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MILITARY SPECIFICATION

CAPACITORS, FIXED, ‘ELECTROLYTIC -{SOLID ELECTROLYTE), TAHTALMH,
ESTABLISHED RELIABILITY,
GENERAL SPECIFICATIOAN FOR

FATLURE RATE LEYELS “"M", "P" AND “"R™ ARE
INACTIVE FOR NEW DESIGN AFTER 2 FEBRUARY 1984,

_FAILURE RATE LEVEL "S" IS INACTIVE
FOR NEW DESIGN AFTER 15 AUGUST 1984.

This specification is approvad for use by all Denarz-
ments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the janeral requirements for 2stahlished
reliabiTity, insulated, tantalum, electroiytic {solid etectroiyta}, fixed capacitors,
hermetically sealed 1/ in metazl cases (see 6.1)}. Rated voltages range from 6 to 100
volts dc with surge voltages aof 8 to 130 volts dc, respectively {ses 4.7.19). These
capacitors have reliadility ratings established on the basis of 1ife tests perfarmed
at specified voltage at *85 C for failure rate {FR)} laevels ranging from:

a. 1.0 percent per 1,300 nhours to 9.331 percent ner 1,007 nours in accardince
with 4IL-5TD-690. Thesa FR Jevels are estabdlished 1t a 30-percent confidence
level and are maintained at a l0-percent producer's risk {(Exponential
distribution).

b. J.1 percent per 1,000 hours to 0.0001 percent per 1,000 hours (1 FIT)2/ at
2 %0-percent confidence Tevel (Wefbull distribution).

1.2 (Classification. <Capacitors covered by this specification are classified by
the styTe, as specified (see 3.1).

1/ For the purpose of tnis specification, 1 hernetizally-sealed capaciter is oane
in wnich the capacitance element is contained w#within a se2aled enclosure of
ceramic, glass or metal, or combinations thereof, where s2aling is accomplished
by material fusion, welding, brazing, or soldering.

2/ FIT = failure unit = one failure per 139 devica hours,
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2. APPLICABLE DOCUMENTS

2.1 Govaranment specification and standards. Unless otherwise specified, the
following specification and standards, of the issue listad in that issye of the .
Departaent of flefense Index af Specifications aad Standards (20DISS) specified in the
solicitation, form a3 part of this specification to the 2xtent specified herein.

SPECIFICATION

MILITARY
MIL-£-19928 - <cCapacitoers, Packaging of.

(5ee supplament 1 for 1ist of associated specification sheets.)

STANTARDS
MILITARY
MIL-STD-108 . Sampling Procedures and Tables for Inspection by Attributes.
MIL-372-202 - Test Methods for Electronic and Electrical Component PZarts. .
MIL-STD-.590 . failurs Ratz Sampling Plans and Procesduras.
MIL-87D-750 - Reliability Assuranca Prograan fur Elactronic Parts
Specifications.
MIL-ST2-319 -+ Environmental Tast Methods.
AIL-STD-1278 - Leads, Weldadle, for Zlsctraaic Tamnonent Paris.
MIL-S5T3-128% - Marking of Electrical and Zlectraonic Parts.

_(Copias of the specification and standards required by manufacturers in cannactian
with specific acquisition functions should..be obtained from the contracting activity
or as directed by the contracting activity.)

2.2 0rder of precedence. In the event of a conflict betwean the text of this
specification and the rererences cited herein (except for assnciated detail
specifications, specification sheets or MS standards), the taxt of this specification
shall take precadence. Notning in this specification, howaver, shall superszda
applicable laws and regqulations uniess a specific sxemption has been obtainad.

3. REQUIREMENTS

3.1 Specification sheets. The individuyal item regquiremants shall be as specified
herain ana in accordanca with the applicable specification shaets. 1In the avant of
any conflict hetween r=qu1remew:; of this specification aad the spacification sheets,
the Tatter shall govern (sae 6.2).

3.2 Qualification. Capac1tors furnished under this soecificatinon shall be
praducts anicn are qualified for 1isting on the applicable qualified products list at
the time set for opening of bids {(see 4.4 and 6.3}. In addition, the manufacturer
shald obtain cartification from the qualifying activity that the reliability assurance
requirements of 4.1.1 have heen met and are being maintained. \Unless acquired from
the manufacturer or his authorized distributor 1isted or ipproved for listing on the
qualifisd products 1ist, parts furnished under this specification shall not b=
cansidered as having met the requirements of this specification.

3.3 Reliabiiity. Reliahility of capacitors furnished under this specification
shall be estanlisned and maintained in accordance with the procedures and requirements
specified in M[L-STD-790 and MIL-STD-692 with datails specifizd in 4,1.1, 4.4.4, and
4.56.1.3. The reliability rating is ifdentified by the fallawing FR lavel symbols: .

Exponential FR level Weibull FR level
Symio] {%/1,000 hrs) Symbol {%/1,000 hrs)
i1 1.3 3 7.1
4 0.1 c 0.01
R 0.01 D 0.901
3 3.001 E 0.0001 {1 FIT)

~
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3.4 Materials. Materials shall be as specified herein. However, when a definite
material is not specified, a material shall be used which will enable the capacitors
to meet the performance regquirements of this specification. Acceptance or approval
of any constituent material shall not be construed as a guaranty of the acceptance of
the finished product. .

J.4.1 Sleeving. The sieeving shall be of a nonfungus nutrient material (cardboard
shall not be used). .In additien, the material used shall not soften, creep, or
shrink to a point where any part of the cylindrical case is left uncovered at any
test temperature specified herein.

3.5 Design and construction. Capacitors shall be of the design, construction, and
physical dimensions specified {see 3.1). WNonpolarized capacitors shall be constructed
from two CSR13 polarized units which have passed group A inspection.

3.5.1 Case. Each capac1tor shall be enciosed in a hermetically-sealed metal case
which wilT protect the capacitor element from meisture and mechanical damage under
all test conditions specified herein. Nonpolarized capacitors, consisting of two
hermeticalliy-sealed capacitors joined together, need not be hermatically sealed
within tne joining sleeve. )

.5.2 Terminal Yeads. Teraminal 1e=ds shall conform to MIL-STD-1276; the lead type,
tH, and alamever snall be as specified {see 3.1). Terminal Teads shail be
n

perma ently secured internally and externally.

3.6 Thermal shock. When tested as specified in 4.7.2, capacitors shall withstand
the extremes 0T nigh and low temperatures without visible damage.

3.7 Yoltage aging (exponential only). When tested as specified in 4.7.3,
capacitors shall meet the foilowing requirements:

OCL lezaxage - - = - - - - - - - Shall not exceed the requirement specified in 3.10,
Capacitance- - - - - - - - - . Shall be within the tolerance specified (see 3.1)}.
Dissipation factor - - - - - - Shall not exceed the requirement specified in 3.12,
Equivalent series resistance

(CSR21 only) - - - - - - - - Shall not exceed the requirement specified {see 3.1).

3.8 Seal (polarized capacitors oniy, See 3.1). When capacitors are tested as
specifigd in #.7.4, there shall be no evidence of leakage.

3.9 Radiographic inspection (polarized carvacitors oniy, see 3.1) {not appiicable
to exponential ¢istribuTion ~x Teve: "M'], when capacitors are tested as specitied

:specified in 4.7.9, the £ESR shall not exceea the value specified {see 3.1}.

in 4.7.5, radiograpnic i1nspection snall aisciosse na evidence of improperly made
connections, misalignment of slugs and seals or eyelets, substandard soldering or
structural weakness, or solder particies or slivers (see 6.4). s

3.10 DC leakage. When measured as specified in 4.7.6, the dc leakage shall not
exceed the applicable value specified {see 3.1). :

3.11 Capacitance. When measured as specified in 4.7.7, the capacitance shall be
within tolerance of the nominal value specified (see 3.1).

3.12 Dissipation factor. When measured as specified in 4.7.3, the dissipation
factor shall not exceed the value specified {(see 3.1).

3.13 Equivalent series resistance (ESR) [style CSR21 anly). When measured as

J.14 Shock (specified pulse) [(sea 3.1}, When capacitors are tested as specified
in 4.7.10, there shall be no intermittent contacts of 0.5 millisecond {ms) or greater
duration, or arcing or other indication of breakdown, nor shall there be any open- or |
short-circuiting or evidence of mechanical damage.

.15 V¥ibration, high frejuency {polarized capacitors only, see 3.1}. When
capacitors are tested a5 specitied in &.7.11, thére snall be no Jntérmittent contacts
of /0.5 ms or greater duration, or arcing or other indication of “reakdown, nor shall
there be any open- or short- c1rcuiting or avidence of mechanical damage.

3
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3.16 S$alt spray {corrosion). MWhen capacitors are tested as specified in 4.7.12,
there shall pe no narmtul corrosion, and at least 90 percent of any exposed metal
surface of the capacitor shall be protected by the finish. There shail be no
unwrapping of, or mechanical damage to, the sleeving. Marking shall remaian JTegible.

NOTE: Harmful corrasion shall be construed as b2ing any type of corrasion
which in any way interferes with the mechanical ar electrical parformancs of
the capacitor.

3.17 Thermal shock and immersion {polarized capacitors only, ses 3.1). When
tested as specitied in 4.7.13, capacitors snali meet tne foilowing reguirements:

DC leakage - ~ - - - - Shall not exceed the requirement specified in 3.190.

Capacitance- - - - - - S5hall change not more than £3 percent from the value
obtained when measured as specified in 4.7.7.

Dissipation factor - Shall not exceed the requirement specified in 3.l12.

Yisual examination - - There shall be no evidence of harmful corrasion {as defined
in 3.16), mechanical damage, or obliteration of marking.

3.18 Solderability (polarized cavacitors only, see 3.1). HWhen capacitors are
tested as specijied in 4.7.14, tne dipped portion of the Teads shall conform to the
solid-wire termination criterja of method 208 of MIL-STD-2072.

.19 Terminal strenzth (polarized c2onacitors only, sea 3.1)., ‘When capaciteors are
tested as specitied in &./.15, tnere snail oe no (00saning or the terminals nar
permanent damage to the terminals, terminail weld, or terminal solder, as applicable.

3.20 Moisture resistanca {palarized canacitars only, s2e 3.1}, When tested as
specified Tn 4.7.10, capacitors snail meetT the Toltowing requirements:

3C leakage - - - - - - Shall not exceed the requirement specifiad in 3.12J.
Capacitance- - - - - - Shall change not more than 22 percent from the value
’ obtained when measured as specified in 4.7.7.
Dissipation factor Shall not exceed the reguirement specified in 3.12.
Visual examinatian - - There shall Se no evidence of harmful corrosion (3s defined
in 3.15), mechanical damage, or obliteration of marking.

3.21 Sleeving (polarized capacitors only, seo 3.1): When capacitors ares tastad as
specified in 4.7/.17, the sieaving snail witnstand the specified potential without
breakdown; and the insulatisn resistance shall be 1,000 megohas, minimunm.

3.22 Stahility at law and nigh tamperatures f{polarized cagacitars only, see 3.1},
When testea as specitied 1n &4,7,L3, Capacitars snaii meet TNe TH1I10WING requireqsencs:

Step 1 {+257°C):

DT leakage- - - = = - - = = = - - 5hall not a2xceed the requirenent
specified in 3.10.

Capacitance - - - - - - - - - - - Shall be within tolerance of the nominal
value specified (see 3.11).

Dissipation factor- - - - - - - - Shall not exceed the reguirement spacified
in 3.12.

Step 2 (-557C):

—rtapacitance - - - - = = = - = = - Shall change not more than the anplizable
value specified (sze 3.1} from the step 1
measured value.

Dissipation factor- - - - - - - - 5hall not exceed the applicable value
specified (see 3.1}.

Step 3 (+25°C):

OC Teakagé- = - - = = = - = = = = Snall not exceed the applicahle value
specified (see 3.1).

Capacitance = = - = = - - - = - - Shall change not Qore than *2 percent
from the step 1 measured value,

Oissipation factor- - - - - - - - Shall ngt exczed the applicadle value

srecifizd (see 3.1},
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Step 4 {+85%¢C):
- DU Teakaje- -

Capacitance - = = - = = - - - - -
Dissipation factor- - - - - - - -

Step 5 (+125°C):
UL Teakage- - - .|

Capacitance -~ -~ - - -

Dissipation factor- - = - -« - - -

Step 6 (+25°C):
UL Teakage- -

Capacitance - -

Jissipation factor-

3.23

Surge voltage (polarized capacitors only, exponential only, see 3.1}.

