCFC (Freon-225), as Alternative CFCs
AK225AES (Asahi Glass)

[Cleaning conditions]

Solvent resistant type capacitors, which were originally devel-
oped to intend to resist Freon TE or Freon TES, are also
capable of withstanding either of immersion or ultrasonic clean-
ing, for a maximum of 5 minutes (or 2 minutes for KRE and
KRE-BP series capacitors or 3 minutes for SRM series). How-
ever, in view of global environmental issues, HCFCs has not
been recommended.

[Compatible capacitor products]

Terminal Shape | Subject Series

Surface | PXK, PXS, PXF, PXE, PXA, PXH, MVA(~63Vdc), MVE(~63Vdc),MZJ, MZA,
Mount | MVY(6.3 ~ 63Vdc), MZF, MZE, MZK, MLA, MLF, MLE,MLK, MVL, MV,
Type MVH(~50Vac), MHB, MHJ,MV-BP, MVK-BP

Radial PSG, PSK, PSF, PSE, PSC, PSA, PS, SRM, KRE, KMA, SRG, KRG, KRE-BP,
g KMA-BP, KMQ(~100Vc), SMG(~250Vc), KMG(~250Vc), SME-BP,
Type KME-BP, LXZ, LXY, LXV, FL, GPA, GXE(~50Vdc), GXL, GXH, LBG, LLA

When a capacitor is mounted closely flush on the PC board, a
residual cleaning agent may be left in the gap between the
body of the capacitor and PC board surface. Dry out the resi-
due with a forced hot air of 50 to 85°C for 10 minutes or more.

6-2-3 Other Solvents
To avoid capacitor failures, do not use the following cleaning
agents:
+ Halogenated system: causes capacitor failures due to cor-
rosion.
- Alkali system: corrodes (dissolves) the aluminum can case.
+ Terpene and petroleum system: deteriorates the rubber
seal materials.
* Xylene: deteriorates the rubber seal materials as well.
* Acetone: erases the markings printed on a capacitor.

6-3 Adhesive and Coating Material

To use adhesives and/or coating materials for aluminum elec-

trolytic capacitors, make sure of the following conditions:

a. Do not use any of adhesive or coating materials containing
halogenated solvents.

b. No flux residue nor stain is left between the rubber seal of a
capacitor and PC board.

c. Dry the capacitor to remove residual cleaning agents before
applying adhesive and coating materials. Do not cover up
the entire surface of the rubber seal of the capacitor with
adhesive and coating materials.

d. Improper heating and/or curing conditions for adhesives and
coating materials may cause the sleeve to swell or shrink.
Please consult us for proper conditions.
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e. For a non-solid aluminum electrolytic capacitor, covering up
the entire surface of the rubber seal with resin mold materi-
als will obstruct the normal diffusion of internal hydrogen
gas from the capacitor and result in serious failures. Also,
where the adhesive and coating materials contain a large
amount of halogen ions, the halogen ions will contaminate
the inside of the capacitor through the rubber seal materials,
which cause the capacitor to become a failure.

f. The outer sleeve of a capacitor may lose a gloss or whiten in
appearance depending on solvent materials that the adhe-
sive or coating materials contains.

g. Some adhesives or coating materials contain organic solvent
such as Xylene. Xylene can deteriorate the rubber seal ma-
terials, which cause the flux ingredients to penetrate into the
capacitor.

7. Recovery Voltage

Where a capacitor is once charged and discharged with both of
the terminals short-circuiting and then left the terminals open
for a while, a voltage across the capacitor spontaneously
increases again. This is called “recovery voltage phenomenon”.
The mechanism for this phenomenon can be interpreted as
follows:

When charged with a voltage, the dielectric produces some
electrical changes within, and then the inside of the dielectric is
electrified with the opposite polarities (dielectric polarization).
The dielectric polarization occurs in both ways of proceeding
rapidly and slowly. When a charged capacitor was discharged
until the voltage across the capacitor disappears, and then
being left the terminals open, the slow polarization will
discharge within the capacitor and appear as recovery voltage.
(Fig. 28).

