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MIL-STD-198E

SECTION 701A

CAPACITORS, FIXED, ELECTROLYTIC (SOLID ELECTROLYTE),
TANTALUM, ESTABLISHED RELIABILITY

STYLES CSR13, CSR91, AND CSR21

(APPLICABLE SPECIFICATION: MIL-C-39903)

1. SCOPE This section covers established reliability, insulated, tantalum,
solid-electrolyte, fixed capacitors, hermetically sealed in metal cases. These
capacitors have failure rate levels ranging from O. 1 percent per 1,000 hours to
0.0001 percent per 1,000 hours (1 FIT) 1/ at a 90-percent confidence level (Weibull
distribution. When properly derated, These units will operate at +125°C.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are intended for use in equipment where a known order
of reliability is required. These electrolytic capacitors are the most stable and
most reliable electrolytic available, having a longer life characteristic than any of
the other electrolytic capacitors. Because of their passive electrolyte being solid
and dry, these capacitors are not temperature-sensitive; they have a lower
capacitance-temperature characteristic than any of the other electrolytic capaci-
tors. Their limitations are the relatively high leakage current, limited voltage
range available (6 to 100 volts), and a maximum allowable reverse voltage of 15
percent of the rated dc voltage at +25°C to 1 percent at +125°C. CSR13 and CSR91
style capacitors are generally used where low-frequency pulsdting dc components are
to be bypassed or filtered out.

CSR21 style capacitors provide more stable capacitance, equivalent series
resistance, and impedance than other tantalum capacitors at high frequency. They
have heavier ripple current ratings than other types which make them particularly
suitable for applications such as output filtering for switching regulator power
supplies. Such uses require low impedance in series with the capacitors (See figure
701.4) Solid tantalum capacitors are used in electronic equipment shere large
capacitance values are required, where space is at a premium, and where there are
significant quantities of shock and vibration. These capacitors are mainly designed
for filter, by-pass, coupling, blocking, energy storage, and other low voltage dc
applications (such as transistor circuit in missile, computer, and aircraft
electronic equipment) where stability, size, weight, and shelf life are important
factors. When designing transistor, timing, phase shifting, and vacuum-tube grid
circuits the dissipation factor and power factor should be taken into consi-
deration. Ror bypassing resistors, a ratio of bias resistance to capacitive
reactance of 10 to 1 is usually allowed. Ratios up to 20 to 1 may be used in
high-fidelity amplifier work or where space and economical considerations permit. In
circuits where linear amplification is required, the amount of capacitive reactance
shunting a cathode resistor will depend on the percentage of degenerative feedback
desired.

These capacitors are available as polarized and nonpolarized tyt)es. Polarized
types should have their cases at the same potential as the negative lead; they should
be used only in dc circuits with polarity observed. Nonpolarized types should be
used where reversal of potential occurs.

2.2 Construction. A porous tantalum pellet or wire serves as the anode of a solid
tantalum capacitor: The surfaces of the anode are electrochemically coverted to an
oxide of tantalum which serves as the dielectric. These surfaces are coated with an
oxide semiconductor which is the working electrolyte in solid form. This oxide
semiconductor establishes contact with all of the complex surfaces of the anodized
pellet and is capable of healing imperfections of the tantalum oxide dielectric film.

1/ FIT = failure unit = one failure per 10  device hours.
9
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NOTE: In high impedance circuits, momentary breakdowns (if present) will self-heal;
however, in low impedance circuits, their self-healing characteristics under
momentary breakdown of the dielectric film will be nonexistent. The large currents
in low impedance circuits will cause permament damage to the capacitor.

2.3 Voltage rating. These capacitors have a voltage rating over a range of 6 to
100 volts.

2.4 Operating temperature range. These capacitors are suitable for operation over
a temperature range of -55°C to +85°.

2.5 Voltage derating. When properly derated, these units may be operated over a
temperature range of -55°C to +125°C. The derated voltage at +125°C is approximately
66 percent of the full rated voltage.

2.6 Revberse voltage. These capacitors are capable of withstanding peak voltages
in teverse direction equal to 15 percent of their dc rating at +25°C; 10 percent
at +55°C; 5 percent at +85°C; and 1 percent at +125°C.