Shall not exceed the applicable value
specified (see 3.1}.

Shall change not more than the applicable
vaiue specified (see 3.1} from the step

1 measured value.

Shall not exceed the applicable value
specified (s2e 3.1}.

Shall not exceed the applicable valuye

specified (see 3.1}.

Shall change not more than %12 percent
from the step 1 measured value.

Shall not exceed the applicable value

specified {see 3.1).

Shall not exceed the applicable value
specified (see 3.1).

Shall change not more than %2 percent
from the step 1 mezsured value.

Shall not exceed the applicable value
specified (see 3.1).

When

tested as specified in 4.7.19,

Dissipation factor- - - - - - - -

3.24

Life {polarized cavnacitors only, exponential

capacitors shail meet the foliowing reguirements:

Shail not exceed the requirement
specified in 3.10.

Shall change not more than %2 percent
from the value obtained when measured as
specified in 4.7.7.

Shall not exceed the requirement

specified in 3.12.

only, see 3.1). When capacitors

are tested as specitied in 4.7.:20,
shorts, or permanent shorts or opens.
3.24.1 Quaiification inspection.
shall meet the ftolliowing requirements:

At *+25°¢C:
OC 12aKage- - - = = = ~ = - = - -

Capacitance

Dissipation factor- - -

At +85°C:
UC Teakage- - = = - - - - - - - .

At +125°C:
OC Teakage- - - - - - - . e m -

3.24.2 Quality conformance inspection.

3.24.2.1 Group A inspection.

there snall

When tested as specified in 4.7.20.1,

be no mechanical damage, intermittent

capacitors

Shall not exceed the applicable value
specified {sea 3.1).

Shall change not more than the applicable
value specified {see 3.1) from the value
obtained when measured as specified in

.7,

Shall not exceed the applicable value
specified (see 3.1).

$hall not exceed the applicable value
specified (see 3.1).

$hall not exceed the applicable value
specified {see 3.1}.

When tested as specified in'4.7.3 or 4.7.25,

exponential or Weibull as applicable, capacitors shall meet the requirements

specified in 3.7 or 3.29.

Weibull failure rate level requzrements of 4.7.5 and 3.29

shall be accepted in 1ieu of group 8 inspection data.
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3 .2. Group B inspection, exponenatial only. When tested as specified in

24
.20.2.1, cipacitors snall meet the requirements specified in 3.24.1.

3.24.2.3 Group C iife or extended l1ife (sees 4.6.1.3.2}. When tested as specified
in 4.7.20.2.2, capacitors shall meet the foliowing requirements:

At +25°C:
OC Teakage- - - = = = - - - - - - 5hall not exceed the appiicable value
specified (see 3.1).
fapacitancg - - - - - - - - - - - Shall change not more than 10 percent

from the value abtained when measured as
specified in 4.7.7.

Dissipation factor- - - - - - - - Snail not exceed the appiicable vaiue
specified (see J.1).

At +85°¢C: - )
UC 121X19@- - - - = = = - --= - - Shall not excend the applicahie value
. spacified (see 3.1).
At +125°¢C:
DL leak2ge- =« - - - - = = - - - - §13l11 not excaed the aoplicahls vialue

specified (ses 3.1).

Fungus {o9o0larizad capacitors onty,

3.2¢8 saa 1. 1), The manufacturer shall certify
Tnat ali 2xterndal macariaits are fungus ra2siscanc ar shail perform the tast specified
in 4.7.21 Wnen tasted as specified in 4.7.21, examination shall disclase no evidence
of funmgus growth on the extarnal surfaca.

3.25 Resjstance &tn solvents. MWhen canacitors are tasted as specified in 4.7.22,
there shall be na evidence of mechanical damage and the marking shall rewain legible.

3.27 Rasistance to soldering heat (polarized capacitors oaly, see 3.1). Hhen
tasted as specified in 4.7.23, capacitors snatl aeet the following requirements:
aC Jeakage- - - « « - - - - -+ - - 5Shall not excesd the requirement
specified in 3.10.
Capacitange - - - - - - - - - - - Shall change not more than *Z percent

from the value obtained whan mezsured as
specified in 4.7.7.

fissipation factor- - - - - = - - Shall not exceed the requirement
specified in 3.172.

Yisual examination- - - - - - - - There shall be no evidence of external
iamajes

3.28 Ripple current {style CSR21 only). When capacitors are tested as specified
in 4.7.24, there shalli be nn mechanical damige, intermittent shorts, or permanent
shorts or apens, and the capacitors shall mea2t the following requirements:

At
75 I kagn- = = = = = = = = = - = Snall not exceed the apnlicahlsz value
specified in 3.10.
Capacitance - - - - - - - - - - - Shall change not more than £2.0 percent

from the value nhtained when measured as
specified in 4.7.7.

Dissipation factor- - - - - - ~ - Shall not exceed the anplicable value
specified in 3.12.
ESR - - - = = = = = - - - - -« - = Shall not exceed th2 applicabls value

snacified in 3.13.

i
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3.29 MWeibull FR level grading {in Yieu of 3.7). MWhen tested as specified in
4.7.25, ‘Tapacitors snall exnibit decreasing tajlure rate with respect to time as
evidenced by a value of beta (B) which is less than 0.9; and the instantaneous failure
rate in the last interval shall be no more than the failure rate specified. After
grading, capacitors shail meet the foilowing requirements:

DC leakage- - = - = = - - - - - - 5Shall not exceed the requirement
specified in 3.10.

Capacitance - - - - - — = = = = = Shall be within the tolerance specified
(see 3.11}.

Dissipation factor- - - - - - - - Shall not exceed the requirement
specified in 3.12.

ESR (CSR21 only)- - = - - - - - . Shall not exceed the requirement

specified (see 3.1).

Capacitors tested as specified in 4.7.25 shall be exempt from group A percent
defective allowable (PDA) provisions {see-4.6.1.2); exempt from 3.2¢.2.2 group B
inspection (see 4.6.1.3); and exempt from 3.24.2.3 extended 1ife (see 4.6.1.3.2).

3.30 Marking.

3.30.1 Capacitor marking. Capacitors snall be marked in accordence with methed I
of MIL-STD-IZ55 and snail 1nclude the specified information, in the seguence shown,
for the applicable case size {see 3.1) as shown in the following examples:

EXAMPLE (case sizes A, Al, and B1):

M33003 - Military specification number.
02 - TM - Specification sheet number and trademark.
20544 - Nonsignificant dash number and "J" for JAN.
3/ +424 A - Polarity, date code {(first digit indicates year and the

next two digits indicate the week), and lot symbol(s).

EXAMPLE (case size B):

M39003 - Mititary specification number.
0l - - Specification sheet number.
60074 - Nonsignificant dash number and "J" for JAN.
12345 - ' Source code.
4/ +424 A - Polarity, date code (first digit indicates year and the

next two digits indicate the week), and Tot symbol(s).

EXAMPLE (case sizes C and D):

M39003 - Military specification number.
01 - 63004 - Specificatian sheet number, nansignificant dash number
and "J" for JAN.
5/ +12 uF - Positive terminal identifier and capacitance value,
10% 75 ¥ - Capacitance tolerance and voltage rating.
12345 - Source code,
8424 AB - Date code, 1gt code.

3/ Polarity symbol shall be near the positive terminal and may be placed an
ejither end of the fourth line of type depending on the marking orientation
with respect to the polarity.

4/ Polarity symbol shall be near the positive terminal and may be placed on

either end of the fifth line of type depending on the marking orientation with
respect to the polarity.

5/ Polarity symbel shall be near the pasitive terminal and may be placed on
either end of the third line of type depend1ng on the marking orientation with
rESpect to the polarity.
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EXAMPLE (case sizes W, X, Y, and Z):

M39003 - Military specification number.
04 - 31684 - Specification sheet number, nonsignificant dash number
and "J" for JAN. .
.0023 ufF - Capacitance value.
180% 100VHP - fapacitance tolerance and voltage rating, nonpolarized.
8424 AB 12345 - Date code, Tot code, source code.

Additional marking may appear at the option of the manufacturer provided that it
does not interfere with the required marking.

3.30.2 Package marking. For Government shipments, all packages shall be marked
with the capacitance value, capacitance tolsarance, dc rated voltage, contract number
of the part (not the packagel}l, National Stock Number (NSN), source code, and the date
of packaging.

exercising legitimate control over the certification marks "JAN" and "J" respectively
ta indicate electrical equipment, namely, resistors, capacitaors, electron tubes and
the like, acquired by, or manufactured for use by, or for the Government in accordance
#ith standard Government specifications. Accordingly, capacitors acquired to, and
meetiny a1l of, the criteria specified herein and in applicable specification sheets
(see 1.1} shaill bear the certification mark "JAN", excest %that capacitors %£20 smail)

ta paar =he certification mark “JAN® shall bear the lettar "J". (Lapacitzrs furnished
ynder contracsts ar arders wnich either permit or require deviation from the

conditions or reguirements specified herein and in applicable specification sheats
(see 3.1) shall not bear "JAN" or "J". In the event a capacitor sample fails to meet
the requirements of this specification and the applicable specification sheet (sea
3.1}, the manufacturer shall remove the "JAN" or "J" from the sample tested and aise
from all capacitors represented by the sample. The United States Government has

abtained Certificate of Registration No. 504,860 for the cartification mark "JAN".

3.30.3 "JAN" and "J" marking. The United States Government has adopted, and is

3.30.4 Supplying to higher FR levels. A manufacturer may supply to all higher FR
lavels than that to wnicn ne 15 qualitied. Parts qualified and marked to lower FR
levels are substitutable for higher FR Tevel parts, and shall not be remarked unless
specified in the contract or purchase order.

3.31 Workmanship. Capacitors shall be processed in such a manner as to be uniform
in quality znad snall de free from cold soldering, harmful corrosion (see 3.16), pits,
cracks, dents, rough e=dges, and other defects that will affect 1ife, serviceability,
or appearance. Solder on the surface of the case shall be ;mooth and unbroken and

PR S s

shall have ne pin holes or girdle.
4, QUALITY ASSURANCE PROV.ISIONS

4,1 Responsibility for inspection., Unless ptherwise specified in the contract or
purchase order, the contraccor 15 responsible for the performance of all inspection
raquirements as specified herein. Except as otherwise specified in the contract or
purchase arder, the contractor may uUse his own or any other facilities suitable for
the performance of the inspection requirements specified herein, unless disapproved
by the Government. The Government reserves the right to perform any of the
inspections set forth in the specification where such inspections are deemed
necessary to assure supplies and services conform to prescribed requirements.

4.1.1 Reliability assurance program. A reliability assurance program shall be
estabiished and maintained in accordance with MIL-5TD-790, with the following
exceptions:

2. In lieu of the procedure for production lot identification, the
manufacturer shail, as a minimum, be able to fdentify the time period
which the final production operation was performed on each item of
product prior to final test.. The date or lot code marked on each part
shall be identified to an inspection lot.

b. Traceability of materials shall not apply.

Evidence of such compliance shall be verified by the qualifying activity of this
specification as a prerequisite for qualification and continued qualification.
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4.2 Classification of inspections. The inspections specified herein are classified
as follows:

a. Qualification inspection (see 4.4).
b. Verification of qualification {see 4.5).
€. Quality conformance inspection {see 4.58).

4.3 Inspection conditions and methods.

4.3.1 Conditions. Unless otherwise specified herein, all inspections shall be
performed in accordance witn the test conditions specified in the “GENERAL
REQUIREMENTS" of MIL-STD-202. ’

4.3.2 Methods.

4.3.2.1 AC measurements. AC measurements shall be made at the frequency specified.
The magnitude of the ac voltage shall be egual to or less than 1.0 volt root mean
square (rms). For all ac measurements of polarized capacitors, the maximum de bias

voitage shail be equal tc or less than 2.2 voits.

n

4.3.2.2 Reference measurements. When requirements are based on comparative
mezsurements mage beTfgore and after conditioning, the reference measurements shall be
considered the last measurements made at 25°C #3°C prior *o conditioning. Unless
reference measurements have besn made within 30 days prior to the beginning of
conditioning, they shall be repeated. -

4.3.3 Power supply. The power supply used for life testing ‘shall have a regulation
of *2 percent or less of the rated voltage. The power source employed for dc leakage
current measurements shall be stabilized to at least *100 parts per million. During
measurements there must be no voltage fluctuations of sufficient amplitude to produce
a varfation im the current measurement as read with any dc lezkage current tester
used to test capacitors. ’

4.4 Qualification inspection (polarized capacitors only, see 3.1 and 30.2). &/
Qualification inspection shail be performed at & labcratory acceptable to the
Government (see 6.3) on sample units produced with equipment and procedures normally
used in production.