The recovery voltage changes with time as sown in Fig. 29. Its
peak will appear 10 to 20 days after the terminals are opened,
with gradual weakening thereafter. Larger sized capacitors
(screw terminal type and snap-in type) may produce larger
recovery voltage.

With a recovery voltage residing in a capacitor, carelessly
short-circuiting the terminals can cause sparks to occur, which
may scare workers and/or damage low-voltage operating com-
ponents such as CPU’s and memories in the device circuit. To
avoid this trouble, discharge the capacitor through 100 - 1kQ
resistors before use. Also, Nippon Chemi-Con may provide
some solutions with some packaging method for it. Please con-
sult us.

6-4 Effect of Fumigation

In exporting or importing electronic devices, they may be
exposed to fumigation with halide such as methyl bromide.
Where aluminum electrolytic capacitors exposed to halide such
as methyl bromide, the capacitors will be damaged with the
corrosion reaction with the halogen ions.

For the export and import, Nippon Chemi-Con considers using
some packaging method and so forth that the fumigation is not
required to. For customers to export or import electronic
devices, semi-assembly products or capacitor components,
confirm if they will be exposed to fumigation and also consider
final condition of packaging. (Note that either cardboard or vinyl
package has a risk of fumigation gas penetration.)

Fig-28 Model of Recovery Voltage
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Fig-29 Change of Recovery Voltage
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50WV 100pF (¢ 12.5x20 )

8. Storage

Some characteristics of an aluminum electrolytic capacitor are
temperature-dependent. The higher the temperature is, the
more deteriorated the capacitor will be. An increase in tem-
perature accelerates the increase in leakage current and tané
and the decrease in capacitance. Leaving a capacitor exposed
to high humidity for long hours may lead to discoloration of the
lead wires and terminals, and poor solderability. To store alumi-
num electrolytic capacitors, keep them at normal temperature
and humidity without exposure to direct sunlight.

— 40°C

»70°C
—20

—30

Capacitance Change (%)

—40

tan 0
Leaving them exposed to high temperatures (higher than the ----Leakage Current

normal ambient temperature) may lead to chemical reactions — 70°C
between the anode oxide layer and electrolyte, which drop the -
withstanding voltage and increase leakage current. If this is the B
case, applying the rated voltage to the capacitor will lead to _ ®70C
dielectric breakdown due to the heat produced with the large :
leakage current, which finally causes the pressure relief vent to

open. —
p - S — — YT L

(vrl) Juauny ebeyes

tan 6
o

---------- 940C] 19

Capacitors that have been stored for long periods of time
should be subjected to a voltage treatment process (see Note
1) which will reform the dielectric (Al203) by electrolyte and 0.01 o p > 1
return the leakage current to the initial level. Leakage current Time (year)

increase during storage will vary with the withstanding voltage Fig-30 Temperature Characteristics of Storage
of a capacitor. In general, the higher the rated voltage, the

larger increased the leakage current tends to be. Also, since

storing for long period of time may shorten the lifetime of the

capacitors, consider storage conditions according to the

requirements of device life expectancy.

(Note 1) In the voltage treatment process, connecting resistor
(around 1k Q) in series with the capacitor, applied the rated
voltage and then be kept the rated voltage for 30 to 60 minutes.

Product specifications in this catalog are subject to change without notice.Request our product specifications before purchase and/or use. Please use our products based on the information contained in this catalog and product specifications.

(13/14) CAT. No. E1001L



TECHNICAL NOTE
CHEMI-CON

9. Tips for Selecting Capacitors Appropriate for Individual Applications

Aluminum electrolytic capacitors are used mainly for the filter-
ing application of power supplies. Select appropriate capacitors
for the specific requirements of each application, referring to
the following examples for typical applications:

9-1 Input Filtering Capacitors for Switch-
ing Mode Power Supplies

An input filtering capacitor functions to smooth 50-120 Hz
waveforms that come from a rectifying circuit, the waveforms of
which are superimposed with the ripples with the switching
frequency from the switching stage where the capacitor sup-
plies the electric power. Therefore, the capacitor must be
capable of managing both ripple currents with each frequency.
The ESR of a capacitor is frequency-dependent, so that a
ripple current of different frequency produces a different ther-
mal energy in the capacitor.

