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FOREWORD

This standard provides selected standard capacitors for use in the design of
military equipment.

The application information and performance characteristics contained in this
standard are offered for guidance and are not to be considered as mandatory.
Additional application information will be added when coordinated with the three
military departments.

Additional sections of this standard will be developed as the standard capacitors
of a given specification family are selected and coordinated with the three military
departments.
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Cross Reference
Style to Specification

C A
C B
C C
CCR

ER

A
A
I
A

CL
CLR
C M

CDR
CE
CFR
CG
CH
CHR
CJ
CK
CKR
CKS

CMR
CMS
CN
CP
CPV
CQ
CQR
CRH
CRL
Cs
CSR
CSS
CT

CU
CUR
CV
CWR
CX

CYR
CZ
CZR
PC

10950
20
20
55681
62
55514
23183
18312
39022
3871
11015
39014
123
3965
39006
5
39001
87164
91
25
14157
19978
19978
83421
83500
26655
39003
39003
92
27287
39018
39018
81
55365
49137
11272
23269
11693
11693
14409

STYLE SPECIFICATION DESCRIPTION CLASS STATUS      REPLACEMENT
12889 Paper, By-Pass Non-ER I 19978

A

CTM

ER

CY I
A
I

A = Active for desiqn

Mica, Button, Feed-Thru
Ceramic, Encap., Temp. Comp.
Ceramic, Encap., Temp., Comp.
Ceramic, Chip
Aluminum Electrolytic
Plastic, Non-Herm. Sealed
Vacuum or Gas, Variable
Metallized Paper, or Plastic
Metallized Plastic, Herm. Sealed
Aluminum, Motor Start
Ceramic, Encapsulated
Ceramic, Encapsulated
Ceramic, Encapsulated and Chip
Tantalum, Foil and Wet Slug
Tantalum, Foil and Wet Slug
Mica, Molded, Silvered, andRF
Mica, Silvered
Mica, Silvered
Paper, Non-Metal Cases
Paper, Herm. Sealed
Paper or Plastic, Herm. Sealed
Paper or Plastic, Herm. Sealed
Paper or Plastic, Herm. Sealed
Metallized Plastic, Herm. Sealed
Tantalum, Wet Slug
Tantalum, Solid, Herm. Sealed
Tantalum, Solid, Herm. Sealed
Tantalum, Solid, Herm. Sealed
Air, Variable
Plastic, Non-Metal Case
Aluminum Electrolytic
Aluminum Electroyltic
Ceramic, Variable
Tantalum, Solid,
Tantalum, Solid,
Glass
Glass
Metallized Paper
Metallized Paper
Piston Trimmer

Chip
Non-Herm. Sealed

or Plastic F.T.
or Plastic F.T.

Non-ER
Non-ER

ER

Non-ER
ER

Non-ER
Non-ER

ER
Non-ER
Non-ER

ER
Hi-Rel
Non-ER

ER
Non-ER

ER
Hi-Rel
Non-ER
Non-ER
Non-ER
Non-ER

ER
ER

Non-ER
Non-ER

ER
Hi-Rel
Non-ER
Non-ER
Non-ER

Non-ER
ER

Non-ER
Non-ER

ER
Non-ER

ER
Non-ER

A
PI
A
A
PI
A
A
I
A
C
PI

PI
A

A
I
C
I
A
A
A
c
A
A
A

PI
A
A
A
A

A
A

CCR

39018

39022

EIARS-463
39014

39006

39001

55514
19978
19978
CQR

39003

55514
CUR

23269

CZR

C = Canceled
I = Inactive for design
PI = Partially Inactive for design

This cross reference is for general information only; some styles are not preferred standards and
therefore not included in this standard.
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1. SCOPE

1.1 Scope. This standard consists of the following:

(a) selected standard capacitor types, detailed by sections, chosen jointly by
the Departments of the Army, the Navy, and the Air Force for use in the
design and manufacture of military equipment under the jurisdiction of the
Departments.

(b) Guides for the choice and application of capacitors for use in military
equipment.

Detailed requirements for capacitors listed in this standard are covered in the
applicable specification (see 2.1). When it has been determined that circuit require-
ments cannot be met by using capacitor styles or characteristics listed in this
standard, the design engineer shall, with the approval of the cognizant military
activity, select from the applicable capacitor specification styles or characteristics
not listed herein.

1.2 Purpose of standard:

(a) TO provide the equipment designer with a selection of standard capacitors
for use in most military applications.

(b) To control and minimize the variety of capacitors used in military
equipment in order to facilitate logistic support of the equipment in the
field.

(c) To outline criteria pertaining to the use, choice, and application of
capacitors in military equipment.

1.3 Notice to users. This standard was written to aid in the selection of
standard capacitors. The information contained herein is believed to be correct;
however, the Government assumes no liability whatsoever for any inaccuracies.
Contractors are cautioned to evaluate the requirements and part numbers in the
individual specification sheets. MIL-STD-198 is intended as a guide only; see
section 2 for a list of the applicable procurement specifications.

1
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2. REFERENCED DOCUMENTS

2.1 Issues of documents. The following documents of the issue in effect on date
of invitation for bids or request for proposal, form a part of this standard to the
extent specified herein.

SPECIFICATIONS

MILITARY

MIL-C-5

MIL-C-20

MIL-C-62

MIL-C-81

MIL-C-1095O

MIL-C-11015

MIL-C-14409

MIL-C-19978

MIL-C-23183

MIL-C-23269

MIL-C-39001

MIL-C-39003

MIL-C-39006

MIL-C-39014

MIL-C-39018

MIL-C-39022

Capacitors, Fixed, Mica Dielectric, General Specification
For.

Capacitors, Fixed, Ceramic Dielectric (Temperature
Compensating), Established and Non-Established Reli-
ability, General Specification For.

Capacitors, Fixed, Electrolytic (DC, Aluminum, Dry
Electrolyte, Polarized), General Specification For.

Capacitors, Variable, Ceramic Dielectric, General
Specification For.

Capacitors, Fixed, Mica Dielectric, Button Style, General
Specification For.

Capacitors, Fixed, Ceramic Dielectric (General Purpose),
General Specification For.

Capacitors, Variable (Piston Type, Tubular Trimmer),
General Specification For.

Capacitors, Fixed, Plastic (or Paper-Plastic) Dielectric,
(Hermetically Sealed in Metal, Ceramic, or Glass Cases),
Established and Non-Established Reliability, General
Specification For.

Capacitors, Fixed or Variable, Vacuum or Gas Dielectric,
General Specification For.

Capacitors, Fixed, Glass Dielectric, Established
Reliability, General Specification For.

Capacitors, Fixed, Mica Dielectric, Established
Reliability, General Specification For.

Capacitors, Fixed, Electrolytic (Solid Electrolyte),
Tantalum, Established Reliability, General Specification
For.

Capacitors, Fixed, Electrolytic (Nonsolid Electrolyte),
Tantalum, Established Reliability, General Specification
For.

Capacitors, Fixed, Ceramic Dielectric (General Purpose),
Established Reliability, General Specification For.

Capacitors, Fixed, Electrolytic (Aluminum Oxide),
Established Reliability and Non-Established Reliability,
General Specification For.

Capacitors, Fixed, Metallized, Paper-Plastic Film, or
Plastic Film Dielectric, Direct and Alternating Current,
(Hermetically Sealed in Metal Cases), Established
Reliability, General Specification For.

2
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MILITARY - Continued

MIL-C-55365 - Capacitors, Chip, Fixed, Tantalum, Established
Reliability, General Specificatfon For.

MIL-C-55514 - Capacitors, Fixed, Plastic (or Metallized Plastic)
Dielectric, DC or DC-AC, in Nonmetal Cases, Established
Reliability, General Specification For.

MIL-C-55681 - Capacitors, Chip, Multiple Layer, Fixed, Unencapsulated,
Ceramic Dielectric, Established Reliability, General
Specificatfon For.

MIL-C-83421 - Capacitors, Fixed, Supermetallized Plastic Film
Dielectric, (DC, AC, or DC and AC), Hermetically Sealed
in Metal Cases, Established Reliabfifty, General
Specification For.

(Copies of specificatfons, standard, handbooks, drawings, and publications required
by manufacturers in connection with specific acquisition functions should be obtained
from the contracting activity or as directed by the contracting officer.)

3
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3. DEFINITIONS

3.1 Rating and design application terms. A list of common terms used in the
rating and design applicationof capacitors is as follows:

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

(l)

Ambient temperature. Average or mean temperature of the medium (air, gas,
liquid , etc.,) surrounding an object.

Anode. Positive electrode of a capacitor.

Capacitance. Property of a capacitor which determines its ability to
store electrical energy when a given voltage is applied, measured in
farads, microfarads, or picofarads.

Capacitance tolerance. The part manufacturer’s guaranteed maximum
deviation {expressed in percent) from the specified nominal value at
standard (or stated) environmental conditions.

Capacitive reactance. Opposition offered to the flow of an alternating or
pulsating current by capacitance, measured in ohms.

Capacitor. Electronic component part consisting essentially of two
conducting surfaces separated by an insulating (dielectric) material. A
capacitor stores electrical energy, blocks the flow of direct current, and
permits the flow of alternating or pulsating current to a degree dependent
on the capacitance and the frequency.

(1) Capacitor, liquid-filled. A capacitor in which a liquid impregnant
occupies substantially all of the case volume not required by the
capacitor element and its connections. (Space may be allowed for the
expansion of the liquid under temperature variations.)

(2) Capacitor, liquid-impregnated. A capacitor in which a liquid
impregnant is dominantly contained within the foil- and paper-winding,
but does not occupy substantially all of the case volume.

(3) Capacitor, temperature-compensating. A capacitor whose capacitance
varies with temperature in a known and predictable manner.

Cathode. Negative electrode of a capacitor.

DC leakage (DCL). Stray direct current of relatively small value which
flows through or across the surface of solid or liquid insulation when a
voltage is impressed across the insulation.

Dielectric. The insulating material (e.g.) air, paper, mica, oil, etc.,)
between the plates of a capacitor.

Dielectric absorption. Property of an imperfect dielectric whereby all
electric charges within the body of the material caused by an electric
field are not returned to the field.

Dielectric constant. Property of a dielectric material that determines
how much electrostatic energy can be stored per unit volume when unit
voltage is applied. (It is the ratio of the capacitance of a capacitor
filled with a given dielectric to that of the same capacitor having a
vacuum dielectric.)

Dielectric strength. Maximum voltage that a dielectric material can
withstand withour rupturing. (The value obtained for the dielectric
strength will depend on the thickness of the material and on the method
and conditions of test.)

4
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(m)

(n)

(o)

(p)

(q)

(r)

(s)

(t)

(u)

(v)

(w)

(x)

(y)

(z)

MIL-STD-198E

Dissipation factor (DF). The ratio of resistance to reactance, measured
in percent.

Electrolyte. Current-conducting solution (liquid or solid) between two
electrodes or plates of a capacitor at least one of which is covered by a
dielectric film.

Equivalent series resistance (ESR). The square root of the difference
between the Impedance squared and the reactance squared.

Flashpoint of impregnant. The temperature to which the impregnant (liquid
or solid) must be heated in order to give off sufficient vapor to form a
flammable mixture.

Impedance (Z). Total opposition offered to the flow of an alternating or
pulsating current, measured in ohms. (Impedance is the vector sum of the
resistance and the capacitive reactance, i.e., the complex ratio of
voltage to current. )

Impregnant.A  substance, usually liquid, used to saturate paper dielectric
and to replace the air between its fibers. (Impregnation increases the
dielectric strength and the dielectric constant of the assembled
capacitor. )

Insulation resistance (IR). Direct current resistance between two
conductors that are separated by an insulating material.

NOTE: Capacitors are commonly subjected to two insulation resistance tests.
One test determines the insulation resistance from terminal to terminal while
the other test determines the insulation resistance from one or more
terminals to the exterior case or insulating sleeve.

Power factor (PF). The ratio of resistance to impedance, measured in
percent.

Quality factor (Q). The ratio of capacitive reactance to resistance.

Radio interference. Undesired conducted or radiated electrical
disturbances, including transients, which may interfere with the operation
of electrical or electronic communications equipment or other electronic
equipment.

Ripple voltage (or current). The ac component of a uni-directional
voltage or current (the ac component is small in comparison with the dc
component).

Stability. The ability of a part to resist changes of characteristic
values and (or) coefficients.

Surge voltage (or current). Transient variation in the voltage or current
at a point in the circuit; a voltage or current of large magnitude and
short duration caused by a discontinuity in the circuit.

Temperature coefficient (TC). Change in capacitance of a capacitor per
degree change in temperature. It may be positive, negative, or zero and
is usually expressed in parts per million per degree Celsius (ppm/°C).
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4. GENERAL REQUIREMENTS

4.1 Choice of capacitor types. The variety of capacitor types used in any
particular equipment shall be he minimum necessary to obtain satisfactory
performance. Where more than one type of capacitor may be used in a given application
(i.e., molded mica or glass types), consideration should be given tO cost and
availability (use of strategic materials, multiple sources, etc.). The capacitors
identified in this standard meet all the criteria for standard types (see 1.1 and 4.4
and Table I).

4.1.1 Reliability Where quantitative reliability requirements are specified as
part of the equipment requirements and are such that the use of parts with established
reliability is dictated, such parts shall be selected from the established
reliability sections of this standard.

4.1.2 Qualified sources. After a preliminary selection of the desired capacitor
has been made, reference should be made to the applicable qualified products list for
listing of qualified sources.

4.2 Item identification. A type designation for any capacitor referenced herein
may be constructed as indicated in the example given in the applicable section. The
part number assignments, where applicable, shall be as specified in he individual
capacitor specification.

4.3 Conflict of requirements. In the event of conflict between technical require-
ments of capacitors described in this standard and the applicable specification, the
specification shall govern; however, this standard will be up-dated concurrently to
reflect specification changes.

4.4 Criteria for inclusion in this standard. The criteria for the inclusion of
capacitor types in this standard are as followe:

(a) The capacitor shall be the best type available for general use in military
equipment.

(b) Coordinated military specifications shall be available (see 2.1).

(c) Capacitors shall be in or shall have been in production.

(d) Where possible, only capacitors that will remain in this standard for a
minimum of 1 year shall be included.

6
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5. DETAILED REQUIREMENTS

5.1 The detailed requirements for standard capacitor types are contained in the
applicable specification and the applicable section of this standard.
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TABLE 1. Capacitor types

8

Downloaded from http://www.everyspec.com



MIL-STD-198E
available by dielectric.
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6. GENERAL APPLICATION INFORMATION

6.1 General. The application information contained herein is designed to help the
engineer select the capacitors he will specify (application information pertaining to
specific capacitor types is contained in the applicable sections). As with other
types of components, the most important thing a user must decide is which of the
numerous types of capacitors will be best for use in the military equipment he is
designing. Proper selection in its broadest sense is the first step in building
reliable equipment. To select properly the capacitors to be used, the user must know
as much as possible about the types from which he can choose. He should know their
advantages and disadvantages; their behavior under various environmental conditions;
their construction; and their effect on circuits and the effect of circuits on them.
He should know what makes capacitors fail. He should also have an intimate working
knowledge of the applicable military specification.

6.1.1 Capacitor usage. Capacitors are used as energy-storage components to
accumulate energy through long periods of time and to discharge the energy over
longer or shorter periods. Parallel RC circuits will maintain bias on the grid of a
tube for long periods and, as in filter circuits, will smooth out pulsating direct
current. By-pass capacitors are used to prevent the flow of direct current without
impeding the flow of alternating current and the attenuate low frequency currents
while permitting higher frequency currents to pass. In combination with resistors,
capacitors are used to reduce radio interference caused by arcing contacts, and to
increase the operational life of the contacts.

6.1.2 Capacitor types. Capacitors of the types widely used in electronic
equipment can be grouped into one of six basic types; namely, (1) glass and mica, (2)
electrolytic, (3) paper and plastic, (4) ceramic, (5) air, and (6) vacuum. These
basic types differ from each other in size, cost, capacitance, and general
characteristics. Some are better than others for a particular purpose; no one type
has all of the best characteristics. The choice among them, therefore, depends on
the requirements, both initial and long-term, the environment in which they must
exist, and numerous other factors. The designer must realize that the summaries of
the general characteristics contained in table I are relative, not absolute, and
that all the requirements of a particular application must be taken into consideration
and compared with the advantages and disadvantages of each of the several types
before a final choice is made.

6.2 Environmental effects on characteristics and life. The characteristics and
life of all capacitors are dependent on the environments to which capacitors are
exposed. Effects of various environmental conditions on capacitors are as follows:

6.2.1 Temperature:

(a)

(b)

(c)

The temperature at which the dielectric operates is a function of the
ambient temperature in which the capacitor is located; the heat which is
radiated or conducted to the capacitor; the internal heating of the
capacitor due to I²R losses in the conductors and dielectric; the
physical construction and thermal conductivity of the materials inside the
capacitors; the transfer of heat internally by conduction and convection
to the container; and the heat lost from the container by convection,
conduction, and radiation.

The insulation resistance decreases as the temperature increases. The
power factor is a complex function of temperature. With polarized
dielectrics, temperature-frequency combinations exist where there are
large increases in power factor. This may not present any difficulties at
low temperatures, since internal heating will raise the dielectric
temperature and lower the power factor. An increase in power factor at
high temperatures may cause thermal instability and must be considered.

The capacitance of polarized dielectrics is a complex function of
temperature, voltage, and frequency; nonpolarized dielectrics exhibit less
change than polarized materials. It is to be noted that as the ambient
temperature is decreased, many dielectrics will exhibit a very large
decrease in capacitance with a relatively small change in temperature.

10
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The increased power factor at this temperature may raise the dielectric
temperature sufficiently to recover the lost capacitance; however, it must
be considered that when the capacitor is initially energized while at low
temperatures, the capacitance will be a small percentage of its nominal
value, and if the internal heating is effective, the thermal time constant
of the capacitor must be considered. A change in the distance between the
conductors and the effective area of the conductor due to dimensional
changes will cause a change in capacitance.

The dielectric strength of the dielectric decreases as the temperature
increases.

The life of a capacitor, in general, decreases with an increase in
temperature. Life as a function of operating temperature is a complex
function and should be determined from life-test data. In the absence of
this data, the familiar 1O-C rule for a chemical reaction may be used as a
rough approximation. This rule states that the life decreases by a factor
of two for each 10 C rise in temperature. This rule, however, should
never be used outside of the temperature range specified by the
manufacturer, since chemical reactions of an entirely different nature may
take place at extreme temperatures. This rule should not be applied to
liquid and gaseous dielectric without further investigation.

The operating temperature and changes in temperature also affect the
mechanical structure in which the dielectric is housed. The terminal
seals utilizing elastic materials or gaskets may leak due to the set
temperature characterisitics. The expansion and contraction of materials
with different thermal coefficients may cause leaks at joints.
Electrolysis effects in glass terminals increase as the temperature
increases. The increase in internal pressure of liquids and gases may
cause leaks. A decrease in internal pressure due to the lowering of the
temperature may cause internal arc-over.

If the capacitor is operated in the vicinity of a component operating at
high temperature, the flashpoint of the impregnant should be considered.

6.2.2 Pressure:

(a) The dielectric strength of gases is a function of pressure, temperature,
frequency, and humidity. Hermetically-sealed units must have terminals
designed to operate satisfactorily at the required pressure.

(b) The heat loss by convection of a capacitor is a function of pressure and
must be considered.

(c) Reduced pressure may produce leaks in hermetically-sealed units. An
increase in pressure on the container of rolled capacitors in rectangular
containers may increase the capacitance by decreasing the distance between
the conductors.

6.2.3 Shock and vibration. The capacitors and mounting brackets, when applicable,
must be of a design which will withstand the shock and vibration requirements of the
particular application.

6.2.4 Moisture. Moisture in the dielectric will decrease the dielectric strength,
life, and insulation resistance, and increase the power factor of the capacitor. In
general, capacitors which operate in high humidities should be hermetically sealed.
The effect of moisture on pressure contacts which are not gas-tight may result in a
high resistance or open contact.

6.2.5 Aging. Capacitor aging is a term used to describe the negative, logarithmic
capacitance change that takes place in ceramic capacitors with time. As one might
expect, the more stable dielectrics have the lowest aging rates.

Temperature compensating dielectrics, such as MIL-C-20 and MIL-C-55681 components
with a characteristic of O ± 3O ppm/°C, over the operating temperature range of -55° to
+125°C, do not appear to age at all; however, all ceramic capacitors with high
dielectric constants display an aging characteristic.
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General purpose dielectrics - particularly those with a capacitance change of ± 15
percent (or greater) over the -55° to +125°C operating temperature range - comprise
this high dielectric constant family and represent the group we are concerned with.

High K ceramic dielectrics with a barium-titanate formula exhibit a phenomenon known
as Curie Point crystal-phase transformation. Simply stated, most of the tiny crystals
that make up the ceramic micro-structure are of cubic symmetry at a temperature of
120°C and above. Below 120°C, these same crystals take on a tetragonal shape. The
specific relationship between this crystal-phase transformation and aging is not
clearly understood, but it is known that they are directly related. As the crystals
change from cubic to tetragonal shape, stresses are set up in the dielectric and are
subsequently relieved gradually. This electrical “aging” phenomenon seems to follow
the same logarithmic patterns observed in mechanical models of stress relief. Each
time the capacitor is heated to approximately 120°C (Curie Point), all of the negative
capacitance change that may have taken place is recovered. Upon cooling, the aging
cycle begins again. This recovery process is commonly referred to as “de-aging”.
The entire process of aging and de-aging is predictable and can be repeated
infinitely.

Another important parameter that affects capacitor aging is the application of
polarizing voltage. The application of a dc voltage approximately equal to the
capacitor's rating will cause an abrupt negative capacitance change; however, when
the voltage is removed, the capacitor does not return to its original polarized
value. If this exercise were performed on a capacitor with a known aging
characteristic and the results were plotted, the resultant curves would resemble
those in figure 1.

TEMPERATURE
COMPENSATING

GENERAL
PURPOSE

FIGURE 1. Capacitor aging curves.

The dc voltages and subsequent dielectric polarization of the capacitor micro-struc-
ture serve to relieve some of the stresses in the dielectric. This moves the point on
the aging curve forward approximately 1.5 decades.

Most general purpose state-of-the-art dielectrics found in industry have aging
rates varying from 1.5 percent to 4 percent.

In summary, the following points should be kept in mind when dealing with the
phenomenon of ceramic capacitor aging:

(a) The process is completely repeatable and predictable.
(b) Capacitance change is negative and logarithmic in respect to time.
(c) Application of dc bias can move a point on the curve forward in time.

This wide capacitance change, as a result of “shelf” aging and temperature cycling,
illustrates why tight-tolerance high K ceramics are not common in the electronics
industry.
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6.2.6 Capacitor tests. The average component is a complex device. For this reason
it is impossible for manufacturer to guarantee an exact minimum life of an individual
capacitor; for example, under any given circuit or environmental condition of usage,
all he can do is to provide statistical guides as to the probable minimum life or
reliability of the unit when considered as a member of a large family of units.

6.2.7 Capacitor misuse. A capacitor may fail when subjected to environmental or
operational conditions for which the capacitor was not designed or manufactured. The
designer must have a clear picture of the safety factors built into the units, of the
safety factors he adds of his own accord, and of the numerous effects of circuit and
environmental conditions on the parameters. It is not enough to know only the
capacitance and the voltage rating. It is important to know to what extent the
capacitance varies with environment; how much the internal resistance of the capacitor
varies with temperature, current, voltage, or frequency; of the effects of all of
these factors on insulation resistance, breakdown voltage, and other basic capacitor
characteristics which are not essential to the circuit but which do invariably
accompany the necessary capacitance.

6.3 Principal applications. Some of the principal applications of the various
types of capacitors are shown in table II.

6.4 Capacitor selection. The designer, in selecting a capacitor type for a
particular function to be performed, must weigh numerous factors before coming to a
final decision. Selection normally starts with the most important characteristic for
the application, then selecting and compromising other characteristics.

6.4.1 Selection factors. The most important of these factors are noted below with
some of the reasons why these factors are important.

6.4.1.1

(a)

(b)

(c)

(d)

(e)

6.4.1.2

(a)

(b)

(c)

6.4.1.3

(a)

(b)

Temperature effects:

Capacitance:

(1) By variations in dielectric constant.

(2) By changing conductor area or spacing.

Leakage current, through change in specific resistance.

Breakdown voltage at high temperatures and effect of frequency on heating.

Current rating, when affected by heating.

Oil, gas, or electrolyte leakage through seals.

Humidity effects:

Leakage current.

Breakdown voltage.

Effect on power factor or Q.

Barometric pressure effects:

Breakdown voltage.

Oil, gas, or electrolyte leakage through seals.
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6.4.1.4

(a)

(b)

(c)

(d)

(e)

6.4.1.5

(a)

(b)

6.4.1.6

(a)

(b)

6.4.1.7

6.4.1.8

6.4.1.9

MIL-STD-198E

Applied voltage effects:

Leakage current.