2.7 Permissible ripple voltage. These capacitors may be operated with an
impressed ripple (at) voltage provided the capacitors do flat exceed their
heat-dissipation limits. Total heat-dissipation limits depend on the amibent
operating temperature and the operating frequency. For example. A 10-µf capacitor
of any voltage may be operated at 1.9 Vrms, 120 Hz, 25 C; or at 0.75 volts rms, 120
Hz, 125°C. (See figure 701-1.) When this same capacitor is subjected to a ripple
frequency of 1,000 Hz, the permissible ripple voltage must be reduced by the ratio of
permissible ac at 120 HZ (see figure 701-2) as follows: 1.9 times 9.47/1.9 equals
0.47 Vrms at 25°C, 1,000 Hz; or 0.75 times 0.47/1.9 equals 0.19 Vrms at 125°C, 1,000
Hz. The sum of the applied dc BIas voltage and the peak of the ac rIpple voltage
should not exceed the dc rated voltage for the applicable ambient temperature.
Permissible ac voltage determined from figures 701-1 and 701-2 may be applied when
the dc voltage is zero or near zero, provided the negaeive peak of the ac voltage
does not exceed the allowable reverse voltage limits of 1 percent of the rated
voltage at +125°C. For CSR21 capacitors, ripple voltage is more often limited by
restraints on reversal of voltage. Ripple current limitations are more significant
because the degradation mode is thermal and must not be allowed to exceed the maximum
levels specified for each rating, frequency, and ambient temperatllre. Figures 701-1
and 701-2 should be used with caution with regard to CSR21.

FIGURE 701-1. Permissible ripple voltsge versus capacitance and ambient temperature at 120 Hz.
701A (MIL-C-39003)
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FIGURE 701-2, Permissible ripple voltage versus capacitance
and frequency at 25°C.

2.8 Series and parallel networks:

2.8.1 Series. It is recommended that when these capacitors are connected in
series, the maximum voltage across the network should not be greater than the lowest
voltage rating of any capacitor in the network, or that voltage divider resistors be
used to prevent over voltage on one or more units of the series capacitor group.

2.8.2 Parallel.  1-o obtain a higher capacitance than can be obtained from a single
capacitor, a number of units may be connected in parallel. However, the sum of the
pepeak ripple and the applied dc voltage should not exceed the dc working voltage of
the unit with the lowest voltage rating. The connectiong leads of the parallel
network should be large enough to carry the combined currents without reducing the
effective capacitance due to series lead resistance.

701.3
701A (MIL-C-39003)
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2.9 Dielectric absorption. Dielectric absorption may be observed by the
reappearance of potential across the capacitor agter it has been shorted and the
short removed. This chatacteristic is important in RC timing circuits, triggering
systemms, and phase-shift networks. The curves shoqn on figure 701-3 were established
by charging capacitors for 1 hour at rated voltaghe and then discharging them through
a dead short for 1 minute.

TIME-SECONDS

FIGURE 701-3. Typical dielectric absorption of solid-electrolyte tantalum capacitors at 25°C.

Voltage recovery was measured with a high-impedance electrometer at the intervals
given on the curves. Increasing the ambient temperature shifts th4e curves to the
left and decreases the amplitude but does not effect the shape. Shortening charge
time, lengthening discharge time, or decreasing charging voltage results in reduction
of the peak amplitude of the curve, but has little effect on ists shape or relative
position.

2.10 Comparison with aluminum electrolytic. Tantalum solid electrolytic
capacitors differ from aluminum electrolytics in several important aspects; namely,
substantially indefinite shelf life, superior low temperature characteristics,
complete freecom from electrolyte leakage, and higher operating temperatures.
However, because tantalum electrolytic capacitors generally are more costly than
aluminum electrolytic capacitors, consideration should be given to the use of
aluminum electrolytic capacitors if their performance characteristics and physical
sizes are suitable and if the application will permit.

2.11 Mounting. Supplementary mounting means should be used where the application
of these capacitors involves vibration frequencies above 55 Hz.

2.12 Increased reliability. Failure rate is a function of temperature, applied
voltage, and circuit impedance. Increased reliability may be obtained by derating
the temperature and applied voltage and increasing circuit impedances.

DC leakage current increases when either voltage or temperature is increased; the
rate of increase is greater at the higher values of voltage and temperature. A point
can be reached where the dc leakage current will avalanche and attain proportions
that will permanently damage the capacitor. Consequently, capacitors shoukd never be
operated above their rated temperature and rated voltage for that temperature.

By increasing the circuit impedance, the leakage current is reduced. In life
testing the solid tanatlum capacitor, the capacitance and dissipation factor are very
stable over long periods of time and hence are not a suitable measure of deteriora-
tion. Leakage current variation is a better indicator of capacitor conditon. In
the life test in MIL-C-39007, a maximum impedance of 1 ohm is allowed. It is
recommended that a minimum circuit impedance of 1 ohm per applied volt be utilized to
attain improved reliability.

701A (MIL-C-39003)
701.4
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FIGURE 701-4. Failure rate level curves.

701.5
701A (MIL-C-39003)
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2.13 Reliability rating: The reliability rating is identified by the following FR
level symbols:

Weibull FR level
Symbol (%/1,000 hr) at 99% confidence level

B 0.1
C 0.01
D 0.001 (1 FIT)

2.14 General. When additional experience and data are obtained relative to the
reliability of these units, such information will be added herein.

3. ITEM IDENTIFICATION

3.1 Standard capacitor. The standard capacitors available in this section are
shown on figure 701-5. The figure fives the electrical characteristics, case sizes,
failure rate levels, and military part numbers which are standard for design).

FIGURE 701-5. Established reliability, tantalum, solid
electrolyte, fixed capacitors.