4.4.1 Samcle size. The number of capacitors to be suojected to qualification
inspection snail be as specified in the appendices to this specification. Each
capacitor style shall be qualified separately.

4.4.Z2 1Inspection routine. The sampie shall be subjected to the inspections
specified 1n tabie I, in the order shown. A1l sample units shall be subiected to the
inspection of group 1. Two sample units shall be subjected to the visual and
mechanical examination {internal) and 177 sample units (189 sample units for C3R21)
shall be subjected to the remaining inspections of group II. The 177 units
successfully completing group II inspection shall then be divided as specified in
table I for groups 111 to VYIII inclusive, (189 units for L{SR21, successfully
completing group Il inspecticns shall then be divided as specified in table I for
groups III to IX inclusive), and subjected to the inspections for their particular
group; for combined veltage group submissions, each type shall be equally represented
in each group.

4.4.3 Failures. Failures in excess of those allowed im table I shall be cause for
refusal to grant qualification approval,

4.4.4 FR qualification.

'

6/ Qualification approval will be based on the successful completion of the tests
specified in table I, and will fnot be withheld pending completion of the extended
life test of 4.4.4.1a.

S
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4.4.4.1 Exponential. Exponential FR qualification shall be in accardance with the
Jeneral and detaiied requirements of MIL-STD-630 and the following details:

a. Procedure I - JQualification at the initial FR level. FR level "H" of
FR5F-00 snhall dpply. Sampla dnics snail na sunjeccad to the )
gualification inspection specified in group VII, table I (sas 4.4.,2).
The entire 1ife test sample shall he continued on tast to 10,009 hours
as specified in 4.7.20.2.2 upon complation of the 2,000-nour
qualification test.

b. Pracedure II - Extension af qualification %o lower FR ltaveis. To
extend qualification to FR level "P", data shall be lTimited to each
voltage group within a style; for FR levals "R&" and "S", data from two
or more voltage groups within a style of similar construction may be
combined.

€. Procedure III - Maintenance of FR Jeval qualificatian. Maintenance
periaod 8 or FPRSP-10 snail appiy. Regaraless at tne number of production

lots produced during this periaod, the specifisd number of unit hours
shall be accumulated to maintain gualification {(sae 4.5.1}.

4.4.4.2 MeibSyll. Weibull FR quaiificatian will be granted only £ manufacturars
who have achiz2ved FR tevel "P" in accordancae wizwa 4.3.4.1. To axtand guzlifizatian
3 iaclude Weijbuil FR levals, the manufacturer shail demonstrate tna casadiiizy of
Weibull FR level grading, see 4.7.25, to the qualifying activity.

4.5 Verification of gualification (polarized capacitors only, sae 3.1). Every §

months, Tthe manuracturer snall compile a summary Of the resulits Of guality conformance
inspections and, where applicable, extended FR test data, in the form of a verifi-
cation of quaiification report, and forward it to the qualifying activity as the Sasis
of continued qualification approval. In additian ts the nerisdic submission of FR
test data, the manufacturer shall immediately notify the qualifying activity whenever
the FR data indicates that the manufacturer has failed to maintain his qualifiad FR
level. Continuation shall be based on evidence that, over the 6-month period, the
fallowing has heen met:

a. VYerification by the qualifying activity that the manufacturer meats the
requirements of MIL-STD-789.

b. The manufacturer has not modified the design of the itam. Change in
design includes but is not timited to any change of materials or
processes.

€. The specification reguirements for the item have not Heen amendad so as
to affect the character of the item.

d. Lot rejection for group A does not exczed 5 percent or one lot,
whichever is greater; not applicable to table II18.

e. ~Requirements for group € are met.

f. The records of all FR tests combined per style substantiate that the
"M" or "P" FR level has been maintained or that the manufacturer
continues to meet the "R™ or "S" FR level for which qualified, although
the total component hours of testing may not, as yet, mest the
requirements of 4.4.4.1c.

g. The records of all Weibull 1ife FR tests are summarized for each style,
stress level, and acceleration factor (see table I1IC)

If group C requirements were not met and the manufacturer has taken corrective action
satisfactory to the Government, the forwarding of the verification of qualificatioen
report may be delayed until within 30 days after completion of retesting of the

periodic quality conformance tests. In this case, the qualifying activity shall be
notified of this condition within the time tnat the-original verification of

quali{fication report was due. A1l reports shall be certified by a responsibie company
officifal. The qualifying activity shall be contactad for the report format.

i0
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TABLE 1. Qualification inspection.

i ] T Test [ Number of | Number of faijl-|
i I'nspection | Requirement | method | sample units | ures allowed 1/|
i [ paragraph lparagraphito be inspected!| |
I Group 1 27 | | | 1
[Thermal SA0CK- - - - = - = i 3.6 i 4.7.2 i ‘ |
IVoitage aging- = - - -~ - - ! 3.7 | 4.7.3 b | i
[Seal - - = = = = = = = - = 3.8 | 4.7.4 | ! |
fRadiographic inspection ] | | A1l units ! {Not applicable}
| {not applicable to FR [ [ I | !
I level "M"} - - - & - - - i 3.9 } 4.7.5 | { !
| Group I1I | E [ | i |
[¥isual and mechanical [ ' | [ | ’
E inspection (internal)}- - |3.1, 3.4, and | 4.7.1 : 2 ; 0 !
13.5 | .
[Visual and mechanical | i | ! |
| inspection {(external) [ [ M |
| 2/ 3/ - - - - - - - - - 3.1, 3.4, 3.5,| 4.7.1 | | |
] 13.30, and 3.3%l | | i
IDC Veakage 2/- - - - - - - [ 3.10 | 4.7.6 | 4/ | !
|Capacitance 2/ - - - - - - | 3.11 | 4.7.7 | | i
|[Dissipation FTactor 2/- - - | 3.12 ] 4.7.8 i ] !
[ESR 2/ [style CSR21 only)- | 3.12 ; 4.7.9 { [ {
| - i [
| Group III | | o |
|Shock (speciiiea pulse)- - | 3.14 1 4.7.10 | |
[yibration, high frequency- | 3.15 | 4.7.11 | | ]
[Salt spray (corrosion) - - | 3.16 i 4.7.12 | 12 ] |
|Thermal shock and [ { I [ 1 |
| dmmersion - - - = - - - | 3.17 = 4.7.13 | } I
[ o
| Group 1V | | [ |
|Sotderability- - - -. -~ - - | 3.148 P 4.7.14 | ] |
[Terminal strength- - - - - ] 3.19 | 4,7.15 | 12 ] |
[Moisture resistance- - - - | 3.20 | 4.7.16 | | |
|$leeving = = = = = = - - - E 3.21 | 4.7.17 E [ E
| [
| Group V | ! i | |
{Stability at Tow and h1gn f f | | |
| temperatures - - - - - - | 3.22 ] 4.7.18 | 12 | |
iSurge voltage- - - - - - = { 3.23 { 4.7.19 % } }
[ Group VI 5/ ] | | | f
fLife {aT *IZ5 C) = - - - = | 3.24.1 1 4.7.20.1% 24 | i
[ | | | o’ |
| Groun YII 5/ [ [ | | |
{L:fe (aT 785 Ci- = = ~ = - } 1.24.1 } 4 7.20.1} 102 } 1 {
[ Group YIII [ i | l |
[Fungus = = = = < = = =« = = | 3.25 i 4.7.21 | 6 | |
fResistance to solvents - - | 3.26 i 4.7.22 | | 0 !
|[Resistance to soldering | i | 8 | !
| heat - - - = = -« - - - 3.27 ; 4,7.23 : -: :
| |
] Group IX | | | | |
fRipple current {CSR21 only}l 3.28 | 4.7.24 | 12 | 1 |

1/ A sample unit having one or more defects shall be considered as a singie failure.
Z/ Nondestructive tests.

I/ Marking defects are based on visual examination only and shall be charged only for
illtegible, incomplete, or incorrect marking.

4/ The sample size for CSR21 shall be 189 units, and the sample size for all other
styles shall be 177, One additional sample unit is included in each sample size
to permit substitution for the failure allowed in groups Il through VI.

5/ For qualification of design changes only, qualified manufacturers may submit

T Weibull data in lieu of groups VI and VII test data.

11
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TABLE IT. Valtaze groups.

{ Style { Yoltage group ! Lase size { Yyoltage range {
1
i | ! | Yoits T
! j J | : i
b CSR29, | i ! & and B: Al and 81; W and X | & through 35 f
| £SR13, | 2 | € and 9: Y and Z | § through 35 [
| ar i 3 | A and 3; Al and 81l:; ¥ and X ] 36 through 100 |
| £5R31 | 4 t ¢ and D; Y and Z i 36 throuah 100 |
T 0327 l 3 [ A and @ | 5 through 20 |
| or | 8. I C and D 1 6§ through 20 |
i TSA33 i 7 i A and 3 1 21 through 59 |
i | 8 | ¢ and D 1 21 through 50 |
T cor2l | 9 [ C and D | o tnrougn 20 ]
| | - 10 | ¢ and 0 ! 21 through 50 |

8,6 Quaijty conformance inspection.

i Inspection of oroduct for delivery. Inspection of product for delivery

conSist of graups A and C inspections for nonpolarizad units and groups A, B
3jicaszia, ses 3.1), and € inspectians for polarized units. Howavar, shipment

d not be neid pending the resuits of group C tasis.

4.5,1.1.1 CExponential distribution. An inspection lot shall consist of capacitors
af the same style Trom tne same production Yine or lines, of the same basic design,
producad under essentialily the same conditicns, and affered for inspection during a
singla work weak. Styles CSR09 and CSR13 may be combined for maiatenance of FR
Jevels "R% and “S". €ach style must De maintained to at least the "P" level. Total
hours for both styles combined must justify "R" or "S". Combinations of case sizes
and voltages within a style that may be combined to form a lo% are shown in table II.

§.5.1.1.2 Weibull distribution. An inspection lot shall consist of capacitors of Py
the same style, voitage rating, design, and nominai capacitance rating produced in
the same case size. Manufacture of ail parts in the lot shall have been started, -
processad, assembied, and tasted as a group. Lot identity shall be maintained
througnout the manufacturing cycte. A1l anodes shall be fabricated from a single
identifiazbie powder Jot.

4.6.1.2 Grauo A insoection. Group A inspection shall consist of the inspections
specified in <apie IIIA or [1IB, and shall be made on the same set of sample units,
in the order shown. : )

4.5,1.2.1 Samoling plan.