Heating and Its accompanying effects.

Breakdown of dielectric; effect of frequency.

Corona.

Insulation to case or chassis.

Vibration:

Capacitance change through mechanical vibration.

Mechanical distortion of elements, terminals, or case.

Current:

Effect on internal temperature rise and life of capacitor.

Ability of conductors to carry currents from a thermal viewpoint.

Life. Affected by all environmental and circuit conditions.

Stability. Also affected by all environmental and circuit conditions.

Retrace. After a capacitance change.

6.4.1.10. Size, volume, cost, and mounting method.

6.4.2 Capacitor selection chart. Table III lists the capacitor styles available
in each specification represented in this standard. Th data given is approximate
and is meant as an aid in selecting capacitors only. The configuration drawing is
not exact in all cases.

6.5 Application data. The following should be considered in the selection and use
of a capacitor type:

(a)

(b)

(c)

(d)

The capacitance tolerance that the circuit designer uses in order to
design a circuit which will operate satisfactorily for the desired time
requires (1) acceptable tolerances according to specification; (2) capaci-
tance-temperature characteristics; (3) capacitance-voltage character-
istics; (4) retrace characteristics; (5) capacitance-frequency character-
istics; (6) dielectric absorption; (7) capacitance as a function of
pressure, vibration, and shock; and (8) capacitor aging in the circuit and
shelf storage.

Capacitance between the capacitor terminals and case may be a considera-
tion, as will stray capacitance and leakage currents. The terminal
connected to the outside conductor is often identified by the manufacturer
so that the circuit can minimize these effects.

The capacitance-temperature characteristic can be compensated for by using
more than one type of capacitor to obtain the required capacitance. The
characteristics of other circuit components may also be used for
compensation.

The peak voltage which is applied to the capacitor should not exceed the
rating in the applicable specification. The safety factor between the
peak applied voltage, the test voltage, and the breakdown voltage is of a
statistical nature. The same peak voltage, in general, may decrease with
(1) aging, (2) an increase in temperature, (3) an increase of area of
dielectric, (4) higher frequencies of applied voltage, (5) a decrease in
pressure, or (6) the entrance of moisture into the capacitor. In many
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(e)

(f)

(g)

(h)

(i)

(j)

applications, it is necessary to derate the capacitor from the specified
voltage to provide the desired performance for the required time. it is
to be emphasized that short-duration transient voltages cannot be neglected
in capacitor applications.

The use of the self-healing properties of certain types of capacitors may
not be desirable in circuits where intermittent failures and noise would
be troublesome. Some types are not self-healing at low voltages.

Operation of capacitors above the corona-starting voltage will reduce the
life and will produce noise. Liquid-impregnated dielectrics have a higher
corona-starting voltage than dry solid dielectrics.

When a capacitor is operated at high voltages above ground, and when it is
insulated from ground with supplementary insulation, one terminal should
be connected to the case, since the division of voltage depends on
capacitance between capacitor rolls and case and the capacitance between
case and chassis.

The peak charge and discharge currents must be considered on the basis of
the time constant of the circuit.

Internal heating and ambient temperature must be considered.

To determine the surface temperature rise of a capacitor, multiply the
volt-amperes supplied to the unit by the power factor. This gives the
watts lost in the capacitor. Dividing the watts lost by the surface area
in square inches and referring to figure 2 will give the approximate
surface temperature rise.

WATTS PER SQUARE INCH

FIGURE 2. Temperature rise as a function of watts per square-inch-power dissipation.
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(k) Environmental conditions such as humidity, pressure, corrosive atmospheres,
fungus growth, shock, and vibration must be considered.

(l) The insulation resistance must be considered, especially at high
temperatures.

(m) In series operation on dc, balancing resistors should be considered.

(n) The effective inductance of a large capacitor can be reduced by shunting
it with a small capacitor.

(0) The inductance of various types of capacitors varies over wide limits.

(p) Since capacitors have inductance, the operation of capacitors in parallel
in circuits with fast rise times or transients may result in transient
oscillations.

(q) Poor electrical contacts may open at low voltages and be noisy.

(r) The stored energy in capacitors can be dangerous to personnel and
equipment and suitable precautions should be taken.

(s) Extended-foil paper capacitors are generally considered superior to
inserted-tab types, having less inductance and less series-contact
resistance. These are important factors in low voltage applications and
in low signal-to-noise-ratio circuits.

(t) Oil-or acid-filled units should not be subjected to severe mechanical
stresses. Leakage of the fluid can destroy the capacitor together with
adjacent components.

(u) Liquid-filled units should not be used inverted because internal corona
may result.

(v) Nonhermetically-sealed capacitors may be previous to moisture by the
process of "breathing."

(w) Capacitors for ac and pulse operation require special ratings and tests;
these are not covered in most military specifications.
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7. SUPPLEMENTAL INFORMATION

7.1 Failure rates:

7.1.1 Failure ratelevels. The established reliability (ER) specifications provide
for the establishment of failure rate levels through a life test at maximum rated
conditions. The failure rate levels (in percent per 1,000 hours) are based only on
the maximum rated life test. Failure rate levels referenced in this standard range
from 1.0 to 0.001 percent per 1,000 hours and may be considered applicable over the
time period specified in the applicable specification.

NOTE: Due to the reliability requirements of these specifications, processes
and controls utilized in manufacturing the ER capacitors are necessarily more
stringent than those required for non-ER items. MIL-STD-790, "Reliability
Assurance Program for Electronic Parts Specifications," provides for monitoring
and documentation for requirements.

7.1.2 True product failure rates. The applicable ER specification provides failure
rate qualification sampling plans computed on the basis of 60- and 90-percent
confidence levels and lot-by-lot acceptance procedures which give an adequate
assurance that the qualified failure rate is being maintained. The true product
failure rate of lots offered for acceptance will, on the average, be better than the
certified level, since the supplier must maintain a lower average failure rate in
order to obtain and retain qualification. For example: Using a confidence level of
90 percent (see figure 3), a supplier must supply parts with 0.022 percent to 0.282
percent failure rates, depending upon the number of allowable failures, in order to
have 95-percent of his lots accepted. By the same token, at the “M” (1.0 percent)
level , there is a 90-percent probability that the manufacturer will lose his qualifi-
cation if he supplies parts with a failure rate of 1.0 percent. Figure 4 indicates
the true product failure rate for a 60-percent confidence level.

7.2 Metric equivalents. The metric equivalent dimensions provided in each section
are for general information only. These metric dimensions are rounded off to the
nearest .01 millimeter (mm) and are based upon 1 inch = 25.4 mm.

7.3 International standardization agreements. Certain specifications (see table
III) contain provisions which term the basis for international standardization agree-
ments. Any proposed changes (amendment, revision, or cancellation) which would
violate or affect the international standardization agreement concerned are effected
as provided in the specification.

Custodians:
Army - ER
Navy - EC
Air Force - 11

Review activities:
Army - MU
Navy - AS, OS
Air Force - 17, 85
DLA - ES

Preparing activity:
Army - ER

(Project 5910-1447)

User activities:
Navy - CG, MC
Air Force - 19

Agent:
DLA - ES
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FIGURE 3. True product failure rates (90-percent confidence level).
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FIGURE 4. True product failure rates (60-percent confidenc level).
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SECTION 100

CAPACITORS, FIXED, MICA DIELECTRIC

Section Applicable specification

101 Capacitors, Fixed, Mica Dielectric, Button Style- - - MIL-C-1095O

102 Capacitors, Fixed, Mica Dielectric - - - - - - - - - - - - MIL-C-5

100 (CONTENTS)
100.1
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SECTION 101

CAPACITORS, FIXED, MICA DIELECTRIC, BUTTON STYLE

STYLES CB50, CB55, CB56, CB57, CB60, CB61, CB62, CB65, CB66, AND CB67

(APPLICABLE SPECIFICATION: MIL-C-1095O)

1. SCOPE . This section covers button-style, mica-dielectric, fixed capacitors
enclosed in metal cases.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are small, high-quality units intended for use at
frequenies up to 500 megahertz (MHz). Their principal uses are in tuned circuits,
and in coupling and by-passing applications in VHF and UHF circuits. These capacitors
are very stable with time and have high reliability in circuits where ambient
conditions can be closely controlled to reduce failure from silver-ion migration. Due
to this silver-ion migration, silvered-mica capacitors should not be used under dc
voltage stresses when combined with exposure to continuous high temperature and
humidity conditions for extended periods. Silver-Ion migration can occur in a few
hours when silvered-mica capacitors are simultaneously exposed to dc voltage stresses,
humidity, and high temperatures.

2.2 Construction. These capacitors are composed of a stack of silvered-mfca sheets
connected in parallel. This assembly is encased in a metal case with a high potential
terminal connected through the center of the stack. The other terminal is formed by
this metal case connected at all points around the outer edge of the electrodes. This
design permits the current to fan out in a 360-degree pattern from the center terminal
providing the shortest RF current path between the center terminal and chassis. The
internal inductance is thus kept small. The use of relatively heavy and short
terminals results in minimum external inductance associated permanently with the
capacitor. The units are then welded and hermetically glass sealed with the exception
of style CB50, which is resin sealed.

2.3 Voltage rating. These capacitors have a dc rated voltage of 500 volts. The
dc voltage given is or continuous operation throughout the operating temperature
range. At higher frequencies, the operating conditions are usually limited by the ac
current rather than the voltage.

2.4 Operating temperature range. Except for style CB50, which has an operating
temperature range of -55° to +85°C all styles covered in this section are
suitable for operation from -55° to +150°C.

2.5 Mounting. It is recommended that the capacitor body of styles CB55, CB56, and
CB57 have adequate heat sink during mounting operation with high temperature solder.

2.6 Temperature coefficient and capacitance drift. Except for the    units,
these capacitors have a temperature coefficient of ±100ppm/°C, -20 to +100 ppm/°C,
and -60 to +60 ppm/°C with a capacitance drift of 0.3 percent or 0.3 pF (whichever is
greater), °(0.1 percent +0.1 pF) and ±(0.1 percent +0.1 pF), respectively. The 5-pF
units do not have a specified temperature coefficient and capacitance drift.

2.7 Dissipation factor (DF). DF is measured at room temperature at a frequency of
1 MHz for capacitance values of 1,000 pF or less and 1 kilohertz for capacitance
values greater than 1,000 pF. DF versus capacitance limits are shown on figure 101-1.

101 (MIL-C-1095O)
101.1
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FIGURE 101-1. Dissipation factor vs capacitance.

2.8 Insulation resistance.  The insulation resistance will be greater than the value shoen on figure
101.2

FIGURE 101-2. Insulation resistance vs temperature.

101 (MIL-C-10950) 101.2
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3. ITEM IDENTIFICATION (see figures 101-3 and 101-4).

3.1 Part number. The part number is used for describing the capacitors as shown
in figure 101-3.

STYLE - The two-letter symbol “CB” identifies button-style,
mica-dielectric, fixed capacitors; the two-digit number
identifies the shape, dimensions, and operating temperature
range.

TERMINAL ASSEMBLY - The single-letter symbol identifies the
terminal assembly as follows:

CHARACTERISTIC - The single-letter symbol identifies the
relative stability of the capacitor with temperature
change as follows:

CAPACITANCE - The three-digit number identifies the nominal
capacitance value, expressed in picofarads (pF); the first
two digits represent significant figures and the last digit
specifies the number of zeros to follow.

CAPACITANCE TOLERANCE - The single-letter symbol identifies
the capacitance tolerance as follows:

FIGURE 101-3. Part number example.

3.2 Standard capacitors. The standard capacitors available in this section are
shown in figure 101-4.

101 (MIL-C-1095O)
101.3
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STYLE CB50

NATO TYPE DESIGNATION NCM62 (PER NEPR N0. 12)

INCHES
.010
.015
.019
.020
.035
.040
.060

MM
.25
.38
.48
.51
.89
1.02
1.52

INCHES MM
.094 2.39
.095 2.41
.187 4.75
.219 5.56
.312 7.92
.516 13.11
.625 15.88
.687 17.45

NOTES:
1. Unless otherwise specified, tolerance is ±.005 (.13 mm).
2. All dimensions are exclusive of sealing compound and color code.
3. Color-coded section does not exceed 240 degrees.

FIGURE 101-4. Button style, mica dielectric, fixed capacitors.

101 (MIL-C-1095O)
101.4
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STANDARD CAPACITORS

STYLE CB50 (MIL-C-10950/4)

DOUBLE L TERMINAL ASSEMBLY (SYMBOL R) -- DC RATED VOLTAGE 500 VOLTS --
OPERATING TEMPERATURE RANGE -55° TO + 85° C

1/ Where applicable, the complete part number will include additional letter symbols
to indicate characteristic and capacitance tolerance.

FIGURE 101-4. Button style, mica dielectric, fixed capacitors - Continued.

101 (MIL-C-1O95O)
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STYLES CB55, CB56, AND CB57

NOTES:
1. Unless otherwise specified, tolerance is ±.010 (.25 mm).
2. Color-coded section does not exceed 240°.

101 (MIL-C-10950)

FIGURE 101-4. Button style, mica dielectric, fixed capacitors - Continued.

101.6
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STANDARD CAPACITORS

STYLES CB55, CB56, AND CB57 (MIL-C-10950/8)

DOUBLE L TERMINAL ASSEMBLY (SYMBOL R) -- DC RATED VOLTAGE 500 VOLTS --
OPERATING TEMPERATURE RANGE -55° TO +150°C

1/ Where applicable, the complete part number will include additional letter symbols to indicate
characteristic and capacitance tolerance.

FIGURE 101-4. Button style, mica dielectric, fixed capacitors -Continued.

101 (MIL-C-1095O)
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STYLES CB60, CB61, AND CB62

NOTES:
1. Unless otherwise specified, tolerance is ±.010 (.25 mm).
2. Color-coded section does not exceed 240°.

FIGURE 101-4. Button style, mica dielectric, fixed capacitors - Continued.

101 (MIL-C-1095O)
101.8
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STANDARD CAPACITORS

STYLES CB60, CB61, AND CB62 (MIL-C-10950/7)

DOUBLE L TERMINAL ASSEMBLY (SYMBOL R) -- DC RATED VOLTAGE 500 VOLTS --
OPERATING TEMPERATURE RANGE -55° TO +150°C

1/ The complete part number will include additional letter symbols to
indicate characteristic and capacitance tolerance.

FIGURE 101-4. Button style, mica dielectric, fixed capacitors - Continued.

101 (MIL-C-1095O)
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STYLES CB65, CB66, AND CB67

NOTES:
1. Unless otherwise specified, tolerance is ±.010 (25 mm).
2. Color-coded section does not exceed 2400.

101 (MI -C-1095O)

FIGURE 101-4. Button style, mica dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CB65, CB66, AND CB67 (MIL-C-10950/9)

SINGLE L TERMINAL ASSEMBLY (SYMBOL P) -- DC RATED VOLTAGE 500 VOLTS --
OPERATING TEMPERATURE RANGE -55° TO +150°c

1/ Where applicable, the complete part number will include additional letter symbols to indicate
characteristic and capacitance tolerance.

FIGURE 101-4. Button style, mica dielectric, fixed capacitors -Continued.

101 (MIL-C-1095O)
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SECTION 102

CAPACITORS, FIXED, MICA DIELECTRIC

STYLES CM15, CM20, CM30, CM35, CM45, AND CM50

(APPLICABLE SPECIFICATION: MIL-C-5)

1. SCOPE. This section covers mica-dielectric, fixed capacitors enclosed in case
suitably protected against high humidity.

2 . APPLICATION INFORMATION.

2.1 Use. These capacitors are designed for use in circuits requiring precise high
frequence filtering, bypassing, and coupling. They are used where close impedance
limits are essential with respect to temperature, frequency, and aging -- such as in
tuned circuits which control frequency, reactance, or phase. These capacitors are
also useful as padders in tuned circuits, as secondary capacitance standards, and as
fixed-tuning capacitors at high frequencies. They can also be employed in delay
lines and stable low-power networks.

Due to the inherent characteristics of the dielectric (i.e., high insulation
resistance and high breakdown voltage, low power factor, low inductance, and low
dielectric absorption), these mica capacitors are inexpensive, small, and readily
available and have good stability and high reliability.

2.2 Construction. Muscovite mica is the most commonly used material. It has a
dielectric constant between 6.5 and 8.5 and can be split into thin sheets; it is
nonporous and does not readily absorb moisture. Protection from moisture is provided
to obtain high-capacitance stability and low losses. The two techniques used to form
the capacitors covered in this section are by stacking the mica sheets through the
silvered-mica process or by the use of tin-lead foil to separate the mica sheets.
The molded units referenced in this section are fixed terminal capacitors; styles
CM45 and CM50 employ the use of tin-lead foil.

Terminals are attached to the mica stacks by the use of pressure clips which have
been solder-coated for maximum mechanical strength.

The molded case is made of a polyester material which also exhibits high insulation
resistance and high resistance to moisture absorption and transmission. The molded
case also imparts rigidity to the capacitor in the event the capacitor is subjected
to vibration or shock.

2.3 Voltage ratinq. The dc voltage ratings are for continuous operation throughout
the operating temperature range. At higher frequencies, the operating conditions are
usually limited by the ac current rather than the voltage. Voltage ratings range
from 300 to 2,500 volts. In addition to the limitations of operation placed on the
capacitor by operating temperature range and ac current at high frequencies, the
following conditions should be adhered to:

(a) Barometric pressure:

(1) Up to and including 1,200 volts (except 600 volts, style CM50) ---
0.315 inch of mercury (100,000 feet) up to normal atmospheric
pressure.

(2) Above 1,200 volts (and 600 volts, style CM50) --- 3.44 inches of
mercury (50,000 feet) up to normal atmospheric pressure.

(b) Relative humidity --- Up to 80 percent.

2.4 Operating temperature range. Style CM35 capacitors above 10,000 pF are
suitable for operation over a temperature range of -55° to +125°C; a11 other styles
are suitable for operation over a temperature range of -55°to +150°C.

102 (MIL-C-5)
102.1

Downloaded from http://www.everyspec.com



MIL-STD-198E

2.5 Temperature coefficient and capacitance drift. The temperature coefficient and capac-
itance drift available in each style are as shown in table 102-1.

TABLE 102-I. Temperature coefficient and capacitance drift.

2.6 Dissipation factor. The maximum dissipation factor will not exceed the values shown on
figure 102-1.

102 (MIL-C-5)

FIGURE 102-1. Dissipation factor.

102.2
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3. ITEM IDENTIFICATION (see figures 102-2 and 102-3).

3.1 Type  designation. The type designation is used for identifying and describing the capaci-
tors as shown in figure 102-2.

FIGURE 102-2. Type designation example.

3.2 Standard capacitors. The standard capacitors available in this section are as shown in
figure 102-3.

102.3
102 (MIL-C-5)
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STYLES CM15, CM20, CM30, AND CM35

FIGURE 102-3. Mica dielectric, fixed capacitors.

102 (MII-C-5)
102.4
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STANDARD CAPACITORS

STYLES CM15, CM20, CM30, AND CM35

DC RATED VOLTAGE 500 VOLTS -- OPERATING TEMPERATURE RANGE -55° TO +150°C --
CAPACITANCE TOLERANCE ± 1 AND ± 2 PERCENT

1/ DC working voltage is 300 volts.
2/ Maximum operting temperature is +125°C.

FIGURE 102-3. Mica dielectric, fixed capacitors - Continued.

102 (MIL-C-5)
102.5
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STYLES CM45 AND CM50

FIGURE 102-3. Mica dielectric. fixed capacitors -Continued.

102 (MIL-C-5)
102.6
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STANDARD CAPACITORS
1/

STYLES CM45 AND CM50

OPERATING TEMPERATURE RANGE -55° TO +150°C -- TEMPERATURE COEFFICIENT
AND CAPACITANCE DRIFT, NOT SPECIFIED -- CAPACITANCE TOLERANCE ± 5 PERCENT

1/ Styles CM45 and CM50 capacitors are not to be used in Air Force
applications where altitudes of 50,000 feet may be exceeded.

FIGURE 102-3. Mica dielectric, fixed capacitors - Continued.

102 (MIL-C-5)
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SECTION 200

CAPACITORS, FIXED, ELECTROLYTIC

Section Applicable specification

201. Capacitors, Fixed, Electrolytic (Dry Electrolyte),
DC, Aluminum, Polarized - - - - - - - - - - - - - - - MIL-C-62

NOT FOR NAVY OR USAF
USE IN NEW DESIGN

202. Capacitors, Fixed, Electrolytic (Aluminum Oxide)- - - MIL-C-39018

USAF AIRBORNE APPLICATIONS REQUIRE
PRIOR APPROVAL BY PROCURING ACTIVITY

200 (CONTENTS)
200.1
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SECTION 201

CAPACITORS, FIXED, ELECTROLYTIC (DRY ELECTROLYTE), DC, ALUMINUM, POLARIZED

STYLES CE13 AND CE71

(APPLICABLE SPECIFICATION: MIL-C-62)

NOT FOR NAVY OR USAF
USE IN NEW DESIGN

1. SCOPE. This section covers single-section polarized, electrolytic (dry electrolyte),
aluminum, dc, fixed capacitors.

2. APPLICATION INFORMATION.

2.1 Use. Aluminum electrolytic capacitors provide the smallest volume, mass, and cost per
microfarad of any type of capacitor with the exception of the tantalum electrolytic capacitor.

These capacitors are not suitable for airborne equipment applications since they should not be
subjected to low barometric pressure and low temperatures at high altitudes. These aluminum
electrolytic capacitors can be derated only for a short period since derating for any length of time
may result in the necessity for re-forming. Even though they have vents designed to open at dan-
gerous pressures, explosions can occur because of gas pressure or a spark ignition of free oxygen
and hydrogen liberated at the electrodes. Provisions should be made to protect surrounding parts.

These capacitors are generally used where low frequency, pulsating, dc signal components are
to be filtered out, such as in B power supplies up to 450 dc rated volts, at such points as plate
and screen connections to B+, and as cathode by-pass capacitors in self-biasing circuits. These
capacitors are designed for applications where accuracy of capacitance is relatively unimportant.

As a rule, for selection of cathode by-pass capacitors, a ratio of bias resistance to by-pass
reactance of about 10 to 1 is allowed. Ratios up to 20 to 1 may be used in high-fidelity-amplifier
work or where space and economical considerations permit. Electrolytic capacitiors provide the
equipment designer with an unusually lightweight unit of high capacitance in a compact container.

2.2 Construction. The capacitor consists of aluminum foil rolled onto a porous spacer. The
foil is approximately 0.003 to O.005-inch thick. The spacer is impregnated with an electrolyte
and separates the anode and cathode. The electrolyte is usually an aqueous solution of ammonium
borate, boric acid, and glycol.

The metal cases are provided with an insulating sleeve which has an insulation resistance of at
least 100 megohms.

It should be noted that the insulation resistance refers to the sleeve and not to the resistance
between the terminals and the case. For style CE71 capacitors, the circuit diagram shows an
indeterminate resistance between the negative terminal and the case since the electrolyte cannot
be completely isolated. For proper performance, the case of all styles should be considered to
be at the same potential as the negative terminal. The negative terminal is shorted to the case on
style CE13 capacitors.

2.3 Voltage rating. The thickness of the oxide film shich is formed both initially on th foil and
during the forming operations on the completed capacitor determines the maximum peak or surge
voltage which may be applied. The dc rated voltages for capacitors listed in this section are
400 and 450 volts.For maximum reliability and long life, the dc rated voltage should not be
more than approximately 80 percent of full rating so that surges can be kept within the full-
rated voltage. The time of surge-voltage application should not be more than 30 seconds every
10 minutes.

201 (MIL-C-62)

201.1
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2.4 Operating temperature range. These capacitors are suitable for operation over a tem-
perature range of -40° to + 85°C at rated voltage.

2.5 Surge voltage. The surge voltages given in figure
may withstand for short periods. This includes transients

201-1 are voltages which the capacitor
and surges due to applying voltage to a

piece of cold electronic gear.

2.6 Polarity. These capacitors should be used only in dc circuits with polarity properly ob-
served. If ac components are present, the sum of the peak ac voltage plus the applied dc voltage
must not exceed the dc rating. The peak ac value should also be less than the applied dc voltage
in order that polarity may be maintained even on negative peaks. Capacitors which have been
subjected to voltage reversal should be discarded.

acteristics. As the temperature is raised, the breakdown voltage decreases and the leakage
2.7 DC leakage. Aluminum electrolytic capacitors have poor resistance -temperature char-

current increases.

2.8 High temperature. In planning the location of the capacitors with respect to other com-
ponent parts, careful consideration should be given to the proximity of the capacitors to trans-
formers, electron tubes, and high-current resistors because of the usual temperature rise involved
in these components. Continued operation at temperatures above the normal rating will cause a
permanent decrease in capacitance and an increase in series resistance.