701A (MIL-C-39003)
701.6
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STANDARD CAPACITORS
STYLE CSR13 (MIL-C-39003/1)

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°C)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.7
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STANDARD CAPACITORS
STYLE CSR13 (MIL-C-39003/1 - CONTINUED

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.8
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STANDARD CAPACITORS
STYLE CSR13 (MIL-C-39003/1) - CONTINUED

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°C)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.9
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STANDARD CAPACITORS
STYLE CRS13 (MIL-C-39003/1) - CONTINUED

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°C)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.10
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STANDARD CAPACITORS
STYLE CSR13 (MIL-C-39003/1) - CONTINUED

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°C)

FIGURE 701-5. Eswtablished reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.11
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STANDARD CAPACITORS
STYLE C5R13 (MIL-C-39003/1) - CONTINUED

OPERATING TEMPERATURE RANGE -55° to +95°C (DERATED to +125°C)

FIGURE 701-5. Established reliabiltiy, tantalum, solid electrolyte, fixed capacitors - Continued.

701A(MIL-C-39003)
701.12
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STANDARD CAPACITORS
STYLE CSR13 (MIL-C-39003/1) - CONTINUED

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°C)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed Capacitors - Continued.

701A (MIL-C-39003)
701.13
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STANDARD CAPACITORS
STYLE CSR13 (MIL-C-39003/1) - CONTINUED

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°C)

FIGURE 701-5. Estableished reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.14
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STYLE CSR91 (MIL-C-39003/4)

NOTES:
1. The case insulation shall extend .015(.38 mm) minimum beyond each end. However,

when a shrink-fitted insulation is used, it shall lap over the ends of the capacitor body.
2. Two style CSR13 capacitors placed "back-to-back" (negative terminal-to-negative

terminal).

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701.15 701A (MIL-C-39003)
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STANDARD CAPACITORS
STYLE CSR91 (MIL-C-39003/4)

OPERATING TEMPERATURE RANGE -55° to +85°C (DERATED to +125°C)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.16
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STANDARD CAPACITORS
STYLE CSR91 (MIL-C-39003/4) - Continued

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.17

Downloaded from http://www.everyspec.com



MIL-STD-198E

STANDARD CAPACITORS
STYLE CSR91 (MIL-C-39003/4) - Continued

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.18
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STANDARD CAPACITORS
STYLE CSR91 (MIL-C-39003/4) - Continued

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
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STANDARD CAPACITORS
STYLE CSR91 (MIL-C-39003/4) - Continued

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitors - Continued.

701A (MIL-C-39003)
701.20
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NOTES:
1. Dimensions are in
2. Metric equivalents

are based upon 1.00 inch = 25.4 mm.
3. The case insulation shall extend .015 (.38 mm) minimum beyond

each end. However, when a shrink-fitted insulation is used, it shall
lap over the ends of the capacitor body.

4. Lead length may be a minimum of 1 inch long for use in tape and reel
automatic insertion equipment, when specified.

FIGURE 701-5. Established reliability. tantalum. solid electrolyte, fixed capacitors - Continued.

701.21 701A (MIL-C-39003)
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STANDARD CAPACITORS
STYLE CSR21 (MIL-C-39003-9)

OPERATING TEMPRATURE RANGE -55°C to +85°C (DERATED TO +125°C)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitor - Continued.

701A (MIL-C-39003) 701.22
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STANDARD CAPACITORS
STYLE CSR21 (MIL-C-39003-9) - Continued

OPERATING TEMPERATURE RANGE -55°C to +85°C (DERATED TO +125°C)

FIGURE 701-5. Established reliability, tantalum, solid electrolyte fixed capacitor - Continued.

701.23 701A (MIL-C-39003)
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APPLICATION NOTES:

1 . Rated ripple current is the rms value of the maximum allowable alternating
current of a specified frequency, at which the capacitor may be operated
continuously at a specified temperature. Derate ripple current for ambient
temperature in accordance with the curve given on figure 701-6.

2 . For derating for frequency, use the derated ripple currents at 1 kHz given in
table I. Below 1 kHz these same currents are applicable provided the peak ambient
voltage does not result in voltage reversal or exceeding the rated dc voltage.
Between 1 kHz and 40 kHz the ripple current may be interpolated linearly with
frequency. The ripple current at 40 kHz is applicable at and above 40 kHz.

3. Although CSR21 capacitors are rated to operate with the specified levels of rms
ripple current, they are basically polar devices. Care must be exercised to
assure that sufficient dc bias is applied to prevent ac voltage reversal in
excess of specified reverse voltage ratings.

4 . When two or more CSR21 capacitors are used in parallel, ripple current may not
divide equally as a result of unequal ESR's of the capacitors, It is imperative
that each capacitor be operated within the specified limit of rms ripple current.

FIGURE 701-6. Ripple current derating with respect to temperature.

701A (MIL-C-39003) 7 0 1 . 2 4
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