4.5.1.2.1.1 Polarized units. For subgroups 1 and 4 {as applicable, see 3.1},
sampling shall Be as specitied in table IITA or table IIIB. “Statistical sampling and
inspection for subgroups 2 and 3 shall be in accordance with MIL-STD-105. The
acceptable quality levels {AQL) and limiting quality (LQ) where P, = 10% shall be
as specified in table IIIA or table IIIB. At the option of the manufacturer,
numerically Tower AQL's may be used as long as the specified LQ is not exceeded
numerically. Major and minar defects shall be as defined in MIL-STD-105 and as
specified in tabies ITIA and [1I8. For exponential distribution:

a. The samples selected to form the lot shall be representative of the
case sizes and voltage groups produced during the sampling period.

b. [f, during the 100-percent inspections of subgroup 1, when
appiicable, screening requires that over 5 percent of the
capacitors be discarded, the lot shall be rejected and shall not be
resubmitted. Defective units obtained from lots with less than
five percent defective allowed {PDA) may be reworked, resubmitted
only ance and thermal shoc¢k only need not be done again.

c. A one-percent PDA shall apply to all resubmitted lots.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:39Z
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§.1.2.1.2 Nonpolarized units. Nonpoiarized units shall be subjected to the

thermal shock and voitage aging Test as specified in table IIIA. If, during the

106- percent inspection, screen1ng requires that ogver 5-percent of the capacitors be
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TASLE IIIA. Group A inspection {expanential distributian).

r

| i I i , |
i i i Test i Guaiity levels {percent 1
i Inspection | Requirement | method | defective) |
! | paragraph | paragraph] i
] ] ] [ FR level I
i | | T — M i P, R, and &S T
] Sube ! ! ! | !
ubgroup 1 | | | | |
| | | | ! |
|Thermai shock- - - - - - - | 3.6 | 4.7.2 [100% inspection] [
lVo1tage aging 1/ - - - - | 3.7 | 4.7.3 ]100% inspection| }i00% inspection|
1Seal 2/ = ~ - % « - = « - { 3.8 | 4.7.4 [100% inspectionl i
|Radiographic inspection [ i { i
} 2/ 3 - - - - - - - - - ; 3.8 { 4,7.5 }Not required % i
| [ | [ I
| I I | A1l FR levels |-
| l I T i l
| [ | | Major | Minor |
[ [ i ] ! i
l Subgrouy 2 2/ l | | I !
| | | | | -l
|¥isual and mechanical | i l _ [ |
| inspection (externall- - | 3.1, 3.4, | 4.7.1 ] 1.0 (AyL) P - 4.0 {AQL) |
| I 3.5, 3.30, | f 7.6 (LQ) ] 18.90 (LQ) ]
| [ and 3.31 { i | i
{ | ! ! | i
[ | ! T I
! | | | A1l FR levels |
{ Subgroup 3 2/ } } } i
[Stability at low and high | | i |
| temperatures - - - - ~ - | 3.22 I 4.7.18 | 0.65 (AQL} |
| : | | ! 4.8 {LQ) 1
{ Subgroup 4 2/ E % E %
Isurge veltage- - - - - - - | 3.23 Ioa.7.19 | 12 4/ f
] | ] | 1
1/ Applicable to CSR21 and LSR33 only
2/ MNot applicable to nonpolarized units, see 4.6.1.2.1.2 and 3.1
3/ Exempt from 5% PDA; rejects shall not be delivered on the contract or order.
4/ Twelve units from subgroup 3 samples to be submitted to this test, one failure

allowed.
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TABLE IIIB. Group A inspection {Weibull distribution).

T ] I | i
! i | Test | Quality Jevels (percent |
] Inspection | Requirement | method | defective) i
| | paragraph | paragrapnl !
| | | T T
| ] [ | A1l FR levels i
| | ! T ! T
| | | ] Major ! Minor |
{ I | [ I {
1 Subgroup 1 | i - ! |
i | i Co i {
[Thermal shock 1/- - - - - | 3.6 | 4.7.2 |100% inspection] l
[Life {accelerated failure | ] l ] [
| rate} 1 2/ - - - - - - | 3.29 | 4.7.25 [100% inspection] |
15eal 1/- = = = = = = = « = ] 3.8 | 4.7.4 1100% inspectioni I
{Radiographic inspection | | | |
i 1/ 2/ 3/ - « « = = = - - ] 3.9 i 4.7.5 1100% inspection) |

- - T | ] i |
| Subgroup 2 1/ | | | | !
| - i i [ § |
[¥isual and mechanical | | | | !
| 1inspection (external)- - | 3.1, 3.¢, 1 4.7.1 i 1.0 (AQL) | 4.0 {AQL} i
| | 3.5, 3.30, | | 7.6 {(LQ) ] 18.0 (LQ) i
} | and 3.31 | l | i
| ! | | | |
| | ; T i
I ] i { Al FR Teveis i
l | | T [ | [
i Subgroup 3 1/ | [ | Sample | Accent | Reject |
! - | l 1 ] [ |
Istability a%t.low and high | ! 1 | A |
| temperatures - - - - - - | 3.22 | 4.7.18 t 13 ncs. |1 failure |2 or morel
1 i } { } !fai1ures {
|

1/ Not applicable to nonpolarized units, see 4,6.1.2.1.2 and 3.1.
2/ Exempt from 5% PDA; rejects shall not be delivered on the contract or order.
3/ Not applicabie to Weibull graded units marked with exponential M-level FR dash

numbers.

14
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Yoltage stress level (graded/rated)

MIL style

Weibull grading failure rate summary.

TABLE IIIC.

Manufacturer

CSR91
CSR33
CSR21

C3R13
CSRO9
CSR23

Location

39003G acceleration factor

Military style

Company style
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‘

4.6.1,2.2 HManufacturer's production insnection. If the manufacturer performs -
tests similar to those specified in subgroup 1, table IIIA or table ITIB, as the
final step of his production process, group A, subygroup 1l inspection may be waived
and the data resulting from the manufacturer's production tests may be used instead.
Authority to waive the subgroup 1 inspection shall be granted by the qualifying
activity only, The following criteria shall be complied with:

a. Tests conducted by the manufacturer during production shall be clearly
jdenticatl to or more stringeant than that specified for subgroup 1.
Test conditions shall be equal to or wore stringent than those
specified for subgroup 1.

b. Manufacturer subjects 100 percent of the product supplied under this
specification to his production tests.

¢. The parameters measured and the failure criteria shall be the same or
more stringent than those specified herein.

d. The lot rejection criteria are the same aor more stringent than that .
specified herein.

~e. The manufacturer shall make available all information concerning the
test procadures and instrumentation used in his production tests. This
datz shall be pravided as part of the evaluation required for
AIL-S7D-730. Thne manufacturer shail also make avaiiable to the
Government all records of all detail test data resulting from
production tasts.

f. Once approved, the manufacturer shall not change the test procedures or
criteria without prior notification and concurrence by the qualifying
activity.

4.6.1.2.3 DQisposition of samnle units. Sample units which have been subjected to
subgroup &4 of group A inspection shail not be delivered on the contract or purchase
order. ’

4.6.1.2.4 Rejected Tots. Inspection Tots rejected as a result of failure to pass
subgraoup 2 inspection may dDe resubmitted for Government acceptance only if the
manufacturer performs 100-percent inspection on capacitors of the 1ot for those
charactaristics which were defective and resulted in rejection of the lot, removes
all defective units and resubmits the lot for quality conformance inspection.
Inspection lots rejected as a result of failure to pass subgroup 3.or 4 shall not be
resubmitted. Resubmitted lots shall be kent separate from new Tots, and shall be
cliearly identified as resubmitted lots.

4,6.1.3 Group B insoection {polarized units only) {exponential only}. Group B
inspection shail consist 0T the test speciried 1n taole LV, and snall De made on
samplie units which have been subjected to and have passed the group A (subgroups i,
Z, and 3) inspections.

TABLE IV. Group 8 inspection.

Test method
paragraph

Requirement

Inspection paragraph

Life (at *85°C)- = - = = - - - - 3.24.2.2

|
1
!
|
I
{ 4.7.20.2.1

4.6.1.3.1 Sampliing pian. A sampie shall be seiected at random from each inspection
ot that has passed group A {subgroups 1, 2, and 3) inspections. The sample chosen
shall be representative of each voltage group with the highest capacitance value in
each case size represented in the lot (see 4.6.1.1.1). Sampling for quality
conformance 1ife test shall be as specified herein. The detailed quality conformance
procedures of MIL-STD-690, with the following details and exceptions, shall apply:

a. Lot sampling: 110 samples. .

-
(=)}
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b. Duration of 1ot conformance FR test: 240 hours.
- c. Failure criteria: As specified in 3.24; one failure per lot.

d. Permissible combination of voltage ratings and case sizes: As

€. Disposition of samples and inspection Tot: Sample units which have
been subjected to group 3 inspection may be delivered on the contract
or purchase order provided they are i00-percent inspected to verify
that they meet all of the requirements listed in table IIIA, subgroup
2, and that the dissipation factor, capacitance, and dc leakage are

within the initial limits specified (see 3.1). The inspection iot may
be shipped upon completion of 1ot conformance FR test.

Even though the lot has been rejected, those units in the lot which were predesignated

for extended life testing shall remain or be placed on test for the full Tength of
time.

4.6.1.3.2 Extended }ife. 1In addition, a minimum of 10 units shall be selected at
random from e3acn inspection lot and sudbjected to the extended life test specified in
4.7.20.2.2. The manufacturer may increase this sample size if desired in order to
develap the necessary number of unit hours of data for mainteznance or extension of
qualification., The sampie size may vary over the ainimum from Jot to Tat at the
manufacturer's option. The units selected for the extended iife test may be from
those subjected to group B inspection or from other units in the lot. In any case,
the units to be subjected to the extended 1ife test shall be predesignated before any
1ife tests are initiated. The extended 1ife %test may be initiated neriodically with
units accumulated from each lot, or may be initiated on a lot-by-lot basis. The

units selected for extended }ife test from esch lot shall be representative of the
capacitance values, case sizes, and voltages included in the lot to the naximum
extent possible. 1In any case, over the production period covered by the maintenance
of gualification requirements, the data shall be representative of the case sizes,

voltages, and range af values produced.

4.6.1.3.2 Failure in group B inspection. If am inspection lot is rejected as a
result of faiTure to pass group B inspection, the lot shall not be resubmitted. Zven
though the Jot has been rejected, those units which were predesignated for extended
1ife testing shall remain or be piaced on test for 'the full length of time.

4.6.2 Periodic inspection. Periodic inspection shall consist of group C
inspection. <-xCept wnere tne results of these inspections show noncompliance with
the applicable requirements {(see #.5,2.1.3), delivery of products which have passed
groups 4 and B shall not be delayed pending the resuits of these periodic inspeztions,

4,.6.2.1 Group £ inspection. Grouns [ inspection shall consist of the tests
specified in taoie ¥V, in the order shown. Group C inspection shall e made on sampie¢
units selected from inspection lots which have passed the group A inspection for
noripelarized units and Weibull distribution inspection Tots; and groups A and 3
inspections for polarized units {(exponential distribution inspection Tots}.

4.6.2.1.1 Sampling plan.

4,.6.2.1.1.1 pPoiarized units. There shail be 56 sample units of each siyie
sample units for CSRZI1J taken from production every 2 months and subdiviced as
specified for subgroups I, 2, 3, 4, and 5 listed in tadble V and subjected to the
tests specified in those subgroups, in the order shown, The maximum and minimum case
sizes manufactured during that month shall be reoresented in the sample in at least
the approximate ratio of production. Allowable failures shill be as specified in

table V.

=: ¥
1

4.6.2.1.1.2 Nonpolarized units. There shall oe 12 sample units of styie CSRY1
taken from prodiction every 2 months that style C3R9Ll is produced, subdivided as
specified in subgroup 5 of table V and suhjzcted to the tasts specified in that
subgroup, in the order snown. The maximum and ninimum case sizes manufactured during
that month shatl He represented in the sample in at least the approximate ratio of
production. No failures arz2 allawed.

17
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TABLE V. Grouo C inspection.

-

i i 1 i ]
| | Requirement | Test method | Mumber of | Allowable |
! Inspaction ! paragraph | paragraph | samples | failures |
! ! ] | i i
| § | | | 1
! Subgroun 1 1 ! | { !
[ | | | | |
| Shock {specified pulse)- - - - | 3.14 | 4.7.10 ] | !
| ¥ibration, hign fregquency- - - | 3.15 [ §.7.11 | 12 | !
| Salt spray {corrasion).-- - - - | 3.16 I 4.7.12 | E i
}~Therma1 shock and immersion- - ? 3.17 { 4.7.13 EJ E {
{ Subgroyo 2 { : } i 1 }
[ Solderability~ - = = = = = - = | 3.18 | 4.7.14 F7 | |
| Terminal strength- - = = = - = | 3.19 { 4.7.15 ] 12 ! !
‘| Moisture resistance- - = = = - | 3.20 | 4.7.16 ! l/) |
} Sleaving = = = = - = - - = = o | 3.21 1 §.7.17 | 1
| | | | {
| Subaroun 3 | t i | |
[ ] ! i ! l i
I Life {at +125°C) - - = = - - -~ | 3.,2¢,2.2 i a.7.23.2.2 1| 22 | !
| i | | [ |
i Subaroup 4 { I { ! !
| : 1 | i | !
| Resistance to solvents - - - - | 3.25 ] 4.7.22 | | ]
| Resistance to soldering heat - ! .27 ] 4.7.23 ! 8 ! ¢ i
i i | ] | ]
| Subgroup 5 1/ | | ! i l
| [ [ [ i [
| Salt spray {carrosion) - - - = | 3.18 | 4,7.12 [ 6 \] 0
} Resistance to solvents - - - - | 3.26 E 6.7.22 i 6 { |
. § . |
i Subgroup & i i i i i
{ ' | | | l l
= Rionle current (CSR2Y aniyl- - | 3.23 | 4,.7.24 | 12 { 1
] | | |

1/ Nonpolarized capacitors anly, sese 3.1.