2.9 Low temperature. The performance of these capacitors at subzero temperatures is mainly
affected by the increase in series resistance and by a decrease in capacitance. These changes do
not persist with the return of normal temperature conditions. At -40° C, these capacitors retain
approximately 50 to 80 percent of their initial capacitance.

2.10 Maximum root -mean-square (rms) ripple current. When these capacitors are used for
input -filtering purposes, the rms ripple (at+85°C and 120 Hz) should not exceed the value calcu-
lated from the following equation:

Where: Ir =
k =
C =

Maximum rms ripple current in milliamperes.
See table 201 -I.
Nominal capacitance in microfarads.

TABLE 201-1. Values of "k".

When operated at a frequency different from 120 Hz or at a temperature different from + 85°C,
the value obtained from the equation should be multiplied by the appropriate value given in
table 201 -II.

2.11 Cleaning solvents. Recommended solvents include all those free of halogen or halogen
groups, such as toluene, menthanol, methylcellosolve, alkinox and water, and naphtha. Chlori-
nated or fluorinated hydrocarbon solvents are prohibited.

201 (MIL-C-62)

201.2
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TABLE 201-II. Ripple current multipliers.

3. ITEM IDENTIFICATION (see figures 201-1 and 201-2).

figure 201-1.
3.1 Type designation. The type designation is used for describing the capacitors as shown in

FIGURE 201-1. Type designation example.

3.2 Standard capacitors.The standard capacitors available in this section are shown in figure
201-2.

201 (MIL-C-62)
201.3
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NOTES:
1. These capacitors are not intended to be mounted by their leads. They are provided with

a supplementary means of mounting such as a tangential bracket or wraparound bands.
2. The negative lead need not be offset.
3. Leads are .032± .002(.81±.05 mm) inch (20 AWG) for units with a diameter of

.625(15.88 mm) inch or less and .040±.002(1.02±.05 mm) inch (18 AWG) for units
with a diameter greater than . 625(15.88 mm) inch.

FIGURE 201-2. Electrolytic (dry electrolyte), aluminum, fixed capacitors.

201 (MIL-C-62)

201.4

Downloaded from http://www.everyspec.com



MIL-STD-198E

STANDARD CAPACITORS

STYLE CE13

OPERATING TEMPERATURE RANGE -40° TO +85°C

FIGURE 201-2. Electrolytic (dry electrolyte), aluminum, fixed capacitors - Continued.

201.5
201 (MIL-C-62)
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STANDARD CAPACITORS

STYLE CE71

OPERATING TEMPERATURE RANGE -40° TO +85°C

NOTES:
1. Capacitors are mounted by means of a wraparound foot-type bracket.
2. There is an indeterminate resistance between the metal case and the negative terminal.
3. "C" dimension is as follows:

.500 for case diameter 1.375.

.875 for case diameter 2.000.
1.125 for case diameter 2.500.
1.250 for case diameter 3.000.

4. Insulating sleeve thickness does not exceed .016 inch and overlaps the ends of the
capacitor body.

FIGURE 201-2. Electrolytic (dry electrolyte), aluminum, fixed capacitors - Continued.

201 (MIL-C-62)
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SECTION 202

CAPACITORS. FIXED, ELECTROLYTIC (ALUMINUM OXIDE)
STYLE CU15

(APPLICABLE SPECIFICATION: MIL-C-39018)
USAF AIRBORNE APPLICATIONS REQUIRE
PRIOR APPROVAL BY PROCURING ACTIVITY

1. SCOPE . This section covers nonpolarized, electrolytic (aluminum oxide), fixed capacitors
enclosed in metal cases, suitably protected against high humidity.

2. APPLICATION INFORMATION.

2.1 Use. Aluminum electrolytic capacitors are intended for use in filter, coupling, and by-
pass applications where large capacitance values are required in small cases and where excesses
of capacitance over the nominal value can be tolerated.

Aluminum electrolytic capacitors provide the smallest volume, mass, and cost per micro-
farad of any type of capacitor with the exception of the tantalum electrolytic capacitor.

These capacitors are not recommended for airborne equipment applications since they should not
be subjected to low barometric pressure and low temperatures at high altitudes. These aluminum
electrolytic capacitors can be derated only for a short period since derating for any length of time
may result in the necessity for re-forming. Even though they have vents designed to open at dan-
gerous pressures, explosions can occur because of gas pressure or a spark ignition of free oxygen
and hydrogen liberated at the electrodes. Provisions should be made to protect surrounding parts.

These capacitors are generally used where low frequency, pulsating, dc signal components
are to be filtered out, and as cathode by-pass capacitors in self-biasing circuits. These capacitors
are designed for applications where accuracy of capacitance is relatively unimportant.

As a rule, for selection of emitter by-pass capacitors, a ratio of bias resistance to by-pass
reactance of about 10 to 1 is allowed. Ratios up to 20 to 1 may be used in high-fidelity-amplifier
work or where space and economical considerations permit. Electtrolytic capacitors provided the
equipment designer with an unusually lightweight unit of high capacitance in a compact container.

2.2 Construction.  The construction of these capacitors is basically the same as that specified
in Section 201 (MIL-C-62). However, advancements in the manufacture of aluminum electrolytic
capacitors have made possible an increased foil purity, improved oxide system, and an increase
in etch ratios. Other contributing factors to the advancement in the manufacture of aluminum
capacitors are an improved capacitor seal and the development of an electrolyte with a non-aqueous
base.

The metal cases for these capacitors are provided with an insulating sleeve which has an in-
sulation resistance of at least 100 megohms.

It should be noted that the insulation resistance refers to the sleeve and not to the resistance
between the terminals and the case. The circuit diagram for style CU15 capacitors
shows an indeterminate resistance between the outer-foil terminal and the case since the elec-
trolyte cannot be completely isolated. For safer performance, the insulating sleeve should
remain over the case for all applications.

2.3 Voltage rating. The thickness of the oxide film which is formed both initially on the foil
and during the forming operations on the completed capacitor determines the maximum peak or
surge voltage which may be applied. For maximum reliability and long life, the dc working volt-
age should not be more than approximately 80 percent of full rating so that surges can be kept
within the full -rated working voltage. The time of surge-voltage application should not be more
than 30 seconds every 10 minutes.

202 (MIL-C-39018)
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125°C.
Style CU15 capacitors cover a voltage range of 7 to 250 Vdc at 85°C derated to 5 to 200 Vdc at

2.4 Operating temperature range. Style CU15 capacitors are suitable for operation over a
temperature range of -55° to + 85°C, derated to +125°C.

2.5 Derating.  Style CU15 capacitors may be voltage derated in order to operate at temperatures
up to +125° + 125°C. The percent of derating varies from approximately 20 to 33 percent depending on the
particular voltage rating involved.

2.6 Seal. Even though these capacitors have vents designed to open at dangerous pressures,
explosions can occur because of gas pressure or a spark ignition of free oxygen and hydrogen
liberated at the electrodes. Provisions should be made to protect surrounding parts.

2.7 Surge voltage. The surge voltage is the maximum voltage to which the capacitor should be
subjected under any condition. This includes transients and peak ripple at the highest line voltage.

2.8 Polarization. Nonpolarized capacitors, style CU15, should be used in applications where
reversal of potential occurs. Polarized capacitors, styles CUR13, CUR17, CUR19, CUR71, and
CUR91 (see Section 704) should be used only in dc circuits with polarity properly observed. If ac
components are present, the sum of the peak ac voltage plus the applied dc voltage must not exceed
the dc rating. The peak ac value should also be less than the applied dc voltage so that polarity
may be maintained, even on negative peaks, to avoid overheating and damage.

2.9 Cleaning solvents. Recommended solvents include all those free of halogen or halogen
groups, such as toluene, menthanol, methylcellosolve, alkinox and water, and naphtha. Chlorinated
or fluorinated hydrocarbon solvents are prohibited.

3. ITEM IDENTIFICATION

3.1 Standard capacitors. The standard capacitors available in this Section are shown in figure
202-1. (The figure gives the electrical characteristics, case sizes, and Military part numbers of
capacitors which are standard for design.)

202 (MIL-C-39018)

202.2
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NOTES:
1. These capacitors are not intended to be mounted by their leads.
2. There is an indeterminate resistance between the outer-foil terminal and case.

FIGURE 202-1. Electrolytic (aluminum oxide), fixed capacitors.

202 (MIL-C-39018)
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STANDARD CAPACITORS
STYLE CU15 (MIL-C-39018/2)

OPERATING TEMPERATURE RANGE -55° TO + 85°C, DERATED TO
+125° C -- NONPOLARIZED, INSULATED

FIGURE 202-1. Electrolytic (aluminum oxide), fixed capacitors - Continued.

202 (MIL-C-39018)
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Section

SECTION 300

CAPACITORS, FIXED, CERAMIC DIELECTRIC

Applicable specification

301. Capacitors, Fixed, Ceramic Dielectric
(General Purpose)- - - - - - - - - - - - - - - MIL-C-11015

300(CONTENTS)

300.1
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SECTION 301

CAPACITORS, FIXED, CERAMIC DIELECTRIC (GENERAL PURPOSE)

STYLES CK60, CK62 THRU CK70, AND CK80

(APPLICABLE SPECIFICATION: MIL-C-11015)

1. SCOPE. This section covers ceramic dielectric, fixed capacitors designed for general-
purpose use: ceramic feed-through and stand-off types.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are primarily designed for use where a small physical size with
comparatively large electrical capacitcance and high insulation resistance is required. Ceramic
capacitors are substantially smaller than paper or mica units of the same capacitance and voltage
rating. General-purpose ceramic capacitors are not intended for precision use but are suitable
for use as by-pass, filter, and noncritical coupling elements in high-frequency circuits where
appreciable changes in capacitance, caused by temperature variations, can be tolerated. These
units are not recommended for use directly in frequency-determining circuits. Typical recom-
mended applications include resistive-capacitive couplig for audio and radio frequency, RF and
intermediate frequency cathode bypass, automatic volume control filtering, tone compensation,
volume-control RF bypass, antenna coupling, and audio-plate RF bypass. All of these applications
are of the type where dissipation factor is not critical, and moderate changes due to temperature,
voltage, and frequency variations do not affect the proper functioning of the circuit. For example:
A cathode bypass for 100 megahertz (MHz), having a nominal capacitance of 680 pocofarads (pF),
will give a capacitive reactance of 2.34 ohms. Since this reactance is very small compared with
the cathode resistor. there would be no measurable effect on the 2.34-ohm value if the capacity
should change by several percent due to a temperature variation, nor would a dissipation factor of 4
percent be noticeable.

Disk and thin-plated subminiature types are extremely compact and have an inherent low-
series inductance due to their construction. The placement of the leads facilitates making close-
coupled low-inductance connections and these capacitors are suitable for printed-circuit applica-
tions. High insulation resistance allows these capacitors to be used in vacuum-tube grid circuits;
their extremely low leakage and small physical size make them suitable for use in transistor
circuitry.

During circuit design, consideration should be given to the changes in dielectric constant caused
by temperature, electric field intensity. applied frequency, and shelf aging.

2.1.1 Humid operating conditions. Ceramic dielectric materials are nonhygroscopic, ef-
fectively impermeable, and have practically no moisture absorption even after considerable ex-
posure to humid conditions. Thus, these units are intended to operate, through their full tem-
perature range, at relative humidities up to 95 percent.

2.2 Construction.  A ceramic capacitor consists of a ceramic dielectric on which a thin me-
tallic film, usually silver, has been fired at very high temperatures. Terminal leads are attached
to the electrodes by a pressure contact or by soldering. Ceramic capacitors are encapsulated to
protect the dielectric from the environment and to electrically insulate the capacitor. The disk
types are covered by an insulating resin, plastic, or ceramic; the thin-plated subminiature types
may be in dipped, molded, or preformed cases. The stand-off and feed-through units are made of
ceramic tubes modified for their required mounting. Because the constituent materials have
molecualr polar moments, the dielectric constants of some mixes reach hundreds (even thousands),
of times the value of paper, mica, and plastic films. Thois results in ceramics having the largest
capacitance-to-size ratios of all high-resistance dielectrics.

301.1
301 (MIL-C-11015)
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2.3 Voltage rating. These capacitors are available in a wide voltage range which varies with the
capacitor style. The voltage range varies from 500 volts dc to 1,600 volts dc.

2.4 Rated temperature. The rated temperature (range) varies with the style as shown on
figure 301-2.

2.5 Soldering. Care should be used in soldering the leads. Excessive heat may damage the
encapsulation and weaken the electrode to terminal lead contact. Sudden changes in temperature,
such as those experienced in soldering, can crack the encapsulation or the ceramic dielectric.
Leads should not be bent close to the case nor should any strain be imposed on the capacitor body
to avoid fracturing the encapsulation or ceramic dielectric.

2.6 Dissipation factor. For the recommended applications, the dissipation factor is negligibly
low. The power factor decreases as temperature is increased; this provides an advantage where
operation above room temperature is required.

2.7 Dielectric strength. Design engineers are advised not to put disk types where case insulation
will be subjected to sustained potentials in excess of 750 volts dc or periodic potentials over 1, 250
volts peak. Supplementary insulation should be provided where these values are exceeded.

2.8 Capacitance as a function of operating conditions. The dielectric constant of these capacitors
exhibits a considerable dependence on field strength. Large variations in capacitance may be
experienced with changes in ac or dc voltages. The dielectric constant may decrease with time
and may be as low as 75 percent of the original value after 1, 000 hours. The dielectric constant
is dependent on frequency and decreases as the frequency is increased; it also decreases with
temperature.

2.9 Silver migration. When the silver electrodes in the ceramic capacitor are exposed to high
humidities and high dc potentials, silver ion migration may take place and short circuit capacitors
after relatively short periods of time. Excessive moisture during periods of storage should be
avoided since the encapsulation material may absorb moisture and silver ion migration may occur
when the capacitors are later put into service.

3. ITEM IDENTIFICATION (see figures 301-1 and 301-2).

3.1 Type designation. The type designation is used for identifying and describing the capacitors
as shown in figure 301-1.

301 (MIL-C-11015)
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FIGURE 301-1. Type designation example.

3.2 Standard capacitors. The standard capacitors available in this section are shown in
figure 301-2.

301 (MIL-C-11015)
301.3
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STYLES CK60. CK62. CK63. CK64. CK65. CK66. CK67. CK68. AND CK69

NOTES:
1. Body configuration shown as maximum envelope; shape is optional.
2. Insulating coating does not extend more than .125 (3.18 mm) along lead wires, measured

from a tangent to the coating surface drawn perpendicular to the lead wires.

FIGURE 301-2. Ceramic dielectric (general purpose), fixed capacitors.

301 (MIL-C-11015) 301.4
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STANDARD CAPACITORS

TSTYLES CK60,CK62, CK63, CK64, CK65, CK66, CK67, CK68, AND CK69

FIGURE 301-2. Ceramic dielectric (general purpose), fixed capacitors - Continued.

301 (MIL-C-11015)
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STANDARD CAPACITORS

STYLE CK70

RATED TEMPERATURE -55° TO +85°C

NOTES:
1. Unless otherwise specified, tolerance is ± .031 (.79 mm).
2. Threaded portion is l/4-28UNF-2A and extends to within .047 (1.19

mm) of the shoulder.
3. A nut and an internal-tooth lockwasher are supplied with each

capacitor.

FIGURE 301-2. Ceramic dielectric (general purpose), fixed capacitors - Continued.

301 (MIL-C-11015)
301.6
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STANDARD CAPACITORS

STYLE CK80

RATED TEMPERATURE -55° TO +85°C -- DC RATED VOLTAGE 500 VOLTS

NOTES:
1. Unless otherwise specified, tolerance is ± .031 (.79 mm).
2. Threaded portion is l/4-28UNF-2A and extends to within .047 (1.19

mm) of the shoulder.
3. A nut and an internal-tooth lockwasher are supplied with each

capacitor.

FIGURE 301-2. Ceramic dielectric (general purpose), fixed capacitors - Continued.

301 (MIL-C-11015)
301.7
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SECTION 400

CAPACITORS, VARIABLE (TRIMMER)

Section Applicable specification

4 0 1 . Capacitors, Variable, Ceramic Dielectric - - - - - - - - - - - MIL-C-81

402. Capacitors, Variable (Piston Type, Tubular Trimmer)---- MIL-C-14409

400 (CONTENTS)

400.1
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SECTION 401

CAPACITORS, VARIABLE, CERAMIC DIELECTRIC

STYLES CV11, CV21, AND CV31

(APPLICABLE SPECIFICATION: MIL-C-81)

1. SCOPE. This section covers ceramic-dielectric, variable capacitors.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are small-sized trimmer capacitors designed for use where fine
tuning adjustments are periodically required during the life of the equipment. Normally they are
used for trimming and coupling in such circuits as intermediate frequency, radio-frequency, os -
cillator, phase shifter, and disciminator stages. Because of their low mass, these units are
relatively stable against shock and vibration which tend to cause changes in capacitance. Where
a higher order of stability is required, air trimmers should be used. The minimum capacitance
of these capacitors is not greater than the minimum value specified; however, the minimum ca-
pacitance value may be less than the minimum value specified. The maximum capacitance is not
less than that specified and not greater than 50 percent more than the maximum value speci-
fied. Capacitance and adjustment are relatively linear.

2.2 Construction. Each unit consists of a single stator and a single rotor for each section,
made of ceramic material impregnated with transformer or silicone oil. Pure silver is fired
and burnished on the top of the base of the stator in a half-moon pattern. The rotor, usually of
titanium dioxide, has pure silver contact points. The contact surfaces of both the stator and the
rotor are ground and lapped flat, thus eliminating air space variations with temperature.

The principle of operation is similar to that of an air-dielectric tuning capacitor where the over-
lap of the stator and rotor determines the capacitance; in these units, the ceramic dielectric re-
places the air dielectric. Rotors may be rotated continuously; full capacitance change occurs
during each rotation. The approximate maximum capacitance point is indicated on the capacitor.

2.3 Voltage rating. DC voltage ratings (from sea level to an altitude of 100, 000 feet) are as
follows:

CV11 and CV21 - 500 volts.
CV31 - 200 and 350 volts.

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

2.5 Mounting. These capacitors may be mounted close to a metal panel with little increase in
capacitance. To avoid cracking or chipping of the ceramic mounting base, a resilient mounting
(or mounting surface spacer) should be used.

2.6 Capacitance change with temperature, When measurements are made after the capacitors
have reached thermal stability at each temperature setting (at a frequency between O. 1 and 1.2
megahertz (MHz)), and with the capacitor set at 80 to 90 percent of maximum capacity, the changes
of nominal capacitance from the value measured at + 25° C may vary from -4.5 to + 14.0 percent at
-55° C or -10,0 to +2.0 percent at + 85 017° C.

Since the temperature sensitivity is nonlinear over the capacitance range and varies greatly be-
tween units, these capacitors should not be designed into circuits as temperature compensating
units.

The capacitance drift remains within 0.50 pF.

401 (MIL-C-81)
401.1
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3. ITEM IDENTIFICATION (see figures 401-1 and 401-2).

3.1 Type designation. The type designation isused for identifying and describing the capacitors
as shown in figure 401-1.

FIGURE 401-1. Type designation example.

3.2 Standard capacitors. The standard capacitors available in this section are shown in figure
401-2.

401 (MIL-C-81)
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STANDARD CAPACITORS

STYLE CV11

DC RATED VOLTAGE 500 VOLTS

NOTE:
Unless otherwise specified, tolerances are ±.03 (.76 mm) and ±.010 (.25 mm).

FIGURE 401-2. Ceramic dielectric, variable capacitors.

401.3 401 (MIL-C-81)
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STANDARD CAPACITORS

STYLE CV21

DC RATED VOLTAGE 500 VOLTS

NOTE:
Unless otherwise specified, tolerances are ±.03 (.76 mm) and ±.010 (.25 mm).

401 (MIL-C-81)

FIGURE 401-2. Ceramic dielectric, varfable capacitors - Continued.

401.4
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STANDARD CAPACITORS

STYLE CV31

NOTE:
Unless otherwise specified, tolerances are ±.02 (.51 mm) and ±.010 (.25 mm).

FIGURE 401-2. Ceramic dielectric, variable capacitors - Continued.

401.5 401 (MIL-C-81)
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SECTION 402

CAPACITORS, VARIABLE (PISTON TYPE, TUBULAR TRIMMER)
PC17, PC18, PC19, PC21, PC22, PC23, PC24, PC25, PC26,

PC30, PC32, PC38, PC39, PC40, PC42, PC43, PC48, and PC52
(APPLICABLE SPECIFICATION: MIL-C-14409)

1. SCOPE. This section covers sealed, piston-type, tubular trimmer, variable
capacitors.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are small-sized, tubular-trimmer, variable capacitors
designed or use where fine tuning adjustments are periodically required during the
life of the equipment. Normally they are used for trimming and coupling in such
circuits as intermediate frequency, radio-frequency, oscillator, phase shifter, and
discriminator stages. Because of their low mass, these units are relatively stable
against shock and vibration which tend to cause changes in capacitance. Capacitance
change versus rotation is linear within ± 1O percent. Backlash is virtyally
nonexistent except on styles PC39 and PC43 which have a maximum backlash of 2 percent.

2.2 Construction. Styles PC19, PC25, PC26, PC30, and PC32 capacitors are rated at
constructed of a series of concentric circular metal bands which interleaf and are
variable by adjustment of the related depth of the interface. All other style
capacitors are constructed of glass, quartz, sapphire, or alumina dielectric cylinders
and metal tuning pistons. A portion of the cylinder is plated with metal to form the
stator and the metal piston, controlled by a tuning screw, acts as the rotor for
these variable capacitors. The overlap of the stator and rotor determines the
capacitance. The self-contained piston within the dielectric cylinder functions as a
low inductance coaxial assembly.

2.3 Voltage ratings. Styles PC25, PC26, PC30, and PC32 capacitors are rated at
250 V dc; styles PC21, PC22, PC23, and PC24 capacitors are rated at 500 V dc; styles
PC38, PC42, PC48, and PC52 capacitors are rated at 750 and 1,250 V dc; styles PC39
and PC43 capacitors are rated at 1,000 V dc.

2.4 Operating temperature range. Styles PC21, PC22, PC23, PC24, PC25, PC26, PC30,
PC32, PC39, PC40, PC43, PC48, PC52 capacitors are suitable for operation over a
temperature range of -55°C to +125°C; styles PC38 and PC42 capacitors over a
temperature range of -55° to +150°C.

402 (MIL-C-14409)
402.1
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3. ITEM IDENTIFICATION (see figures 402-1 and 402-2).

3.1 Type designation. The type designation is used for identifying and describing
the capacitors as shown in figure 402-1.

PC38 0 1R8

STYLE  - The two-letter symbol "PC" identifies tubular trImmer,
piston-type, variable capacitors; the two-digit number identifies
the shape of the capacitor.

CHARACTERISTIC  - The single-letter symbol identifies the character-
istic as follows:

CAPACITANCE  - The three-digit number identifies the maximum nominal
capacitance value, expressed in picofarads (pF); the first two
digits represent significant figures and the last digit specifies
the number of zeros to follow. Where fractional values of a pF are
required, the letter, letter "R" represents the decimal point. For example:
1R8 indicates 1.8 pF.

FIGURE 402-1. Type designation example.

3.2 Standard capacitors. The standard capacitors available in this section are
shown in figure 402-2.

402 (MIL-C-14409)
402.2
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STANDARD CAPACITORS

STYLE PC17 (MIL-C-14409/17)

OPERATING TEMPERATURE RANGE -55°C TO +125°C -- DC RATED VOLTAGE 250 VOLTS --
TEMPERATURE COEFFICIENT O ±5O PPM/°C O ± 150 PPM/°C

INCHES MM INCHES MM

0.005 0.13 0.067 1.70
0.020 0.51 0.125 3.18
0.040 1.02 0.280 7.11

0.312 7.92

NOTE:
Unless otherwise specified, tolerance is ± .016 (.41 mm).

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors.