For PFC power supplies or lighting ballasts, capacitors are
subjected to ripple current whose frequency is several dozens
of kHz to 100kHz. Therefore, to select capacitors, take their
impedance characteristics into consideration.

@Recommended input filtering capacitors for SMPS

For the filtering circuit for 400Vac line, two capacitors of each
a rated voltage 350 to 400Vdc can be used with being con-
nected in series. In the series connection, voltages across the
individual capacitors during charging depend on their indi-
vidual capacitance values. After completion of the charging,
the voltages come to depend on their leakage current values
as the voltage distribution to the individual capacitors inversely
corresponds to their leakage current values. For the voltage
not to exceed the rated value after the charging is completed,
balancing resistors should be connected in parallel with each
capacitor. For guidance on choosing balancing resistors,
please consult us.

Where capacitors connected in series are frequently charged
and discharged, individual charging voltages depend on the
variations in their capacitance values. Therefore, keeping the
voltage balance will be difficult even if balancing resistors are
employed. For servo amplifiers and other application where
the voltage fluctuates frequently due to regeneration, use
capacitor families that have been especially designed for
intensive charge and discharge operations, or consult us for
individual designs.

@Recommended capacitors for inverter main circuits

Characteristics 85C 105°C
Type Standard [Longer Life| Standard |Longer Life
Snap-in SMQ SMM KMQ LXS,LXM
Screw Mount RWE RWF,RWG KMH LXA,LXR

Characteristics 85C 105°C
Type Standard [Longer Life| Standard | Compact |Longer Life
Radial Lead — — KMG PAG KXJ
Snap-in SMQ SMM KMQ KMS,KMR | LXS,LXM

9-2 Output Filtering Capacitors for Switch-
ing Mode Power Supplies

In the output filtering, a capacitor must be capable of managing
a ripple current with the frequency as high as around 100 kHz.
Therefore, Nippon Chemi-Con provides excellent product line-
ups with low impedance characteristic at high frequencies,
including high temperature and long-life versions, which can be
chosen according to the application purpose.

The 125°C maximum temperature series capacitors have a
shorter lifetime than the “Long Life” series of 105°C max. tempera-
ture though the electrical characteristics are highly stable. The
“wide temperature range” series has two subseries that differ by
the applicable temperature range: -55 to 105°C and -40 to 125°C .
The “Long Life” series capacitors have been designed for spe-
cializing lower impedance and also longer lifetime. Compared
to the “wide temperature range” series, the Long Life series can
serve longer with the lower impedance, though the maximum
operating temperature is limited to 105°C and the electrical
characteristics are large in change over the temperature range.

@Recommended output filtering capacitors for SMPS

Characteristics 105°C 125°C
Type Standard Low Z |Longer Life|High Temp
Wide Temp Range LXY LXZ — GXE
Longer Life KY KZH,KZE KZM —

9-3 Filtering Capacitors for Inverter Main

Circuits
These capacitors are used in a similar way to those for the
input of the switching mode power supplies. Additionally,
please understand the following precautions:

@Recommended capacitors for servo amplifiers

Characteristics| ~ 85°C 105°C
Type Standard |High Temp
Snap-in - KMV

Screw Mount RWV -

9-4 Capacitors for Control Circuits

These capacitors are relatively small in capacitance, and there-
fore the case size is also small. However, the smaller the case
size, the shorter the lifetime of a capacitor. Moreover, if a
capacitor is located near a heat source, the capacitor’ s lifetime
may be shortened. Consider selecting an adequate capacitor in
lifetime balancing with other capacitors.

@Recommended capacitors for control circuits

Characteristics 105°C
Type 5L, 7L 11L
Radial Lead FL KY

9-5 Photoflash Capacitors

These capacitors are specially designed so that much higher
energy-volumetric efficiency can be obtained. Therefore, these
capacitors are limited in application. Note that they cannot sub-
stitute filtering capacitors. Detailed specifications of these
capacitors should be determined specifically for each photo-
flash application through discussions with a customer.
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