4.5,2.1.,2 O0isoosition of samole units. Sample units which have been subjected to
group ¢ imspection snail not bDe gelivared on the contract or purchasa order.

$4.6.2.1.3 Nonccmoiiance. If a sample fails to pass group C inspection, the
manufaciurer snall nocity tne qualifying activity and the cognizant inspection
activity of such failure and take corrective action on the materials or processes, or
both, as warranted, and on all units of product which can be corrected and which are
manufactured under essentially the same materials and processes, and which are
considered subject to the same failure. Acceptance and shipment of the product shall
be discontinued until corrective action acceptable to the qualifying activity has
beesn taken. After the corrective action has been taken, group C inspection shall be
repeated on additional sample units (all inspections, or the inspection which the
original sample failed, at the option of the qualifying activity}. Groups A and 3
inspections may be reinstituted; however, final acceptance and shipment shall be with-
held uyntil the group C inspection has shown that the corrective action was successful.
In the event of failure after rejnspection, information cancerning the failure shall
be furnished to the cognizant inspection activity and the qualifying activity.

4.6.3 Inspection of packaging. The sampling and inspection of the preservation,
packing, and container marking snall be in accordance with the requirenents of
MiL-£-39028,
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4.7 Methods aof inspection.

4.7.1 V¥isual and mechanical inspectian. Capacitors shall be examined from a
distance of & incnes in normal room lignting and without the aid of magnification to
verify that the materials, design, comstruction, physical dimensions, marking and
workmanship are in accordance with the applicable requirements (see 3.1, 3.4, 3.5,
3.30 and 3.31). 1f closer examination is regquired, the capacitors shall be examined
at no greater than 4X maximum magnification.

4.7.2 Thermal shock (see 3.5). Capacitors shall be tested in accordance with
method 107 of MIL-310-202. 1he toliowing details shall apply:

a. Special mounting: Not applicable.
"b. Test condition letter: 8.
€. Measurements hefore and after cycling: HNot applicable.

4,7.3 Voitage aging (exponential only) (see 3.7)}. Capacitors shall be placed in a
suizable TEST Cnamber maintained at 55 v =3 L and shall be subjected to the
appiicazions ¢f rated de volitzge, minimum, Tor 2 minimum of 40 hours, except
nonpelarized capacitors {s22 3.1) shall Se testzd for 20 hours, minimum, in each
direction. The aging circuit shall have a total resistance, exclusive of the
capacitor, but including fuse wiring and internal impedance of the power supply, of
nat more than 3 ohms under any operating condition. Capacitors shall be removed from
the chamber, stabilized at room ambient conditions (see 4.3), and the dc leakage,
capacitance, dissipation facter, and ESR (CSR21 oniy} shall then be measured as
specified in 4.7.5, 4.7.7, 4.7.8, and 4.7.9, respectively.

4.7.4 Seal {polarized capacitors only, see 3.1) (see 3,8). Capacitors shall be
tested in"accorcance with method 112 of MIL-Si0-202. The following.detail and
exceptian shall apply:

a. Test condition letter: A, D, or equivalent.

h. Examination after test: Not applicable.

This test may he accomplished prior to the addition of the sleeve,

4.7.5 Radiograshic inspection {polarized cazpacitors only, see 3.1) {not applicable
for FR Yeves] "HM"J] (see 3.9). LapacitOrs sna:l 52 tested 1n accordance witn metnod 209
of MiL-51D-202. 1he following details shall apply

a. Radiographic quality: Sufficient definition to determine that
specimens are free from defacts specified in 3.9 and shail render a
clear sharp image of the penetrameter.

Y. Image-quality indicator: An image of the penetrameter shall be
included on each radiograph. The penetrameter may be made from a
sampie capacitor, of the same style as the capacitor being radiographed,
with an AWG number 48 copper, gold, or tungsten wire mounted across the
capacitor body, or it may be fabricated in accordance with, or be

equivalent to, the example in figure 1.
c. Positions of specimen: One plane at 90-degree rotation perpendicular

to the longitudinal axis. If failures exceed the allowable lTimit, Xray

shajl be performed in two planes for all subsequent lots. The

manufacturer may return to one-plane testing when three sequential lots

meet specification 1imits.

d. Evaluation of imajes:
(1) Special kind of viewing zquipment: Magnifying glass.
(3) Magnification: 10X.

(?) !Defects to he sought in specimen: As specified in 3.9.

19
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FIGURE 1. Image quality indicator (optignal}.
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4.7.6 DC leakage {see 2.,10}. BL{ leakage chall be measured using the dc rated
vaitage *7 percent at the applicable test temperature {see 3.1}, after a maximum
electrification period of 5 minutes. A 1,000-ohm resistor shall be placed in series
with the capacitor to limit the charging current. A steady source of power, such as
a requlated power supply, shall be used. HMeasurement accuracy shail he within 22
parcent or 03.02 microampere {:A), whichever s greater (se=z 4.3.3). For nonpolarized
capacitors, measurements shall be made in both directions. .

4.7.7 <Capacitance {see 3.11). Capacitors shall be tested in accordance with
method 303 of MIL-S18-202. 1The following details shall apply:

a. Test frequency: 1,000 £1i00 hertz (Hz) for C3RZ1 only
2all other styles.

[
o
o
[
[
(o]
o
wny
az
™
—h
[}
1

b. Limit of accuracy: Measurement accuracy shall he within :2.0 percent

of the raadiag for #10 and t20 percent capacitance tolerance items and
0.5 percent of the reading for t5 percent capacitance tolerance items.

c. Magnitude of polarizing voltage: Unless otherwise specified {se= 3.1},
maximum dc bias shail be 2.2 volis for all ac measurements. The
magnitude of the ac voltage shall be limited to 1.0 voit rams.

4,7.8- Oissipation factor {see 3.12). The dissination Ffaczor shall be measured at
the frequency specitied 14 +.:./3, Oy meins of a jolarizad zzpacitance bridge. The
inherept accuracy of the measurement shall be #(Z percant aczual value *0.001)}.

4.7.9 FEquivalent series rasistance {ESR) [style CSRZ! oniy) (see 3.13). The ESR
3t the applicabie tamperature snaii be measured directiy Or determined Trom measure-
ments obtained from a bridge. The following details shall apply:

a. Test temperature and tolerance: +25'C #5°C.
5. Test frequency: 100 kHz #§ kHz.
c. bLimit of accuracy: Measurement accuracy shall be within #5.0 percent

of the reading.

d. Magnitude of polarizing voltage: Unless ctherwise specified (see 3.1},
the maximum dc bias shzll be 2.2 volts for all ac measurements. The
magnitude of the ac voltagje shall he limited to 0.5 volt rms maximum.

4.7.10 Shock (specified sulse) (polarized capacitors oniy, sea 3.1) (see 3.14).
Cacacitors snat] be tested in accordance wiin method 213 of MIL-370-20Z. 1ne
following details and excaptions shall apply:

a. Special mounting means: Capacitors shall be rigidiy mounted on a
mounting fixture by the hody. (Potting compounds may be used to secure
the capacitor body as long as the compound does not support the
leads.) Leads shall be secured to rigidly supported terminals, so
spaced that the length of each lead from the capacitor is approximately
.375 inch when measured from the edge of the supporting tarminal.

Leads shall be within 30 degrees of being parallel. When securing
leads, care shall be taken to avoid pinching the leads.

b. Test condition letter: 1 (130 g peak).

c. Measurements and electrical loading during shock: Buring the test,
ohservations shall be made to determine intermittent contact er arcing
or open- or short-circuiting. Detecting equipment shall be
sufficiently sensitive to datect any interruption with a duration

+ o]
0.5 millisecond (ms). The dc rated voltage shall b2 applied to the
capacitors during the test.

i
1

£
i

d. Examinations after test: Ganacitors shall be visually examined for
evidence of arcing, breakdown, and mechanical damaqge.

1
'

M
~)
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4.7.11 .¥ibration, high frequency (polarized capacitors only, see 3.1) (see 3.15).

Capacitors snall bDe tested in accordance with method 204 0T WMIL-S10-202. The
following details and exceptions shall apply:

a.

f.

g.

Mounting of specimens: Capacitors shall be securely mounted as
specified in 4.7.10a.

Electrical load conditioens: During the test, the specified dc rated
voitage {see 3.1} shall be applied to the capacitors.

Test condition letter: D (20 g).

Duration and direction of motion: Four hours in each of two mutually
perpendicular directions {(total of eight hours), one parallel and the
other perpendicular to the cylindrical axis.

Measurements during vibration: During the last cycle, an eTectrical
measurement shall be made to determine intermittent operation or open-
or short-circuiting. Observations shall also be made to determine
intermittent contact or arcing or open- or short-circuiting. DOetecting
equipment shall be sufficiently sensitive to detect any interruption
with a duration of 0.5 ms, or greater.

Measurements after vibration: Not applicable.

Examination after test: Capacitors shall be visually examined for
evidence of mechanical damage.

4,7.12 Salt soray {corrosion) (see 3.16). Capacitors shall be tested in accordance

with method 131 of MIL-STD-202., The foilowing details and excaeptions shall appliy:

Applicable salt solutiagn: 5 percent.

Test condition letter: 3 {48 hours).

Measurements after exposure: Not applicable.

Examinations after test: C(Capacitors shall be visually examined for

evidence of corrosion or other defects that will affect 1ife or service-
ability. .

4.7.12 Thermal shock and immersion (polarized capacitors only, see 3.1} {see 3.17).

4.7.13.1

Thermal shock. Capacitors shall be tested in accordance with method 107

of MIL-STD-202. The foifowing details and exceptions shall apply:

a.

b.
c.

4.7.13.2

Conditioning prior to first cycle: 15 minutes at the inspection
conditions specified in 4.3.

Test condition letter: 8.

Measurements hbefore and after cycling: WNot applicable.

Immersion. Following temperature cycling, capacitors shali be tested in

accordance with method 104 of MIL-STB-202. The following details and exceptions

shall apply:
a.

b.

Test condition letter: 8.

Measurements after final cycle: Within 30 minutes after removal from
the final immersion Hath, the dc laakage, capacitance, and dissipaticn
factor shall Se measured as specified in 4.7.5, 4.7.7, and 4.7.8,
respectively. .

fxamination after test: Cajacitors shall Ye visuqlly e§amined for
eyidance of corrosion, mechanical damage, 3and obliteration af marking.

Soume:hﬂpsﬁasﬁstdm.mﬂ-Zéownmaded:201641-16T1&392
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4.7.14 Solderabdility {volarizad capacitors oniy, see 3.1) {(cs2e 3.13). Capacitors
shall he tested {n accordance witn methoa 298 of MIL-STD-202. The ftcollowing datails
shall apply:.

a. MNumber of terminations af 2ach pari to be tasted: Two, as follows.
{1} Negative leads: 0.125 £.025% inch from and of casz.

(2} Positive leads: 0.125 %.025 inch from the point of "clean lead"
emerging from the seal eyelet.

4.7.15 Terminal str=ngth (polarized cacacitors onlv, sees 3.1} {sea 3.19}.

4.7.15.1 Pull. Capacitors shall be tasted in accardance with methed 211 of
MIL-S5T72-202. The following details shall apply:

2. Test condition letter: A,
b. Method of holding: The hody of the capacitor shall be secured.

¢. Applied farce: Thres pounds.

4.7.153.2 Twist. (Capacitors shall ba tastad in accordance with mathed 211 of
MIL-5TD-202.7 Tne #oljowing d2tail and exception shall apply: '

a. Test condition latter: 0.
b. Mumber of rotations: Three,

Capacitors shall he visually axamined for loosening of terminals and permanent damage
to the terainals, tarminal welds, or terminal soidar, as applicable.

4.7.15 Moisture resistance {golarized cavacitors only, see 3.1) [(see 3.20).
Capacitors snall pe tested in accordance witn methcd [08 of MIL-3T0-207Z. ine
following details and excentisns shall apply:

a. Special mounting: Not applicable.

b. tInitial measurements: DC leakage, caﬁacitance, and dissipation factor
shall be measured as specified in 4.7.5, 4.7.7, and 4.7.8, respactively.

c. Polarization and loading voltages: Not applicable.

d. Exception: Steon 7h not regquired.

e, Final measurements: After the final c¢ycle and within 2 to‘S hours
after removal of the capacitors from the humidity chamber, the dc

leakage, capacitance, and dissipation factor shall be measured as

specified in 4.7.6, 4.7.7, and 4.7.8, respectively, at the fnspection
conditions specified in 4.3.

f. Examinations after test: Capacitors shall be visually examined for
evidence of corrasion, mechanical damage, and obliteration of marking.