402.3 402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC18 (MIL-C-14409/18)

OPERATING TEMPERATURE RANGE -55°C TO +125°C -- DC RATED VOLTAGE 125 AND
250 VOLTS -- TEMPERATURE COEFFICIENT 50 ± 5O PPM/°C

INCHES MM INCHES MM INCHES MM

0.005 0.13 0.109 2.77 0.234 5.94
0.015 0.38 0.125 3.18 0.281 7.14
0.020 0.51 0.188 4.78 0.297 7.54
0.030 0.76 0.211 5.36 0.312 7.92
0.031 0.78 0.219 5.56

NOTES:
1. Unless otherwise specified, tolerance is ± .016 (.41 mm).
2. Solder, if used, shall be high temperature solder having a melting point of

300 +50, -5°C.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409) 402.4
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STANDARD CAPACITORS

STYLE PC19 (MIL-C-14409/19)

OPERATING TEMPERATURE RANGE -55°C TO +125°C -- DC RATED VOLOTAGE 125 AND
250 VOLTS -- TEMPERATURE COEFFICIENT 50 ± 5O PPM/°C

INCHES MM INCHES MM INCHES MM

0.005 0.13 0.062 1.57 0.219 5.56
0.015 0.38 0.109 2.77 0.234 5.94
0.020 0.51 0.125 3.18 0.280 7.11
0.030 0.76 0.188 4.78 0.297 7.54
0.031 0.78 0.211 5.36 0.312 7.92

NOTES:
1. Unless otherwise specified, tolerance is ±.016 (.41 mm).
2. Solder, if used, shall be high temperature solder having a melting point of

300 +50, -5 c.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402.5 402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC21 (MIL-C-14409/16)

OPERATING TEMPERATURE RANGE -55°c TO +125°C -- DC RATE VOLTAGE 500 VOLTS  --
TEMPERATURE COEFFICIENT O ± 5O PPM/°C AND O ± 75°C

NOTE:
Unless otherwiuse specified, tolerance is ±.016 (.41 mm).

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409) 402.6

Downloaded from http://www.everyspec.com



MIL-STD-198E

STANDARD CAPACITORS

STYLE PC22 (MIL-C-14409/16)

OPERATING TEMPERATURE RANGE -55°C TO +125°C -- DC RATED VOLTAGE 500 VOLTS --
TEMPERATURE COEFFICIENT 0 ± 50 PPM/°C AND O ± 75 PPM/°C

NOTE:
Unless otherwise specified, tolerance is ± .016 (.41 mm).

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402.7
402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC23 (MIL-C-14409/16)

OPERATING TEMPERATURE RANGE -55°C TO +125°C -- DC RATED VOLTAGE 500 VOLTS --
TEMPERATURE COEFFICIENT 0 ±5O PPM/°C AND O ±75 PPM/°C

NOTE:
Unless otherwise specified, tolerance is ±.016 (.41 mm).

FIGURE 402-2. Piston-type, tubular trimmner, variable capacitors - Continued.

402 (MIL-C-14409) 402.8
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STANDARD CAPACITORS

STYLE PC24 (MIL-C-14409/16)

OPERATING TEMPERATURE RANGE -55°C TO +125°C -- DC RATED VOLTAGE 500 VOLTS --
TEMPERATURE COEFFICIENT O ±5O PPM/°C AND O ± 75°C

NOTE:
Unless otherwise specified, tolerance is ±.016 (.41 mm).

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402.9 402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC25 (MIL-C-14409/12)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- DC RATED VOLTAGE 250 VOLTS --
TEMPERATURE COEFFICIENT ± 5O PPM/°C

NOTES:
1. Unless otherwise specified, tolerance is ±.016 (.41 mm).
2. Solder if used, shall be high temperature solder having a melting point

of 300°c +50°C -5°C.
3. Bend-point of terminal at turret shall be within the radius of the turret

cap; for style PC25T060, terminal may be perpendicular to body, .225 inches
(5.72 mm) maximum length.

4. Round nut shall be furnished on parts with .190-64 thread.
5. Seal cap shall be .062 (1.57 mm) typical for parts with .190-64 thread.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409) 402.10
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STANDARD CAPACITORS

STYLE PC26 (MIL-C-14409/13)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- DC RATED VOLTAGE 250 VOLTS --
TEMPERATURE COEFFICIENT ± 5O PPM/°C AND ± 2O PPM/°C

NOTES:
1 . Unless otherwise specified, tolerance is ±.016 (.41 mm).
2 . If solder is used, the soldering of the turret cap to the cylinder, and of the

cylinder to the base and to the base leads shall be accomplished with a high
temperature solder having a melting point of 300°C +50°C, -5°C.

3 . For type PC26J060, dimension shall be .094 ±.005 (2.39 mm ±.13 mm).
4 . For type PC26J060, thread shall be .190-64 UNS-2A.
5 . For type PC26J300 two terminals shall be used of same size and length as front

terminals.
6 . For type PC26J060, dimension shall be .078 ±.008 (1.95 ±2O mm).
7. Seal cap shall be slotted.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402.11 402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC30 (MIL-C-14409/15)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- DC RATED TO 250 VOLTS --
TEMPERATURE COEFFICIENT ±5O PPM/°C

NOTES:
1.  Unless otherwise specified, tolerance is ±.016.
2.  Seal cap shall be slotted.
3.  For type PC30J5R0, this dimension shall be .280 (7.11).

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409) 402.12
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STANDARD CAPACITORS

STYLE PC32

OPERATING TEMPERATURE RANGE -55° TO +125°C -- DC RATED TO 250 VOLTS --
TEMPERATURE COEFFICIENT ±2O PPM/°C

NOTES:
1.  Unless otherwise specified, tolerance is ±.016 (.41).
2.  Seal cap shall be slotted.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402.13
402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLES PC38 AND PC48

OPERATING TEMPERATURE RANGE -55° TO + 150° C (PC38) AND -55° TO + 125° C (PC48)

NOTES:
1. Unless otherwise specified, tolerance is ±.016 (.41 mm).
2. The flat on the mounting bushing extends to the mounting surface of the shoulder.
3. There are a minimum of one and one-half turns of wire around the body. These

turns of wire are completely soldered to the body.

FIGURE 402-2. piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC39

OPERATING TEMPERATURE RANGE -55° TO + 125°C -- DC RATED VOLTAGE 1,000 VOLTS

NOTES:
1. Unless otherwise specified, tolerance is ±.016 (.41 mm).
2. The flat on the mounting bushing extends to the mounting surface or the shoulder.
3. The turret cap is soldered to the cylinder with high temperature solder having a

minimum melting point of 232°C.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC40

OPERATING TEMPERATURE RANGE -55° TO +150°C -- DC TATED VOLTAGE 750 VOLTS --
TEMPERATURE COEFFICIENT +50, -0

NOTE: Unless otherwise specified, tolerance is ±.016 (.41 mm).

FIGURE 502-2. Piston type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLES PC42 AND PC52

OPERATING TEMPERATURE RANGE -55° TO + 150° C (PC42) AND -55° TO +125° C (PC52)

NOTES:
1. Unless otherwise specified, tolerance is ±.016 (.41 mm).
2. There are a minimum of one and one-half turns of wire around the body.

These turns of wire are completely soldered to the body.
3. This style capacitor is designed for printed-circuit mounting.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409)
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STANDARD CAPACITORS

STYLE PC43

OPERATING TEMPERATURE RANGE -55° TO +125°C -- DC TATED VOLTAGE 1,000 VOLTS

NOTES:
1. Unless otherwise specified, tolerance is ±.016(.41 mm).
2. This style capacitor is designed for printed-circuit mounting.

FIGURE 402-2. Piston-type, tubular trimmer, variable capacitors - Continued.

402 (MIL-C-14409)
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Section

SECTION 500

CAPACITORS, VARIABLE, GAS OR VACUUM DIELECTRIC

501. Capacitors, Variable, Gas or Vacuum Dielectric,
Ceramic Envelope- - - - - - - - - - - - - - - -             MIL-C-23183

Applicable specification

500 (CONTENTS)
500.1
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SECTION 501

CAPACITORS, VARIABLE, GAS OR VACUUM DIELECTRIC, ENVELOPE

STYLE CG60

(APPLICABLE SPECIFICATION: MIL-C-23183)

1. SCOPE. This section covers gas or vacuum dielectric, variable capacitors

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are Intended for use in high voltage applications. The
voltage indicated for capacitors in this section is the 60-hertz test voltage at
maximum capacity. This is the absolute safe maximum voltage the unit will withstand
before breakdown occurs. The breakdown voltage is greater at capacities less than
maximum, becoming as much as 300 percent greater at minimum capacity for lower
voltage units. The breakdown voltage at radiofrequencies is the same for low
frequencies up to about 2.5 megahertz (MHz), and becomes avout 10 percent lower at 30
MHz.The continuous duty operating voltage of these capacitors is dependent on the
frequency involved, (lower for high frequency), the percentage Of the capacitor in
use, and the duty cycle. The continuous duty rf rating of these capacitors is
arbitrarily defined as that voltage and current that will bring the unit up to a
steady 85°C without cooling. These capacitors will operate safely at a uniform
temperature as high as 125 C and may be operated even higher under special conditions.
It can be seen that the rating is quite conservative. The rating can further be
increased by additional cooling such as blowers, large conductors to act as heat
sinks, water cooling, etc. For example, water-cooled variables are available with
current ratings that are four times normal. Care mst be observed not to apply
excessIve strain on units by the use of large conductors. Forced-air cooling must be
applied uniformly to prevent heat strains. The dissipation factor is very low, due
to the dielectric and the heavy copper construction. The dielectric has very low
losses even at very high frequencies. The heavy copper construction minimizes stray
inductance and provides an excellent heat sink. Due to their low losses, and high
heat dissipating capabilities, these capacitors will handle exceptionally high
continuous currents at very high frequencies.  Due to their rugged construction, they
will withstand repeated heavy current overloads for short duty cycles, as long as the
peak voltage is not exceeded. At high frequencies and high capacities, due to the
low capacitive reactance, the continuous duty current will usually be reached at a
voltage below the maximum rated voltage. Likewise at low frequencies and low
capacities, due to the capacitive reactance, the maximum voltage will often be
reached before the rated current.

2.2 Capacitance change versus rotation. The capacitance change versus rotation is
shown in figure 501.1.

3. ITEM IDENTIFICATION (see figures 501-2 and 501-3).

3.1 Type designation. The type designation is used for identifying and describing
the capacitors as shown in figure 501-2.

3.2 Standard capacitors. The standard capacitors available ifn this section are
shown in figure 501-3.

501 (MIL-C-23183)
501.1
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FIGURE 501-2. Type designation example.

501.3 501 (MIL-C-23183)
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STANDARD CAPACITORS

STYLE CG60 (MIL-C-23183/5)

OPERATING TEMPERATURE RANGE -55° TO + 85° C -- RATED CURRENT 42 AMPERES RMS

FIGURE 501-3. Gas or vacuum dielectric, ceramic envelope, variable capacitors.

501 (MIL-C-23183) 501.4
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SECTION 600

CAPACITORS, FIXED, GLASS AND MICA DIELECTRIC, ESTABLISHED RELIABILITY

Section Applicable specification

601. Capacitors, Fixed, Glass Dielectric, Established
Reliability--------------------------------------------MIL-C-23269

602.    Capacitors, Fixed, Mica Dielectric, Established
Reliability--------------------------------------------MIL-C-39001

600 (CONTENTS)

600.1
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SECTION 601

CAPACITORS, FIXED, GLASS DIELECTRIC. ESTABLISHED RELIABILITY

STYLES CYR1O, CYR13, CYR15, CYR17, CYR20, CYR22, CYR30, CYR32, CYR41, CYR51,
CYR52, AND CYR53

(APPLICABLE SPECIFICATION: MIL-C-23269)

1. SCOPE. This section covers established reliability, glass dielectric, fixed capacitors en-
closed in glass or vitreous enamel cases, suitably protected against environmental conditions.
These capacitors have failure rate levels ranging from 1.0 to 0.001percent per 1,000 hours.
The failure rate levels are established at a 90-percent confidence level and are based on full
rated voltage at + 125° C.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are intended for use in any equipment where known orders of reli-
ability required, and are primarily designed as a substitute for mica-dielectric capacitors as a
step toward conservation of critical mica. They are effective substitutes for mica-dielectric ca-
pacitors and can be employed for many applications where mica-dielectric capacitors are used,
provided consideration is given to the differences in temperature coefficient and dielectric loss.
They are capable of withstanding environmental conditions of shock, vibration, acceleration, ex-
treme moisture, vacuum, extended life of 30,000 hours and more, and high operating temperatures
such as experienced in missile-borne and space electronic equipment.

2.2 Construction. Glass-dielectric capacitors are composed of alternate layers of glass rib-
bon and the electrode material. After assembly, the units are sealed together by high temperature
and pressure to form a rugged monolithic block. Since the terminal leads are fused to the glass
case, the seal cannot be broken without destroying the capacitor. Although these capacitors are
of monolithic structure, they are not necessarily hermetically sealed since the coefficient of
thermal expansion of the terminals does not match that of the case. These construction features
add up to the following advantages:

(a)

(b)

(c)

(d)

(e)

2.2.1

Fixed temperature coefficient.

High insulation resistance.

Low dielectric absorption.

Readily used where miniaturization is demanded.

Ability to operate in environments involving high humidity and high temperatures.

Phusical size. The physical size of the glass-dielectric capacitor is smaller than, or
approximates very closely, the size of the “postage-stamp” type mica-dielectric capacitor.

2.3 Rated voltage. These capacitors are rated at 100, 300, or 500 volts depending upon cap-
acitance value and style.

2.4 Operating temperature range. These units are suitable for operation over a temperature
range of -55° to +125° C.

2.5 Temperature coefficient and capacitance drift. These capacitors are available in three temp-
erature coefficients. For the axial-lead capacitors, the temperature coefficient is 140 +25 ppm/°C
or 0 ±ppm/°C  (for style CYR41). For the axial-radial lead capacitors, the temperature coeffi-
cient is 105 ±25 ppm/°C. The capacitance drift is ±O.1 percent or O.1 pF, whichever is greater,
for all capacitors.

601 (MIL-C-23269)
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2.6 Shock. Glass capacitors are resistant to high G loads but they are susceptible to damage
from mild mechanical shocks.

2.7 Q. Glass-dielectric capacitors exhibit a much higher Q over a wider capacitance range
than mica-dielectric capacitors. (See figure 601-1.)

2.8 Failure-rate level determination. The curves presented on figure 601-2 are the best
engineering approximation of the reliability characteristics (random failures) for these capaci-
tors when employed repeatedly, within their specification ratings, in complex electronic equip-
ment. These reliability characteristics are based on ground-level severity experience. Fail-
ures are considered to be opens, shorts, or radical departures from initial characteristics.
The failures are considered to be occurring in an unpredictable manner and in too short a period
of time to permit detection through normal preventive maintenance. The curves shown on figure
601-2 are based on "catastrophic failures" and will differ from the failure rates established in
the specification, since the established failure rates are based on “parametric failures” over
long term life tests at rated conditions. As indicated, these curves are the best estimates based
on "catastrophic failures"; however, they can provide an estimate of the relative effect of operat-
ing under conditions other than rated.

FIGURE 601-1. Capacitance and Q at 1MHz.

601 (MIL-C-23269)
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FIGURE 601-2.  Failure rate level curves.
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3. ITEM IDENTIFICATION.

3.1 Standard capacitors. The standard capacitors available in this Section are shown in
figure 601-3. (The figure gives the electrical characteristics, case sizes, failure rate levels,
and Military part numbers of capacitors which are standard for design.)

FIGURE 601-3.B  Established reliability, glass dielectric, fixed capacitors.

601.4
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STANDARD CAPACITORS

STYLE CYR10 (MIL-C-23269/1)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TEMPERATURE COEFFICIENT
140 ± 25 PPM/°C -- CAPACITANCE DRIFT O.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.

601.5 601 (MIL-C-23269)
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FIGURE 601-3. Established reliability,  glass dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR15 (MIL-C-23269/2)

OPERATING TEMPERATURE RANGE -55° TO + 125°C -- TEMPERATURE COEFFICIENT
140 ± 25 PPM/°C -- CAPACITANCE DRIFT O. 1% OR O. 1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR20 (MIL-C-23269/3)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TEMPERATURE COEFFICIENT
140 ±25 PPM/°C -- CAPACITANCE DRIFT O.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established  reliability, glass dielectric, fixed capacitors - Continued.
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601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR30 (MIL-C-23269/4)

OPERATING TEMPERATURE RANGE -55° TO + 125°C -- TEMPERATURE COEFFICIENT
140 ± 25 PPM/° -- CAPACITANCE DRIFT 0.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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NOTE;
For capacitance values above 130 pF, this dimension is .219 ± .047.

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.

601 (MIL-C-23269)
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STANDARD CAPACITORS

STYLE CYR13 (MIL-C-23269/5)

OPERATING TEMPERATURE RANGE -55° To + 125°C -- TEMPERATURE COEFFICENT
105 ± 25 PPM°C -- CAPACITANCE DRIFT 0.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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FIGURE 601-3. Established reliability, glass dielectric,
fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR17 (MIL-C-23269/6)

OPERATING TEMPERATURE RANGE -55° To + 125°C -- TEMPERATURE COEFFICIENT
105 ± 25 PPM/°C APACITANCE DRIFT 0.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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NOTES:
1. Lead diameter is         for 1,200 and 1,500 pF capacitors values, and

+.004
-.001

.037            for 1,800 pF capacitance value.+.004
-.037

2. Dimension is .219 ± .047 for 1,600 pF capacitance value.

FIGURE 601-3. Established reliability, glass dielectric, fixed
capacitors  - Continued.
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STANDARD CAPACITORS

STYLE CYR22 (MIL-C-23269/7)

OPERATING TEMPERATURE RANGE -55° TO + 125°C -- TEMPERATURE COEFFICIENT
105 ± 25 PPM/°C -- CAPACITANCE DRIFT 0.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Estblished reliability, glass dielectric, fixed capacitors - Continued.
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FIGURE 601-3. Established relialbility, glass dielectric,
fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR32 (MIL-C-23269/8)

OPERATING TEMPERATURE RANGE -55° TO + 125°C -- TEMPERATURE COEFFICIENT
105 ± 25 PPM/°C -- CAPACITANCE DRIFT 0.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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STYLE CYR41

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR41 (MIL-C-23269/9)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TEMPRATURE COEFFICIENT
0 ±25 PPM/°C -- CAPACITANCE DRIFT 0.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed
capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR41 (MIL-C-2326919) - continued

FIGURE 601-3. Established reliability, glass dielectric, fixed
capacitors - Continued.
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FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR51 (MIL-C-23269/10)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TEMPERATURE COEFFICIENT
140 ±25 PPM/°C -- CAPACITANCE DRIFT 0.1% OR 0.1 PF, WHICHEVER IS GREATER

FIGURE 601-3. Estalished reliability, glass dielectric, fixed
capacitors - Continued.

601 (MIL-C-23269)

601.24

Downloaded from http://www.everyspec.com



MIL-STD-198E

STANDARD CAPACITORS

STYLE CYR51 (MIL-C-23269/10) - Continued

FIGURE 601-3. Established reliability, glass dielectric, fixed
capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR51 (MIL-C-23269/10) - Continued

FIGURE 601-3. Established reliability, glass dielectric, fixed
capacitors  - Continued.
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STANDARD CAPACITORS

STYLE CYR52 (MIL-C-23269/10)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TEMPERATURE COEFFCIENT
140 ±25PM/°C -- CAPACITANCE DRIFT O.1% OR 0.1 PF,

WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CYR53 (MIL-C-23269/1O)

OPERATING TEMPERATURE RANGE -550 TO + 1250 C -- TEMPERATURE COEFFICIENT
140 ±25 PPM/°C -- CAPACITANCE DRIFT 0.1% OR 0.1PF,

WHICHEVER IS GREATER

FIGURE 601-3. Established reliability, glass dielectric, fixed capacitors - Continued.
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SECTION 602

CAPACITORS, FIXED, MICA DIELECTRIC, ESTABLISHED RELIABILITY

STYLES CMR03, CMR04, CMR05, CMR06, CMR07, AND CMR08

(APPLICABLE SPECIFICATION: MIL-C-39001)

1. SCOPE. This section covers established reliability, mica dielectric, fixed capacitors.
These capacitors have failure rate levels ranging from 1.0 to 0.001 percent per 1,000 hours.
The failure rate levels are established at a 90-percent confidence level and are based on full
rated voltage at + 125° C or + 150° C, as applicable.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are intended for use in any equipment where known orders of
reliability are required. They will experience failures at a rate depending almost exclusively
upon the manner in which they are used; e.g., (1) with the temperature remaining constant,
the capacitor life is inversely proportional to the 8th power of the applied dc voltage, or (2)
with the dc voltage remaining constant, life decreases approximately 50 percent for every
10°C rise in temperature. These capacitors have a life expectancy of 50,000 hours, or more,
at rated conditions.

2.2 Construction. The construction details for these capacitors are as described in Section
102.

2.3 Rated voltage. These capacitors are rated at 50, 100, 300, or 500 volts.

2.4 Operating temperature range. These capacitors are suitable for operation over a term-
perature range of -55° to + 125° (or +150° C).

2.5 Faillure-rate level determination. The curves presented on figure 602-1 are the best en-
gineering approximation of the reliability characteristics (random failures) for these capacitors
when employed repeatedly, within their specification ratings, in complex electronic equipment.
These reliability characteristics are based on ground-level severity experience. Failures are
considered to be opens, shorts, or radical departures from initial characteristics. The failures
are considered to be occurring in an unpredictable manner and in too short a period of time to
permit detection through normal preventive maintenance. The curves shown on this figure are
based on “catastrophic failures” and will differ from the failure rates established in the specifi-
cation, since the established failure rates are based on “parametric failures” over long term
life tests at rated conditions. As indicated, these curves are the best estimates based on “catas-
trophic failures"; however, they can provide an estimate of the relative effect of operating under
conditions other than rated.

2.6 General. For additional application information, see Section 102.

3. ITEM IDENTIFICATION (see figures 602-2 and 602-3).

3.1 Type designation. The type designation is used for identifying and describing the capacitors
as shown in figure 602-2.

3.2 Standard capacitors. The standard capacitors available in this section are shown in figure
602-3.

602.1
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FIGURE 602-2. Type designation example.
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NOTE:
This area may not be solderable as it may be covered by a clear epoxy or resinous
coating.

FIGURE 602-3. Established reliability, mica dielectric,
fixed capacitors.
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STANDARD CAPACITORS

STYLE CMR03 (MIL-C-39001/5)

OPERATING TEMPERATURE RANGE -55°C TO +125°C

1/ Where applicable, the complete type designation will include additonal letter
symbols to indicate the ec tared voltage, capacitance tolerance, and failure rate
level.

FIGURE 602-3. Established reliability, mica dielectric, fixed capacitors - Continued.
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NOTE:
The R dimension may not be solderable as it may be covered by clear epoxy or resinous coating.

FIGURE 602-3. Established reliability, mica dielectric, fixed capacitors.
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FIGURE 602-3. Established reliability, mica dielectric, fixed capacitors. - Continued
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STANDARD CAPACITORS

STYLES CMR04, CMR06, CMR07, AND CMR08 (MIL-C-39001/5),
OPERATING TEMPERATURE RANGE -55°C TO +150°C

See footnote at end of figure.

FIGURE 602-3. Established reliability, mica dielectric, fixed capacitors - Continued.

602 (MIL-C-39001)
602.8

Downloaded from http://www.everyspec.com



MIL-STD-198E

STANDARD CAPACITORS

STYLES CMR04, CMR05, CMR06, CMR07, AND CMR08 (MIL-C-39001/5)
OPERATING TEMPERATURE RANGE -55°C TO +150°C - Continued

See footnote at end of figure.

FIGURE 602-3. Established reliability, mica dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CMR04, CMR06, CMR07, AND CMR08 (MIL-C-39001/5),
OPERATING TEMPERATURE RANGE -55°C TO +150°C - Continued

See footnote at end of figure.

FIGURE 602-3. Established reliability, mica dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CMR04, CMR05, CMR06, CMR07, AND CMR08 (MIL-C-39001/5),
OPERATING TEMPERATURE RANGE -55°C TO +150°C - Continued

1/ Where applicable, the complete type designation will include additional
letter symbols to indicate the dc rated voltage, capacitance tolerance,
and failure rate level.

FIGURE 602-3. Established reliability, mica dielectric, fixed capacitors - Continued.
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SECTION 700

CAPACITORS, FIXED, ELECTROLYTIC, ESTABLISHED RELIABILITY

Section Applicable specification

701. Capacitors, Fixed, Electrolytic (Solid Electrolyte),
Tantalum, Established Reliability - - - - - - - - - - MIL-C-39003

702. Capacitors, Fixed, Electrolytic (Nonsolid Electrolyte),
Tantalum, Established Reliability - - - - - - - - - - MIL-C-39006

703. Capacitors, Chip, Fixed, Tantalum, Established
Reliability - - - - - - - - - - - - - - - - - - - - MIL-C-55365

704. Capacitors, Fixed, Electrolytic (Aluminum Oxide),
Established Reliability - - - - - - - - - - - - - - - MIL-C-39018

USAF AIRBORNE APPLICATIONS REQUIRE
PRIOR APPROVAL BY PROCURING ACTIVITY

700 (CONTENTS)
700.1
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SECTION 701

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

STYLES CSR13, CSR91, AND CSR21

(APPLICABLE SPECIFICATION: MIL-C-39003)

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 1.0 to 0.001 percent per 1,000
hours. The failure rate levels are established at a 60 percent confidence level and
are based on operation at full rated voltage at +85°C. 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 chatacteristic than any of
the other electrolytic capacitors. Because of their passive electrolyte eing solid
and dry, these capacitors are not temperature-sensitive; they have a lower
capacitance-temperature characteristic than any of the other electrolytic
capacitors. Their limitations are the relatively high leakage current, limited
voltage range available (6 to 100 volts), and amaximum 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 pulsating 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 where 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
consideration. For 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 types. 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.