4.7.17 Sleeving {polarized capacitors only, see 3.1} (seea 3.21).

4.7.17.1 Dielectric strength. The capacitors shall »e placed in a ¥-block. The
sleaving shall then be subjected to a dc potential of 2,000 volts with a maximum
teakaje of 20 uA between the capacitor case and the intimately associated metal
V-block. The voltage shall be applied uniformly at the rate of 500 volts per
second. Electrification time shall be 1 minute *5 seconds.

4.7.17.2 Insulation resistance. The capacitors shall be placed in a ¥-block as
specified in 4.7.17.1 and the insulation resistance between the case and ¥-block
shall be measured with a poiarizing voltage of 500 £50 volts dc for 1 minute +0, -15

seconds. The measurement shall be repeated five times, rotating the unit in the
block each time.

24
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4.7.18 Stability at Tow and high temperatures {polarized capacitors only, see 3.1)
{see 3.22)7 Capacitors shail De measured for dc leakaje, capacitance, and dissipa-
tion factor as specified in 4.7.5, 4.7.7, and 4.7.8, respectively, at each of the
temperatures specifiad in table YI, except that dc¢ Jeakaqge measurements at -55°¢
(step 2) are nat required. Afte; the measurements of capacitance and dissipation
factor nave been made at the -55 ( temperature {step 2), rated voltage shall be
applied through a 33-ohm 1oad for 2 minimum of 5 minutes. The capaciters shall be
brought to thermal staoility at each test temparature. Thermal stability will have
been reached when no further change in capacitance {s observed between two successive
measurements taken at l5-minute intervals.

TABLE V1. Temperature for stability test.

Step Test temperature

|
]
I
T
+25°C (#27C) |
-55°C {+0, -3°C) |
*25°C (=27°C) i
+85°¢ (+4, -0°¢) |
*125°C (+4, -0°C)|
1

i

O o Lo N e
L]
L]
]
]
]
1
]
L]
i
1
[}
[}
]
]
]

*25°C (=2°C)

[}
[}
¥
L]
L

4.7.19 Surae voltage (polarized cavaciters only, see 3,1) (see 3.23). Capacitors
shall be subjected to L,UUU Cycles Of tne appiicanle surge vortage as follows:

DC rated vgltage DC surge voitage
at *85°C at +85°C
(volts) {volts])

6 8
10 13
15 20
20 26
35 46
50 65
75 98

100 13

The ambient temperature during cycling shall be +85°C. Each cycle shall consist of a
30-second surge voltage application followed by a 30-second discharge period. Yoltage
application shall be made through a resistor of 33 ohms. The tolerance of the
resistor shall be *5 percent. Each surge voltage cycle shall be performed in such a
manner that the capacitor is shorted terminal-to-terminal through a copper bar, or an
equivalent low resistance at the end of the 30-.second application. An alternate
method of shorting the capacitors is discharge through the same resistance that is
utitized for charging. After the final cycle, the capacitors shall be stabilized at
the inspection conditions specified in 4.3, and the dc leakage, capacitance, and
dissipation factor shall be measured as specified in 4.7.6, 4.7.7, and 4.7.8,
respectively.

4.7.20 Life {(polarized capacitors only, see 3.1) (see 3.24).
4,7.20.1 For qualification inspection. Capacitors shall be tested in accordance
with method TOB of MIL-ST0-202. The following detatils and exception shall apply:

a. Distance of temperature measurements from specimens, in inches: Not
applicable. .

b. Method of mounting: Capacitors shall be mounted by their leads.
i
i

25
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t. Test temperature and tolarance: Canacitors being subjected to the test
of grounp VI of tanie I shall Se tested at +125°C +4, -9°C. Capacitors
being subjected ‘to the test of group VII of table I shall be tested at
+85°C +4, -0°C.

d¢. Operating conditions: Rated d¢ voltage (see 3.1) or derated voltage at
*125°C, as applicable (see table YII), shall be applied gradually (not -
to exceed 5 minutes either by a slow build-up of the voltage or through
a resistor which shall be shorted out within 5 minutes). Voltage shall
be appiiad continuously, axcent for measurement periods. The impedance
of the voltage source, as seen from the terainals of each capacitor,
snall not exceed J onhms (1l ohm for style {SR33). Storage battaries or
an electronic power supply capable of supplying at least 1 ampere when
4 capacitar is shorted shall be used.

e. Test condition letter: F (2,000 hours).

+ Measurements during expesure: OC leakage at the applicable high test
temperature shail be made at the following intervals: Q; 240 +48, -3
hours; 1,000 +43, -0 hours; and 2,000 +#72. -0 hours.

g. Measurements after exposure: Capacitors 'shall da returned ts the
inspection conditions specified in 4.3, and shall ba visually examined
far avidance of mechanical damage; dc leakaze, cascacitance, and
dissipation factor shajl then ba measured as specifiad in 4.7.5, 4.
and 4.7.49, respectively {sea 3.24.1). 1In addition, capacitars shaj
subjectad to the dielactric strength test as specified in 4.7.17.1
following measurements specified in table VII.

7.
1

-
"l
Da

TABLE VII. Voltage.

! i T
| Rated valtage | Derated voltage i
E {at +85°C) } {at *125°C) !
I i T
E Yolts, dc l Yolts, dc l
| & | 4 |
| 10 | 7 i
[ 15 [ 10 ]
i 20 | 13 |
| 35 I 23 |
| 50 l 33 |
| 75 ! 50 |
: 190 } 67 }‘

4.7.20.2 For quality conformance inspnection.

4.7.20.2.1 Performance check. Capacitors shall be tasted as specified in 4.7.20.1
with the foiloWwing exceptions:

a. The duration of the test shall be 240 hours.
b. The +*85°C rated voltage shall be used for this test.
c. The test temperature and tolerance shall be +85°C +4, -0°C.

d. The dielectric strength test need not be performed.

4.7.20.2.2 Extended Tife test. Capacitors shall be tasted as specified in
4.7.20.1, except that the duration of the test shall be 10,000 hours. OC leakage (at
the applicable high test temperature) shall be made at the following intervais: 0:
245 +43, -0 hours; 1,000 +48, -0 hours; 2,000 +72, -0 hours; and every 2,000 hours

thereafter until 10,000 +96, -0 hours have elapsed. The final measurements shali be
in accordance with 4.7.20.1g.

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T16:39Z
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Fungus (polarized

MIL-C-39003G

.

capacitors only, see 3.1) (see 3,25). Capacitors shall

be tested 1n accordance with method 508 2 MIL-SI0~319.

4.7.22

Resistance to solvents (see 3.26).

Capacitors shall be tested in accordance

with method 2I35 or MIL-S10-202.

a.

23 Resistance to

tne Toilowing details shall appiy:
The marked portion of the capacitor body shall be brushed, with sleeve
in place.

The number of sample units to be examined shall be as specified in
table I or table ¥, as applicable.

Capacitors shall be visually examlned for evidence of mechanical damage
and obliteration of marking.
soldering heat (polarized capacitors only, see 3.1} [see

*
—
I

a.

4.7.24

N
[}

“Test condition letter:

Ripple current {style CSR2! only) {(see 3,28).

Capacitors snall De tested 1n accordance wWith method 2:i0 07 AlL-Siu-202. The
owing details shall apply:

Depth of immersion in molten solder:

.‘-o

Magatiy
agyd iy

o

a laa 0192
g2 i2ad I 4

wn
W

Ac - ne inrm fram end nf rage.
- - - - LERE R ) ] 07 Wi - L

{2} Positive leads: 0.125 #.025 inch from the point of
emerging from the seail eyeiet.

"clean Jead”

3, except immersion duration shall be 20 22

)ELUIIU:I-
Cooling time prior to measurement after test: 30 minutes minimum.

9¢ leakage, capacitance, and dissipation
4.7.7, and 4.7.8,

Measurements after test:
factor shall be measured as specified in 4.7.6,
respectively.

¥Yisual examination: No evidence of external damage ({nternal
examinatian not required).

Capacitors shall be tested

in accordancea

with the Tgollowing getarlls:

Method of mounting: Capacitors shall be mounted Sy their leads.

Test temperature and tolerance: +25°C #5°C in a still ajr encliosure.
Gperating conditions: A sinusoidal efternating volitage at a freguency
of 40 =2 kHz shall be superimposed an 50 percent rated veizage so that
the peak voltages do not exceaed the value of the rated direct voltage
of the capacitor. The maximum rated ripple current shall be applied
continuously, except for measurement periods. The direct voltage shall
be supplied by a regulated power supply free from surges, hav1ng a Tow
internal resistance, and shall be applied to each capacitor szction
through a separate resistor. DC power supply regulation shall remain
within £2 percent or less. AL power source regultation shall be within
t5 percent on current at 40 *2 kHz with less than 10 percent distaortion.

Duration of test: 240 hours.

Capacitors shal)l be returned to the
inspection conditions specified in 4.3, and shall be visually examined
for evidence of mechanical damage; d¢ leakage, capacitance, dissipation
factor, and ESR shall then be measured as spec1f1ed in 4.7.6, 4.7.7,
4.7.8, and 4.7.9, respectively.

Measurements after exposure:

Source: httpsi//assist.dla.mil -- Db#nloaded: 2016-11-16T16:39Z
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4.7.25 Weibull FR Tavel grading {sea
accordanc2 with metnod L0OS of AIL-519-29
snall aospiy:

3.29). Capacitors shall be tasted in
2. Tne follawing details and excaptions

a. Distance of temperatur2 from specimens, in inches: Not apnlicahia.
5. Method of mounting: Capacitors shall be mountad by their leads.
€. Test temperature and tolerance: +35°C +4°, .0°¢C.

4. Qpe2rating conditions: Accalerated dc voltaga as anolicazhla (g

,,,,,,,,,,, d nplicabl aa tible
YITIL), shall be appliad gradualiy {not to excaed 5 minutas by a4 siow
build-up of the voltage). Maximum acceleration, 20,003:1. Yoltage

shail be applied continuously, except for failure count paeriods. The
impedance of the voltage saurce, as seen from the terminals of each
capacitor, shall not excaesd gne ochm. An alactronic power supply
capablte of sdpplying at Teist 3 amperes when a capacitor is shdrted
snall bHe used.

1

Buration of test: 40 heours ainiaum.

Timing: [afant mertz2i period Xy X,
J 15 minutas, 2 hours, 43 hours,
maximun minimum minimum

f. Failure definition: A failure fs defined as a1 blown fusa cor equivalent.

§- Failure count'during test: The Tot size (sea2 4.5.1.1.2) to be graded
is established after ramoval of gross defactives {infant morzality) {13
minutas, maxiaum). The first failure count shall be parformad at lazst
2 nours after the test was started. The number of blown fusas and the
tine under tast shall Se recordad ta within £9.1 hour. Calculate the
fraction failed, py, at time, xj, sze equation 4 {6.8.2),

Optionally, MIL-ST0-690, table Il FRSP-90 may be used to compute the
failure rate base an the aczelaratad part hours generated when £ = 0,
{se2 6.3.1}).

h. Fzilure count after test: A Failure count shall be parformed aftar 40
aours mininum after the tast was startad. The number of bHiawn fuses
and the time undar tast shall bz recarded to within 0.1 4"our.
Caiculate the cumulative fraction failad, py, at time, Xp, sas2
equation 4 (5.8.2). )

f. Lot failure rate: Determine Z (t) from equation 3 (§.8.1). If the
dasired failure rate has baen achieved, the gt may be removed fram
tast.

§. Continuation grading: If the desired failure rate has not been reached
the 1ot may be continued on test. The time to reach the failure rata
geal may be determined from equation 5 (5.9.2). 1If the time calculated
to reach the goail failure rate is excessive, the 1ot may be discarded
in favor of a2 new Tot.

k. Measurements ifter sxposure: fapacitors shall be .ramoved From the
test, be stabilized at room ambiznt conditions (sae 4.3) and the dc
leakage, capacitance, dissipation factor, and £SR {€SR?1 only) shall be
mzasured as specified in 4.7.5, 4.7.7, 4.7.3, and 4.7.9, respectively.