701 (MIL-C-39003)
701.1
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NOTE: In hign 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° to +85°C.

2.5 Voltage derating. When propely 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 Reverse voltage. These capacitors are capable of withstanding peak voltages
in the reverse 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 (ac) voltage provided the capacitors do not 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 rnsm 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 0.47/1.9 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
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 negative [eal pf 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 temperature. Figures 701-1
and 701-2 should be used with caution with regard to CSR21.

FIGURE 701-1. Permissible ripple voltage versus capacitance and ambient temperature at 120 Hz.
701 (MIL-C-39003)
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CAPACITANCE IN MICROFARADS

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. To 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 peak ripple and the ap-
plied dc voltage should not exceed the dc working voltage of the unit with the lowest voltage rating.
The connecting leads of the parallel network should be large enough to carry the combined cur-
rents without reducing the effective capacitance due to series lead resistance.

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

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 the curves to the
left and decreases the amplitude but does not affect 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 its 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 freedom 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 should 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
deterioration. Leakage current variation is a better indicator of capacitor
condition. In the life test in MIL-C-39003, a maximum impedance of 3 ohms is
allowed. It is recommended that a minimum circuit impedance of 3 ohms per applied
volt (1.5 ohms per volt for CSR21) be utilized to attain improved reliability.

701 (MIL-C-39003)
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NOTE:
multiply the value read from figure 701-4 by the following applicable multiplying
factor:

FIGURE 701-4. Failure rate level curves.
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Downloaded from http://www.everyspec.com



MIL-STD-198E

2.13 Failure-rate level determination. The curves presented on figure 701-4 are the best
engineering approximation of the reliability characteristics (random failures) for these capac-
itors when employed repeatedly, within their specification ratings, in complex electronic equip-
ment. These reliability characteristics are based on ground-level severity experience. Failures
are considered to be opens, shorts, or radical departures from initial characteristics. The
failures are considered to be occurring in an unpredictable manner and in too short a period of
time to permit detection through normal preventive maintenance. The curves shown on figure
701-4 are based on “catastrophic failures” and will differ from the failure rates established in the
specification, since the established failure rates are based on "parametric failures" over long
term life tests at rated conditions. Figure 701-4 has been extracted from MIL-HDBK-217, "Re-
liability Stress and Failure Rate Data for Electronic Equipment." The curves have been modified
from their original version in that the ordinate has been normalized in order to provide multiplier
factors in place of discrete failure rate levels and in order that the multiplying factor for a failure
rate at rated conditions is unity. As indicated, these curves are the best estimates based on “ca-
tastrophic failiures"; however, they can provide an estimate of the relative effect of operating
under conditions other than rated.

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 in figure
701-5. (The figure gives 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.
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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. Estalished reliability, tantalum, solid electrolyte,
fixed capacitors - Continued.
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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.
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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.
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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. Estavblished reliability, tantalum, solid electrolyte,
fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CSR13 (MIL-C-39003/1) - CONTINUED

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

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

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

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

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

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

STYLE CSR91 (MIL-C-39003/A) - Continued

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

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

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

701 (MIL-C-39003) 701.20

Downloaded from http://www.everyspec.com



MIL-STD-198E

NOTES:
1. Dimensions are in inches.
2. Metric equivalents are given for general information only and

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.
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STANDARD CAPACITORS

STYLE CSR21 (MIL-C-39003/9)

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

FIGURE 701-5. Established reliability, tantalllum. solid electrolyte, fixed capacitor - Continued.
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STANDARD CAPACITORS

STYLE CSR21 (MIL-C-39003/9) - Continued

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

FIGURE 701-5. Established reliability, tantalum, solid electrolyte, fixed capacitor - Continued.
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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. Derated 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 ac
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
asure that sufficient dc bias fi 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.
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SECTION 702

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

STYLES CLR25, CLR27, CLR35, CLR37, AND CLR79

(APPLICABLE SPECIFICATION: MIL-C-39006)

1. SCOPE. This section covers established reliability, tantalum, electrolytic
(nonsolid electroltye), fixed capacitors (insulated), polarized and nonpolarized,
C a p a c i t o r s  c o v e r e d  b y  t h i s  s e c t i o n  h a v e  f a i l u r e  r a t e  l e v e l s
ranging from 1.0 to 0.001 percent per 1,000 hours. The failure rate levels are
established at a 60 percent confidence level and are based on full rated voltage at
85°C.

2. APPLICATION INFORMATION.

2.1 Use. The use of these capacitors is determined by the two basic types of
tantalum (foil and sintered slug) employed in their construction.

2.1.1 Foil types. The foil types are the most versatile of all electrolytic
capacitors. They are available in plain or etched foil and in polarized or
nonpolarized construction, which makes them suitable for many applications; however,
the foil types are limited by their great variation of characteristics and design
tolerances. They are not suitable for timing or precision circuits due to several
factors leading to very wide design tolerances. Because of the difference in
construction, etched-foil types have as much as 10 times the capacitance per unit
area as the plain-foil types for a given size; therefore, the etched-foil type iS
generally the better choice between the two. In some cases the plain-foil type is a
more desirable choice since it will withstand approximately 30 percent higher ripple
current, has better capacitance-temperature characteristics, and has low power factor.

2.1.1.1 Polarized (styles CLR25 and CLR35). The polarized foil types are
essentially used where low-frequency pulasting dc components are to be bypassed or
filtered out and for other uses in electronic equipment where large capacitance
values are required and comparatively wide capacitance tolerances can be tolerated.
When used for low-frequency coupling in vacuum-tube and transistor circuits,
allowance should be made for the leakage current. This leakage current could cause
improper positive bias to be applied across the grid circuits or excessive base,
emitter, or collector currents. These polarized capacitors shoukd be used only in dc
circuits with polarity properly observed. If ac components are present, the sum of
the peak ac voltage plus the applied dc voltage must not exceed the dc voltage
rating. The peak ac voltage should also be less than the applied dc voltage so that
polarity may be maintained, even on negative peaks, to avoid overheating and damage.
Even though those units rated at 6 volts and above can withstand a maximum of 3 volts
in the reverse direction, it is recommended that they not be used in circuits where
this reversal is repetitious. Examples of where these units may be used are (1) in
power supplies in which up to 300 volts dc are applied to the filter input (2) at
plate and screen circuit decoupling connection points, and (3) for cathode resistor
by-pass circuits. When used as cathode by-pass capacitors, a ratio of bias
resistance to capacitive reactance of 10 to 1 is 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.

2.1.1.2 Nonpolarized (styles CLR27 and CLR37). The nonpolarized types are
primarily suitable for ac applications or where dc voltage reversals occur.
of these uses are in (1) tuned low-frequency circuits, (2) phasing of low voltage ac
(3) computer circuits where reversal of dc voltage occurs, and (4) servo
systems.

702 (MIL-C-39006)
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2.1.2 Sintered slug type (style CLR79). These capacitors are limited to low
voltage aplictions. Their primary use is in low voltage power supply filtering
circuits. Their low leakage current (lowest of all the tantalum types) is not
appreciable below +85°C; and at ordinary operating temperatures is comparable to good
quality paper capacitors, yet they are much smaller in size. Style CLR79 capacitors
are for dc applications only; however, they will withstand up to 3 volts of reverse
bias.

FIGURE 702-1. Voltage derating with temperature.

2.2 Construction:

2.2.1 Foil types. These capacitors consist of a tantalum foil, acting as the
anlde, which is electromechanically treated to form a layer of tantalum oxide
dielectric. Porous spacer material is used to form a conventional cylindrical
capacitor section with axial tantalum wires on either end. The section is
impregnated with a suitable electrolyte (usually a weak acid or base) and then sealed
in a suitable container. Solderable leads were welded to the tantalum leads.

2.2.2 Sintered-slug types. These capacitors consist of a sintered-slug, acting as
the anode, which is electrochemically treated to form a layer of tantalum oxide
dielectric.

2.3 Physical size comparison:

2.3.1 With paper capacitors. These capacitors may utilize only 15 percent of the
area normally required by a paper capacitor of the same capacitance value.

2.3.2 With aluminum electrolytic capacitores. The larger the dielectric constant
the larger the capacitance which can be realized in a given space, thus a size
advantage can be realized since the dielectric constant of tantalum oxide film is
approximately 24 as compared to 8 for an aluminum oxide. Because of differences in
foil and paper-thickness requirements, the actual size ratio will vary with different
capacitances and voltage ratings and may be much more than 2:1 in favor of the
tantalum capacitor.

702 (MIL-C-39006)
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2.4 Voltage ratings. The maximum dc rated voltages for styles included in this
section are shown in table 702-1.

TABLE 702-I. Voltage ratings.

2.5 Operating temperatue range (with full rated voltage applied). These
capacitors are suitable for operation over a temperature range of -55°C to+ 85°C.

2.6 Derating. These capacitors may be operated up to +125°C when properly voltage
derated (see figure 702-1).

2.7 Series and parallel applications:

2.7.1 Series operation.  Whenever tantalum capacitors are connected in series for
higher voltage operation, a resistor should be paralleled across each unit. Unless a
shunt resistor is used, the dc rated voltage can easily be exceeded on the capacitor
in the series network with the lowest dc leakage current. To prevent capacitor
destruction, a resistance value not exceeding a certain maximum should be used; this
value will dependon capacitance, average dc leakage, and capacitor construction.
For example: For style CLR79, size T1 units will require a maximum resistance, in
meghoms, equal to 3.4 divided by the square root of the capacitance (in µF); size T2,

Plain-foil types use 5/C and
etched-foil use 15/C.

2.7 Parallel operation. To 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 peak ripple and the applied dc voltage should not exceed the dc rated
voltage. The connecting leads of the parallel network should be large enough to
carry the combined currents without reducing the effective capacitance due to series
lead resistance.

2.8 Stability and life. Tantalum electrolytic capacitors have excellent life and
shelf life characteristics. Life, at higher temperatures than with aluminum
electrolytic, will show a comparatively lower decrease in capacitance.
voltage applied, more than 10,000 hours of life can be expected at +85°C. All styles
may be expected to operate at least 2,000 hours at +85°C with less than 10 percent
loss of capacitance.

Because the more stable tantalum oxide film is less subject to dissolving the
surrounding electrolyte than the film in an aluminum capacitor,shelf life of the
tantalum unit is much longer, and less re-forming is required. After storage for
long periods, the re-forming current is low and the time is comparatively short; it
may be expected to take less than 10 minutes. These properties are affected by the
storage temperature to a significant degree, being excellent at temperatures from
-55°C to +25° C; good at +65°C; and relatively poor at +85°C.

Some style CLR25 capacitors may exhibit capacitance change and dissipation factor
changes when exposed to low dc bias levels (O to 2.2 volts dc). Care should be
exercised when applications require these voltage levels.

702.3
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FIGURE 702-3. Correction factor for maximum allowable ripple voltage/current
vs frequency for tantalum foil capacitors.

FIGURE 702.4. Correction factor for maximum allowable ripple voltage/current
vs temperature for tantalum foil capacitors.

702.5 702 (MIL-C-39006)

Downloaded from http://www.everyspec.com



MIL-STD-198E

2.9 AC ripple. Tantalum foil capacitors are the only electrolytic capacitors
capable of operaing continuously on unbiased ac voltages. The ac ripple capability
curves on figures 702-2 and 702-3 are applicable for unbiased ac voltages on nonpolar
units, and biased ac ripple voltages on polar units. Peak ac voltages up to 150
volts are permissible provided that the dc voltage rating is not exceeded. The only
limitation is the I²R heating effect. Due to higher power factor, etched foil
capacitors have only half the ac capability of plain foil capacitors.

2.9.1 Foil types. Figure 702-2 indicates the maximum allowable rms voltage or
current for tubular plain foil capacitors. For tubular etched foil types, use
one-half the values shown on figure 702-2. All values referenced indicate allowable
voltages and currents at +25°C and 60 Hz.

To determine ac capability at some other frequency, multiply the voltage or current
values obtained from figure 702-2 by a correction value from figure 702-3.

To determine ac capability at some other temperature, multiply the voltage or
current value from figures 702-2 and 702-3, if applicable, by a correction value from
figure 702-4.

2.9.2 Sintered slug type. To determine ac capability of style CLR79 capacitors at
some other frequency or tempeature, multiply the current values obtained from figure
702-10 by the correction value from table 702-11.

2.9.3 Coomplex wave-shapes. When complex ripple wave-shapes are involved, they
on an should be measured on an oscilloscope or by some other method which will give the
peak rating. These capacitors should be limited to operation at ripple frequencies
between 60 and 10,000 Hz (above 10,000 Hz, effective capacitance rapidly drops off).
At frequencies of only a few hundred kHz, these tantalum units act as practically
pure resistance.

2.10 Failure-rate level determination (foil units only). The curves presented on
figure 702-8 are the best engineering approximation of the reliability
characteristics (random failures) for foil capacitors when employed repeatedly,
within their specification ratings, in complex electronic equipment. These
reliability characteristics are based on ground-level severity experience. Failures
are considered to be opens, shorts, or radical departures from initial
characteristics. The failures are considered to be occurring in an unpredictable
manner and in too short a period of time to permit detection through normal
preventive maintenance. The curves shown on figure 702-8 are based on "catastrophic
failures" and will differ from the failure rates established in the specification,
since the established failure rates are based on "parametric failures" over long term
life tests at rated conditions. This figure has been extracted from MIL-HDBK-217,
"Reliability Stress and Failure Rate Data for Electronic Equipment." The curves have
been modified from their original version in that the ordinate has been normalized in
order to provide multiplier factors in place of discrete failure rate levels and in
order that the multiplying factor for a failure rate at rated conditions is unity.
As indicated, these curves are the best estimates based on"catastrophic failures";
however they can provide an estimate of the relative effect of operating under
conditions other than rated.

3. ITEM IDENTIFICATION

3.1 Standard capacitors. The standard capacitors available in this section are
shown on figure 702-9. (The figure gives the electrical characteristics, case sizes,
failure rate levels, and military part numbers which are standard for design.)

702 (MIL-C-39006)
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FIGURE 702-8. Failure rate level curves.
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NOTES:
1. The weld is not enclosed in the end seal.
2. There is an indeterminate resistance between the metal case and the negative terminal.

FIGURE 702-9. Established reliability, tantalum, electrolytic (nonsolid
electrolyte), fixed capacitors.
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NOTE: The weld is not enclosed in the end seal.

FIGURE 702-9. Established reliability, tantalum, electrolytic (nonsolid
electrolyte), fixed capacitors - Continued.
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NOTES:
1. The weld is not enclosed in the end seal.
2. There is an indeterminate resistance between the metal case and the negative teminal.

FIGURE 702-9. Established reliability, tantalum, electrolytic (nonsolid
eletrolyte), fixed capacitors - Continued.
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NOTE: The weld is not enclosed in the end seal.

FIGURE 702-9. Established reliability, tantalum, electrolytic (nonsolid
electrolyte), fixed capacitors - Continued.
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NOTES:
1. Dimensions are in inches.
2. Metric equivalents are given for general information only and are based upon

1.00 inch = 25.4 mm.
3. Metric equivalents are in parentheses.
4. The weld is not enclosed in the end seal.

FIGURE 702-9. Established reliability, tantalum, electrolytic (nonsolid
electrolyte), fixed capacitors - Continued.
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SECTION 703

CAPACITORS, CHIP, FIXED, TANTALUM, ESTABLISHED RELIABILITY

STYLES CWR02, CWR03, CWR04, AND CWR06

(APPLICABLE SPECIFICATION: MIL-C-55365)

1. SCOPE. This specification covers established reliability, tantalum, fixed, chip capacitors.
Capacitors covered by this section have failure rate levels ranging from 1.0 percent to O. 001 per-
cent per 1,000 hours. These failure rate levels are established at a 60-percent confidence level
and are based on full rated voltage at +85°C.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are primarily intended for use in thick and thin film hybrid circuits
for filter, bypass, coupling, and other applications where the alternating current (at) component is
small compared to the direct current (de) rated voltage and where supplemental moisture protection
is available.

2.2 Construction.  A porous tantalum slab serves as the anlde. The surfaces of the anode are
electrochemically converted 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.

2.3 Voltage rating. These capacitors have a dc voltage rating over a range of 3 to 50 volts at
85°C.

2.4 Operating temperature range. These capacitors are suitable for operation over a tempera-
ture range of -55° to +125°C.

2.5 Voltage derating. The derated voltage at +125°C is approximately 55 percent of the full
rated voltage.

2.6 Mounting. These capacitors are designed for mounting by reflow solder or conductive epoxy
on circuit substrates.

3. ITEM IDENTIFICATION.

3.1 Type designation. The type designation is used for describing the capacitors as shown in
the type designation example on following page.

3.2 Standard Capacitors. The standard capacitors available in this section are shown in figure
703-1.

703 (MIL-C-55365)
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STYLE The three-letter symbol "CWR" identifies
established reliability, tantalum, fixed, chip
capacitors and the number identifies the design of
the capacitor.

VOLTAGE - A single-letter symbol identifies the
voltage (rated, derated, and surge) as follows:

TERMINATION FINISH - A single-letter symbol iden-
tifies termination finish as follows:

CAPACITANCE - The three-digit number identifies the
NOMINAL CAPACITANCE VALUE, expressed in picofarads
(pF) The first two digits represent significant
figures and the last digit specifies the number of
zeros to follow. (Example: 10 µF = 106; 100 µF =
107.)

CAPACITANCE TOLERANCE - A single-letter symbol iden-
tifies the capacitance tolerance as follows:

FAILURE RATE LEVEL - A single-letter symboliden-
tifies the failure rate level as follows:

TYPE DESIGNATION EXAMPLE.

703 (MIL-C-55365)
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FIGURE 703-1. Established reliability, tantalum, fixed, ship capacitors
(encapsulated and unencapsulated).
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STANDARD CAPACITORS

STYLE CWR02 (MIL-C-5536/1)

OPERATING TEMPERATURE RANGE -55° TO +125° -- TERMINATION
FINISH A -- CAPACITANCE TOLERANCE ±5, ±10, OR ±20 PERCENT

FIGURE 703-1. Established reliability, tantalum, fixed, ship capacitors
(encapsulated and unencapsulated) - Continued.

703 (MIL-C-55365)
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STANDARD CAPACITORS

STYLE CWR02 (MIL-C-55365/1) - Continued.

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TERMINATION
FINISH A -- CAPACITANCE TOLERANCE ±5, ±10, OR ±2O PERCENT

FIGURE 703-1. Established reliability, tantalum, fixed, chip capacitors
(encapsulated and unencapsulated) - Continued.

703 (MIL-C-55365)
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FIGURE 703-1. Established reliability, tantalum, fixed, ship capacitors
(encapsulated and unencapsulated) - Continued.
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STANDARD CAPACITORS

STYLE CWR01 AND CWR04 (MIL-C-55365/2)

OPERATING TEMPERATURE RANGE -55° TO +125° -- TERMINATION
FINSH D -- CAPACITANCE TOLERANCE ±, ±10, OR ±20 PERCENT

FIGURTE 703-1. Established reliability, tantalum, fixed, shiop capacitors
(encapsulated and unencapsulated) - Continued.
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STANDARD CAPACITORS

STYLE CWR03 AND CWR04 (MIL-C-55365/2) - Continued

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TERMINATION
FINISH D -- CAPACITANCE TOLERANCE ±5, ±1O, OR ±2O PERCENT

FIGURE 703-1. Established reliability, tantalum, fixed chip capacitors
(encapsulated and unencapsulated) -  Continued.

703 (MIL-C-55365)
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STANDARD CAPACITORS

STYLE CWR03 AND CWR04 (MIL-C-55365/2) - Continued

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TERMINATION
FINISH -- CAPACITANCE TOLERANCE ±5, ±1O, OR ±2O PERCENT

FIGURE 703-1. Established reliability, tantalum, fixed, chip capacitors
(encapsulated and unencapsulated  - Continued.

703 (MIL-C-55365)
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NOTES:
1.
2.

3.

4.

5.

Cathode terminal may be epoxy coated on one surface for polarity identification.
Anode and cathode terminals may be three sided clips or five sided caps; however,
terminals shall be the same on both ends of the same chip.
The anode terminal shall be identified by the riser wire connection, which May
extend the case size .015 (.38 mm) maximum.
These capacitors are designed for mounting by dip soldering, thermocompression
bonding, reflow soldering, or other conventional means.
When solder coated terminations are required, add .015 (.38 mm) to dimensions.

FIGURE 703-1. Established reliability, tantalum, fixed, chip capacitors
(encapsulated and unencapsulated) - Continued.
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STANDARD CAPACITORTS

STYLE CWR06 (MIL-C-55365/4)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TERMINATION
FINISH A,B, OR C -- CAPACITANCE TOLERANCE ±5, ±10, OR ±20 PERCENT

FIGURE 403-1. Established reliability, tantalum, fixed, ship capacitors
(encapsulated and unencapsulated) - Continued.
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STANDARD CAPACITORS

STYLE CWR06 (MIL-C-55365/4) - Continued

OPERATING TEMPERATURE RANGE -55° TO +125°C -- TERMINATION
FINISH A,B, OR C -- CAPACITANCE TOLERANCE  ±5, ±10, OR  ±20 PERCENT

FIGURE 703-1. Established reliability, tantalum, fixed, chip capacitors
(encansulated and unencapsulated) - Continued.
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SECTION 704

CAPACITORS, FIXED, ELECTROLYTIC (ALUMINUM OXIDE), ESTABLISHED RELIABILITY

STYLES CUR13, CUR17, CUR19, CUR71, AND CUR91
(APPLICABLE SPECIFICATION: MIL-C-39018)

USAF AIRBORNE APPLICATIONS REQUIRE
PRIOR APPROVAL BY PROCURING ACTIVITY

1. SCOPE. This section covers established reliability, aluminum oxide, electrolytic, fixed capa-
citors, insulated and polarized. Capacitors covered by this section have failure rate levels ranging
from 1.0 to 0.001 percent per 1,000 hours. The failure rate levels are established at a 60-percent
confidence level and are maintained at a 10-percent producer’s risk and are based on full rated voltage
at 85°C.

2. APPLICATION INFORMATION.
2.1 Use. Aluminum electrolytic capacitors are intended for use in filter, coupling, and by-pass

applications where large capacitance values are required in small cases and where excesses of capaci-
tance over the nominal value can be tolerated. For polarized capacitors, the applied ac peak voltage
should never exceed the applied dc voltage; the sum of the applied ac peak and dc voltages should never
exceed the dc working voltage.

Aluminum electrolytic capacitors provide the smallest volume, mass, and cost per microfarad of any
type of capacitor with the exception of the tantalum electrolytic capacitor.

These capacitors are nonhermetically sealed and are not recommended for airborne equipment applica-
tions since they should not be subjected to low barometric pressure and low temperatures at high alti-
tudes. All units are designed to provide operation to .2 inches of mercury (80,000 feet altitude),
operating temperatures as low as -55°C, and shelf life of 10 years or greater. These aluminum electro-
lytic capacitors can be derated only for a short period since derating for any length of time may result
in the necessity for re-forming. Even though they have vents designed to open at dangerous pressures,
explosions can occur because of gas pressure or a spark ignition of free oxygen and hydrogen liberated
at the electrodes. Provisions should be made to protect surrounding parts.

These capacitors are generally used where low frequency, pulsating, dc signal components are to be
filtered out, such as in B power supplies up to 350 dc working volts, at such points as plate and screen
connections to B+, and as cathode by-pass capacitors in self-biasing circuits, These capacitors are
designed for applications where accuracy of capacitance is relatively unimportant.

As a rule, for selection of emitter by-pass capacitors, a ratio of bias resistance to by-pass re-
actance of about 10 to 1 is allowed. Ratios up to 20 to 1 may be used in high-fidelity-amplifier work
or where space and economical considerations permit. Electrolytic capacitors provide the equipment
designer with an unusually lightweight unit of high capacitance in a compact container. Failure mode of
these types is typically gradual loss of capacity and increased dissipation factor at life times beyond
the 10,000 hour 85°C life.

The 4-terminal axial leaded capacitor is designed for high frequency applications where low equiva-
lent series resistance, inductance, and impedance are required. The advantage of 4-terminal construc-
tion over 2-terminal construction is that the impedance decreases above 10 kHz. Unlike 2-terminal capa-
citors, the dc current flows through the capacitor and contributes to the operating temperature. The
temperature rise (TL) due to the dc current may be determined from figure 704-1. The ability of the ex-
ternal leads to carry the desired current should be taken into consideration. Lead length and heat sink
qualities of the printed circuit board and capacitor will affect the current capability.