5. PACKAGING

5.1 Packizjing requirements. The raguiremants for packiging shall be in accardance
#ith ATL-C-39028 Tse2 6.1.37.

23
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6. NOTES

6.1 Intended use. Capacitors covered by this specification are intended mainly
for use in filter, bypass, coupling, blocking, and other low-voltage appiications
(such as transistor circuits) where stability, size, weight, and shelf life are
important factors {see 6.1.1). The dc leakage and dissipation factor of the suggested
unit should be taken inte consideration when designing transistor, timing, phase-
shifting, and vacuum-tube-grid circuits.

6.1.1 Parallel operation. Operation of capacitors in parallel increases the risk
of dc surge current failures in low-impedance circuits. The user is cautioned that
the energy stored in a parallel capacitor circuit may discharge through other
capacitors in the circuit.

6.1.2 Life degradation. The tife of these capacitors is primarily dependent on
voltage and temperature. These capacitors should not be used above the derated
voltage at maximum rated temperature,.+125°C. The FR level at +125 C is not
is;agégshed in this specification; however, proof tests at +125 C are required {(see

6.1.3 Appiication of packaging.

6.1.3.1 Shipments to Government activities. The packaging requirements of this
specificatign are primarily intendedg tor the preparation of capacitors for shipment
to Government activities.

6.2 QOrdering data. The contract or purchase order should specify the following:

a. Title, number, and date of this specification.

b. Title, number, and date of the applicable specification sheet, and the
complete part number (see 3.1).

c. If lated leads are desired {see MIL-C-39003/2).
d. Lead length, if different from that specified. Lead length may be
specified to a minimum of 1 inch long for use in tape and reel automatic

insertion equipment.

6.3 Qualification. 7/ With respect to products requiring qualification, awards
will be maae onily tor products which are at the time set for opening of bids,
guaiified for inclusion in the applicable quatified products list, whether or not
such products have actually been so listed by that date. The attention of the
contractors is called to this requirement, and manufacturers are urged to arrange to
have the products that they propose to offer to the Federal Government, tested for
quaiification, in order that they may be eligible to be awarded contractis or orders
for the products covered by this specification. The activity responsible fer the
quaiified products list is the Space and Naval Warfare Systems Command, Washington,
DC; hewever, information pertaining to qualification of products may be obtained from
the Defense Electronics Supply Center (DESC-E}, 1507 Wilmington Pike, Dayton, Ohio

45444,

6.4 VYisual aids for radiographic inspection., Figures 2, 3, and 4 are artists
representations of radiographs for guidance in negative evaluation (see 3.9).

7/ S$D-6, “Provisions Governinyg Qualification", is issued for the information of
applicants requesting qualification of products. Copies of this publication may
be obtained from the Commanding Officer, Naval Publication and Forms Center,
5801 Tabor Avenue, Philadelphia, Pennsylvania 19120.
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FIGURE 6. failure rate versus time.
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6.5 Standard capacitor types. Equipment designers should refer to MIL-STD-198, ¥
*Capacitors, selection and Use of", for standard capacitor types and selected values ;
chosen from this specification. MIL-STD-198 provides a selection of standard
capacitors for new egquipment design.

6.6 Supersession data. Capacitors of this specification unilaterally supersede
the capacitor types and styles of equivalent capacitance, capacitance tolerance,
voltage rating, case size, and failure rate-level covered under MIL-C-33003F (see
3.1). For failure rate levels B, €, D, and E, the superseding specification changes
the method for calculating failure rate. The reliability of the capacitors made
against the specification has not changed. The superseding specification requires
Jot-by-~Jot assessment of failure rate in placeé of a statistical process average.
Quaiified manufacturers may mark exponentjal fajlure rate dasn numbers 9n parts that
have been Weibull graded to levels 8, C, B, or E. Items having a Weibull failure
rate level {FRL) may be substituted for items of an exponential FRL. For example,
symbol “B” may replace symbols "M", "P", "R" and "S". Weibul) FR determination is
based on lot-by-lot 100% quality conformance accelerated fajlure rate life testing.
For example:

2500 capacitors have a voltage rating (Y.} of 50 V dc.
X40 hours Weibull Tife test at 65 V dc. Voitage applied (¥,).
X279.1496  acceleration factor for V /V. = 1.3000.

27,918,500 accelerated part hours.

Weibull FRL's are determined from actual Jot performance data. Exponential FRL
determination starts with several production lots which may be included in the sawme
inspection lot. For example, &4 production lots of 2,500 capacitors having a veltage
rating of 50 ¥ dc are offered for inspection in tne same inspection lot.

10,000 capacitors with a voltage rating (Y,) of 50 V .dc.
X40 hours voltage conditioning at 50 V dc minimum.
s part hours, however, exponential lot voltage conditioning performance
data are not used to determine FRL's. |
110 sampies are drawn from the inspect{on 1ot of 13,000 capacitors
X240 hours group B 1ife test at 50 ¥ dc voltage applied.
s part hours, however, dapa-accumu]ated and used to determine FRL's.
10 samples selected upon cdmp1et1ng each group 3 inspection.
X9760 hours continuation 1ife testing to 10,000 hours.

§7,500 rated condition part hours for FRL maintenance.

Exponential FRL's are based on the aggragate averages of a few samples drawn from
many lots maintained in accordance witin MIL-STD-630.

|
Parts qualified tol Substitutadle for

f i
| | -
: failure rate 1evei} failure rate level }
[ i 1
| D | M, P, R, 5, 8 and C |
| ¢ | M, P, R, S and 8 |
{ 8 ! M, P, R and S |
| S | M, P, and R |
{ R [ M and P [
| P | ™ |
| | i

6.7 Soldering heat. Caution should be exercised when subjecting these units to
soldering heat. Preheat and soldering exposure times and tewmperatures should be held
to a minimum.
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6.8 Weibull FR level deteraination. Time ordered distrivution of faiiures for
solid tantalum capacitors is described by the Weibull equatian:

F{x} = 1 ~ exp [__ x2 1”

cumulative fraction failed (p] at tfue x

Equation 1

Where: F(xi

x = actual test time
8 = Neijpull “shape parametar” {beta)
a = Weibull “scale parameter”

This relationship may be plotted an grapa paper which is constructed wicth In x as
apscissae and In In 1/{1l-p} as ardinates. Auxiliary scales allow plotting x and p
directly. A straight line is obtained. The slope of this line is 8, and the
y-intercept is -In =. Figure 5 illustrates a typical Weibull plot.

At any time x, values for 8 and p can be obtained and the lot failure rate Z {x)} may
pe calculated froa Equation 3. A secand plat of failure rate versus time may bhe |

drafted as indicated agn figure 6. The siope of this line is a-1. Acceptadle
capacitor Tets always exhibit decreasing failure rate with respect to time as

evidenced by 2 value of g which is less than unity.

§.8.1 Acceleration factors. In order to provide the sguivalent of several ghousand
hours of tesiing w#ithia a practical time frame, voltage accaleration is emplioyed. It
has been determined that the application of voltage in excass of rated voltage
produces a higher failure rate than that observed when the devices are operated at
the nominal voltage rating. On the Weibull plot, a straight Yine, parallel to the
line representing rated voltage is obtained. The increased number oF failures
indicated by the line representing the hijher valtage results from fncreased
dielectric stress. Tne slopes (2] of botn Tines are essentially the same, but the
time (x) required to produce any specified p is reduced as voltage is increased. As
a result, acceleration factors may be specified whicn define the relationship between
operatian at rated veltage and operation at higher-than-rated voltages. For example,
a lot of capacitors havinj & voltage rating of 30 V dc might be tested at 65 Y dc.

In this case, the ratio of applied voltage to rated voltage is 1.30, resulting in an
acceleratian factor (A} of 279. 1In practical terms, operation of these capacitors
far 1 hour at 65 ¥ dc is equivalent to operation at 30 ¥ dc for 279 hours. This
relationship may be wathematically represented as:

Equation 2

2(t) = A = 2= x*1 . L

In conjunction with Equation 1, this function may be restated as:

Equation 3 .

Z{t) « F = =8 Imfl-p} . 103
: x A

The 107 factor allows for expression of Z{t) in terms of percent per
1,000 hours when x denotes hours. Table YIII illustrates a ranpge of

- e

acceleration factors normally used for Weibull FR determination.

6.8.2 Grading calculations. On the basis of failure counts at xy and xg as
specified™in 3.7.25, the siope between these points is calculated as follaows:

Equation ¢4
tainf 1 - 1mef 1
I‘pz -pl
B = .
Eﬁxz - Eﬁxl j
i3

P
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The failure rate at time x; is then determined from Equation 3: e

-8 1a (1-p,) 157

% 5A
2

If 8 is greater than 0.9, tire lot shall be rejected froa the MIL-T-33003 program.

If additional grading time is required to reach the desired failure rate, the required
time xq may be determined as follaws:

Egquation 5
. In F - In F
1n x = g z + 1n x
J g - 1 2
Equation 6
i i -9 LR
A = /.03412025 10 ° e 18.77249321 x 73-
r

A = Acceleration factor

e = Natural logarithm
Y, = Accelerated valtage
Vr = Rated volitage
TABLE VYIII, Mominal acceleratiazn factors.
T i |
| Grading stress | Accelerated |
} V /¥, 1/ | factor t
| |
i ! T
| 1.0000 I 1.0000 |
] . 1,1000 i 6.5355 |
I 1.2000 | 42.7128 |
I 1.3000 [ 279.1496 i
l 1.4000 I 1,824,3823 |
! 1.5000 | 11,823,2626 i
| 1.527¢6 I 20,000.3000 }
| i |
1/: ¥4 = accelerated voltage.
¥r = rated voltage,

EXAMPLES: A. 880 capacitors tested at a grading stress Tevel of 1.2300 {75.0139
acceleration factor) for 40 hours resulted in zero failures.

880 (75.0139 X 40) = 2,640,489 hours

~
“ = U

fFR = B level (MIL-STD-590, FRSP-30}

B. 1,350 capacitors tested at a grading stress level af 1.3300
{490.2535 acceleration factor) for 40 hours resulted in zero

failures.

1,350 (490.2535 X 40) = 26,473,689 hours
C =9
FR = C level {MIL-STD-690, FRSP-9J)
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c. 400 capacitors tested at a grading stress tevel of 1.4000
(1824.3323 acceleration factar): for 40 nours resulted in 1 faijure
at xi; no additional) faiures at x2.

: 400 (1824.3823 £ 40) 29,190,117 hours .
' r 1

B level {HMIL-STO-630, FRSP-30)

- =
FR =
B. 100 capacitors tested at a gradiny stress level of 1.4000

{1824.3823 acceleratian factar] for 41 hours resulted in 3 fajlures
at x1; 0o additional failures at xz. '

10u (1824.3823 £ 41) = g,4?9,957.¢30
C = :
FR = B ]EV&T
OR assume one additional fajlure at x2
X1 = 2 haurs
X2 = 41 hours
py = .03
pz = .04
A = 1824.3823
1 1
1n In I-pz - 1n 1n I-pl
a = Tn x, - Tn Xy
1 1
Ta ln i-.94 -« I1n 1n 1-.903
= in 41 - Tn 2
1n 1n 1.041566 - 1n 1n 1.030928
= 3.713572-.693147 =
_ -3.1935499-(-3.4913617)
- 31.0204242%
0.2%28118 .
= 3520425 = -096%44
-5 in {1-p, 10% . - -.0963a% 1a (.26) 10°
FRL = XA =~ §i(1824.3823)
. 5 : ‘
-.096944 (-.380822) 107 _ . 5
= 74?99.6_7 = 0-000000033 x 10
L0053y

1,000 hours
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. " To compute hours needed to verify 0.001% per 1,000 hours FRL:

in Fg - InF

In xg = S| + In Xy

xz = hours at point 2

xg= hours to test (goal)

F2 = observed FRL at X,

Fg = Failure rate level (goal)

In F_-1nF
‘g 2
n xg a oo T + 1In X, .

1n (.001) - 1n _.0053 '
- 903056 * In 4l |

_ -6.9077553 - (-5.2400485) , ,

6 = -.909045 .;;!
i

-1.6677068
-.90305¢6

+ 3.713572

u

1.8467362 *+ 3,713872

5.56(3089

»
]

259.80 hoyrs

6.% Changes from previous issue. Asterisks are not used in this revision to
identify changes with respect to the previous issue, due to the extensiveness of the
changes. :

| ——
BT SRR

JFE e o U A —

e

6.10 Subject term {(key word) listing.

Electrolytic
Established reliabiiity
Hermetically sealed
Nonpolarized

Polarized

S07id electrolytic
Tantalum

e~
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APPENDIX A

PROCEDURES FOR QUALIFICATION INSPECTIOH
(EXPONENTIAL DISTRIBUTION)

19.  SCOPE

10.1 This appendix details the proceduras for submission of samples, with related
data, for qualification inspection of capacitors covered by this specification. The
procedures for extending qualification of the required sample to other capacitors
covered by this specification is also ocutlined hersin.

20. SUBMISSION

20.1 Sample. For qualification to "M" level in accordance with table I.

20.1.1 Single type submission. A sample consisting of 177 sampie units (189
samaple units tor CSAZL) oF =2ach case size, dc rated voltage, and capacitance tolerance
far ahich quatification is sought shall de subaitted,

20.1.2 Comdined voltaze 3group submission. A naxizum of two voltage groups shall
ve represenctad {(sa22 tasis [I). Zxcept ifor styliaes CSRO9 and CSRZ1, a sampie
censisting of 89 sample units of the highest capacitance valdue in the size B case of

the Towest voitage and 8% sample units of the highest capacitance value in the size B8
case of the highest voltage; and a sample of 39 units of the highest capacitance
valuye in the Jowest voitage and 89 sample units of the highest capacitance value in
the highest voltage in each qualification group (see %table IX) for which
qualification fs sought shall be submitted. For style C3R0% (see 3.1}, the sample
shall consist of 89 units of the highest capacitance value in the Towest voltage and
89 samplie units of the highest capacitance value in the highest voltage in each
quatification group. For style CSR21, the combined-voltage group submission shall be
the same as for CSRO9 except that the number of sample units to be submitted shall be
95 in each gualification group.

TABLE IX. Examplias of combined voltage group submissions. 1/

[ I i i T i
I i 1 | 1 Mumber of ]
{ Style ! Dash no. | Rated voltage | Capacitance | sample units I
i } i i | to be submitted |
] | ! | ! !
i i { ! | i
1 i | Volts, dc I uf | i
| l | ] i i
| i 2246 j ] | 56 ] 89 i
i [ 2239 | 20 ] 15 1 a9 i
| | 2251 | 6 1 330 { 89 i
! i 2301 I 20 ] 100 | 839 |
} | 2304 | 35 | 5.8 1 89 |
I CSR13 (see | 2368 | 50 ] a.7 | 89 |
| MIL-C-39003/1) | 2312 ] 35 ] 47 | 89 i
H i 2380 1 50 i 22 i 83 i
| | 2411 | 75 I 3.9 | 89 |
| ! 2473 I 100 | 2.7 | 89 1
| i 2421 | 75 ] 15 I 39 |.
i | 5167 | 100 ] 6.8 | 89 !
{ ] j | ] !
| ] 0002 i 6 | is | 89 |
l CSRC9 (see | 00243 i 20 | 5.8 i 89 |
| MIL-C-39003/2) | 0029 | 35 ] 2.7 | 89

{ ! 0033 | 50 | 1.8 | 89 |
| - 0051 I 75 1 1.2 1 177 t
i C i i i ]
See footnote at end of table.
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APPERDIX A

TABLE IX. E£xamplas of combined voltage Jroun submissions - Continued. 1/

| i [ I ] Wumber of T
| Style | Dasn as. | Rated voltage | Capacitance | gsample units i
] | ] i | to be subaitted |
i | ! ] ! |
| | | ] l 1
1 | ! Yolts, dc ! uF ] i
{ ! | | | i
| { 0164 i 6 i 100 ] 89 i
] i 2153 j 20 I 27 i 99 |
| | 0114 | 6 | 1000 | 89 [
j CS5R23 {see | 3163 i 20 i 180 ] 89 i
| MIL-£-39003/3) | 0164 ! 35 | 10 i 89 ]
i | 0180 | 50 | 6.8 ] 89 |
! ! 0174 ! 35 | 85 i 89 i
{ | 0187 { 50 | 39 | 39 !
! | [ | | i
I | ] ! | 1
1 | 0004 | 6 | 1230 | 191 i
| | 0014 | ] | 1000 ] 131 |
| | 0053 | 20 1 27 i 101 |
| C5R33 (see | 0063 | 20 ! 180 i 101 |
| MIL-C-39003/6} | 0066 ] 35 | 10 ! 101 |
! | 0074 | 35 | 68 | 101 |
| ] Q089 } 50 | 6.8 | 101 |
! ! 0087 [ 50 | 39 | 101 !
i | ] i | I
] | ] I ] T
| ol o008 | 6 } 330 | 95 i
[ CSR21 {see | 0050 l. 20 | 100 I 45 !
| MIL-C-39003/9) | 0063 } 35 | 47 | 895 |
| | 0083 | 50 | 22 [ 95 |
i i i | i i

1/ This table is set up as a guide. For other combinations, refer to the text of
this appendix.

20.2 Test data. Nhen tests are to be performed at a Government laboratory, nrior
to submission, all sample units shall be subjected to all of the groun I %teszs in
tezble I. Each submission shall be accompanied by the test data obtained from these
tests, The performance of the destructive tests by the manufacturer on a duplicate
set of sample units is encouraged, although not required. A1l test data shall be
submitted in duplicate.

20.3 C(Certification of material. When submitting samples for qualificatiaon, the
manufacturer shall submit certification, in duplicate, that the materials used Tn his
capacitors are in accordance with the applicable specification requirements.

20.4 ODescription of items. The manufacturer shall submit a detailed description
of the capacitors being submitted for inspection, including information on the type
of welds or solder buttons; the type of electrodes; the type of seals {inner or
outer, as applicable); the case and lead materials; the case insulating material
{when applicable); and the case finish.

30. EXTENT GF QUALIFICATION

30.1 Single type submission. Capacitance range qualification will be restricted
to values equal to or less thanm the capacitance value submitted. Voltage range
approval will be restricted to the voltages equal to or less than that submitted in
the same voltage group [(see table 11). Case size approval will be restricted to that
submitted, except that approval of case size B or Bl may be a basis for appreval of
case size A or Al respectively, approval of case size D may be a basis for approval
of case size C. Qualification of 20-percent capacitance tolerance will Ye restricted
to the 2Z0-percent tolerance; qualification of 10-percent tolerance will be the basis
for granting qualification for the 20-, 10-, and 5-percent capacitance tolerance.
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30.2 Combined voitage group submission. Qua!fficétion of the types submitted will

be & basis for qualification of all
Capacitance range,
3n.1.

{see tabie X}).

ehaT1d

shall be as specified in
listed in table IX.
30.3

style CSR13 will be the basis for approval
wiil be restricted to the approval granted under'30.1 and 30.2

Monoolarized coverage for polarized submission.

intermaediate ‘voltages in the qualification group
case size, and capacitance tolarance qualification
Examplas of combined voltage-group submissions are

Qualification of polarized
of nonpoilarizad style CSR91.

anly to manufacturers nqualified to style CSR13 capacitors.

40.
40.1

Qualification

and will be granted

TASLE X. Example of qualification grouo. 1/

| | i | 1
I { fNualification | l !
} Style } group i Case sizea i 8¢ rated voltage l
|y i | ] 1
- [ I ! A and 3 1 6, 10, 15, and 20 |
! | It | L and D | 5, 10, 1%, and 23 |
| €213 {see ] 111 | A and 3 i 35 and 52 !
| MIL-C-39003/1) i Iy | C and D { 18 and 353 ]
| | ¥ } A and 3 ! 75 and 100 !
t | VI ] C and D ] 7% [
| | | c ! 100 §
| | | { [
T i i I ] I
| i I 1 Ai and 81 | &, 10, 15, and 20 |
i CSR09 (sea i 111 | Al and Bl | 35 and 50 |
| MIL-£-39003/2) | ¥ [ Al and 81 | 75 |
[ | | | ]
T l. 1 | i
| | 1 | A and B t 6, 10, 15, and 20 |
| L5823 (see ! Il [ ¢ and D | 6, 10, 15, and 20 |
I MIL-C-39003/3) | ill ] A and B | 35 and 50

[ | 1Y | C and 0 | 35 and 50

| | | | |
| I 1 : | T
| C5R21 {see | I1 [ Cand D |6, 10, 15, and 20 |
| MIL-C-39003/%9} | Iy ] T and b 1 35 and 5S¢ |
! t : | ] |
i 1y i | |
| [ I i A and 8 | 6, 10, 15, and 20 |
| C3R33 {sae i 11 { C and D | 6, 10, 15, and 20 |
| MIL-C-35003/5) | 11l i A and B i 315 and 50 |
! ! Iy i t and D 1 35 and 50 |
| | 1 ] i
I/ This table is set up as a guide.

QUALIFICATION APPROVAL FOR LOWER FR LEVELS

the text of the appendix.

For other combinations, refer to

Extension of qualificatian to Jower FR levels shall pe in accordance with

4.4.4 of this specification.
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PROCEDURES FOR QUALIFICATICN INSPECTION
{KEIBULL DISTRIBUTION)

10. SCOPE

10.1 Weibull FR level qualification. Weibull failure rate qualification will be extended only to
manufacturers wno have acnieved the P level failure rate in accordance witn 4.4.4. To extend
qualification to include Weibull failure rate level, the manufacturer shali certify and demonstrate the

capability of Weibuil FR level grading (see 4.7.25) to the qualifying activity. Full range
qualification shail be in accordance with table XI.

TABLE XI. Matrix for Weibull gqualification testing voitaye (dc) and capacitance (sF). 1/ ¢/ 3/

T ! i | i i ] | [ i T
| style } 6v |10Vl 1sv | 20v | 35V | sV | 735y | 0V icase |
| | | ] | i ! | i Isize |
i i ] i i i t ! l | 1
| {6.3 147 | 3.3 | 2.2 LoaA 1o 1,68 .72/ .56 wF2 | a
i I i l { [ [ i ! [ |

| | | 1 i | I | H i
. I l b | 13,92/ 12,72/ | | |
i | 56 | 39 | 22 ! 15 | 6.8 | 4.7 | 3.91 2.73 | 8B
| csri3 4/ | s | 1 I 1 1 | .
i ] } I ] | | i ] ] T
| [ 180 120 | 68 | 472 | 22 ] 18.0 | 10 1 6.827 [ ¢ |
| | i | | | | | { i |
| T i~ [ | R B | 1 | ] T
| | 330 J2z20 | 150 ‘| 100 | 472/ | 22 | 152/ | N/A L 2 |
| ] | ] | | | | | ] |
[ I | I ] . ] ] 1 [ ]
| | 2.7 {22 | 1.5 | 1.0 (a8 | 27 | .1827 4 /A | AL |
| 5709 i | | | | | | | | |
| I i i I i i I ] | 0
| | 18 |15 | 8.2 | 6.8 | 2.7 | 1.8 | 1.2 | WA | BL

i i | ] | | | - | |
T u i [ 0 H T T ] T T
| | 12 |82 | 5.5 | 3.9 | 1.8 | .82/ | /A I /A | A
| ! | | i | | ] | ] i
| | [ | | i i I ] [ I
| ! [ I | { | | | | |
| L 100 |82 |39 | 27 | 10 | 6.827 | /A I W/A | 3 |
[ CSR33 5/ | E s i | t } : P
i [ T [ [ I ] I i i i
1 | | | | 682/ ! ! | i | |
{ } 470 % 270 1 180 1 120 E 47 1 273/ % N/A 1 d/A { C
| | i l I I l R I f I [
% { 1,000 } 560 % 330 } 180 | 68 { 392/ { N/A { W/A { ] f

| ‘

T T T i l T 1 | T ] T :
| | 18 | 120 | 6 | 418/ | 22 | 182/ | N/A | N/A | €
I CSRZ1 | | i | | | | ] | |
l T T ’ I ) I T I | T I '
| | 230 | 220 | 15 | lwed | 47 | 222/ I N/A bON/A [ D
i I i i [ | | | | i |
1/ A1l capacitance tolerances shall be 10 percent.
Z/ The voltage and capacitance levels shown for this case size must he tested to obtain full range

quaiification at the 8, & ur U failure rate Jevels.
3/ An exception is made for tie C or D failure rate levels of tne C5A13 8 case 19 ¥ or TSH33 € case

50 V; a 2.2-uF CSR13 and a 22-uF CS5R44 shall oe tested.
4/ Qualification to style CSRI3 will qualify style C3R3L.

8/ Qualification to style C3R33 w#ill jualify sytle C3R23.
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