FIGURE 704-1. DC current vs temperature rise.
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2.2 Construction. The construction of these capacitors is basically the same as that specified
in Section 201 (MIL-C-62). However, advancements in the manufacture of aluminum electrolytic capaci-
tors have made possible an increased foil purity, improved oxide system, and an increase in etch ratios.
Other contributing factors to the advancement in the manufacture of aluminum capacitors are an
improved capacitor seal and the development of an electrolyte with a non-aqueous, non-acid base.

The metal cases for these capacitors are provided with an insulating sleeve which has an insulation
resistance of at least 100 megohms and will withstand 2000 volts dc minimum without breakdown.

It should be noted that the insulation resistance refers to the sleeve and not to the resistance
between the terminals and the case. The circuit diagram for styles CUR19, CUR71, and CUR91 capacitors
shows an indeterminate resistance between the outer-foil terminal and the case since the electrolyte
cannot be completely isolated. For safer performance, the insulating sleeve should remain over the
case for all applications. The negative terminal is shorted to the case on styles CUR13 and CUR17
capacitors.

2.3 Voltage rating. The thickness of the oxide film which is formed both initially on the foil
and during the forming operations on the completed capacitor determines the maximum peak or surge
voltage which may be applied. For maximum reliability and long life, the dc working voltage should
not be more than approximately 80 percent of full rating so that surges can be kept within the full-
rated working voltage. The time of surge-voltage application should not be more than 30 seconds
every 10 minutes.

Styles CUR13 and CUR17 have a 3-volt reverse voltage characteristic for units rated 10 volts or
greater. Styles CUR19, CUR71, and CUR91 have a 1.5-volt reverse voltage characteristic.

TABLE 704-1. DC voltage.

1/ DC voltage range -55° to +105°C. not derated to +125°C,
2/ DC voltage range-55° to +85°C, not derated to +125°C.

2.4 Operating temperature range. Style CUR13 capacitors are suitable for operation over a
temperature range of-55° to +85°C, derated to +125°C. Styles CUR17,CUR19, and CUR91 capacitors are
designed to operate over a temperature range of -55° to +105°C. Style CUR71 capacitors are suitable
for operation over a temperature range of -55° to +85°C.

2.5 Derating.  Style CUR13 capacitors may be voltage derated in order to operate at temperatures
up to +125°C. The percent of derating varies from approximately 20 to 33 percent depending on the
particular voltage rating involved.

2.6 Surge voltage. The surge voltage is the maximum voltage to which the capacitor should be
subjected under any condition. This includes transients and peak ripple at the highest line voltage.

2.7 Seal. The capacitors listed in this standard are supplied using nonhermetic seals and even
though these capacitors have vents designed to open at dangerous pressures, explosions can occur
because of gas pressure or a spark ignition of free oxygen and hydrogen liberated at the electrodes.
Provisions should be made to protect surrounding parts.

704 (MIL-C-39018) 704.2
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2.8 Polarization. Nonpolarized capacitors, style CU15 (Section 202), should be used in applica-
tions where reversal of potential occurs. Polarized capacitors, styles CUR13, CUR17, CUR19, CUR71,
and CUR91 should be used only in dc circuits with polarity properly observed. If ac components are
present, the sum of the peak ac voltage plus the applied dc voltage must not exceed the dc rating.
The peak ac value should also be less than the applied dc voltage so that polarity may be maintained,
even on negative peaks, to avoid overheating and damage.

2.9 Ripple voltage. The maximum permissible ripple voltages can be determined from figure 704-2
and table 704-11. The curves in figure 704-1 are based on operation at 60 Hz and 25°C. The
appropriate multiplier from table 704-1 should be used where operation at other frequencies or temper-
atures is desired. Operation of these capacitors outside the limits of 60 to 10,000 Hz is not
recommended.

FIGURE 704-2. Maximum permissible ac voltage (rms).

704.3 704 (MIL-C-39018)

Downloaded from http://www.everyspec.com



MIL-STD-198E

TABLE 704-II. Ripple voltage multipliers,

2.10 Ripple currents. For capacitors covered by MIL-C-39018/1 (CUR13) and MIL-C-39018/3 (CUR17),
the maximum permissible ripple current at 120 Hz and 85°C is shown in the rating table. The appropri-
ate multiplier from the following table should be used to determine permissible ripple where operation
at other temperatures or frequencies is desired.

Operation of these capacitors outside the limits of 60 Hz to 100 kHz is not recommended.

TABLE 704-III, Multipliers CUR13 and CUR17 capacitors.

1/ Not applicable to style CUR17.

For capacitors covered by MIL-C-39018/7 (CUR19), the rms ripple current which will result in a 10°C
internal temperature rise (TR), over the frequency range of 10 kHz to 1 MHz, is tabulated in the rating

table. For other temperature rises and frequencies, the 10 kHz - 1 MHz ripple currents may be multi-
plied by the factors shown in table 704-IV.

TABLE 704-IV. Factors for determining ripple currents at various frequencies.

The operating temperature (Tc) is determined by obtaining the sum of the ambient temperature (TA),

the temperature rise due to the ripple current (TR), and the temperature rise due to the dc current (TL).

The sum should not exceed the maximum rated temperature (+105°C).

Maximum ripple current at 120 Hz and 85°C for type CUR71 capacitors is shown in the rating table.

704 (MIL-C-39018) 704.4
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Maximum ripple current for type CUR91 capacitors is shown for 85°C and 120 Hz in the rating table.
Use the multipliers from table 704-V to determine permissible ripple at other temperatures and fre-
quencies.

TABLE 704-V. Multipliers for CUR91 capacitors.

2.11 Cleaning solvents. Recommended solvents include all those free of halogen or halogen groups,
such as toluene, menthanol, methylcellosolve, alkinox and water, and naphtha. Chlorinated or fluor-
inated hydrocarbon solvents are prohibited.

3. ITEM IDENTIFICATION.

3.1 Standard capacitors. The standard capacitors available in this Section are shown in figure
704-3. (The figure gives the electrical characteristics, case sizes, and Military part numbers of
capacitors which are standard for design.)

704.5 704 (MIL-C-39018)
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Style CUR13

NATO type designation NCUO1
(per NEPR no. 59)

NOTES:
1. These capacitors are not intended to be mounted by their leads.
2. Solderable leads .032 (.81) DIA ±.008 (.20) -.002 (.05)

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors.
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STANDARD CAPACITORS
STYLE CUR13 (MILL-C-39018/1)

OPERATING REMPERATURE RANGE -55° TP+85°C, DERATED TO
+125°C -- POLARIZED, INSULATED

See footnotes at end of tabulation.

FIGURE 701-4. Elecrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR13 (MIL-C-39018/1) - Continued

OPERATING TEMPERATURE RANGE -55° TO +85°C, DERATED TO
+125°C -- POLARIZED, INSULATED

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR13 (MIL-C-39018/1) - Continued

OPERATING TEMPERATURE RANGE -55° TO +85°C, DERATED TO
+125°C -- POLARIZED, INSULATED

1/ The ripple current values shown are representive values not supported by test data.

2/ The last letter in dash number will indicate FR level symbol ("M", "P", "R", or "S").

3/ Maximum current due to voltage limitations.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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Style CUR17

NATO type designation NCU03
(Per NEPR no. 59)

NOTES:
1. These capacitors are not intended to be mounted by their leads.
2. For .625 inch diameter cases, the leads are .032 (.81) DIA +.008 (.20) -.002 (.05). For all

other cases the leads are .040 (1.02) DIA +.008 -.002.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR17 (MIL-C-39018/3)

OPERATING TEMPERATURE RANGE -55° TO +105°C -- POLARIZED
INSULATED

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR17 (MIL-C-39018/3) - Continued

OPERATING TEMPERATURE RANGE -55° TO +105°C -- POLARIZED
INSULATED

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR17 (MIL-C-39018/3) - Continued

OPERATING TEMPERATURE RANGE -55° TO +105°C -- POLARIZED
INSULATED

1/ The ripple current values shown are representive values not supported by test data.

2/ The last letter in the dash number will indicate the applicable FR level symbol (M, P, R, or S).

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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NOTES:
1. These capacitors are not intended to be mounted by their leads.
2. There is an indeterminate resistance between the metal case and the negative

terminals.
3. Solderable leads ,040 (1.02) +.008 (.20) -.002 (.05) DIA.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR19 (MIL-C-39018/7)

OPERATING TEMPERATURE RANGE -55 TO +105°C -- POLARIZED, INSULATED
CAPACITANCE TOLERANCE -10 TO +75%

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR19 (MIL-C-39018/7) -CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +105°C - POLARIZED, INSULATED
CAPACITANCE TOLERANCE -10 TO +75%

S e e  f o o t n o t e s  a t  e n d  o f  t a b u l a t i o n .

FIGURE 704-3. E l e c t r o l y t i c  ( a l u m i n u m  o x i d e ) ,  f i x e d  c a p a c i t o r s -  C o n t i n u e d .

704.16704 (MIL-C-39018)
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STANDARD CAPACITORS
STYLE CUR19 (MIL-C-39018/7) - CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +105°C - POLARIZED, INSULATED
CAPACITANCE TOLERANCE -10 TO +75%

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR19 (MIL-C-39018/7) - CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +105°C -- POLARIZED, INSULATED
CAPACITANCE TOLERANCE -10 TO +75%

1/ The ripple current values shown are representative values not supported by test data.
See figure 704-1 and table 704-IV for temperature and frequency factors.

2/ The last letter in the dash number will indicate FR level (M, P, R or S).

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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NOTES:
1. "C" dimension is .500 (12.70 mm) for case diameter of 1.375 (34.93 mm); .875 (22.23 mm) +.015

(.38mm) -.078 (1.98 mm) for case diameter of 2.000 (50.80 mm); 1.125 (28.58 mm) ±.016 (.41 mm) for 
case diameter of 2.5 (63.5 mm); and 1.250 (31.75 mm) ±.016 (.41 mm) for case diameter
of 3.0 (76.2 mm).

2. Insulating sleeve thickness does not exceed .016 (.41mm) and overlaps the ends of the
capacitor body.

3. These capacitors are to be mounted by means of a wraparound, foot-type bracket.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CUR71 (MIL-C-39018/4) - Continued

OPERATING TEMPERATURE RANGE -55° TO +85°C -- POLARIZED, INSULATED --
CAPACITANCE TOLERANCE -10, +50%

1/ The ripple current values shown are representative values not supported by test data.

2/ The last letter in the dash number will indicate FR level (M, P, R or S).

704 (MIL-C-39018) 704.20
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NOTES:
1.  Capacitors are mounted by means of a wraparound, footed-type bracket.
2.  There is an indeterminate resistance between the metal case and the negative

terminal,
3.  "C" dimension is .500 (12.70 mm) for case diameter of 1.375 (34.93 mm); .875 (22.23 mm)

for case diameter of 2.000 (50.80 mm) 1.125 (28.58 mm) for case diameter of 2.500 (63.50 mm);
and 1.250 (31.75 mm) for case diameter of 3.000 (76.20 mm),

4.  Insulating sleeve thickness shall not exceed .016 (.41 mm) and shall overlap the ends of the
capacitor body.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.

704.21 704 (MIL-C-39018)

Downloaded from http://www.everyspec.com



MIL-STD-198E

STANDARD CAPACITORS
STYLE CUR91 (MIL-C-39018/6)

OPERATING TEMPERATURE RANGE -55 TO +105°C -- POLARIZED, INSULATED --
CAPACITANCE TOLERANCE -10. +50%

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR91 (MIL-C-39018/6) - CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +1O5°C -- POLARIZED, INSULATED --
CAPACITANCE TOLERANCE -10, +50%

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR91 (MIL-C-39018/6) - CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +1O5°C -- POLARIZED, INSULATED --
CAPACITANCE TOLERANCE -10. +50%

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR91 (MIL-C-39018/6) - CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +105°C -- POLARIZED, INSULATED --
CAPACITANCE TOLERANCE -10, +50%

See footnotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR91 (MIL-C-39018/6) - CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +105°C -- POLARIZED, INSULATED --
CAPACITANCE TOLERANCE -10, +50%

See foonotes at end of tabulation.

FIGURE 704-3. Electrolytic (aluminum oside), fixed capacitors - Continued.
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STANDARD CAPACITORS
STYLE CUR91 (MIL-C-39018/6) - CONTINUED

OPERATING TEMPERATURE RANGE -55 TO +105°C -- POLARIZED, INSULATED --
CAPACITANCE TOLERANCE -10, +50%

1/ The ripple current values shown are representative values not supported by test data.
See table 704-V for frequency and temperature factors.

2/ The last letter in the dash number will indicate FR level (M,P,R or S).

FIGURE 704-3. Electrolytic (aluminum oxide), fixed capacitors - Continued.
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SECTION 800

CAPACITORS, FIXED, PAPER-PLASTIC OR PLASTIC DIELECTRIC,
ESTABLISHED RELIABILITY

Section Applicable specification

801. Capacitors, Fixed, Plastic (or Paper-Plastic) Dielectric,
(Hermetically Sealed in Metal Cases),
Established Reliability - - - - - - - - - - - - - - - - - - MIL-C-19978

802. Capacitors, Fixed, Metallized, Paper Plastic Film or Plastic
Film Dielectric, Direct and Alternating Current (Hermetically
Sealed in Metal Cases), Established Reliability- - - - - - MIL-C-39022

803. Capacitors, Fixed, Plastic (or Metallized Plastic)
Dielectric, DC, In Nonmetal Cases,
Established Reliaiblity - - - - - - - - - - - - - - - - - - MIL-C-55514

FOR ARMY AND AIR FORCE USE ONLY
NOT FOR NAVY USE

804. Capacitors, Fixed, Supermetallized, plastic Film Dielectric,
(DC, AC, or DC and AC), Hermetically Sealed n Metal Cases.
Established Reliability - - - - - - - - - - - - - - - - - - MIL-C-83421

800 (CONTENTS)
800.1
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SECTION 801

CAPACITORS, FIXED, PLASTIC (OR PAPER-PLASTIC) DIELECTRIC,
(HERMETICALLY SEALED IN METAL CASES), ESTABLISHED RELIABILITY

STYLES CQR07, CQR09, CQR12, CQR13, CQR29, CQR32, AND CQR33

(APPLICABLE SPECIFICATION: MIL-C-19978)

1. SCOPE. This section covers established reliability, plastic (or paper-plastic) dielectric,
fixed capacitors, hermetically sealed in metal cases. These capacitors have failure rate levels
ranging from 1.0 to O. 001 percent per 1,000 hours. The failure rate levels are established at a
90-percent confidence level and are based on operation at maximum rated voltage and maximum rated
temperature.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are designed for use in circuit applications requiring high insulation
resistance, low dielectric absorption, or low lOSS factor over wide temperature ranges, and where
the ac component of the impressed voltage is small with respect to the dc voltage rating.

NOTE: These capacitors may be used where an ac component is present provided that (1) the
sum of the dc voltage and the peak ac voltage does not exceed the dc voltage rating or (2) the peak
ac voltage does not exceed 20 percent of the dc voltage rating at 60 Hz, 15 percent at 120 Hz; or
1 percent at 10,000 Hz. Where heavy transient or pulse currents are encountered, the require-
ments of MIL-C-19978 are not sufficient to guarantee satisfactory performance, and due allowance
must therefore be made in the selection of a capacitor.

2.1.1 Polyethylene terephthalate (characteristic M capacitors). Characteristic M capacitors are
intended for high-temperature applications similar to those served by hermetically-sealed paper
capacitors, but where high insulation resistance at the upper temperature limits is required.

2.1.2 Paper and polyethylene terephthalate (characteristic K capacitors). Characteristic K
capacitors are intended for applications where high insulation resistance is necessary.

2.1.3 Polycarbonate (characteristic Q capacitors). Characteristic Q capacitors are intended for
applications where minimum capacitance changes with temperature are required; these capacitors
are especially suitable for use in tuned and precision timing circuits.

2.2 Construction. The present drive towards miniaturization, closer electrical tolerances, and
higher operating temperatures is being met by the use of thin plastic-film dielectrics in the con-
struction of capacitors. The greatest advantage of plastic-film dielectrics over natural dielectrics
(such as paper and mica) is that the plastic film is a synthetic that can be made to meet specific
requirements (such as thickness of dielectric and high heat resistance). Many plastic-film capaci-
tors are not impregnated but are wound and encased "dry." Plastic dielectric capacitors have
insulation resistance values far in excess of those for paper capacitors and, since they are nonabsor-
bent, their moisture characteristics are superior to those of mica.

There are several types of plastic films available for use as a capacitor dielectric. They may be
used individually or in a combination with other films and with paper in order to obtain the compro-
mised advantages of the specific electrical characteristics of each individual film. The more
common films include polyethylene terephthalate and polycarbonate. When properly applied, plastic
dielectric films lead to the solution of many special capacitor problems.
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Capacitors using polyethylene terephthalate film as the dielectric are perhaps the most common of
the plastic film types on the market today. Some manufacturers use only on sheet of plastic film
for those with low voltage ratings whereas at least two sheets of paper are used unconventional
paper types. The principal advantage of polyethylene terephthalate dielectric capacitors is the
high order of insulation resistance values available over the dielectric’s temperature range of
-55° to +125°C; however, for military applications, the high temperature limit is +85°C.
Polyethylene terephthalate dielectric capacitors have an insulation resistance that is normally
about 100,000 megohms per microfarad at room temperature and about 25,000 megohms per micro-
farad at +85°C. These insulation resistance values decrease considerably when polyethylene
terephthalate dielectric capacitors are impregnated. However, ahigher volt per mil rating is
possible by impregnation and the possibility of corona and catastrophic failures due to pin holes in
the dielectric are minimized.

2.3 DC voltage ratings. The voltage ratings for these capacitors vary over a range of 30 to 1,000
volts.

2.4 Operating temperature range. Characteristic M capacitors are suitable for operation over a
temperature range of -65” to +85°C; characteristic Q capacitors are suitable for operation over a
temperature range of -55° to +125°C; characteristic K capacitors are suitable for operation over a
temperature range of -65° to +125° C.

2.5 Barometric pressure (flashover) for metal-cased tubular capacitors. The dc voltage that
may be applied to metal-cased tubular capacitors at altitudes other than 80,000 feet maybe obtained
from figure 801-1, except that the dc voltage rating must not be exceeded.

FIGURE 801-1. Permissible operating voltage at altitudes other than 80.000 feet.
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3. ITEM IDENTIFICATION (see figures 801-2 and 801-3).

3.1 Significant part number. A significant part number is used for describing the capacitors
as shown in figure 801-2.

FIGURE 801-2. Significant part number example.

3.2 Standard capacitors. The standard capacitors availabelin this section are shown on
figure 801-3.
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NOTES:
1. Leads are of tinned solid wire, .020 (.51) for cases .175 (4.45) and

.195 (4.95) in diameter; .025 (.64) for cases .235 (5.97) and .312
(7.92) diameter; and .032 (.81) for cases .400 (10.16) diameter and
above. Tolerance on all lead wire diameters is +.004 (.10), -.001
(.03).

2. Capacitors with dimension L of 1.562 (39.67) or D of .562 (14.27) and
larger, are not intended to be supported by their leads. These
capacitors are provided with a supplementary means of mounting, such
as a wrap-around band.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors.

801 (MIL-C-19978)
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STANDARD CAPACITORS

STYLE CQRO7 (MIL-C-19978/8)

CIRCUIT DIAGRAM 1 OR 3 POLYCARBONATE DIELECTRIC (CHARACTERISTIC Q) --
CAPACITANCE TOLERANCE ± 5 OR ± 10 PERCENT --
OPERATING TEMPERATURE RANGE -55° TO + 125°C

See footnote at end of tabulation
FIGURE 801-3. Established reliability, plastic (or paper-plastic)

dielectric, fixed capacitors - Continued.
801 (MIL-C-19978)
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STANDARD) CAPACITORS

STYLE CQR07 (MIL-C-19978/8) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POL1-CAR130NATE; DIELECTRIC (CHARACTERISTIC Q) --
CAPACITANCE TOLERANCE ±5 OR ±10 PERCENT --
OPERATING TEMPERATURE RANGE -55° TO +125°c

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CQR07 (MIL-C-l9978/8) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POLYCAR130NATF; DIELECTRIC (CHARACTERISTIC Q) --
CAPACITANCE TOLERANCE ±5 OR ±10 PERCENT --
OPERATING TEMPERATURE RANGE -55° TO + 125°C

1/ Complete part number includes additional symbols to indicate circuit (1 or 3): capacitance
tolerance (J or K): and failure rate level (M. P. R. or S).

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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NOTES:
1. On styles CQR09 andCQR12, leads are of tinned solid wire, .025

(.64) for cases .235 (5.97) and .312 (7.92) in diameter and .032
(.81) for cases .400 (10.16) diameter and above; on style CQR13,
leads are of tinned solid wire, .032 (.81). Tolerance on all lead
wire diameters is +.004 (.10), -.001 (.03).

2. Capacitors with dimension L of 1.562 (39.67) or D of .562 (14.27)
and larger, are not intended to be supported by their leads. These
capacitors are provided with a supplementary means of mounting, such
as wrap-around band.

3. Mounting nuts and lockwashers are supplied.

FIGURE 801.3 Established reliability, plastic (or paper-plastic) dielectric,
fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR09 (MIL-C-19978/9) AND CQR12 (MIL-C-19978/10)

CIRCUIT DIAGRAM 10R 3 -- PAPER AND POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC K) -- CAPACITANCE TOLERANCE ±2, ±5, OR

±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO + 125° C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR09 (MIL-C-19978/9) AND CQR12 (MIL-C-19978/10) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- PAPER AND POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC K) -- CAPACITANCE TOLERANCE ±2, ±5, OR

±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO + 125°C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR09 (MIL-C-19978/9) AND CQR12 (MIL-C-19978/10) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- PAPER AND POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC K) -- CAPACITANCE TOLERANCE ±2, ±5, OR

±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO +125°C

1/ Complete part number includes additional symbols to indicate style (09 or 12); circuit (1 or 3);
capacitance tolerance (G, J, or K); and failure rate level (M, P, R, or S).

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.

801.11
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STANDARD CAPACITORS

STYLE CQR13 (MIL-C-19978/11)

CIRCUIT DIAGRAM 10R3 -- PAPER AND POLYETHYLENE TEREPHTHALATE
DIELECTRIC (CHARACTERISTIC K) -- CAPACITANCE TOLERANCE ±2, ±5, OR

±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO + 125°C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CQR13 (MIL-C-19978/11) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- PAPER AND POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC K) -- CAPACITANCE TOLERANCE ±2, ±5, OR

±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO +125°C

1/ Complete part number includes additional suymbols to indicate circuit (1 or 3); capacitance
tolerance (G, J, or K); and failure rate level (M, P, R, or S).

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STYLES CQR29 AND CQR32

1 .
NOTES:

Leads are of tinned solid wire, .020 (.51) for cases .175 (4.45)
and .195 (4.95) in diameter; .025 (,64) for cases .235 (5.07
and .312 (7.92) diameter; and .032 (.81) for cases .400 (10.16)
diameter and above. Tolerance on all lead wire diameters is
+.004 (.10), -.001 (.03).

2. Capacitors with dimension L of 1.562 (39.67) or D of .562
(14.27) and larger, are not intended to be supported by their
1 cads. These capacitors are provided with a supplementary means
of mounting, such as a wrap-around band.

FIGURE 801.3 Established reliability, plastic (or paper-plastic) dielectric,
fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR29 (MIL-C-19978/l3) AND CQR32 (MIL-C-19978/14)

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5, OR

±10 PERCEN -- OPERATING TEMPERATURE RANGE -65° TO +85°C

See footnote at end of tabulation

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR29 (MIL-C-19978/13) AND CQR32 (MIL-C-19978/14) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5, OR

±10 PERCENTOPERATING TEMPERATURE RANGE -65° TO +85°C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric. fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR29 (MIL-C-19978/13) AND CQR32 (MIL-C-19978/14) - CONTINUED

CIRCUIT DIAGRAME 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5, OR

+10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO +85°C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR29 (MIL-C-19978/13) AND CQR32 (MIL-C-l9978/l4) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5, OR
+10 PERCENT OPERATING TEMPERATURE RANGE -65° TO +85°C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CQR29 (MIL-C-19978/13) AND CQR32 (MIL-C-19978/14) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5, OR

+10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO +85°C

1/ Complete part number includes additional svmbols to indicate style (29 or 32); circuit (1 or 3):
capacitance tolerance (G, J, or K); and failure rate level (M, P, R, or S).

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric. fixed capacitors - Continued.
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STYLE CQR33

NOTES:
1. Leads are of tinned solid wire, .032 (.81), +.004 (.10), -.001 (.03).
2. Mounting nuts and lockwashers are supplied.

FIGURE 801.3 Established reliability, plastic (or paper-plastic) dielectric,
fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CQR33 (MIL-C-19978/15)

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5,

OR ± 10 PERCENT OPERATING TEMPERATURE RANGE -65° TO +85°C

See footnote at end of tabulation

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CQR33 (MIL-C-19978/15) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5,

OR ±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO +85°C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARlD CAPICITORS

STYLE CQR33 (MIL-C-19978/15) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHARACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5,

OR ±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO +85°C

See footnote at end of tabulation.

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CQR33 (MIL-C-19978/15) - CONTINUED

CIRCUIT DIAGRAM 1 OR 3 -- POLYETHYLENE TEREPHTHALATE DIELECTRIC
(CHATACTERISTIC M) -- CAPACITANCE TOLERANCE ±2, ±5,

OR ±10 PERCENT -- OPERATING TEMPERATURE RANGE -65° TO +85°C

1/ Complete part number includes additional symbols to indicate circuit (1 or 3): capacitance tolerance
(G, J, or K): and failure rate level (M, P, R, or S).

FIGURE 801-3. Established reliability, plastic (or paper-plastic)
dielectric, fixed capacitors - Continued.
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SECTION 802

CAPACITORS, FIXED, METALLIZED, PAPER PLASTIC FILM OR PLASTIC FILM
DIELECTRIC, DIRECT AND ALTERNATING CURRENT (HERMETICALLY

SEALED IN METAL CASE), ESTABLISHED RELIABILTIY

STYLES CHR09 AND CHR49

(APPLICABLE SPECIFICATION: MIL-C-39022)

1. SCOPE. This section covers established reliability, metallized dielectric (paper-plastic
or plastic), fixed capacitors, hermetically sealed in metal cases. These capacitors have fail-
ure rate levels ranging from 1.0 percent to 0.001 percent per 1,000 hours. The failure rate
levels are established at a 90-percent confidence level and are based on full rated voltage at the
maximum rated temperature.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are primarily intended for use in power supply filter circuits, by-
pass applications, and other applications where the ac component of voltage is small with respect
to the dc voltage rating and where occasional periods of low insulation resistance and momentary
breakdowns can be tolerated.

NOTE: These capacitors may be used where an ac component is present provided that
(1) the sum of the dc voltage and the peak ac voltage does not exceed the dc voltage
rating, and (2) the ac voltage does not exceed 20 percent of the dc voltage rating or
the value calculated from the following formual, shichever is smaller:

Where: Peak value of ac component.
Frequency in Hertz of ac component.
2 (maximum DF at applicable high test temperature).
Nominal capacitance in farads.
Exposed capacitor case surface area in square centimeters
(cm), exclusive of portion occupied by terminal mountings.

Applicable high test temperature in degrees Celsius.
Maximum ambient operating temperature expected within
equipment containing capacitor.

Convection coefficient in watts per cm²/°C. (The value
of “e” is approximately equal to 0.0006. )

2.2 Construction.  The construction of metallized plastic capacitors differs from convention-
al plastic capacitors in that instead of having separate layers of metal foil (capacitor plates) and
plastic dielectric, the metal comprising the capacitor plates is imposed directly on one side of
the plastic dielectric by means of a metallizing process. This technique results in an overall
size reduction for metallized plastic capacitors when compared to conventional plastic-foil capac-
itor types of equal ratings. This space saving is the outstanding feature of the metallized plastic
capacitor. A 200-volt metallized plastic capacitor has 0.75 the volume of the conventional plastic
construction; at 600 volts, this ratio increases to 0.8; above 600 volts, the metallized plastic
capacitor provides no size advantage.

Another advantage resulting from the metallizing technique is that the capacitors are self-
healing. The metallic film imposed on the plastic is very thin and if breakdown occurs, a tiny
area of the thin film surrounding the breakdown point burns away, leaving the capacitor operable,
but with a slightly reduced capacitance. In conventional plastic-foil type (where the foil is
thicker), sustained conduction can occur on a breakdown causing a large area of the plastic sur-
rounding the breakdown to be carbonized resulting in a permanent short-circuit.

802 (MIL-C-39022)
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The breakdown of the metallized plastic capacitor can be either of two types; i.e. , (1) a com-
plete breakdown lasting for only a moment (momentary breakdown) or (2) a sharp reduction in in-
sulation resistance lasting for an extended period of time, but eventually returning to normal
(period of low insulation. The general characteristics of the metallized plastic type, aside from
the breakdowns, are similar to the conventional plastic type except for a significantly lower in-
sulation resistance, approximately in the order of 10 to 1.

2.3 DC and ac voltage ratings. Style CHR09 capacitors have a voltage rating of 600 volts dc;
style CHR49 capacitors have voltage ratings from 80 + 400 volts ac, depending upon capacitance
value and case size.

2.4 Operating temperature range. Styles CHR09 and CHR49 capacitors are suitable for
operation over a temperature range of -55° +85 C.°

2.5 Prevention of corona. All metal parts, fittings, conductors, and attachments which oper-
ate at higher potential than other adjacent parts of the housing, should be carefully finished in
order to insure that all sharp corners and edges are removed to minimize the possibility of
corona discharge. Parts, from which the removal of sharp corners and edges would be imprac-
tical, such as conductors, should be spaced in such a manner as to prevent harmful corona dis-
charges.

2.6 Mounting.  Capacitors with dimension L or D of 1.375 or 0.672 inches, respectively,
and greater, should not be supported by their leads. These capacitors should be provided with
a supplementary means for mounting, such as a tangential bracket.

3. ITEM IDENTIFICATION

3.1 Standard capacitors. The standard capacitors available in this section are shown in
figure 802.1. (The figure gives the electrical characteristics, failure rate levels, and
Military part numbers which are standard for design.)

NOTE:
.020 ± .002 for case diameters of .175 (4.45 mm) and .195 (4.95 mm)
.025 ± .002 for case diameters of .235 (5.97 mm) and .312 (7.92 mm)
.032 ± .002 for case diameters of .400 (10.16 mm) and over.

802 (MIL-C-39022)

FIGURE 802-1. Established reliability, metallized paper (or polyester film)
dielectric, fixed capacitors.
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STANDARD CAPACITORS

STYLE CHR09 (MIL-C-39022/1)

AXIAL-WIRE LEAD -- CIRCUIT DIAGRAM 1 -- OPERATING TEMPERATURE
RANGE -55° TO +85°C -- DC RATED VOLTAGE 600 VOLTS

FIGURE 802-1. Established reliability, metallized paper (or polyester film)
dielectric, fixed capacitors - Continued.
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N O T E :
.032 ± .002 for case diameters of .312 (7.92 mm)
.040 ± .002 for case diameters of .400 (10.16 mm) and over.

FIGURE 802-1. Established reliability, metallized paper (or polyester
film) dielectric, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CHR49 (MIL-C-39022/7)

AXIAL-WIRE LEAD -- CIRCUIT DIAGRAM 1 -- OPERATING
TEMPERATURE RANGE -55° TO +85°C

FIGURE 802-1. Established reliability, metallized paper (or polyester film)
dielectric, fixed capacitors - Continued.
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SECTION 803

CAPACITORS, FIXED, PLASTIC (OR METALLIZED PLASTIC) DIELECTRIC, DC,
IN NONMETAL CASES, ESTABLISHED RELIABILITY

STYLES CFR02, CFR04, CFR05, CFR06, AND CFR12

(APPLICABLE SPECIFICATION: MIL-C-55514)

FOR ARMY AND AIR FORCE USE ONLY
NOT FOR NAVY USE

1. SCOPE. This section covers established reliability, plastic (or metallized
plastic) dielectric, fixed capacitors, enclosed in nonmetal cases. These capacitors
have failure rate levels ranging from 1.0 to 0.001 percent per 1,000 hours. The
failure rate levels are established at a 90-percent confidence level and are based on
operation at maximum rated voltage and maximum rated temperature.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are designed for use in circuit applications requiring
high insulation resistance, low dielectric absorption, or low loss factor over wide
temperature ranges, and where the ac component of the impressed voltage is small with
respect to the dc voltage rating.

For military applications, in view of their limited long term moisture resistant char-
acteristics, these capacitors should be used in potted or encapsulated circuit
packaging systems. In addition, the life of the capacitors specified herein is
primarily dependent upon the operating temperature and applied voltage. They should not
be used above rated voltage or temperature.

NOTE: These capacitors may be used where an ac component is present provided that
(1) the sum of the dc voltage and the peak ac voltage does not exceed the dc voltage
rating or (2) the peak ac voltage does not exceed 20 percent of the dc voltage
rating a 60 Hz; 15 percent at 120 Hz; or 1 percent at 10,000 Hz. Where heavy
transient or pulse currents are encountered, the requirements of MIL-C-55514 are not
sufficient to guarantee satisfactory performance, and due allowance must therefore
be made in the selection of a capacitor.

2.1.1 Polyethylene terephthalate. These capacitors are intended for high-
temperature applications similar to those served by hermetically-sealed paper capacitors,
but where high insulation resistance at the upper temperature limits is required.

2.1.2 Polycarbonate. These capacitors are intended for applications where minimum
capacitance changes with temperature are required; they are especially suitable for use
in tuned and precision timing circuits.

2.2 Construction.

2.2.1 Plastic film. The present drive towards miniaturization, closer electrical
tolerances, and higher operating temperatures is being met by the use of thin plastic-
film dielectrics in the construction of capacitors. The greatest advantage of plastic-
film dielectrics over natural dielectrics (such as paper and mica) is that the plastic
film is a synthetic that can be made to meet specific requirements (such as thickness
of dielectric and high heat resistance). Many plastinc-film capacitors are not
impregnated but are wound and encased "dry." Plastic dielectric capacitors have
insulation resistance values far in excess of those for paper capacitors and since they
are nonabsorbent, their moisture characteristics are superior to those of mica.

803.1 803 (MIL-C-55514)
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There are several types of plastic films available for use as a capacitor dielectric.
They may be used individually or in a combination with other films in order to obtain
the compromised advantages of the specific electrical characteristics of each
individual film. The more common films include polyethylene terephthalate and
polycarbonate. When properly applied, plastic dielectric: films lead to the solution of
many special capacitor problems.

2.2.2 Metallized plastic. The construction of metallized plastic capacitors differs
from conventional plastic capacitors in that instead of having separate layers of metal
foil (capacitor plates) and plastic dielectric, the metal comprising the capacitor plates
is imposed directly on one side of the plastic dielectric by means of a metallizing
process. This technique results in an overall size reduction for metallized plastic
capacitors when compared to conventional plastic-foil capacitor types of equal ratings.
This space saving is the outstanding feature of the metallized plastic capacitor.

Another advantage resulting from the metallizing technique is that the capacitors are
self-healing. The metallic film imposed on the plastic is very thin and if breakdown
occurs, a tiny area of the thin film surrounding the breakdown point burns away, leaving
the capacitor operable, but with a slightly reduced capacitance. In the conventional
plastic-foil type (where the foil is thicker), sustained conduction can occur on a
breakdown causing a large area of the plastic surrounding the breakdown to be carbonized
resulting in a permanent short-circuit.

The breakdown of the metallized plastic capacitor can-be either of two types; i.e.,
(1) a complete breakdown lasting for only a moment (momentary breakdown) or (2) a
sharp reduction in insulation resistance lasting for an extended period of time, but
eventually returning to normal (period of low insulation). The general characteristics
of the metallized plastic type, aside from the breakdowns, are similar to the
conventional plastic type except for a significantly lower insulation resistance,
approximately in the order of 10 to 1.

2.3 DC voltage ratings. The voltage ratings for these capacitors vary over a range
of 50 to 600 volts.

2.4 Operating temperature range. Characteristics M and N capacitors are suitable for
operation over a temperature range of -55° to +85°C; characteristics Q, R, and S
capacitors are suitable for operation over a temperature range of -65° to +125°C.

2.5 Mounting.  Capacitors covered by this specification should be mounted by a
bracket of clamp, or they should be potted when vibration or shock are likely to be
encountered in service. When a bracket or clamp is used, care should be taken to
assure that the capacitor body is not deformed.

3. ITEM IDENTIFICATION (see figures 803-1 and 803-2).

3.1 Significant part number. A significant part number is used for describing the
capacitors as shown in figure 803-1.

803 (MIL-C-55514) 803.2

3.2 Standard capacitors. The standard capacitors available in this section are
shown in figure 803-2.
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FIGURE 803-1. Significant part number example.
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STYLE CFR02

NOTES:
1 . Tolerance on dimenson "D" is ±.031 (on diameters of .250 inch and

below); ±.046 (on diameters of .251 through .499 inch); and ±.062
(on diameters of .500 inch and above).

2. Leads are of solid wire and are located on centerline within ±.062
but not less than .03 from edge of capacitor.

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.

803 (MIL-C-55514) 803.4
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STANDARD CAPACITORS

STYLE CFR02

FIGURE 803-2. Established reliability, plastic (or metallized plastic) dielectric,
in nonmetal cases, fixed capacitors -Continued.

803.5 803(MIL-C-55514)
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STANDARD CAPACITORS

STYLE CFR02 - Continued

803(MIL-C-55514)

FIGURE 803-2. Established reliability, plastic (or metallized plastic) dielectric,
in nonmetal cases, fixed capacitors -Continued.

803.6
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STANDARD CAPACITORS

STYLE CFR02 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic) dielectric,
in nonmetal cases, fixed capacitors -Continued.

803.7 803(MIL-C-55514)
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STANDARD CAPACITORS

STYLE CFR02 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic) dielectric,
in nonmetal cases. fixed capacitors -Continued.

803(MIL-C-55514) 803.8
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STANDARD CAPACITORS

STYLE CFR02 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic) dielectric,
in nonmetal cases, fixed capacitors -Continued.

803.9 803(MIL-C-55514)
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STYLE CFR04

NOTES:
1 .

2 .

3 .

Leads are of solid wire and are located on centerline within ±.062
(1.57 mm) but not less than .03 (.76 mm) from edge of capacitor.
Symmetry of centerline of leads with respect to end of case is within
±.010 (.25 mm).
Stand-off is not applicable to characteristics "M" and "Q"; it is
optional for characteristic "S".

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, In nonmetal cases, fixed capacitors - Continued.

803 (MIL-C-55514) 803.10
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STANDARD CAPACITORS

STYLE CFR04

1 / Add+0.030 (.76) inch for overall lenghth of axial-wire lead capacitors.

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - continued.

803.11 803 (MIL-C-55514)
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STANDARD CAPACITORS

STYLE CFR04

FIGURE 803-2. Established reliability, plastic (or netallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued

803 (MIL-C-55514) 803.12
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STYLE CFR05

NOTE:
Leads are of solid wire and are located on centerline within
±.062 but not less than .03 from edge of capacitor.

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases,fixed capacitors - Continued.

803.13 803 (MIL-C-55514)
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STANDARD CAPACITORS

STYLE CFR05

See footnotes at end of tabulation.

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued

803 (MIL-C-55514)
803.14
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STANDARD CAPACITORS

STYLE CFR05 - Continued

See footnotes at end of tabulation.

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric,in nonmetal cases, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CFR05 - Continued

See footnotes at end of tabulation.

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in onmental cases, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CFR05 - Continued

1/ The complete type designation will include additional symbols to indicate capaci-
tance tolerance and failure rate level.

2/ Tolerances for dimension "D" are l .031 (.79 mm) for 0.250 inch-diameter (6.35 mm)
and below; ±.046 (1.17 mm) for 0.251 (6.38 mm) through 0.499 (12.67 mm) inch-
diameters; and ±.062 (1.57 mm) for 0.500 inch-diameters (12.70 mm) and above.

3/  Tolerances for dimension "M" are ± .002 (.01 mm) on .040 (1.02 mm); +.005 (.13 mm),
-.003 (.08 mm) on .032 (.81 mm) and .025 (.64 mm); and +.004 (.10 mm), -.001
(.03 mm) on .020 (.51 mm) and .016 (.41 mm).

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.

803 (MIL-C-55514)
803.17
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NOTES:
1. Leads shall be of solid wire and located on centerline within

±.062 (1.57 mm) but not less than .030 (0.76 mm) from edge of capacitor.
2. L.S. shall be (L + 2M) ±.030.

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.

803 (MIL-C-55514) 803.14
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STANDARD CAPACITORS

STYLE CFR06 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.

803.19 803 (MIL-C-55514)
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STANDARD CAPACITORS

STYLE CFR06 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in  nonmetal cases, fixed capacitors - Continued

803 (MIL-C-55514) 803.20
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STANDARD CAPACITORS

STYLE CFR06 - Continued

FIGURE 803-2. Established reliability plastic, plastic (or metallized plastic)
dielectric in nonmetal cases, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CFR06 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continue.
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STANDARD CAPACITORS

STYLE CFR06 - Continued

F I G U R E  8 0 3 - 2 .  E s t a b l i s h e d  r e l i a b i l i t y ,  p l a s t i c  ( o r  m e t a l l i z e d  p l a s t i c )
d ie lectr ic ,  in  nonmetal  cases ,  f ixed  capac i tors -  Cont inued.

803.23 803 (MIL-C-55514)
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STANDARD CAPACITORS

STYLE CFR06 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.

803(MIL-C-55514) 803.24
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STANDARD CAPACITORS

STYLE CFR06 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.

803 (MIL-C-55514)803.25
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STANDARD CAPACITORS

STYLE CFR12

NOT FOR NAVY OR AIR FORCE USE
FOR ARMY USE ONLY

NOTES:
1. Unless otherwise specified, tolerance is ±.O1O (.25 mm).
2. For flush mounting .078 (1.98 mm) printed-circuit hole diameter is required to

clear shoulder.
3. Lead length may be a minimum of 1 inch long for use in tape and reel packaging,

when specified in the ordering data.
4. Dimensions are in inches.
5. Metric equivalents are given for general information only.

FIGURE 803-2. Established reliability, plastic (or metallfzed plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLE CFR12 - Continued

FIGURE 803-2. Established reliability, plastic (or metallized plastic)
dielectric, in nonmetal cases, fixed capacitors - Continued.
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SECTION 804

CAPACITORS, FIXED, SUPERMETALLIZED, PLASTIC FILM
DIELECTRIC, (DC, AC, OR DC AND AC), HERMETICALLY
SEALED IN METAL CASES, ESTABLISHED RELIABILITY

STYLES CRHO1, CRH02, CRH03, CRH04, AND CRH05

(APPLICABLE SPECIFICATION: MIL-C-83421)

1. SCOPE This section covers established reliability,metallized, plastic film
dielectric, fixed capacitors, hermetically sealed in metal cases. These capcitors
have failure rate levels ranging from 1.0 percent to 0.001 percent per 1,000 hours.
The failure rate levels are established at a 90-percent confidence level and are
based on full rated voltage at the maximum rated temperature.

2. APPLICATION INFORMATION.

2.1 Use. Capacitors covered by this specification are primarily intended for use
in circuit applications which require non-polar behaviour, relatively high insulslation
resistance, low dielectric absorption, low capacitance  change with temperature, and
low capacitance drift over the temperature range. Styles covered by this
specification are rated for continuous operation under ac sinusoidal conditions in
addition to continuous operation under dc conditions. These capacitors can exhibit
periods of low insulation resistance and should only be used in circuits that can
tolerate occasional momentary breakdowns. They should not be used in high impedance,
low voltage applications.

2.2 Constryction. Metallized plastic film capacitors differ from plastic foil
types which have separate layers of metal foil (capacitor plates) and plastic
dielectric. The metal comprising the metallized capacitor plates is a thin
conductive coating on one side of the plastic dielectric by means of a metallizing
process. This technique results in an overall size reduction for metallized plastic
capacitors when compared to plastic foil capacitors of equal voltage rating and
capacitance value. Typically, a 1 MF, 50 volts dc metallized ploycarbonate capacitor
will occupy approximately one third the volume of a similar polycarbonate foil
capacitor.

Another advantage resulting from the metallizing technique is that the capacitors
are self-healing. Generally, the voltage breakdown occurs through a small hole or
thin spot in the dielectric with the fault current melting away the conductive metal
coating adjacent to the fault area. After clearing, the capacitors will continue to
operate normally with the possibility of reduced insulation resistance, increased
dielectric absorption and no significant change to capacitance value or dissipation
factor. Clearing will occur only if there is sufficient energy available from the
circuit and/or stored in the capacitor. Minimum stored energy in the range of 100 to
500 microjoules is recommended to insure clearing. Applications for these capacitors
should be limited to circuits that will provide sufficient energy to insure clearing
and are insensitive to momentary breakdowns (clearing actions). In the conventional
plastic-foil types (where the foil is thicker), sustained conduction can oeeur on a
breakdown causing a large area of the plastic surrounding the breakdowns to be
carbonized resulting in a permanent short-circuit.

The breakdown of the metallized plastic capacitor can be either of two types; i.e.,
(1) a complete breakdown lasting for only a moment (momentary breakdown) or (2) a
sharp reduction in insulation resistance lasting for an extended period of time, but
eventually returning to normal (period of low insulation). The general
characteristics of the metallized plastic type, aside from the breakdowns, are
similar to the conventional plastic type except for a significantly lower insulation
resistance, approximately in the order of 10 to 1.

2.3 Voltage rating.

2.3.1 DC voltage ratings. DC ratings are 30 Vdc to 400 Vdc from -55°C to +1OO°C.

804.1
804 (MIL-C-83421)
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2.3.2 AC voltage rating. ratings are 22 Vrms to 240 Vrms at 400 Hz from -55°C
to +100°C Maximum ac current for each capacitor value and rating is shown in the
table of figure 804-1, in the 40 KHz column. Opeation at frequencies above the
below 40 kHz is permissible provided the rms voltage limit at 400 Hz or the rms
current limit at 40 KHz is not exceed.

2.3.3 Voltage derating above 100°C. For operation beyond +lOO°C and up to +125°C,
defated ac and dc voltage linearly from 100 percent at +1OO°C to 50 percent at +125°C.

2.3.4 Combined dc and ac voltage. The combined dc and ac peak voltage should not
exceed the dc rating of the capacitor.

2.4 Temperature range

2.4.1 Storage. Storage temperature range is -65°C to +125°C.

2.4.2 Operating. Operating temperature range is -55°C to +125°C with voltage
derating (see 2.3.3).

2.5 Prevention of corona. All metal parts, fittings, conductors, and attachments
which operate at higher potential than other adjacent parts of the housing, should be
carefully finished in order to insure that all sharp corners and edges are removed to
minimize the possibility of corona discharge. Parts, from shich the removal of sharp
corners and edges would be impractical, such as conductors, should be spaced in such
a manner as to prevent harmful corona discharges.

2.6 Mounting. Capacitors with dimension L or D of 1.375 or 0.670 inches,
respectively. and greater, should not be supported by their leads. These capacitors
should be provided with a supplementary means for mounting, such as a tangential
bracket.

3. ITEM IDENTIFICATION.

3.1 Standard capacitors. The standard capacitors available in this section are
shown on figure 804-1. (The figure gives the electrical characteristics, failure
rate levels, and military part numbers which are standard for design. )

STYLES CRHO1, CRH02, CRH03, CRH04, and CRH05
(MIL-C-83421/1)

NOTES:
1. Dimensions are in inches.

CIRCUIT DIAGRAM

2. Metric equivalents are given for general information only and are based
upon 1.00 inch = 25.4 mm.

3. Metric equivalents are in parentheses.
4 . .025 ±.002 for case diameters of .312 (7.92 mm) and less.

.032 ±.002 for case diameters Of .400 (10.16 mm) and .500 (12.70 mm).

.040 ±.002 for case diamneters of .562 (14.27 mm) and over.
5. See table I for additional dimensions.
6. Insulating sleeve shall extend beyond the capacitor body. Insulating sleeve

thickness shall not exceed .005 (.13 mm) inch.
7. Plastic insulating sleeve shall be transparent; marking shall be applied to the

capacitor case.
8. Lead length may be a minimum of one inch for use in tape and reel packaging, when

specified in the ordering data.

FIGURE 804-1. Established reliability, metalized plastic dielectric, fixed capacitors.
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SECTION 900

CAPACITORS, FIXED, CERAMIC DIELECTRIC, ESTABLISHED RELIABILITY

Section Applicable specification

901. Capacitors, Fixed, Ceramic Dielectric (General Purpose),
Established Reliability - - - - - - - - - - - - - - - - - - - - - - - MIL-C-39014

902. Capacitors, Fixed, Ceramic Dielectric (Temperature
Compensating), Established Reliability - - - - - - - - - - - - - - - MIL-C-20

903. Capacitors, Chip, Multiple Layer, Fixed, Ceramic
Dielectric, Established Reliability - - - - - - - - - - - - - - - - - - MIL-C-55681

900 (CONTENTS)

900.1
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SECTION 901

CAPACITORS, FIXED, CERAMIC DIELECTRIC, (GENERAL PURPOSE), ESTABLISHED RELIABILITY

STYLES CKR05, CKR06, CKR11, CKR12, CKR14, CKR15, CKR22, AND CKR23

(APPLICABLE SPECIFICATION: MIL-C-39014)

1. SCOPE. This section covers established reliability, general purpose, ceramic
dielectric, insulated, fixed capacitors. These capacitors have failure rate levels
ranging from 1.0 to 0.001 percent per 1,000 hours. The failure rate levels are
established at a 90-percent confidence level and are based on operation at full rated
voltage at the maximum rated temperature.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are primarily designed for use where a small physical
size with comparatively large electrical capacitance and high insulation resistance
is required. Ceramic capacitors are substantially smaller than paper or mica units
of the same capacitance and voltage rating. General-purpose ceramic capacitors are
not intended for precision use but are suitable table for use as by-pass, filter, and non-
critical coupling elements in high-frequency circuits where appreciable changes in
capacitance, caused by temperature variations, can be tolerated. These units are not
recommended for use directly in frequency-determining circuits. Typical recommended
applications include resistive-capacitance coupling for audio and radio frequency, RF
and intermediate frequency cathode bypass, automatic volume control filtering, tone
compensation, volume-control RF bypass, antenna coupling, and audio-plate RF bypass.
All of these applications are of the type where dissipation factor is not critical,
and moderate changes due to temperature, voltage, and frequency variations do not
affect the proper functioning of the circuit. For example: An emitter bypass for
100 megahertz (MHz), having a nominal capacitance of 680 picofarads (pF), will give a
capacitance reactance of 2.34 ohms. Since this reactance is very small compared with
the emitter resistor, there would be no measurable effect on the 2.34-ohm value if
the capacity should change by several percent due to a temperature variation, nor
would a dissipation of 4 percent be noticeable.

Disk and thin-plated subminiature types are extremely compact and have an inherent
low-series inductance due to their construction. The placement of the leads
facilitates making close-coupled low-inductance connections and these capacitors are
suitable for printed-circuit applications. High insulation resistance allows these
capacitors to be used in vacuum-tube grid circuits; their extremely low leakage and
small physical size make them suitable for use in transistor circuitry.

During circuit design, consideration should be given to the changes in dielectric
constant caused by temperature, electric field intensity, applied frequency, and
shelf aging.

2.1.1 Humid operating conditions. Ceramic dielectric materials are nonhygroscopic,
effectively impermeable, and have practically no moisture absorption even after
considerable exposure to humid conditions. Thus, these units are intended to operate,
through their full temperature range, at relative humidities up to 95 percent. Never-
the less, the termination materials under moisture conditions are subject to ionic
migration which can cause capacitor failure (see 2.8).

2.2 Construction. A ceramic capacitor consists of a ceramic dielectric on which a
thin metallic film, usually silver, has been fired at very high temperatures.
Terminal leads are attached to the electrodes by a pressure contact or by soldering.
Ceramic capacitors are encapsulated to protect the dielectric from the environment
and to electrically insulate the capacitor. The disk types are covered by an
insulating resin, plastic, or ceramic; the thin-plated subminiature types may be in
dipped, molded, or performed cases. The feed-through units are made of ceramic tubes
modified for their required mounting. Because the constituent materials have
molecular polar moments, the dielectric constants of some mixes reach hundreds (even
thousands), of times the value of paper, mica, and plastic films. This results in
ceramics having the largest capacitance-to-size ratios of all high-resistance
dielectrics.

901.1
901 (MIL-C-39014)
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2.3 DC voltage rating. These capacitors are available in a wide voltage range
which varies with the capacitor style. The voltage range varies from 50 volts dc to
200 volts dc.

2.4 Soldering. Care should be used in soldering the leads. Excessive heat may
damage the encapsulation and weaken the electrode to terminal lead contact. Sudden
changes in temperature, such as those experienced in soldering, can crack the encap-
sulation or the ceramic dielectric. Leads should not be bent close to the case nor
should any strain be imposed on the capacitor body to avoid fracturing the encapsula-
tion or ceramic dielectric.

2.5 Dissipation factor. For the recommended applications, the dissipation factor
is negligibly low. The power factor decreases as temperature is increased; this
provides an advantage where operation above room temperature is required.

2.6 Case insulation. It is not intended that the case insulation be subjected to
sustained voltage in excess of 150 percent of the dc rated voltage of the capacitor.
Supplementary insulation should be provided where the case may come in contact with
higher voltage.

2.7 Capacitance as a function of operating conditions. The dielectric constant of
these capacitors exhibits a considerable depencence on field strength. Large varia-
tions in capacitance may be experienced with changes in ac or dc voltages. The
dielectric constant may decrease with time and may be as low as 75 percent of the
original value after 1,000 hours. The dielectric constant is dependent on frequency
and decreases as the frequency is increased; it also decreases with temperature.

2.8 Silver migration. When silver electrodes in the ceramic capacitor are exposed
to high humidities adn high dc potentials, silver ion migration may take place and
short circuit capacitors after relatively short periods of time. Excessive moisture
during periods of storage should be avoided since the encapsulation material may
absorb moisture and silver ion migration may occur when the capacitors are later put
into service.

2.9 Operating temperature range. These capacitors are suitable for operation over
a temperature range of -55° to +125°C.

2.10 Failure-rate leveldetermination. The curves presented on figure 901-1 are
the best engineering approximation of the reliability characteristics (random
failures) for these capacitors when employed repeatedly, within their specification
ratings, in complex electronic equipment. These relliability characteristics are
based on ground-level severity experience. Failures are considered to be opens,
shorts, or radical departures from initial characteristics. The failures are con-
sidered to be occurring in an unpredictable manner and in too short a period of time
to permit detection through normal preventive maintenance. The curves shown on
figure 901-1 are based on "catastrophic failures" and will differ from the failure
rates established in the specification, since the established failure rates are based
on "parametric failures" over long term life tests at rated conditions. This figure
has been extracted from MIL-HDBK-217, "Reliability Stress and Failure Rate Data for
Electronic Equipment." The curves have been modified from their original versions in
that the ordinate has been normalized in order to provide multiplier factors in place
of discrete failure rate levels and in order that the multiplying factor for a failure
rate at rated conditions is unity. As indicated, these curves are the bestestimates
based on "catastrophic failure"; however, they can provide an estimate of the relative
effect of operating under conditions other than rated.

3. ITEM IDENTIFICATION

3.1 Standard capacitors. The standard capacitors available in this section are
shown in figure 901-2. (The figure gives the electrical characteristics, failure
rate levels, and Military part numbers which are standard for design.)

901 (MIL-C-39014) 901.2
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FIGURE 901-1. Failure rate level curves.
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STANDARD CAPACITORS

STYLE CKR05 (MIL-C-39014/1)
NATO TYPE DESIGNATION: NCC61

OPERATING TEMPERATURE RANGE -55° TO +125°C -- VOLTAGE TEMPERATURE LIMITS
(CAP. CHANGE WITH REFERENCE TO +125°C) ±15 PERCENT WITH ZERO VOLTS APPLIED

AND +25, -25 PERCENT WITH DC RATED VOLTAGE APPLIED

NOTES:
1. For flush mounting, a .078(1.98 mm) printed-circuit-hole diameter is required to clear shoulder.
2. Lead length may be minium of one inch long for use in tape and reel automatic insertion equip-

met, shen specified.

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric, fixed capacitors.

901 (MIL-C-39014)
901.4
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STANDARD CAPACITORS

STYLE CKR05 (MIL-C-39014/1) -Continued

OPERATING TEMPERATURE RANGE -55° TO +125°C -- VOLTAGE TEMPERATURE LIMITS (CAP, CHANGE WITH REFERENCEE
TO +25°C) ±15 PERCENT WITH ZERO VOLTS APPLIED AND +15, -25 PERCENT WITH DC RATED VOLTAGE APPLIED

FIGURE 901-2. Established reliability, general purpose, ceramic dielectric,
fixed capacitors - Continued.

901.5 901 (MIL-C-39014)
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STYLE CKR06
NATO TYPE DESIGNATION: NCC62

NOTES:
1. For flush mounting, a .078 (1.98 mm) minimum printed-circuit-hole

diameter is required to clear shoulder.
2. Lead length may be a minimum of one inch long for use in tape and reel

automatic insertion equipment, when specified.

FIGURE 901-2. Established reliability, general purpose, ceramic dielectric,
fixed capacitors - Continued.

901 (MIL-C-39014) 901.6
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STANDARD CAPACITORS

STYLE CKR06 (MIL-C-39014/2)

OPERATING TEMPERATURE RANGE -55° TO + 125°C -- VOLTAGE TEMPERATURE LIMITS
(CAP. CHANGE WITH REFERENCE TO +25°C) ±15 PERCENT WITH ZERO VOLTS APPLIED

AND +15, -25 PERCENT WITH DC RATED VOLTAGE APPLIED

FIGURE 901-2. Established reliability, general purpose, ceramic dielectric,
fixed capacitors - Continued.

901.7 901 (MIL-C-39014)
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NOTE:
1 . Nonconductive material does not extend beyond .O1O (.25 mm) from end of

capacitor body.
2. Lead length may be a minimum of one inch long for use in tape and reel

automatic insertion equipment, when specified.

FIGURE 901-2. Established reliability, general purpose, ceramic dieletric,
fixed capacitors - Continued.

901 (MIL-C-39014) 901.8
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STANDARD CAPACITORS

CKR12, CKR14, AND CKR15 (MIL-C-39014/5)

OPERATING TEMPERATURE RANGE -55° TO +125°C -- VOLTAGE TEMPERATURE LIMITS
(CAP. CHANGE WITH REFERENCE TO +25°C) ±15 PERCENT WITH ZERO VOLTS APPLIED

AND +15, -25 PERCENT WITH DC RATED VOLTAGE APPLIED

FIGURE 901-2. Established reliability, general purpose, ceramic dielectric,
fixed capacitors - Continued.

901 (MIL-C-39014)
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STANDARD CAPACITORS

STYLES CKR11, CKR12, CKR14, CKR14, AND CKR15 (MIL-C-39014/5) - Continued

OPERATING TEMPERATURE RANGE -55° TO +125°C -- VOLTAGE TEMPERATURE LIMITS
(CAP. CHANGE WITH REFERENCE TO +25°C) ±15 PERCENT WITH ZERO VOLTS APPLIED

AND +15, -25 PERCENT WITH DC RATED VOLTAGE APPLIED

901 (MIL-C-39014)

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric, fixed  capacitors - Continued.

901.10
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STANDARD CAPACITORS

STYLE CKR22 AND CKR23

NOTES:
1. Leads shall be centered within ±.005 inches (.13 mm).
2. The angle shall be 95° ±10 -5°.
3. The distance between the centers of the mounting holes will be .300 ± .O1O inches

(7.62 l .25 mm).
4. Nonconductive material shall not extend beyond .030 inches (.76 mm) from the edge

of the capacitor body.

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric, fixed capacitors - Continued.

901.11 901 (MIL-C-39014)
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STANDARD CAPACITORS

STYLE CKR22

OPERATING TEMPERATURE RANGE -55° TO +125°C

FIGURE 907-2. Established reliabilit, general purpose, ceramic
dielectric, fixed capacitors - Continued.

901.13 901 (MIL-C-39014)
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STANDARD CAPACITORS

STYLE CKR22 - Continued

OPERATING TEMPERATURE RANGE -55°C TO +125°C

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric, fixed capacitors - Continued.

901 (MIL-C-39014) 901.14
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STANDARD CAPACITORS

STYLE CKR22 - Continued

OPERATING TEMPERATURE RANGE -55°C TO +125°

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric, fixed capacitors - Continued.

901.15 901 (MIL-C-39014)
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STANDARD CAPACITORS

STYLE CKR22 - Continued

OPERATING TEMPERATURE RANGE -55° TO +125°C

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric, fixed capacitors - Continued.

901 (MIL-C-39014) 901.16
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STANDARD CAPACITORS

STYLE CKR23

OPERATING TEMPERATURE RANGE -55°C TO +125°C

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric fixed capacitors - Continued.

901 (MIL-C-39014)
901.17

Downloaded from http://www.everyspec.com



MIL-STD-198E

STANDARD CAPACITORS

STYLE CKR23 - Continued

OPERATING TEMPERATURE RANGE -55° TO +125°C

FIGURE 901-2. Established reliability, general purpose, ceramic
dielectric, fixed capacitors - Continued.

901 (MIL-C-39014)
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SECTION 902

CAPACITORS, FIXED, CERAMIC DIELECTRIC (TEMPERATURE COMPENSATING), ESTABLISHED RELIABILITY

STYLES CCR05, CCR06, CCR07, CCRO8, CCR75, CCR76, CCR77, AND CCR78

(APPLICABLE SPECIFICATION: MIL-C-20)

1. SCOPE. This section covers established reliability, ceramic dielectric, fixed
capacitors having zero temperature characteristics. These capacitors have failure rate
levels of 1.0 and 0.1 percent per 1,000 hours. The failure rate levels are established
at a 90-percent confidence level and are based on operation at maximum rated voltage at
the maximum rated temperature.

2. APPLICATION INFORMATION.

2.1 Use. These capacitors are designed for use primarily where compensation is needed
to counteract reactive changes, caused by temperature variations, in other circuit compon-
ents. However, they can be used in any precision-type circuit where their characteristics
are suitable, Ceramic capacitors are substantially smaller than paper or mica units of
the same capacitance and voltage rating. They can be used where mica or paper capacitors
have too wide a capacitance tolerance. The lead placement makes ceramic capacitors suit-
able for printed-circuit use.

By using these units, frequency drift in radio frequency, oscillator, and intermediate
frequency (IF) circuits due to temperature effects can be compensated individually in each
ciruit. In IF stages where the frequency variation is uniform, satisfactory operation
can be obtained by designing the temperature-compensating capacitor into the oscillator
circuit. RF circuit reactive changes caused by temperature variations cannot be compen-
sated for in the oscillator circuit; in these cases, and shere more critical tuning
accuracy is required, it is necessary that compensating capacitors be inserted directly
into each circuit.

In RF circuits tuned by a variable capacitor, a shunt compensating capacitor of low
value and high compensating characteristics may be used. In slug-tuned circuits, the
total capacitance required can be provided by using a compensating capacitor having the
desired temperature coefficient. In oscillator circuiits, more linear tuning can be
obtained by using proper temperature coefficients in both the series and the shunt capaci-
tances of the tank circuit.

High insulation resistance makes these capacitors well suited to coupling applications
between plate and grid circuits of electron tubes. Extremely low leakage and small
physical size make them suitable for transistor circuit design. They are also useful in
filter and by-pass circuits.

If possible, the temperature-time curve of the selected capacitor should be the exact
opposite of the temperature-time curve of the coil (or other component) being stabilized.
Combinations of different capacitance values and temperature coefficients can give more
precise compensation than can be obtained from a single capacitor. Full consideration
should be given to the physical placement of compensating, and compensated for, compments.
Locations near hot transistors will cause much greater reactive variations than spots
adjacent to a cool, external chassis.

Ceramic dielectrics are frequency sensitive; both the capacitance and the capacitance
change with temperature will be different at different measuring frequencies. For
extremely accurate compensation, the units should be measured at the proposed operating
frequency.

2.1.1 Humid operating conditions. Ceramic dielectric materials are nonhygroscopic,
effectively impermeable, and have practically no moisture absorption even after consider-
able exposure to humid conditions.

902 (MIL-C-20)
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2.2 Construction. Physically, the most common types of temperature-compensating,
ceramic-dielectric capacitors are small monolithic tubular and rectangular types covered
by insulating resin, plastic, or ceramic. Because the constituent materials-have molecu-
lar polar moments, the dielectric constants of some mixes reach hundreds (even thousands)
of times the value of paper, mica, and plastic films. This results in ceramic-dielectric
capacitors having the largest capacitance-to-size ratios of all high-resistance
dielectrics.

2.3 Rated voltage. These capacitors have voltage ratings of SO, 100, and 200 volts.

2.4 Operating temperature range. These capacitors are suitable for operation over a
temperature range of -55° to +125°C.

2.5 Temperature coefficient. Mixes of different temperature coefficients are made by
varying the percentages of high-K dielectrics (such as titanium dioxide) in the low-loss
ceramic. The temperature coefficient becomes increasingly more negative with the increase
in dielectric constant.For example:

Material K Temperature coefficient

Titanium dioxide 85 -750
Low-loss ceramic 6 +100

As a consequence, for any given size of capacitor, the relative capacitance will be
high with a high negative temperature coefficient, and vice versa. With present day manu-
facturing methods, a high degree of reproducibility is obtained for the coefficients listed
in this section.

The temperature coefficients are not linear with respect to temperature. Measurements
taken at +25°C and +85°C will show a change of value which,when divided by 60 (the tem-
perature differential), does not represent the change in capacitance to be expected for
each degree change in temperature. The coefficient is therefore not exactly expressible
by a single number.

2.6 Dielectric strength. It is recommended that supplementary insulation be used
where the capacitor body will normally contact parts with a potential difference of more
than 750 volts.

3. ITEM IDENTIFICATION (see figures 902-1 and 902-2).

3.1 Type designation. The type designation is used for identifying and describing
the capacitors as shown in figure 902-1.

3.2 Standard capacitors. The standard capacitors available in this section are
shown in figure 902-2.

902 (MIL-C-20)
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FIGURE 902-1. Type designation example.
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STYLE CCR05

FIGURE 902-2. Established reliability, ceramic dielectric (temperature
compensating), fixed capacitors.
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STANDARD CAPACITORS

STYLE CCR05

OPERATING TEMPERATURE RANGE -55°C TO +125°C --
FAILURE RATE LEVEL M (1.0%), P (0.1%), R (0.01%), OR S (0.001%)

1/ Complete type designation will include additional symbols to indicate capacitance
tolerance and failure rate level.

FIGURE 902-2. Established reliability, ceramic dielectric
(temperature compensating), fixed capacitors - Continued.
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STYLES CCR06, CCR07. AND CCR08

FIGURE 902-2. Established reliability, ceramic dielectric (temperature
compensating), fixed capacitors - Continued.

902 (MIL-C-20)
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STANDARD CAPACITORS

STYLES CCR06, CCR07, AND CCRO8

OPERATING TEMPERATURE RANGE -55°C TO +125°C -- TEMPERATURE COEFFICIENT
O ±3O PPM/°C (CHARACTERISTIC CG) -- FAILURE RARE LEVEL M (1.0%), P (0.01%),

R (0.01%) OR S (0.001%)

1/ Complete type designation will include additional symbols to indicate capacitance tolerance

and failure rate level.

FIGURE 902-2.Established reliability, ceramic dielectric (temperature
compensation), fixed capacitors - Continued.
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STYLES CCR75, CCR76, CCR77, AND CCR78

FIGURE 902-2. Established reliability, ceramic dielectric (temperature
compensating), fixed capacitors - Continued.
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STANDARD CAPACITORS

STYLES CCR75, CCR76, CCR77, AND CCR78

OPERATING TEMPERATURE RANGE -55°C TO +125°C --
FAILURE RATE LEVEL M (1.0%), P (0.01%), R (0.01%) OR S (0.001%)

See footnote at end of figure.

FIGURE 902-2. Established reliability, ceramic dielectric (temperature
compensting), fixed capacitors - Continued.

—
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STANDARD CAPACITORS

STYLES CCR75, CCR76, CCR77, AND CCR78 - Continued

OPERATING TEMPERATURE RANGE -55°C TO +125°C --
FAILURE RATE LEVEL M (1.0%), P (0.01%), R (0.01%) OR S (0.001%)

1/ Complete type designation will include additional symbols to indicate capacitance tolerance
and failure rate level.

FIGURE 902-2. Established reliability. ceramic dielectric (temperature
compensating),fixed capacitors - Continued.
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SECTION 903

CAPACITORS, CHIP, MULTIPLE LAYER, FIXED, CERAMIC DIELECTRIC, ESTABLISHED RELIABILITY

STYLES CDRO1, CDR02, CDR03, AND CDR04

(APPLICABLE SPECIFICATION: MIL-C-55681)

1. SCOPE. This section covers established reliability, ceramic dielectric, multiple
layer, fixed chip capacitors. These capacitors have failure rate levels of 1.0 to 0.001
percent per 1,000 hours. The failure rate levels are established at a 90-percent confi-
dence level and are based on operation at maximum rated voltage at the maximum rated
temperature.

2. APPLICATION INFORMATION.

2.1 Use. Ceramic chip capacitors are intended to be used in thin or thick film hybrid
circuits; therfore, they are not replaceable.

2.1.1 Ambient operating conditions. Designers are cautioned to give consideration to
the change in dielectric constant with temperature, shelf aging, and electric-field
intensity, and should recognize that the insulation resistance may vary with humidity and
organic contamination of the ceramic chip surfaces.

2.2 Metallized terminations. It should be noted that when pure silver is used for the
terminations, silver migration between the terminations may occur under conditions of
simultaneous application of high humidity and dc voltage. This produces a troublesome
electrical leakage path across the capacitor chip. Addition of about 20 percent of
palladium to the silver to form an alloy will retard the tendency toward silver migration.
Complete overcoating of the silver termination by the lead-tin bonding solder also will
retard the tendency toward silver migration. Addition of about 3 percent of silver to
the lead-tin bonding solder will tend to reduce the leaching of the silver from a silver
termination during the solder bonding operation.

2.3 Effect on mounting reliability. Voltage temperature limits, resistance to ther-
mal shock, and reliability may be affected as a result of mounting on substrates with
dissimilar coefficients of expansion from capacitor material. Care should be taken in
the selection of substrate material.

3. ITEM IDENTIFICATION (see figures 903-1 and 903-2).

3.1 Type designation. The type designation is used for identifying the capacitors as
shown in figure 903-1.

3.2 Standard capacitors. The standard capacitors available in this section are shown
in figure 903-2.

903 (MIL-C-55681)
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FIGURE 903-1. Type designation example.

903 (MIL-C-55681) 903.2

Downloaded from http://www.everyspec.com



MIL-STD-198E

STYLES CDRO1, CDR02, CDR03, AND CDR04

NOTE: For style CDRO1, termination width shall be. 010 inch minimum;
uncovered band width shall be. 030 inch minimum.

FIGURE 903.2 Established reliability, ceramic dielectric, multiple
layer, fixed chip capacitors.
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STANDARD CAPACITORS

STYLES CDRO1, CDR02, CDR03, AND CDR04

OPERATING TEMPERATURE RANGE -55° TO +125°C

See footnote at end of tabulation.

FIGURE 903-2. Established reliability, ceramic dielectric,
multiple layer, fixed chip capacitors - Continued.

903 (MIL-C-55681)
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STANDARD CAPACITORS

SYLES CDR01, CDR02, CDR03, AND CDR04 - CONTINUED

OPERATING TEMPERATURE TANGE -55° TO +125°C

1/ Complete type designation will include additional symbols to indicate
capacitance tolerance,m termination finish, and failure rate level, as
applicable.

FIGURE 903-2. Established reliability, ceramic dielectric,
multiple layer, fixed chip capacitors - Continued.
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STYLES CDR11, CDR12, CDR13, AND CDR14

FIGURE 903-2. Established reliability, ceramic dielectric,
multiple layer, fixed chip capacitors.
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STANDARD CAPACITORS

STYLES CDR11 AND CDR12
OPERATING TEMPERATURE RANGE -55°C TO +125°C

1/ See footnote at end of tabulation.

FIGURE 903-2. Established reliability, ceramic dielectric, multiple
layer, fixed chip capacitors - Continued.
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STANDARD CAPACITORS

STYLES CDR11 AND CDR12 - Continued
OPERATING TEMPERATURE RANGE -55°C TO +125°C

1/ Complete type designation will include additional symbols to indicate style,
voltage-temperature limits, capacitance tolerance (shere applicable), temina-
tion finish (M for style CDR11, and S, U or W for style CDR12) and failure
rate level.

FIGURE 903-2. Established reliability, ceramic dielectric, multiple
layer, fixed chip capacitors - Continued.
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STANDARD CAPACITORS

STYLES CDR13 AND CDR14
OPERATING TEMPERATURE RANGE -55°C TO +125°C

1/ See footnote at end of tabulation.

FIGURE 903-2. Established reliability, ceramic dielectric, multiple
layer, fixed chip capacitors - Continued.
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STANDARD CAPACITORS

STYLES CDR13 AND CDR14 - Continued
OPERATING TEMPERATURE RANGE -55°C TO +125°C

See footnote at end of tabulation.

FIGURE 903-2. Established reliability, ceramic dielectric, multiple
layer, fixed chip capacitors - Continued.
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STANDARD CAPACITORS

STYLES CDR13 AND CDR14 - Continued
OPERATING TEMPERATURE RANGE -55°C TO +125°C

1/ Complete type designation will include additional symbols to indicate style,
voltage-temperature limits, capacitance tolerance (where applicable), termina-
tion finish (M for style CDR13 and S, U or W for style CDR14) and failure rate
level .

FIGURE 903-2. Established reliability, ceramic dielectric multiple
layer, fixed chip capacitors - Continued.
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